
07 May 2026

Alma Mater Studiorum Università di Bologna
Archivio istituzionale della ricerca

Borghi C, A.E. (2020). Hyperuricaemia and gout in cardiovascular, metabolic and kidney disease.
EUROPEAN JOURNAL OF INTERNAL MEDICINE, 80, 1-11 [10.1016/j.ejim.2020.07.006].

Published Version:

Hyperuricaemia and gout in cardiovascular, metabolic and kidney disease

Published:
DOI: http://doi.org/10.1016/j.ejim.2020.07.006

Terms of use:

(Article begins on next page)

Some rights reserved. The terms and conditions for the reuse of this version of the manuscript are
specified in the publishing policy. For all terms of use and more information see the publisher's website.

Availability:
This version is available at: https://hdl.handle.net/11585/799846 since: 2021-02-16

This is the final peer-reviewed author’s accepted manuscript (postprint) of the following publication:

This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/).
When citing, please refer to the published version.

http://doi.org/10.1016/j.ejim.2020.07.006
https://hdl.handle.net/11585/799846


This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/) 

When citing, please refer to the published version. 

 

 

This is the accepted manuscript of: 

Borghi C, Agabiti-Rosei E, Johnson RJ, Kielstein JT, Lurbe E, Mancia G, Redon J, Stack AG, Tsioufis KP. 

 Hyperuricaemia and gout in cardiovascular, metabolic and kidney disease.  

Eur J Intern Med. 2020 Oct;80:1-11. 

 

The final published version is available online at: https://doi.org/10.1016/j.ejim.2020.07.006 

Rights / License: 

The terms and conditions for the reuse of this version of the manuscript are specified in the 
publishing policy. For all terms of use and more information see the publisher's website.   

 

https://cris.unibo.it/
https://doi.org/10.1016/j.ejim.2020.07.006


1 

Hyperuricaemia and gout in cardiovascular, metabolic and 

kidney disease 

Authors: Claudio Borghia,*, Enrico Agabiti-Roseib, Richard J. Johnsonc, Jan T. 

Kielsteind, Empar Lurbee, Giuseppe Manciaf, Josep Redong, Austin G. Stackh, 

Konstantinos P. Tsioufisi 

Affiliations:  

a,*Department of Medical and Surgical Sciences, Ospedale Malpighi, University of 

Bologna, Via Albertoni 15, 40138 Bologna, Italy. Tel. +39-051-6362843; Fax +39-051-

391320; email: claudio.borghi@unibo.it 

bDepartment of Clinical and Experimental Sciences, University of Brescia Division of 

Medicine, Brescia, Italy, e.agabitirosei@gmail.com 

cDepartment of Medicine, University of Colorado Anschutz Medical Campus, Aurora, 

Colorado, United States, richard.johnson@ucdenver.edu 

dMedical Clinic V: Nephrology, Rheumatology and Blood Purification, Academic 

Teaching Hospital Braunschweig, Germany, kielstein@yahoo.com 

ePediatric Department, General Hospital of Valencia and CIBERObn, Spain, 

empar.lurbe@uv.es 

fUniversity of Milano-Bicocca, Milan and Policlinico di Monza, Monza, Italy, 

giuseppe.mancia@unimib.it 

gHospital Clinic of Valencia, INCLIVA University of Valencia and CIBERObn, Spain, 

josep.redon@uv.es 



2 

hDepartment of Nephrology, University Hospital Limerick, Graduate Entry Medical 

School, University of Limerick, Ireland, austin.stack@ul.ie 

iNational and Kapodistrian University of Athens, Greece, ktsioufis@gmail.com 

* Corresponding author: Claudio Borghi 

 



 

3 

ABSTRACT 

During the last century, there has been an increasing prevalence of hyperuricaemia 

noted in many populations. While uric acid is usually discussed in the context of gout, 

hyperuricaemia is also associated with hypertension, chronic kidney disease, 

hypertriglyceridaemia, obesity, atherosclerotic heart disease, metabolic syndrome, and 

type 2 diabetes. Here we review the connection between hyperuricaemia and 

cardiovascular, kidney and metabolic diseases. Contrary to the popular view that uric 

acid is an inert metabolite of purine metabolism, recent studies suggest serum uric acid 

may have a variety of pro-inflammatory, pro-oxidative and vasoconstrictive actions that 

may contribute to cardiometabolic diseases. Hyperuricaemia is a predictive factor for 

the development of hypertension, metabolic syndrome, type 2 diabetes, coronary artery 

disease, left ventricular hypertrophy, atrial fibrillation, myocardial infarction, stroke, 

heart failure and chronic kidney disease. Treatment with uric acid-lowering therapies 

has also been found to improve outcomes in patients with hypertension and kidney 

disease, in some but not all studies. In conclusion, uric acid is emerging as a potentially 

treatable risk factor for cardiometabolic diseases, and more clinical trials investigating 

the potential benefit of lowering serum uric acid are recommended in individuals with 

hyperuricaemia with and without deposition and concomitant hypertension, metabolic 

syndrome or chronic kidney disease.  

