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Jo
Asymptomatic hyperuricemia is defined by serum uric acid
levels above 6.2mg/dl in women and 7mg/dl in men. In
the presence of monosodium urate crystal formation and
articular inflammation, hyperuricemia may become
symptomatic (namely nephrolithiasis and gout). Uric acid
results from purine catabolism and is at the centre of a
complex metabolic interplay that involves oxidative stress,
inflammation, renin–angiotensin–aldosterone system
(RAAS) activation and insulin resistance. Uric acid levels
present a continuous relation with conditions like
hypertension and chronic kidney disease (CKD) and are
reported to have an impact on risk of cardiovascular
events. However, whether elevated uric acid is a causal
agent and thus a possible therapeutic target is still
uncertain and matter of further investigation. Treating
symptomatic hyperuricemia involves lowering uric acid
drugs and controlling inflammation. Urate-lowering agents
are well tolerated but show minimal impact on
cardiovascular events in patients with gout. Use of direct-
acting urate-lowering agents in asymptomatic
hyperuricemia associated with cardiovascular diseases does
not warrant a clear benefit, whereas addressing
cardiovascular issues with guideline-recommended
therapies lowers uric acid and reduces the occurrence of
cardiovascular events. Regular assessment of uric acid and
clinical symptoms is advised before starting and renewing
a urate-lowering treatment.

Keywords: chronic kidney disease, functional
rehabilitation, heart failure, hypertension, hyperuricemia,
ischemic heart disease, stroke

Abbreviations: ACS, acute coronary syndromes; ALL-
HEART, allopurinol versus usual care in UK patients with
ischaemic heart disease; AMI, acute myocardial infarction;
AMP, adenosine monophosphate; ARBs, angiotensin
receptor blockers; ARIC, Atherosclerosis Risk in
Communities; BCRP, breast cancer resistance protein; BP,
blood pressure; CAD, coronary artery disease; CARES,
cardiovascular safety of febuxostat or allopurinol in
patients with gout; CASTEL, CArdiovascular STudy in the
Elderly; CCBs, calcium channel blockers; CHD, coronary
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heart disease; CKD, chronic kidney disease; CKD-FIX,
Effects of Allopurinol on the Progression of Chronic Kidney
Disease; CONFIRMS, The urate-lowering efficacy and safety
of febuxostat in the treatment of the hyperuricemia of
gout; CV, cardiovascular; eGFR, estimated glomerular
filtration rate; EULAR, European Alliance for Association of
Rheumatology; EXACT-HF, The Xanthine Oxidase Inhibition
for Hyperuricemic Heart Failure Patients; FAST, long-term
cardiovascular safety of febuxostat compared with
allopurinol in patients with gout; FDA, Food and Drug
Administration; FEATHER, Febuxostat Therapy for Patients
With Stage 3 CKD and Asymptomatic; FREED, Febuxostat
for Cerebral and CaRdiorenovascular Events PrEvEntion
StuDy; GLP-1 RAs, glucagon-like peptide-1 receptor
agonists; GLUT9, glucose transporter 9; GMP, guanine
monophosphate; HF, heart failure; HFrEF, heart failure with
reduced ejection fraction; IHD, ischemic heart disease;
LEAF-HF, Randomized Trial of Effect of Urate-Lowering
Agent Febuxostat in Chronic Heart Failure Patients with
Hyperuricemia; MI, myocardial infarction; MRP4, multidrug
resistance protein 4; NAPDH, nicotinamide adenine
dinucleotide phosphate; NO, nitric oxide; OAT4, organic
anion transporter 4; PERL, Preventing Early Renal Loss in
Diabetes; PNP, purine nucloside phosphorylase; RAS,
renin–angiotensin system; Re-Prosper-HF, Repurposing
Probenecid for the Treatment of Heart Failure; ROS,
reactive oxygen species; SGLT2, sodium-glucose
cotransporter 2; SUA, serum uric acid; ULT, urate-lowering
therapy; URAT1, urate anion transporter 1; URRAH, Uric
Acid Right for heArt Health; XOI, xantine oxidase inhibitor
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INTRODUCTION
U
ric acid is the final product of purine catabolism.
Purines play a key role in cells as nitrogenous bases
necessary for the formation of nucleic acids, as well

as numerous other coenzymes. They are also involved in
signal transduction, neurotransmission, and muscle metab-
olism. Generally, there must be a balance between purine
synthesis and elimination. Although purines are necessary
for cell proliferation and survival, an excess of their waste
product, uric acid, can be harmful.

Despite the increasing interest of the topic, the therapeutic
management of hyperuricemia still represents a debated issue
with unsolved questions such as its relevance role in the
estimation of cardiovascular risk and the efficacy of pharma-
cological treatment in improving cardiovascular outcomes.

The aims of this narrative review are: presenting themost
updated evidence on the continuous prognostic relations
between serum uric acid (SUA) levels and cardiovascular
disease [1]. In addition, we systematically discuss the safety
and potential cardiovascular benefits of conventional and
also nonconventional urate-lowering agents in symptomat-
ic and asymptomatic hyperuricemia across a broad range of
cardiovascular conditions [2].
URIC ACID METABOLISM

The degradation of purines, adenine, and guanine to uric
acid involves many enzymes. First, adenosine monophos-
phate (AMP) is converted to inosine monophosphate by
removing an amine group through deaminase. Inosine
monophosphate is then dephosphorylated by nucleotidase
FIGURE 1 Uric acid metabolism and excretion. ABC, ATP binding cassette; GLUT, glucos
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to form inosine. Guanine monophosphate (GMP) is trans-
formed into guanosine only through dephosphorylation
with nucleotidase. Subsequently, purine nucleoside phos-
phorylase (PNP) converts inosine and guanosine into hy-
poxanthine and guanine, respectively. Guanine deaminase
converts guanine into xanthine. Finally, the enzymes xan-
thine oxidoreductase oxidizes hypoxanthine and xanthine
to form uric acid, the final product of purine metabolism. It
is synthesized in the liver, muscle, and intestine, and
primarily eliminated by the kidneys (about 65–75%) and
intestines (25–35%) [1].

Almost all uric acid is filtered by the glomeruli, so the
amount of uric acid excretion is regulated by uric acid
reabsorption and secretion. Uric acid reabsorption occurs
at the proximal tubular level through transporters such as
urate anion transporter 1 (URAT1) and organic anion trans-
porter 4 (OAT4), which exchange intracellular anions for
uric acid. Glucose transporter 9 (GLUT9) reabsorbs both
uric acid and glucose into tubular cells. Uric acid secretion
occurs in the S2 segment of the proximal tubule through
transporters such as OAT1, OAT3, multidrug resistance
protein 4 (MRP4/ABCC4), and breast cancer resistance
protein (BCRP/ABCG2) [2]. Postsecretory reabsorption
occurs at a more distal site of the proximal tubule, with
approximately 10% of filtered uric acid appearing in the
urine (see Fig. 1).

SUA levels vary widely in the general population, and
many factors can influence them. Increased uric acid pro-
duction, impaired renal uric acid excretion, or a combina-
tion of both can lead to hyperuricemia. Genetic differences
(polymorphisms) in the enzymes that produce uric acid can
modify its serum concentration, as well as an individual’s
e transporter; OAT, organic anion transporter; URAT, urate anion transporter.
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diet (purine intake from food), the amount of uric acid
excretion by the renal system and intestine, or the presence
of diseases that increase cell turnover (neoplasms) [3]
(Fig. 1).

CLINICAL IMPLICATIONS OF
HYPERURICEMIA

Hyperuricemia is defined by the presence of circulating
levels of SUA levels higher than 6.2mg/dl in women and
7mg/dl in men. When SUA concentration exceeds 6.2mg/
dl, it surpasses its solubility limit and predisposes to the
precipitation of uric acid as monosodium urate crystals.

Uric acid plays a dual role within the human body, and
several studies have attempted to demonstrate the different
mechanisms by which it has simultaneous antioxidant, pro-
inflammatory, and pro-oxidative effects. Extracellular uric
acid primarily protects cells from oxidative stress and
prevents lipid peroxidation by scavenging reactive oxygen
species (ROS) [4]. On the other hand, intracellular uric acid
exerts a pro-inflammatory and pro-oxidative effect. It
reduces endothelial nitric oxide (NO) production and
inhibits NO-mediated vasodilation. It activates the renin–
angiotensin system (RAS) and stimulates endotelin-1 pro-
duction through the activation of nicotinamide adenine
dinucleotide phosphate (NADPH) oxidases. Additionally,
FIGURE 2 Hyperuricemia-related pathophysiology. Elevated serum uric acid levels induce
of cardiovascular disease, from the vasoactive response to the oxidative stress, passing th
angiotensin–aldosterone system.

