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Abstract Several epidemiological studies have demonstrated
the existence of a correlation between high serum uric acid
(SUA) levels, hypertension, and chronic kidney disease
(CKD). Xantine oxidase inhibitors (XOI) are the most power-
ful uric acid lowering drugs, with presumed beneficial effects
on cardiovascular and renal system. The multifactorial mech-
anism linking hyperuricemia with cardiovascular and renal
diseases involves both the SUA level and the xanthine oxidase
(XO) activity. In this context, the clinical research has been
recently focused at assessing the efficacy of urate-lowering
drugs active on XO in patients with abnormal blood pressure
values and renal dysfunction. The mechanism of action re-
sponsible for the beneficial effect of XOI has not completely
elucidated, and long-term studies involving large population
samples are needed. In particular, XOI could play an impor-
tant role in the management of hypertension and CKD, espe-
cially in patients not entirely controlled by conventional ther-
apies. In the present review, we summarize the results of re-
cent clinical trials that largely support a positive effect of al-
lopurinol and febuxostat on blood pressure, glomerular filtra-
tion rate (GFR), and serum creatinine in different populations
of patients. Will these drugs be considered a reliable choice or
alternative to currently used drugs for the hypertension and

kidney failure treatment? The debate is open, but much evi-
dence is accumulating and supporting this role.
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Introduction

Hyperuricemia has recently raised a revitalized interest based
on the evidence of a close correlation between serum uric acid
(SUA) levels, hypertension, and chronic renal failure [1–3].
Several different papers have reported a possible pathogenetic
role for increased SUA levels in subjects with metabolic syn-
drome, glucose intolerance, insulin resistance, dyslipidemia,
abdominal obesity, and, in particular, hypertension [4, 5]. The
mechanism linking hyperuricemia with cardiovascular and
renal diseases is probably multifactorial and involves both
the direct role of SUA level and the effects of the activation
of xanthine oxidase (XO) [6]. Despite the evidence supporting
a correlation between hyperuricemia, cardiovascular risk
(CVR), and progression of chronic kidney disease (CKD),
urate-lowering therapy (ULT) is recommended in daily clini-
cal practice only in the presence of gout or urolithiasis [7]. In
our review, we will summarize the evidence supporting the
use of XOI in patients with hypertension and renal disease by
emphasizing the importance of the plasma levels of uricaemia
(SUA > 6 mg/dL) [8] and the different beneficial effects of a
timely and appropriate treatment with XO inhibitors (XOI) on
the cardiovascular and renal systems.
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The Patho-Physiological Role of Uric Acid and XO

Uric acid is the end-product of the purine metabolism in liver,
and for at least 95% is secreted by the kidney proximal tubule
through different and specific carrier proteins. Uric acid is
mainly excreted at renal level with only a minor portion ex-
creted through the bowel [3]. Uric acid has a dual and opposite
action depending on the environmental features and concen-
tration, with some antioxidant properties in extracellular am-
bient and at a low concentration and a pro-oxidant activity at
higher concentrations or intracellularly [3]. In the presence of
ischemic damage, the pro-oxidant action of uric acid favors
lipid oxidation with an evident inhibition of the reverse cho-
lesterol transport and important pro-inflammatory effects at
the tissue level [9]. Several longitudinal studies have con-
firmed that high SUA levels may be associated with an in-
creased incidence of hypertension [10, 11•] and CKD progres-
sion [12] that can be the consequence of the pro-oxidant effect
of uric acid. The pathophysiological mechanism underlying
the correlation between the pro-oxidant activity of UA and the
increased risk of cardio-renal disease involves the crucial role
of XO, the main enzyme involved in the last few steps of UA
production. XO catalyzes the conversion of hypoxanthine to
xanthine and xanthine to uric acid, leading to the production
of hydrogen peroxide (H2O2) and reactive oxygen species
(ROS) [13]. The cytotoxic action of ROS, especially the in-
creased synthesis of ONOO−, combined with the pro-
oxidative action of UA determines a decrease of NO, resulting
in endothelial dysfunction and in a more rapid progression of
atherosclerotic disease [14] (Fig. 1). The endothelial dysfunc-
tion associated with hyperuricemia has several pathophysio-
logical consequences by promoting platelet aggregation, va-
soconstriction, proliferation of smooth muscle cells, fibrotic
remodeling, and vascular inflammation that contribute to the
development of CV diseases. In this broad context, the use of
XO inhibitors could play a favorable role and could be taken

into consideration for the prevention and treatment of CVD
(Fig. 1).