Journal of Hypertension
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uric acid may trigger the inflammatory pathway through the
inflammasome-IL1 signalling [5] (Fig. 2).

Elevated levels of SUA have been found to contribute to
development and progression of asymptomatic organ dam-
age and increase the risk of various diseases, beyond its
established role in gout. These diseases include hyperten-
sion, obesity, metabolic syndrome, type 2 diabetes, ische-
mic heart disease, heart failure, chronic kidney diseases,
cerebrovascular disease, and pulmonary hypertension [6]
(see Fig. 2).

In this regard, the Uric acid Right for heArt Health
(URRAH) project [7] defined the SUA levels above which
the independent risk of cardiovascular disease significantly
increases [8], which are lower than the cutoff usually used to
define’’ hyperuricemia’’.

SUA levels have been shown to correlate with cardio-
vascular deaths and the optimal cut point identified for
predicting cardiovascular mortality is 5.6mg/dl [9]. An age-
stratified analysis of URRAH study participants was con-
ducted and for patients in the age group 65–74 years, a cut-
off of 4.8mg/dl was the best threshold for both all-cause
mortality and cardiovascular mortality; no association was
found between patients older than 75 years and mortality
[10].

Another study of Working Group on Uric Acid and
Cardiovascular Risk of the Italian Society of Hypertension
the activation of multiple pathways known to be deleterious in the wide spectrum
rough inflammation and neurohormonal activation. ET, endothelin; RAAS, renin–
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demonstrated a significant relationship between SUA and
fatal myocardial infarction (MI) only in women with a
prognostic cut-off value for fatal MI prediction of
5.70mg/dl [11].

Furthermore, the URRAH project found that SUA is an
independent risk factor for all heart failure and fatal heart
failure and the prognostic cut-off values of SUA are 5.34 and
4.89mg/dl, respectively [12]. An association between SUA
and stroke was found as well and a prognostic cut-off value
of 4.79mg/dl was identified as the best threshold [13].

Finally, given the bidirectional relationship between SUA
levels and chronic kidney disease (CKD) demonstrated by
consistent evidence [14], the URRAH project proposed to
use a SUA cut-off higher than 7.0mg/dl defining asymp-
tomatic hyperuricemia in patients with CKD and a cut-off of
SUA adjusted for creatinine of 5.35 to identify patients at
higher risk of developing cardiovascular events [15].

A large cohort study explored the risk of incident CVD
among individuals without hyperuricemia (SUA 3–6mg/dl)
or other traditional CVD risk factors [16]. A multivariable-
adjusted spline regression model showed a J-shaped asso-
ciation between SUA and the risk of CVD, stroke, and
myocardial infarction in this specific population.

Hyperuricemia is more common in men than in women.
The average value of plasma level of uric acid in men is
about 1mg/dl higher than in women, at least before men-
opause. This is partially due to the uricosuric effect of
oestrogens [17].

Tanaka et al. [18] described a longitudinal association
between SUA and endothelial function in 650 treated hy-
pertensive patients, this association was even greater
among women where the impact of SUA on vascular
function seems to be more susceptible to aging and subse-
quent changes in hormonal and metabolic state, compared
with males.

Simon et al. [19] showed how postmenopausal treatment
with oestrogen and progestinic lowered SUA levels but did
not reduce coronary artery disease risk. As a matter-of-fact,
women seem to have a higher risk to develop cardiovascu-
lar comorbidities at lower uric acid levels [20].

These findings lead to questioning whether a lower cut-
off for the definition of abnormal SUA levels should be
considered for uric acid in women [21].

Hypertension
The association between hyperuricemia and hypertension
remains controversial. Traditional cardiovascular risk fac-
tors often associated with hyperuricemia may have intro-
duced biases in different clinical studies reporting positive
and significant relations between SUA and blood pressure
levels. However, two separate meta-analyses have identi-
fied hyperuricemia as an independent risk factor for the
development of hypertension. The risk increases linearly
with higher levels of SUA [22,23].

Studies utilizing rodent models and cell cultures suggest
that hyperuricemia may contribute to hypertension by
activating the RAS, reducing nitric oxide production, and
promoting inflammation [24,25]. A recent longitudinal study
in Chinese adults suggests microalbuminuria may follow
elevated uric acid and partially mediate its effect on future
risk of hypertension [26].
1668 www.jhypertension.com
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Obesity and metabolic syndrome
Metabolic syndrome is a clinical condition characterized by
central or visceral obesity associated with hypertension,
dyslipidaemia and impaired fasting glucose. The presence
of elevated SUA levels is common in patients affected by
metabolic syndrome.

Yuan et al. suggest through ameta-analysis of 11 prospec-
tive studies that higher SUA levels correlatewith an increased
risk of developing metabolic syndrome. The results are
consistent in showing a linear relationship between these
two conditions: a 1mg/dl increment on SUA levels led to a
30% increase in the risk for metabolic syndrome [27].

Overeating and the over-intake of purine-rich food
(meat, shellfish, anchovies) is probably at the basis of this
association, but the existence of a hyper-insulinemic state in
metabolic syndrome could also play a role. Insulin stim-
ulates sodium and urate reabsorption in the renal proximal
tubule [28]. Facchini et al. [29]. also support this physio-
pathological hypothesis in a cross-sectional study of
healthy individuals, showing a relationship between insulin
resistance and increased SUA levels despite differences in
sex, age, BMI and ratio of waist-to-hip girth.

The association of gout with elevated triglyceride and
LDL-cholesterol suggests that dyslipidaemia, as a metabolic
syndrome component, might also be related to hyperuri-
cemia [30].

Ischemic heart disease
There is no clear evidence supporting uric acid as an
independent risk factor for coronary artery disease
(CAD). Different studies and meta-analyses have yielded
conflicting conclusions.

The Framingham Heart Study examined the relationship
between SUA and risk of ischemic heart disease, as well as
all-cause and cardiovascular mortality. The study found no
causal link in man, suggesting that any apparent association
is likely due to the relationship between SUA and traditional
cardiovascular risk factors [31]. In women, however, after
adjustment for age, SUA level was predictive of CAD. This
association is lost after adjustment for cardiovascular risk
factors such as hypertension, which in turn may probably
be favoured by SUA, making its inclusion among the adjust-
ing factors questionable.

Similar conclusions were reached in the ARIC Study by
Moriarity in 2000, where multivariable adjustments for
cardiovascular risk factors showed little evidence of this
association in both men and women [32].

More recent evidence supports the hypothesis that uric
acid serves as a marker or independent risk factor for
ischemic heart disease. The Rotterdam Study in 2006
demonstrated a strong association between elevated
SUA levels, increased risk of ischemic heart disease, and
stroke, even after adjusting for other cardiovascular risk
factors [33]. SUA is also considered a predictor of adverse
events related to acute myocardial infarction. In a retro-
spective multicentre observational study, SUA levels were
associated with Killip’s class classification in patients hos-
pitalized for acute coronary syndrome (ACS). Hyperuri-
cemia was linked to short-term adverse events, an
increased risk of postinfarction left ventricular failure
and overall mortality [34].
Volume 42 � Number 10 � October 2024
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Several smaller studies and meta-analyses also support
SUA as a risk factor for ischemic heart disease, demonstrat-
ing its prognostic role in both stable CAD and ACS. Tim�oteo
et al. found that for every 1mg/dl increase in SUA levels, the
adjusted risk of 1-year mortality increased by 26% in
patients with ACS [35,36].

Heart failure
Inflammation and endothelial dysfunction due to oxidative
stress have been demonstrated to contribute to the devel-
opment of heart failure [37].

Hyperuricemia and heart failure have been related in
different studies and meta-analysis. Increased SUA levels
seem to play an important role in the development of heart
failure and correlate with a worse prognosis [30].

In 1997, Leyva demonstrated an inverse relationship
between SUA levels and functional capacity in patients
with heart failure, regardless of the cause. This suggests
that hyperuricemia is associated with heart failure itself [38].
The mechanisms involved in heart failure-related hyperuri-
cemia likely include impaired renal function and increased
xanthine oxidase activity. Xanthine oxidase-derived ROS
can contribute to pathophysiological processes involved in
heart failure, such as myocardial fibrosis, left ventricular
remodelling, and impaired contractility.

Chronic kidney disease
Hyperuricemia has been identified as a potential risk factor
for the development of CKD, although it is not always clear
whether increased SUA levels result from glomerular filtra-
tion impairment or contribute to renal damage.

In a cohort study involving 7893 participants, each
1mg/dl increase in SUA was associated with a faster
reduction in estimated glomerular filtration rate (eGFR)
of 0.19ml/min/1.73m2 per year. Several meta-analyses
have identified hyperuricemia as an independent risk
factor for developing newly diagnosed CKD. This associ-
ation appears stronger in hypertensive patients and after
long-term follow-up [39,40].

Hyperuricemia can influence renal function through
various mechanisms. Its association with hypertension
may trigger subclinical kidney damage. Hyperuricemia is
linked to the activation of the RAS, which leads to reduced
renal plasma flow. Additionally, hyperuricemia is associat-
ed with oxidative stress and a pro-inflammatory state,
which promote proliferation of glomerular endothelial
cells. Elevated SUA levels may also contribute to tubular
damage through urate crystal deposition. Hyperuricemia
resulting from reduced excretion in subclinical kidney
disease can initiate a vicious cycle of worsening renal
function [41]. However, hyperuricemia due to declining
glomerular filtration of SUA (renal hyperuricaemia) seems
to be less harmful than hyperuricemia resulting from over-
production of uric acid (metabolic hyperuricaemia) [42].

Stroke
The association between hyperuricemia and stroke has
been studied in different settings and patients.

Elevated SUA levels have been associated to a major
incidence of stroke events in middle-aged patients with
diabetes despite of other cardiovascular risk factors such as
Journal of Hypertension
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hypertension, use of diuretics, nephropathy and over-
weight [43]. We have similar data from a population-based
study performed in Northeast Italy, the CArdiovascular
STudy in the ELderly (CASTEL), in which hyperuricemia
was found to be a strong and independent predictor of
stroke mortality in the 3282 over-65 years old patients
taking part in the study [44].

The mechanisms involved are not clear. Hyperuricemia
can be associated to hypertension, one of themost common
risk factors for stroke, moreover, uric acid’s role in favour-
ing endothelial dysfunction, oxidative stress, systemic in-
flammation and vascular smooth muscle proliferation could
be involved [45].

Nardi et al. [46] collected carotid atherosclerotic plaques
during carotid endarterectomy showing how uric acid is
expressed in atherosclerotic carotid plaques, and how its
expression was positively correlated with SUA levels, and
with patients’ symptoms, suggesting its involvement in
plaque inflammation and vulnerability.

Pulmonary hypertension
Pulmonary hypertension is a rare condition associated with
unfavourable prognosis [47]. Usually pulmonary hyperten-
sion has been related to elevated SUA levels in a cause–
effect manner, probably due to local and systemic hypoxia
[48]. SUA could have a secondary contributory role in the
pathogenesis or progression of pulmonary hypertension
for its proinflammatory and vasoconstrictive effects [49].
Hyperuricemia indeed seems associated with the subse-
quent development, worse severity and poor prognosis of
pulmonary hypertension [50], irrespective of diuretic use
and glomerular filtration.

Primary pulmonary hypertension (pulmonary arterial
hypertension, PAH Group 1 [51]) presents a positive corre-
lation between the central venous pression and SUA level
[52]. Baseline SUA and variations during follow-up has a
prognostic significance both in idiopathic PAH (IPAH) [53]
and in connective tissue disease (CTD)-related PAH [54].

URATE-LOWERING THERAPY

According to the 2016 updated recommendations of the
European Alliance for Association of Rheumatology
(EULAR) [55], the implementation of urate-lowering thera-
pies (ULT) should be considered and discussed with every
patient diagnosed with gout from the first presentation. ULT
is indicated for patients with recurrent flares (�2/year),
tophi, urate arthropathy, and/or renal stones. A fast-track
initiation of ULT is recommended after the initial diagnosis
for patients presenting at a young age (<40 years), or with a
very high SUA level (>8mg/dl), and/or comorbidities (re-
nal impairment, hypertension, ischemic heart disease, heart
failure). The goal of this ULT strategy is to achieve an SUA
target level below 6mg/dl to prevent monosodium urate
crystallization, facilitate tophi dissolution, and ultimately
prevent gout flare-ups.

In EULAR document on cardiovascular risk management
in rheumatic disease [56], a SUA level below 6mg/dl, it is
recommended to potentially lower the risk of cardiovascu-
lar events and mortality, with no preference for a particular
ULT from the cardiovascular point of view.
www.jhypertension.com 1669
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Direct urate-lowering therapy
The first-line treatment for most people with gout requiring
ULT is allopurinol [57], a purine-based xanthine oxidase
inhibitor (XOI) that inhibits urate production. Allopurinol is
generally well tolerated, but in 1–2% of patients, it may
cause a rash that requires discontinuation of therapy. In rare
cases, allopurinol can lead to a potentially life-threatening
hypersensitivity syndrome characterized by severe cutane-
ous reactions (Stevens–Johnson syndrome), acute kidney
injury, hepatitis, and eosinophilia. Febuxostat, a potent
nonpurine XOI, is used as a second-line ULT. It is metabo-
lized in the liver, allowing its use in patients with mild-to-
moderate kidney failure without dose adjustment.

Uricosuric agents, such as probenecid, sulfinpyrazone,
and benzbromarone, are recommended, whenever avail-
able, either alone or in combination with allopurinol for
patients who do not achieve proper control with allopuri-
nol alone. This class of medications promotes urate excre-
tion in the renal tubules by blocking the function of URAT1.
Uricosuric agents should be avoided in patients with cur-
rent or previous urolithiasis, and all patients taking urico-
surics should maintain a high-fluid intake.

‘Ancillary’ urate-lowering therapy
In clinical cardiology practice, the diagnosis of hyperurice-
mia, mostly asymptomatic, is usually incidental. At the time
of detecting SUA levels above the upper established limit,
the majority of patients are either not receiving cardiovas-
cular drugs or are undergoing treatment with medications
that have a negative metabolic impact on SUA.

Diuretics, for example, are among the most important
causes of secondary hyperuricemia [58]. Loop and thiazide
diuretics inhibit basolateral organic anion transporters
(OAT1 and OAT3) involved in the active uptake of plasma
uric acid in renal proximal tubules. Hydrochlorothiazide
also significantly increases uric acid uptake via organic
anion transporter OAT4. Additionally, diuretics induce salt
and water loss, leading to volume contraction, which stim-
ulates uric acid reabsorption. Conversely, many medica-
tions currently used to treat various cardiovascular diseases
have a positive secondary effect on SUA metabolism and
SUA levels.

Dang et al. [59] conducted a multicentre study across 20
clinical institutions to investigate the effects of losartan or
irbesartan on SUA levels. Participantswith baselinemild-to-
moderate hypertension and a SUA level at least 7.0mg/dl
were randomized to receive either losartan 50mg daily or
irbesartan 150mg daily. Losartan decreased SUA levels
from 7.09mg/dl at baseline to 6.17mg/dl at week 4
(P< 0.0001). A systematic review [60] exploring the rela-
tionship between angiotensin receptor blockers (ARBs)
and SUA metabolism found that losartan was the only
ARB significantly lowering SUA levels and promoting its
urinary elimination.

Dihydropyridine calcium channel blockers (CCBs) dem-
onstrated an uricosuric effect in a murine model of urate
under-excretion [61]. In a study of Rubio-Guerra et al.
[60,62], hypertensive patients were randomized to receive
either losartan in combination with hydrochlorothiazide or
amlodipine. Both combinations reduced blood pressure to
the same extent, but the losartan–amlodipine combination
1670 www.jhypertension.com
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promoted a reduction in SUA levels, whilst the losartan–
hydrochlorothiazde showed a nonsignificant increase. This
evidence suggests a synergistic effect of amlodipine with
losartan in reducing metabolic risk in hypertensive patients.

Hypertriglyceridemia is common among patients with
gout, and fenofibrate is typically used to reduce triglyceride
levels. Fenofibrate has a rapid and reversible urate-lower-
ing effect in patients with hyperuricemia and gout who are
on established allopurinol prophylaxis [63]. A more recent
retrospective study [64] suggests that adding fenofibrate is a
reasonable option for treating gout in patients with high
triglyceride levels. Similarly, atorvastatin, a cornerstone of
lipid-lowering therapy, demonstrated a reduction in SUA
levels by enhancing its urinary fractional excretion in a
randomized trial involving 180 normouricemic patients
treated for primary hyperlipidaemia [65].