Hyperuricemia and Hypertension

Several studies have demonstrated a close correlation between
hyperuricemia and cardio-metabolic disorders, in particular
with hypertension [15, 16]. In a large meta-analysis involving
18 prospective cohort studies, Grayson et al. have demonstrat-
ed an increase of 13% of the incidence of hypertension for
every increase of 1% of SUA levels [17••]. More recently, in a
study carried out in an overall healthy population, we have
reported an increase of systolic blood pressure (SBP) in sub-
jects with a progressive worsening of SUA levels [18].
Moreover, after 4 years of follow-up, SBP values were higher
in subjects with untreated hyperuricemia than in those under-
going allopurinol treatment and showing lower SUA levels.
This association between hypertension and high SUA values
was detected in different racial groups [19–21], and according
to the many prospective studies, hyperuricemia may be con-
sidered as an independent risk factor for hypertension [1, 22].
It has been demonstrated that elevated SUA levels may trigger
the renin-angiotensin system, either directly inhibiting the NO
synthesis in the juxtaglomerular apparatus, as in an indirect
way, stimulating the proliferation of smooth muscle cells of
the afferent arteriola wall with a consequent reduction of renal
perfusion [23].

Hyperuricemia and CKD

The results of several epidemiological studies allow us to con-
sider hyperuricemia as an independent risk factor for develop-
ment and progression of CKD [7, 12, 24–26]. Elevated SUA
levels lead to the formation of urate crystals in the nephron
collecting ducts with tubular obstruction; moreover, hyperuri-
cemia causes progressive damage to kidney structure with an
independent crystal mechanism, through endothelial dysfunc-
tion, oxidative stress, and the renin-angiotensin-aldosterone
system activation [23, 27] (Fig. 2). These mechanisms inevi-
tably lead to the development or progression of kidney dis-
ease, in fact in a wide epidemiological investigation. Weiner
et al. reported an increased risk for incident kidney disease
(7%, defined as a glomerular filtration rate (GFR) < 60 mL/
min) for every increase of 1 mg/dL of baseline SUA levels
after adjusting for multiple metabolic and cardio-renal param-
eters [28]. In our previously mentioned research, we found
that a worsened or untreated hyperuricemia is related to high
levels of FPG, a key parameter which can lead to
hyperinsulinemia and a diagnosis of metabolic syndrome

Fig. 1 Actions of XO and XO inhibitors on purine metabolism and
endothelial cells
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[18]. It is well-known that high insulin values cause an in-
crease of sodium reabsorption in the renal tubule and a re-
duced excretion of uric acid with negative consequences for
kidney function [29–31]. Moreover, in subjects with renal
impairment, SUA levels > 6 mg/dL cause an increased risk
of end-stage renal disease (ESRD), especially in women [32].

The Urate Lowering Therapy

The ULT, in current clinical practice, is based on the use of
XOI, which are considered high-grade drugs with uricostatic
effect. Allopurinol is the most well-known among this class of
drugs, together with its main active metabolite, the
Oxypurinol, and has a good safety, efficacy, and tolerability
profile [33]. Febuxostat is a new and emerging selective XOI,
found in different studies more effective than allopurinol to
lower SUA levels and counteract inflammatory processes on
endothelial cells [34•, 35, 36]. The efficacy and safety of
febuxostat has been confirmed in several trials, including in
subjects with CKD and treated hemodialysis [37]. For in-
stance, Mitsuboshi et al. claimed, in a recent short report, that
febuxostat at low dosage (10 mg/day) is a safer and more
effective therapy than allopurinol (100 mg/day) also in hemo-
dialysis subjects after 16 months of follow-up [38]. In the
recent past, some authors have evaluated and often confirmed
the power, efficacy, and low toxicity of a new inhibitor of XO,
the 3,4-dihydroxy-5-nitrobenzaldehyde (DHNB), but espe-
cially its direct antioxidant effect [39].

The uricosuric drugs (probenecid, benzbromarone, and the
most recent—lesinurad) are considered second choice for the
hyperuricemia treatment and are mainly used in subjects in-
tolerant to XOI; moreover, it is also possible to use some uric

acid metabolism stimulants such as polyethylene glycolated
uricases (pegloticase and pegadricase) for short periods and in
patients refractory to conventional therapy (Table 1).