SUA concentration is an independent predictor of worse
outcomes (cardiovascular death, heart failure hospitaliza-
tion and all-cause mortality) after multivariable adjustment
in patients with heart failure with reduced ejection fraction
(HFrEF) [66]. In a post hoc analysis of the PARADIGM-HF
trial, sacubitril/valsartan, compared with enalapril, reduced
SUA by 0.24 (0.17–0.32)mg/dl over 12months (P< 0.0001)
and improved outcomes regardless of SUA concentration.
Sodium-glucose cotransporter 2 (SGLT2) inhibitors, a class
of drugs used to treat diabetes, have also been repurposed
for managing heart failure. In both the DAPA-HF and
EMPEROR-Reduced trials, hyperuricemia was highly prev-
alent among patients, with no differences between sexes.
Post hoc analyses of these trials showed that both dapagli-
flozin and empagliflozin rapidly and sustainably reduced
SUA levels and clinical events related to hyperuricemia
[67,68].

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs),
primarily used to treat type 2 diabetes, have shown increas-
ing evidence supporting their use in managing obesity.
They improve glucose tolerance, increase insulin secretion
and induce weight loss. A systematic review and meta-
analysis of 17 randomized controlled and observational
studies revealed that GLP-1 RAs result in a significant
reduction in SUA concentration. However, this reduction
is less pronounced compared with insulin, metformin and
SGLT-2 inhibitors [69].

TREATMENT OF SYMPTOMATIC
HYPERURICEMIA: GOUT

The risk of cardiovascular events, including death, is sub-
stantially higher in people with hyperuricemia and gout.
ULT and colchicine are commonly used in the treatment
and prophylaxis of gout, demonstrating benefits in reduc-
ing flare-ups, SUA levels and disease progression. Howev-
er, the relationship between the implementation of these
treatments and cardiovascular prognosis is less clear.

In this section, we analyse the available data concerning
the cardiovascular protective effects of ULT in patients with
an established indication for this treatment (gout, symp-
tomatic hyperuricemia). The positive effect of colchicine on
inflammation is subject of study and extensive debate. The
use of colchicine is growing widely, beyond the context of
hyperuricemia and the subject of this review.
Volume 42 � Number 10 � October 2024
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Xanthine oxidase inhibitors
Allopurinol, with its antioxidant and anti-inflammatory
properties, was initially considered a potential candidate
to reduce cardiovascular risk. However, some cohort stud-
ies [70,71] did not show any significant benefits and even
detected a modest increase in cardiovascular risk associated
with allopurinol use. A meta-analysis of randomized con-
trolled trials comparing allopurinol and febuxostat [72]
found no significant difference in cardiovascular events,
but longer studies hinted at potentially less favourable
outcomes with febuxostat.

During its development, febuxostat has been tested with
placebo and allopurinol in large clinical trials involving
more than 5000 patients [73–75]. These studies advanced
the hypothesis of a modest increase in major cardiovascular
events that was imputable to febuxostat. Despite the CON-
FIRMS trial [76] showed an equal distribution of cardiovas-
cular events between febuxostat and allopurinol-treated
patients, uncertainty persisted concerning febuxostat and
cardiovascular safety.

To address concerns about febuxostat’s cardiovascular
safety, large clinical trialswere conducted, such as theCARES
trial [46] in the US and the FAST trial [47] in Europe. Although
CARES showed similar rates of composite cardiovascular
events between febuxostat and allopurinol groups, febuxo-
stat-treated patients had higher all-cause mortality, particu-
larly at lower drug doses. The FAST trial, on the other hand,
found febuxostat to be noninferior to allopurinol in terms of
the composite primary outcomes and did not show an
increased risk of death or serious adverse events with
long-term use. Subsequent analysis and a meta-analysis
[77] of these trials indicated that febuxostatmayhavea similar
cardiovascular profile to allopurinol in patients without a
history of cardiovascular disease. However, in patients with
preexisting cardiovascular conditions, allopurinol appeared
to be associated with lower cardiovascular mortality com-
pared with febuxostat.

Uricosurics
Probenecid is an uricosuric agent that effectively lowers
SUA levels similar to allopurinol [78]. It has positive phar-
macodynamic effects, acting as a partial agonist of the
TRPV2 channel, which improves cardiomyocyte contractil-
ity and promotes vasodilation [79]. An observational study
on elderly patients showed that probenecid use was asso-
ciated with a modest reduction in cardiovascular events,
including hospitalization for myocardial infarction or stroke
[80]. However, considering comorbidities such as chronic
kidney disease and nephrolithiasis, using probenecid in
older gout patients can be challenging.

Benzbromarone is another uricosuric agent with high
efficacy and safety, particularly for patients with chronic
kidney disease. It was withdrawn from some European
countries because of hepatotoxicity reports. Recent cohort
studies comparing allopurinol and benzbromarone found
conflicting results regarding their effects on cardiovascular
risk [81,82].

Overall, evidence on ULTs and cardiovascular outcomes
in gout patients comes from retrospective studies and meta-
analyses, which may have biases. The data suggest a limited
impact of ULTs in normalizing cardiovascular risk in this
Journal of Hypertension
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population. However, large randomized controlled trials
support the well tolerated use of ULTs in patients at risk or
with established cardiovascular disease, with allopurinol
and benzbromarone being preferred choices.

TREATMENT OF ASYMPTOMATIC
HYPERURICEMIA IN DIFFERENT
CARDIOVASCULAR CONDITIONS

Asymptomatic hyperuricemia refers to persistently elevated
SUA levels without clinical manifestations of urate crystal
deposition. According to EULAR [55] evidence-based rec-
ommendations, asymptomatic hyperuricemia does not
warrant ULT. However, recent evidence has shown a sig-
nificant independent association between asymptomatic
hyperuricemia and increased cardiovascular mortality
and major adverse cardiovascular events. Asymptomatic
hyperuricemia is considered a nonconventional risk factor,
with elevated SUA levels implicated in promoting cardio-
vascular, cerebrovascular, and renal damage. As a result,
several clinical trials have been conducted to investigate
whether reducing SUA levels can effectively manage this
metabolic risk factor.

This section systematically examines the available evi-
dence on the treatment of asymptomatic hyperuricemia and
its impact on clinical outcomes.

Hypertension
Epidemiological studies have shown a link between uric
acid and incident hypertension. Studies in children with
normal renal function revealed a strong correlation be-
tween uric acid concentration and blood pressure [83].
Two randomized controlled trials investigated if reducing
uric acid levels could lower blood pressure in adolescents
with hypertension [84,85]. The trials showed that allopuri-
nol and probenecid led to a significant reduction in SBP and
DBP (see Table 3).

However, in young-adult [86] and adult [87] patients with
established essential hypertension, the benefits of uric acid
reduction on blood pressure were inconsistent. Meta-analy-
sis [88] of various studies demonstrated a small but significant
blood pressure reductionwith allopurinol treatment, though
less effective than in young individuals (see Table 1).

In line with the presented studies, a two-step hypothesis
has been postulated by Feig [89], explaining the inconstant
interaction between SUA-lowering and hypertension. In the
initial (young) phase of the disease, elevated SUA concen-
trations (possibly emerging from a context of metabolic
syndrome) might exert a negative effect on endothelial
function, decreasing endothelial nitric oxide synthase
and activating renin–angiotensin–aldosterone system
(RAAS). At this stage, the elimination of a possible hyper-
tensive trigger can produce a stable reduction in blood
pressure (BP). In the second (adult) phase, the structural
effect of uric acid on kidney function is mediated by
proliferation of vascular smooth muscles cells, periglomer-
ular vascular injury, glomerular hypertension, and ultimate-
ly interstitial fibrosis. Once renal damage has occurred
because of a combination of hyperuricemia and high BP,
the reduction of SUA levels is no more effective as a vicious
circle of salt-sensitive hypertension is now established [90].
www.jhypertension.com 1671
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A propensity-matched cohort study in older hyperten-
sive patients [91] showed that allopurinol treatment, partic-
ularly at higher doses, was associated with a lower risk of
stroke and cardiac events after a prolonged follow-up. The
cardiovascular benefit of XOIs may be independent of UA
levels: XOI should not be titrated to the SUA target, yet to
balance the XO dysregulation [92]. (Table 1).

Ischemic heart disease
Twocase–control studies [93,94] suggested that allopurinol, in
addition to its urate-lowering property, might have a protec-
tive effect on CAD. Allopurinol use was associated with a
significant reduction in the risk of nonfatal acute myocardial
infarction (AMI), especially in men, with prolonged therapy
(>180days) and higher dosage (>300mg/day).

Allopurinol has been shown to improve peripheral en-
dothelium-dependent vasodilation [95], vascular oxidative
stress, and arterial stiffness [96] in patients with chronic
coronary syndrome and ischemic heart disease (IHD). High
doses of allopurinol were found to reduce left ventricular
mass and improve left ventricular hypertrophy in patients
with IHD. Intracoronary oxypurinol infusions have been
effective in correcting abnormal vasospasm in patients with
nonelevated SUA levels [97], indicating a direct reduction of
coronary ROS levels by inhibiting xanthine oxidase activity
(see Table 2).

Together, this evidence can explain the results of a
double-blind randomized controlled trial conducted on
65 patients with stable angina, angiographically docu-
mented coronary artery disease, and a positive exercise
tolerance test [98]. The administration of a high dose of
allopurinol (600mg) compared with placebo significantly
increased total exercise time, time to ST depression, and
time to symptoms. No correlation was found between
baseline SUA levels and the positive impact of allopurinol.

More recently, a multicentre, prospective, randomized,
open-label, blinded-endpoint trial, known as ALL-HEART
[99], explored the efficacy of allopurinol in preventing AMI,
stroke and cardiovascular death (primary end-point)
among patients aged 60 years or older with ischemic heart
disease but no history of gout. Patients with renal im-
pairment or moderate–severe heart failure were excluded.
The patients were randomized to receive either allopurinol
600mg or placebo in a 1 : 1 manner. After a mean follow-up
of nearly 5 years, there was no difference in the primary
outcome. Additionally, there was no difference between
the two groups of patients in terms of changes in symptoms
(assessed by the Seattle Angina Questionnaire), rates of
serious adverse events, or incidence of cancers. These
results were consistent regardless of the baseline level of
SUA and were also confirmed in the higher quartile of SUA
concentration (see Table 2).

Based on this cutting-edge, high-quality evidence, the use
of allopurinol for secondary prevention in patients with
established coronary artery disease is not supported (Table 2).

Heart failure
A recent meta-analysis [100] showed that high levels of SUA
independently predict increased all-cause mortality, cardio-
vascular mortality, and cardiac events in heart failure
Journal of Hypertension
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patients. Several studies have explored the potential bene-
fits of ULTs in heart failure patients.

Allopurinol (XOI) has been investigated in heart failure
patients with mixed results [101]. Some studies suggested
beneficial effects on systemic vasodilation [102], endothelial
function [103], myocardial efficiency [104] and performance
[105], but others did not show improvements in exercise
capacity [59] (see Table 1). The OPT-CHF Study [106],
evaluating oxypurinol (the active metabolite of allopuri-
nol), found no significant clinical improvements except in
patients with elevated SUA levels. By comparing this trial
with previous studies on XOI and based on FDA data on
bioequivalence, some authors emphasized a problem with
the selection of participants (600mg oxypurinol has a
relative bioavailability equivalent to 81mg allopurinol),
which could have affected the results of this RCT [107].
The Xanthine Oxidase Inhibition for Hyperuricemic Heart
Failure Patients (EXACT-HF) Study [108] was designed to
overcome these limitations by including only heart failure
patients with SUA levels greater than 9.5mg/dl and using a
fixed dose of 600mg allopurinol as the target dose for the
intervention arm. Unfortunately, the EXACT-HF study failed
to demonstrate any clinical or functional impact of the XOI
in high-risk HFrEF after 24weeks.

A randomized multicentre trial included 263 patients
with chronic heart failure and hyperuricemia (SUA
>7mg/dl) to compare febuxostat and allopurinol in terms
of cardiovascular event-free rate [109]. The study did not
find a statistically significant superiority of febuxostat over
allopurinol, although the febuxostat group showed a trend
towards higher rates of patients free from hospitalization
because of worsening heart failure. The potential benefits
of febuxostat’s more potent and selective xanthine oxidase
inhibition in heart failure are being investigated further in
the ongoing LEAF-HF trial (Randomized Trial of Effect of
Urate-Lowering Agent Febuxostat in Chronic Heart Failure
Patients with Hyperuricemia) [110] (see Table 3).

Probenecid, a uricosuric agent, has shown positive
effects on cardiac function in animal models and human
trials [111]. The Re-Prosper-HF study [112] is currently
investigating probenecid’s potential as a calciotropic-ino-
tropic agent in heart failure patients.

A recent meta-analysis of ULTs in heart failure patients
[113] found no significant impact on systolic function, BNP/
NT-pro-BNP levels, functional capacity, all-cause mortality,
or cardiovascular death.

Overall, the evidence on the use of ULTs in heart failure
patients remains inconclusive, with some studies suggest-
ing potential benefits, butmore robust research is needed to
establish their efficacy in this population (Table 3).

Chronic kidney disease
High SUA levels are associated with an increased risk of
developing renal disease [114]. As said before, hyperurice-
mia induces high BP, renal afferent arteriopathy, increased
glomerular hydrostatic pressure and renal scarring. There-
fore, SUA level may be a modifiable agent in progression of
CKD. Interventional studies have been conducted to ex-
plore the nephroprotective effects of ULT and its potential
as a renal risk factor.
www.jhypertension.com 1673

Health, Inc. All rights reserved.
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One study [115] found a significant inverse correlation
between SUA levels and the eGFR, suggesting that lowering
SUA with allopurinol may slow down the progression of
renal disease. However, two landmark trials, the PERL Trial
[116] and the CKD-FIX Trial [117], did not show a significant
difference in kidney-function decline between allopurinol
and placebo groups (see Table 4).

Febuxostat, another urate-lowering medication, has
also been tested in trials. The FEATHER study [118]
did not find a significant effect on kidney function
decline in patients with stage 3 CKD and asymptomatic
hyperuricemia. Subgroup analysis demonstrated a signif-
icant benefit from febuxostat in patients without protein-
uria and for whom serum creatinine concentration was
lower than the median. In the FREED study [119], patients
with an early-stage kidney damage treatedwith febuxostat
showed a slower decline in kidney function, driven by
lesser development of proteinuria. Likewise, the URIC-
CKD study found no difference in the effect of febuxostat
and benzbromarone on the decline of renal function in
stage G3 CKD complicated by hyperuricemia and
hypertension, except for the group in the CKDG3a in
which reduction of eGFR was less than in benzbromarone
group [120].

Overall, the evidence does not strongly support a causal
role of urate levels in the progression of CKD in its estab-
lished phase (see Table 4). However, febuxostat may have a
beneficial effect in the early stages of renal disease by
preventing glomerular damage and proteinuria [121]. Fur-
ther randomized controlled trials are needed to confirm
these findings and establish the true nephroprotective
potential of febuxostat (Table 4).

Stroke
SUA plays a marginal but synergic role in the residual risk of
stroke, making the primary prevention of cerebrovascular
disease challenging. Studies have shown that allopurinol
use is associated with a lower risk of ischemic stroke [122],
especially with prolonged treatment [123]. However, the
correlation between allopurinol’s effect on stroke risk and
reduction in SUA levels is not clear.

A randomized controlled trial on asymptomatic hyper-
uricemia patients with increased carotid artery thickness
[124] did not find significant differences in carotid artery
thickness between those receiving febuxostat and those
modifying their lifestyle (see Table 3).

Allopurinol has shown to have beneficial effects on
stroke survivors [125], reducing inflammatory markers
[126], arterial stiffness and central blood pressure
[127,128]. It also improves functional status independently
of SUA reduction [129] (see Table 1). A meta-analysis of
randomized controlled trials showed a favourable effect of
ULT on SBP and cardiovascular events (including nonfatal
stroke) in patients with previous cardiovascular disease
[130].

Allopurinol use in the context of secondary prevention
of stroke among patients with asymptomatic hyperuricemia
is indeed common in clinical practice, though at the best of
our knowledge, RCTs and clear recommendations are
lacking even in this scenario.
1676 www.jhypertension.com
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In conclusion, current studies consistently demonstrate
that elevated levels of SUA are associated with an increased
risk of hypertension and cardiovascular events, such as MI,
stroke, hospitalization for heart failure (HF), and renal
impairment. Based on these epidemiological data, there
has been a growing debate on the potential role of uric acid
as a cardiovascular risk factor and particularly whether it
acts as a causal agent, a bystander or a surrogate biomarker.

The selectively unfavourable role of SUA has recently
been confirmed in a cohort study that enrolled patients
without other cardiovascular risk factors aside from hyper-
uricemia [16]. This study demonstrated that elevated SUA
levels per se are associated with a higher risk of major
cardiovascular events and hospitalizations. However, the
magnitude of SUA prognostic impact appears to be modu-
lated by the lipid profile [131], the presence of standard
modifiable cardiovascular risk factors [132] and background
renal function [42].