The Role of XO Inhibitors in Cardio-Renal Diseases

XO Inhibitors and Hypertension

Considering the just mentioned close correlation between
hyperuricemia and hypertension, as well as the crucial
pathophysiologic role of XO in purine metabolism and
in inducing endothelial dysfunction besides its negative
consequences (Fig. 1), it could be easy to infer the car-
diovascular benefits of XOI. To date, there are still few

Table 1 Uric acid lowering drugs (modified from [40])

Drug Mechanism of action

Allopurinol XO inhibitor

Oxypurinol XO inhibitor

Febuxostat XO inhibitor

3,4-dihydroxy-5-nitrobenzaldehyde (DHNB)a XO inhibitor

Probenecid URAT1 inhibitor

Benzbromarone URAT1 inhibitor

Lesinurada URAT1 inhibitor

Pegloticasea PEGylated uricase

Pegadricasea PEGylated uricase

a New drugs

URAT1, the main transporter protein of urate in the proximal renal tubule;
PEG, polyethylene glycol

Fig. 2 Negative effects of
hyperuricemia on renal function,
via urate crystals formation and
via endothelial dysfunction and
oxidative stress
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observational clinical studies conducted on patients with
regard to the antihypertensive efficacy of XOI; in fact, the
mechanism behind this effect has not yet fully elucidate.
The administration of allopurinol (200 mg twice daily) in
a randomized, double-blind, placebo-controlled trial of 30
adolescents, with a recent hypertension diagnosis and
with levels of SUA > 6 mg/dL, has led to a significant
reduction of BP values in 20 of the subjects enrolled [41].
In a more recent study carried out on 60 obese adolescents
with hypertension, both treatment with allopurinol and
probenecid induced a significant reduction of BP [42].
Kanbay et al. reported in a study on 48 subjects with high
SUA values a significant reduction of BP values after
3 months of treatment with allopurinol (300 mg/day)
[43•]. On the other hand, in another study, 8-week treat-
ment with allopurinol (150 mg/day) did not have antihy-
pertensive effects in subjects previously randomized to
either perindopril or hydrochlorothiazide [44]. MacIsaac
et al. claimed important cardiovascular benefits on a large
population of elderly adults (> 65 aged) with hypertension
after regular and long-term intake of high dosage allopu-
rinol (≥ 300 mg daily) [45].

Can the antihypertensive effect of allopurinol be dose-
dependent or manifest in the long-term? There are still doubts
as to the improvement of BP values, tested in several studies
on rats [46] and still few on people [45, 47], may be due solely
to the reduction of SUA levels or to the antioxidant effects
derived from the XO inhibition; it remains to be clarified
which one of them is the most decisive action on
hypertension.

XO Inhibitors and CKD

A few number of randomized clinical trials analyzed the
therapeutic role of XOI in CKD, the pharmacokinetic and
pharmacodynamic characteristics of these drugs, the dura-
tion of treatment, and the onset of severe adverse events
in relation to GFR or the stage of renal failure. In the past,
some studies have shown that allopurinol treatment is as-
sociated with a slowing down of renal chronic disease, a
decrease in kidney function impairment with significant
increase of GFR values, and a drop in dialysis treatment
[48–50]. In more recent past, Satirapoj et al. reported in a
study on 44 patients with CKD stages II–III, after
12 weeks of allopurinol treatment (50 mg once daily), a
significant improvement of GFR values (43.22 ± 14.44 vs
45.34 ± 16.09 mL/min/1.73 m2, p = 0.029) [51].
Krishnamurthy et al. in a retrospective cohort study found
in 50 subjects with hyperuricemia an increase in GFR of
11.9 mL/min/1.73m2 compared to the control group (95%
confidence interval, 4.8–11.9 mg/d dose; P = 0.01), be-
sides a reduction of 0.10 mg/dL of serum creatinine levels
(95% confidence interval, 0.003–0.20 mg/dL; P = 0.04)

[52]. It remains to be clarified whether the improvement
of renal function is only linked to the reduction of SUA
levels or there is another mechanism, based on the anti-
oxidant properties of these drugs, that we can consider to
be the main responsible of this positive effect.

Conclusion

Can the XOI actually fall into the category of drugs for the
prevention of cardiovascular and chronic kidney diseases?
The debate is open, as it will be necessary to conduct several
randomized clinical trials to confirm the antihypertensive ef-
ficacy of high dosage allopurinol administration or long-term
febuxostat therapy, and verify the subsequent cardiovascular
and renal outcomes.
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