After a comprehensive analysis, across multiple clinical
conditions, there are currently no randomized trials dem-
onstrating the effectiveness of direct ULT in reducing or
preventing cardiovascular events. Therefore, a large pro-
spective study with a sufficiently long follow-up appears to
be needed to define the cause–effect relationships between
the reduction of SUA levels and cardiovascular protection
or primordial prevention.

Concerning nonconventional urate-lowering agents, we
highlight how implementing all recommended treatments
for concurrent cardiovascular diseases leads to a synergistic
and consistent decrease in SUA levels, accompanied by a
significant reduction in major cardiovascular events. In this
contemporary landscape, SGLT2 inhibitors merit a specific
mention: whereas promoting renal urate excretion, these
agents induce a state of starvation mimicry. Upregulating
nutrient deprivation signalling (SIRT1 and AMPK) and
counteracting nutrient surplus signalling (mTOR and
HIF-1a), they target the metabolic dysregulation of purine
catabolism and urate synthesis [133]. It is, therefore, good
clinical practice to periodically reassess SUA level, the
presence of clinical manifestations of hyperuricemia and
ultimately the appropriate indication for ULT after the
initiation or up-titration of cardiovascular medications.

At the current stage, the definition of hyperuricemia as a
conventional risk factor is still uncertain. In spite of that, it
should be mentioned that only half of the incident cardio-
vascular diseases can be attributable to five conventional
major modifiable risk factors [134]: Together with other
emerging risk factors, Hyperuricemia can play a role within
the broad area of cardiovascular residual risk.
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6. Skoczyńska M, Chowaniec M, Szymczak A, Langner-Hetmańczuk A,
Maciążek-Chyra B, Wiland P. Pathophysiology of hyperuricemia and its
clinical significance - a narrative review. Reumatologia 2020; 58:312–
323.

7. Maloberti A, Mengozzi A, Russo E, Cicero AFG, Angeli F, Agabiti Rosei
E, et al., Working Group on Uric Acid and Cardiovascular Risk of the
Italian Society of Hypertension (SIIA). The results of the URRAH (Uric
Acid Right for Heart Health) Project: a focus on hyperuricemia in
relation to cardiovascular and kidney disease and its role in metabolic
dysregulation. High Blood Press Cardiovasc Prev 2023; 30:411–425.

8. Desideri G, Virdis A, Casiglia E, Borghi C. Working Group on Uric Acid
and Cardiovascular Risk of the Italian Society of Hypertension.. Explo-
ration into Uric and Cardiovascular Disease: Uric Acid Right for heArt
Health (URRAH) Project, A Study Protocol for a Retrospective Obser-
vational Study. High Blood Press Cardiovasc Prev 2018; 25:197–202.

9. Virdis A, Masi S, Casiglia E, Tikhonoff V, Cicero AFG, Ungar A, et al.,
from the Working Group on Uric Acid and Cardiovascular Risk of the
Italian Society of Hypertension. Identification of the uric acid thresh-
olds predicting an increased total and cardiovascular mortality over 20
years. Hypertension 2020; 75:302–308.

10. Ungar A, Rivasi G, Di Bari M, Virdis A, Casiglia E, Masi S, et al.,
Working Group on Uric Acid and Cardiovascular Risk of the Italian
Society of Hypertension (SIIA). The association of uric acid with
mortality modifies at old age: data from the uric acid right for heart
health (URRAH) study. J Hypertens 2022; 40:704–711.

11. Casiglia E, Tikhonoff V, Virdis A, Masi S, Barbagallo CM, Bombelli M,
et al., Working Group on Uric Acid and Cardiovascular Risk of the
Italian Society of Hypertension (SIIA). Serum uric acid and fatal
myocardial infarction: detection of prognostic cut-off values: the
URRAH (Uric Acid Right for Heart Health) study. J Hypertens 2020;
38:412–419.

12. Muiesan ML, Salvetti M, Virdis A, Masi S, Casiglia E, Tikhonoff V, et al.,
from the Working Group on Uric Acid, Cardiovascular Risk of the
Italian Society of Hypertension. Serum uric acid, predicts heart failure
in a large Italian cohort: search for a cut-off value the URic acid Right
for heArt Health study. J Hypertens 2021; 39:62–69.

13. Tikhonoff V, Casiglia E, Spinella P, Barbagallo CM, Bombelli M,
Ciceroet AFG, et al., Working Group on Uric Acid and Cardiovascular
Risk of the Italian Society of Hypertension (SIIA). Identification of a
plausible serum uric acid cut-off value as prognostic marker of stroke:
the Uric Acid Right for Heart Health (URRAH) study. J Hum Hypertens
2022; 36:976–982.

14. Rincon-Choles H, Jolly SE, Arrigain S, Konig V, Schold JD, Nakhoul G,
et al. Impact of uric acid levels on kidney disease progression. Am J
Nephrol 2017; 46:315–322.

15. Casiglia E, Tikhonoff V, Virdis A, Grassi G, Angeli F, Barbagallo CM,
et al. Serum uric acid/serum creatinine ratio as a predictor of cardio-
vascular events. Detection of prognostic cardiovascular cut-off values.
J Hypertens 2023; 41:180–186.

16. T. Tian X, Wang P, Chen S, Zhang Y, Zhang X, Xu Q, et al. Association
of normal serum uric acid level and cardiovascular disease in people
without risk factors for cardiac diseases in China. J Am Heart Assoc
2023; 12:e029633.

17. Nicholls A, Snaith ML, Scott JT. Effect of oestrogen therapy on plasma
and urinary levels of uric acid. Br Med J 1973; 1:449–451.

18. Tanaka A, Kawaguchi A, Tomiyama H, Ishizu T, Matsumoto C,
Higashi Y, et al. Cross-sectional and longitudinal associations be-
tween serum uric acid and endothelial function in subjects with
treated hypertension. Int J Cardiol 2018; 272:308–313.

19. Simon JA, Lin F, Vittinghoff E, Bittner V, Heart and Estrogen-Progestin
Replacement Study (HERS) Research Group. The relation of post-
menopausal hormone therapy to serum uric acid and the risk of
Journal of Hypertension

Copyright © 2024 Wolters Kluwer 
coronary heart disease events: the Heart and Estrogen-Progestin
Replacement Study (HERS). Ann Epidemiol 2006; 16:138–145.

20. Zhu Y, Pandya BJ, Choi HK. Comorbidities of gout and hyperuricemia
in the US general population: NHANES 2007-2008. Am J Med 2012;
125:679.e1–687.e1.

21. Borghi C, Cicero AFG. Uric acid and early prevention of vascular
diseases: women under the looking glass. Int J Cardiol 2018; 272:314–
315.

22. Wang J, Qin T, Chen J, Li Y,Wang L, HuangH, Li J. Hyperuricemia and
risk of incident hypertension: a systematic review and meta-analysis
of observational studies. PLoS One 2014; 9:e114259.

23. Grayson PC, Kim SY, LaValley M, Choi HK. Hyperuricemia and
incident hypertension: a systematic review and meta-analysis. Arthri-
tis Care Res 2011; 63:102–110.

24. Corry DB, Eslami P, Yamamoto K, NybyMD,Makino H, TuckML. Uric
acid stimulates vascular smooth muscle cell proliferation and oxida-
tive stress via the vascular renin-angiotensin system. J Hypertens 2008;
26:269–275.

25. S�anchez-Lozada LG, Tapia E, Santamar�ıa J, Avila-Casado C, Soto V,
Nepomuceno T, et al. Mild hyperuricemia induces vasoconstriction
and maintains glomerular hypertension in normal and remnant kid-
ney rats. Kidney Int 2005; 67:237–247.

26. J. Jiang Y, Yu J, Zhang Q, Ren L, He Y, Li J, et al. Microalbuminuria
mediates the association between serum uric acid and elevation of
blood pressure: a longitudinal analysis in the Gusu cohort. J Hypertens
2020; 38:625.

27. Muscelli E, Natali A, Bianchi S, Bigazzi R, Galvan AQ, Sironi AM, et al.
Effect of insulin on renal sodium and uric acid handling in essential
hypertension. Am J Hypertens 1996; 9:746–752.

28. Goli P, Riahi R, Daniali SS, Pourmirzaei M, Kelishadi R. Association of
serum uric acid concentration with components of pediatric meta-
bolic syndrome: A systematic review and meta-analysis. J Res Med Sci
2020; 25:43.

29. Facchini F, Chen YD, Hollenbeck CB, Reaven GM. Relationship
between resistance to insulin-mediated glucose uptake, urinary uric
acid clearance, and plasma uric acid concentration. JAMA 1991;
266:3008–3011.

30. Huang H, Huang B, Li Y, Huang Y, Li J, Yao H, et al. Uric acid and risk
of heart failure: a systematic review andmeta-analysis. Eur J Heart Fail
2014; 16:15–24.

31. 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.

32. Moriarity JT, Folsom AR, Iribarren C, Nieto FJ, Rosamond WD. Serum
uric acid and risk of coronary heart disease: Atherosclerosis Risk in
Communities (ARIC) Study. Ann Epidemiol 2000; 10:136–143.

33. Bos MJ, Koudstaal PJ, Hofman A, Witteman JCM, Breteler MMB. Uric
acid is a risk factor for myocardial infarction and stroke. Stroke 2006;
37:1503–1507.

34. Kojima S, Sakamoto T, Ishihara M, Kimura K, Miyazaki S, Yamagishi
M, et al., Japanese Acute Coronary Syndrome Study (JACSS) Inves-
tigators. Prognostic usefulness of serum uric acid after acute myocar-
dial infarction (the Japanese Acute Coronary Syndrome Study). Am J
Cardiol 2005; 96:489–495.

35. Ndrepepa G, Braun S, King L, Hadamitzky M, Haase HU, Birkmeier
KA, et al. Association of uric acid with mortality in patients with stable
coronary artery disease. Metabolism 2012; 61:1780–1786.

36. Tim�oteo AT, Lousinha A, Labandeiro J, Miranda F, Papoila AL, Oliveira
JA, et al. Serum uric acid: a forgotten prognostic marker in acute
coronary syndromes? Eur Heart J Acute Cardiovasc Care 2013; 2:44–
52.

37. Landmesser U, Spiekermann S, Dikalov S, Tatge H, Wilke R, Kohler C,
et al. Vascular oxidative stress and endothelial dysfunction in patients
with chronic heart failure: role of xanthine-oxidase and extracellular
superoxide dismutase. Circulation 2002; 106:3073–3078.

38. Leyva F, Anker S, Swan JW, Godsland IF, Wingrove CS, Chua TP, et al.
Serum uric acid as an index of impaired oxidative metabolism in
chronic heart failure. Eur Heart J 1997; 18:858–865.

39. Sedaghat S, Hoorn EJ, van Rooij FJ, Hofman A, Franco OH, Witteman
JC, Dehghan A. Serum uric acid and chronic kidney disease: the role
of hypertension. PLoS One 2013; 8:e76827.

40. Li L, Yang C, Zhao Y, Zeng X, Liu F, Fu P. Is hyperuricemia an
independent risk factor for new-onset chronic kidney disease?: a
www.jhypertension.com 1677

Health, Inc. All rights reserved.



Fiori et al.

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by uil3hN
cpm

62hT
0R

w
hT

V
/X

S
LG

D
4t7cJgE

2m
/0JR

A
9M

fp
xH

skR
LQ

9D
+

X
8M

LY
bH

6svA
X

jjF
5JZ

7S
X

O
M

4B
xL6zeK

a5K
Ly2K

ts3lT
g4S

/0G
D

vepJQ
N

hf+
0IgE

F
JgdX

jK
O

8dQ
e on 08/29/2024
systematic review and meta-analysis based on observational cohort
studies. BMC Nephrol 2014; 15:122.

41. Yanai H, Adachi H, Hakoshima M, Katsuyama H. Molecular biological
and clinical understanding of the pathophysiology and treatments of
hyperuricemia and its association with metabolic syndrome, cardio-
vascular diseases and chronic kidney disease. Int J Mol Sci 2021;
22:9221.

42. Timsans J, Kauppi JE, Kerola AM, Lehto TM, Kautiainen HJ, Kauppi
MJ. Hyperuricaemia-associated all-cause mortality risk effect is in-
creased by nonimpaired kidney function - is renal hyperuricaemia less
dangerous? Eur J Intern Med 2024; 121:56–62.

43. Lehto S, Niskanen L, R€onnemaa T, Laakso M. Serum uric acid is a
strong predictor of stroke in patients with noninsulin-dependent
diabetes mellitus. Stroke 1998; 29:635–639.

44. Mazza A, Pessina AC, Pavei A, Scarpa R, Tikhonoff V, Casiglia E.
Predictors of stroke mortality in elderly people from the general
population. the CArdiovascular STudy in the ELderly. Eur J Epidemiol
2001; 17:1097–1104.

45. Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA.
Hyperuricemia and risk of stroke: a systematic review and meta-
analysis. Arthritis Rheum 2009; 61:885–892.

46. Nardi V, Franchi F, Prasad M, Fatica EM, Alexander MP, Bois MC, et al.
Uric acid expression in carotid atherosclerotic plaque and serum uric
acid are associated with cerebrovascular events. Hypertension
19792022; 79:1814–1823.

47. Chang WT, Weng SF, Hsu CH, Shih JY, Wang JJ, Wu CY, et al.
Prognostic factors in patients with pulmonary hypertension—a na-
tionwide cohort study. J Am Heart Assoc 2016; 5:e003579.

48. Zharikov SI, Swenson ER, Lanaspa M, Block ER, Patel JM, Johnson RJ.
Could uric acid be a modifiable risk factor in subjects with pulmonary
hypertension? Med Hypotheses 2010; 74:1069–1074.

49. Zhou Y, Chen M, Zheng J, Shui X, He Y, Luo H, et al. Insights into the
relationship between serum uric acid and pulmonary hypertension.
Mol Med Rep 2024; 29:10.

50. Uk Kang T, Park KY, Kim HJ, Ahn HS, Yim SY, Jun JB. Association of
hyperuricemia and pulmonary hypertension: a systematic review and
meta-analysis. Mod Rheumatol 2019; 29:1031–1041.

51. Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RMF, Brida
M, et al. 2022ESC/ERS Guidelines for the diagnosis and treatment of
pulmonary hypertension: Developed by the task force for the diag-
nosis and treatment of pulmonary hypertension of the European
Society of Cardiology (ESC) and the European Respiratory Society
(ERS). Endorsed by the International Society for Heart and Lung
Transplantation (ISHLT) and the European Reference Network on
rare respiratory diseases (ERN-LUNG). Eur Heart J 2022; 43:3618–
3731.

52. Voelkel MA, Wynne KM, Badesch DB, Groves BM, Voelkel NF.
Hyperuricemia in severe pulmonary hypertension. Chest 2000;
117:19–24.

53. Yan L, Huang Z, Zhao Z, Zhao Q, Tang Y, Zhang Y, et al. The
prognostic impact of serum uric acid on disease severity and 5-year
mortality in patients with idiopathic pulmonary artery hypertension.
Front Med 2022; 9:805415.

54. Wang J, Wang Y, Li X, Huang Y, Sun X, Wang Q, Zhang M. Serum uric
acid is associated with disease severity and may predict clinical
outcome in patients of pulmonary arterial hypertension secondary
to connective tissue disease in Chinese: a single-center retrospective
study. BMC Pulm Med 2020; 20:272.

55. Richette P, Doherty M, Pascual E, Barskova V, Becce F, Casta~neda-
Sanabria J, et al. 2016 updated EULAR evidence-based recommen-
dations for the management of gout. Ann Rheum Dis 2017; 76:29–42.

56. Drosos GC, Vedder D, Houben E, Boekel L, Atzeni F, Badreh S, et al.
EULAR recommendations for cardiovascular risk management in
rheumatic and musculoskeletal diseases, including systemic lupus
erythematosus and antiphospholipid syndrome. Ann Rheum Dis
2022; 81:768–779.

57. Dalbeth N, Gosling AL, Gaffo A, Abhishek A. Gout. Lancet 2021;
397:1843–1855.

58. Ben Salem C, Slim R, Fathallah N, Hmouda H. Drug-induced hyper-
uricaemia and gout. Rheumatology (Oxford) 2017; 56:679–688.

59. Dang A, Zhang Y, Liu G, Chen G, Song W, Wang B. Effects of losartan
and irbesartan on serum uric acid in hypertensive patients with
hyperuricaemia in Chinese population. J Hum Hypertens 2006;
20:45–50.
1678 www.jhypertension.com

Copyright © 2024 Wolters Kluwer 
60. Wolff ML, Cruz JL, Vanderman AJ, Brown JN. The effect of angiotensin
II receptor blockers on hyperuricemia. Ther Adv Chronic Dis 2015;
6:339–346.

61. Hori T, Ouchi M, Otani N, Nohara M, Morita A, Otsuka Y, et al. The
uricosuric effects of dihydropyridine calcium channel blockers in vivo
using urate under-excretion animal models. J Pharmacol Sci 2018;
136:196–202.

62. Rubio-Guerra AF, Garro-Almendaro AK, Elizalde-Barrera CI, Suarez-
Cuenca JA, Duran-Salgado MB. Effect of losartan combined with
amlodipine or with a thiazide on uric acid levels in hypertensive
patients. Ther Adv Cardiovasc Dis 2017; 11:57–62.

63. Feher MD, Hepburn AL, Hogarth MB, Ball SG, Kaye SA. Fenofibrate
enhances urate reduction in men treated with allopurinol for hyper-
uricaemia and gout. Rheumatol Oxf Engl 2003; 42:321–325.

64. Jung JY, Choi Y, Suh CH, Yoon D, Kim HA. Effect of fenofibrate on
uric acid level in patients with gout. Sci Rep 2018; 8:16767.

65. Milionis HJ, Kakafika AI, Tsouli SG, Athyros VG, Bairaktari ET,
Seferiadis KI, Elisaf MS. Effects of statin treatment on uric acid
homeostasis in patients with primary hyperlipidemia. Am Heart J
2004; 148:635–640.

66. Mogensen UM, K�ber L, Jhund PS, Desai AS, Senni M, Kristensen SL,
et al., PARADIGM-HF Investigators and Committees. Sacubitril/val-
sartan reduces serum uric acid concentration, an independent pre-
dictor of adverse outcomes in PARADIGM-HF. Eur J Heart Fail 2018;
20:514–522.

67. Doehner W, Anker SD, Butler J, Zannad F, Filippatos G, Ferreira JP,
et al. Uric acid and sodium-glucose cotransporter-2 inhibition with
empagliflozin in heart failure with reduced ejection fraction: the
EMPEROR-reduced trial. Eur Heart J 2022; 43:3435–3446.

68. McDowell K, Welsh P, Docherty KF, Morrow DA, Jhund PS, de Boer
RA, et al. Dapagliflozin reduces uric acid concentration, an indepen-
dent predictor of adverse outcomes in DAPA-HF. Eur J Heart Fail
2022; 24:1066–1076.

69. Najafi S, Bahrami M, Butler AE, Sahebkar A. The effect of glucagon-
like peptide-1 receptor agonists on serum uric acid concentration: a
systematic review and meta-analysis. Br J Clin Pharmacol 2022;
88:3627–3637.

70. Kok VC, Horng JT, Chang WS, Hong YF, Chang TH. Allopurinol
therapy in gout patients does not associate with beneficial cardiovas-
cular outcomes: a population-based matched-cohort study. PloS One
2014; 9:e99102.

71. Ju C, Lai RWC, Li KHC, Hung JKF, Lai JCL, Ho J, et al. Comparative
cardiovascular risk in users versus nonusers of xanthine oxidase
inhibitors and febuxostat versus allopurinol users. Rheumatology
2020; 59:2340–2349.

72. Zhang T, Pope JE. Cardiovascular effects of urate-lowering therapies
in patients with chronic gout: a systematic review and meta-analysis.
Rheumatol Oxf Engl 2017; 56:1144–1153.

73. Schumacher HR Jr, Becker MA,Wortmann RL, Macdonald PA, Hunt B,
Streit J, et al. Effects of febuxostat versus allopurinol and placebo in
reducing serum urate in subjects with hyperuricemia and gout: a 28-
week, phase III, randomized, double-blind, parallel-group trial. Ar-
thritis Rheum 2008; 59:1540–1548.

74. Becker MA, Schumacher HR Jr, Wortmann RL, MacDonald PA,
Eustace D, Palo WA, et al. Febuxostat compared with allopurinol
in patients with hyperuricemia and gout. N Engl J Med 2005;
353:2450–2461.

75. Schumacher HR Jr, Becker MA, Lloyd E, MacDonald PA, Lademacher
C. Febuxostat in the treatment of gout: 5-yr findings of the FOCUS
efficacy and safety study. Rheumatology 2009; 48:188–194.

76. Becker MA, Schumacher HR, Espinoza LR, Wells AF, MacDonald P,
Lloyd E, Lademacher C. The urate-lowering efficacy and safety of
febuxostat in the treatment of the hyperuricemia of gout: the CON-
FIRMS trial. Arthritis Res Ther 2010; 12:R63.

77. Guan X, Zhang S, Liu J, Wu F, Zhou L, Liu Y, et al. Cardiovascular
safety of febuxostat and allopurinol in patients with gout: a meta-
analysis. Front Pharmacol 2022; 13:998441.

78. Borgi L, McMullan C, Wohlhueter A, Curhan GC, Fisher ND, Forman
JP. Effect of uric acid-lowering agents on endothelial function: a
randomized, double-blind, placebo-controlled trial. Hypertension
2016; 69:243–248.

79. Givertz MM. Treating gout in patients with cardiovascular disease:
mutual benefit or unintended consequences? J Am Coll Cardiol 2018;
71:1005–1008.
Volume 42 � Number 10 � October 2024

Health, Inc. All rights reserved.



Asymptomatic hyperuricemia

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by uil3hN
cpm

62hT
0R

w
hT

V
/X

S
LG

D
4t7cJgE

2m
/0JR

A
9M

fp
xH

skR
LQ

9D
+

X
8M

LY
bH

6svA
X

jjF
5JZ

7S
X

O
M

4B
xL6zeK

a5K
Ly2K

ts3lT
g4S

/0G
D

vepJQ
N

hf+
0IgE

F
JgdX

jK
O

8dQ
e on 08/29/2024
80. Kim SC, Neogi T, Kang EH, Liu J, Desai RJ, Zhang M, et al. Cardiovas-
cular risks of probenecid versus allopurinol in older patients with
gout. J Am Coll Cardiol 2018; 71:994–1004.

81. Kang EH, Park EH, Shin A, Song JS, Kim SC. Cardiovascular risk
associated with allopurinol vs. benzbromarone in patients with gout.
Eur Heart J 2021; 42:4578–4588.

82. Eun Y, Han H, Kim K, Kang S, Lee S, Kim H, et al. Cardiovascular risk
associated with allopurinol or benzbromarone treatment in patients
with gout. Ther Adv Musculoskelet Dis 2022; 14:1759720X221116409.

83. Feig DI, Johnson RJ. Hyperuricemia in childhood primary hyperten-
sion. Hypertension 2003; 42:247–252.

84. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on blood
pressure of adolescents with newly diagnosed essential hypertension:
a randomized trial. JAMA 2008; 300:924–932.

85. Soletsky B, Feig DI. Uric acid reduction rectifies prehypertension in
obese adolescents. Hypertension 2012; 60:1148–1156.

86. Gaffo AL, Calhoun DA, Rahn EJ, Oparil S, Li P, Dudenbostel T, et al.
Effect of serum urate lowering with allopurinol on blood pressure in
young adults: a randomized, controlled, crossover trial. Arthritis
Rheumatol 2021; 73:1514–1522.

87. McMullan CJ, Borgi L, Fisher N, Curhan G, Forman J. Effect of uric acid
lowering on renin-angiotensin-system activation and ambulatory BP:
a randomized controlled trial. Clin J Am Soc Nephrol 2017; 12:807–
816.

88. Agarwal V, Hans N, Messerli FH. Effect of allopurinol on blood
pressure: a systematic review and meta-analysis. J Clin Hypertens
(Greenwich) 2013; 15:435–442.

89. Feig DI. The role of uric acid in the pathogenesis of hypertension in
the young. J Clin Hypertens (Greenwich) 2012; 14:346–352.

90. Watanabe S, Kang DH, Feng L, Nakagawa T, Kanellis J, Lan H, et al.
Uric acid, hominoid evolution, and the pathogenesis of salt-sensitivi-
ty. Hypertension 2002; 40:355–360.

91. MacIsaac RL, Salatzki J, Higgins P, Walters MR, Padmanabhan S,
Dominiczak AF, et al. Allopurinol and cardiovascular outcomes in
adults with hypertension. Hypertension 2016; 67:535–540.

92. Borghi C, Desideri G. Urate-lowering drugs and prevention of car-
diovascular disease: the emerging role of xanthine oxidase inhibition.
Hypertension 2016; 67:496–498.

93. Grimaldi-Bensouda L, Alp�erovitch A, Aubrun E, Danchin N, Rossignol
M, Abenhaim L, Richette P, PGRx MI Group. Impact of allopurinol on
risk of myocardial infarction. Ann Rheum Dis 2015; 74:836–842.

94. de Abajo FJ, Gil MJ, Rodr�ıguez A, Garc�ıa-Poza P, Álvarez A, Bryant V,
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