Keywords: Allopurinol, Febuxostat, Hypertension, Hyperuricaemia, Metabolic 

syndrome, Type 2 diabetes
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1. Introduction 

Hyperuricaemia refers to an abnormally high concentration of uric acid in serum [1], 

typically defined as >7 mg/dL (416 µmol/L) in men and >6 mg/dL in women [2]. Mean 

serum uric acid has increased progressively over the last century in many populations 

[3]. In recent years, the US National Health and Nutrition Examination Survey 

(NHANES) has been the main source of epidemiological data on hyperuricaemia in 

Western countries (Table 1).1 In the 2009–2010 analysis, the US adult population age-

adjusted prevalence of hyperuricaemia was 19.3% [4]. Hyperuricaemia prevalence 

increases with age and is higher in men than premenopausal women [4-9], as oestrogen 

increases urate excretion by the kidneys [10]. The prevalence of hyperuricaemia is 

increasing over time [6,8,9,11,12] and according to NHANES data, increased 

significantly in the US from 19% in 1988–1994 to 21.5% in 2007–2008 [6]. In coastal 

regions of Eastern China, the prevalence of hyperuricaemia was estimated at 13% in 

2008, while it was thought to be absent in the 1980s [9]. 

Hyperuricaemia is usually discussed in the context of gout, but it is increasingly 

recognised that serum uric acid values >6.5 mg/dL or 7.0 mg/dL in men and 

postmenopausal women and >6.0 mg/dL in premenopausal women are clinically 

relevant markers of other diseases [1,6,12,13]. Moreover, only 12% of individuals with 

 

1 Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; EPIC, 
European Prospective Investigation into Cancer and Nutrition; GFR, glomerular filtration rate; HDL, 
high-density lipoprotein; HOMA, homeostatic model assessment; HOMA-IR, homeostatic model 
assessment of insulin resistance; MCP-1, monocyte chemoattractant protein 1; NHANES, National Health 
and Nutrition Examination Survey. 
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serum uric acid between 7.0 mg/dL and 7.9 mg/dL develop gout [14,15], leading to the 

suggestion that uric acid-lowering medical interventions are unwarranted for 

asymptomatic hyperuricaemia unless an episode of gout occurs [1,15].  

However, hyperuricaemia is not only associated with gout, but also with a variety of 

cardiometabolic diseases, including hypertension, chronic kidney disease (CKD), 

hypertriglyceridaemia, obesity, atherosclerotic heart disease, and metabolic syndrome 

[1]. Recently, a variety of studies have suggested that hyperuricaemia may be a risk 

factor for these conditions [12,16]. Here we critically review the relationship and 

discuss the pros and cons of therapeutic intervention based on the current studies. 

2. Uric acid metabolism and biological activity 

Uric acid is produced by xanthine oxidase [17] and is the final product of purine 

catabolism; it is excreted primarily in the urine and faeces [12,16]. Serum uric acid is 

affected by diets rich in purines and fructose, and is also produced during the 

degradation of nucleic acids (DNA and RNA) as well as ATP (such as may occur with 

increased cell turnover or muscle breakdown). As the kidney is a major site of 

excretion, a reduction in kidney function may also lead to a secondary increase in serum 

uric acid. Hormones such as estrogen can increase urate excretion, accounting for the 

lower levels of serum uric acid in premenopausal women. Other conditions, such as 

renal vasoconstriction in hypertension and insulin resistance, have also been thought to 

reduce urate excretion. Genetic polymorphisms in urate transport, especially SLC2A9 

that regulates Glut9, can also influence serum urate levels. Genome-wide association 
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studies have identified SLC2A9 and other transporters as accounting for approximately 

6% of the variance in serum uric acid levels [18,19]. 

Classically the association of hyperuricaemia with cardiometabolic diseases was 

thought to be due to the effects of diet, obesity and insulin resistance, renal disease, and 

as a consequence, serum uric acid was thought to not have a role in these conditions 

[15,20,21]. Indeed, some studies have suggested uric acid may be beneficial in 

cardiovascular diseases and function as an antioxidant [22].  

However, more recent studies suggest that soluble uric acid may have a wide variety of 

pro-inflammatory effects. For example, uric acid has pro-oxidant effects in the 

intracellular environment as its production generates reactive oxygen species, which 

may cause oxidative stress [12,16] and because it can stimulate the production of 

NADPH oxidase [20]. Uric acid has a variety of cellular effects, including stimulation 

of growth factors, stimulation of cyclo-oxygenase 2 and thromboxane production, 

stimulation of chemokines (such as monocyte chemoattractant protein-1) and C-reactive 

protein, and increasing platelet activity and turnover [12,16,23-25]. Uric acid also 

activates the renin-angiotensin system by both stimulating plasma renin activity and 

renal renin expression, as well as by activating the intrarenal angiotensin system [26].  

These effects have been shown to be responsible for inducing many aspects of 

cardiometabolic disease. Thus, experimental hyperuricaemia has been shown to induce 

systemic hypertension through vasoconstriction driven by the prooxidant effects of uric 

acid on vascular smooth muscle cells and inhibition of nitric oxide [27,28]. Likewise, 

uric acid has been shown to induce insulin resistance and gluconeogenesis via the 
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inhibition of hepatic AMP-activated protein kinase [29]. Fatty liver can be induced by 

experimental hyperuricaemia through the stimulation of lipogenesis and the inhibition 

of fatty acid oxidation driven by the induction of uric acid-dependent mitochondrial 

oxidative stress [20,30,31]. CKD is driven primarily by the development of a 

hypertrophic afferent arteriole that impairs autoregulation and allows increased 

transmission of systemic blood pressure to the glomerulus [3]. Cardiac disease may be 

secondary to the effects of hyperuricaemia to stimulate the renin-angiotensin system and 

cause hypertension, but uric acid has also been found in atherosclerotic plaque [32]. 

3. Hyperuricaemia and hypertension 

3.1. Hyperuricaemia in patients with hypertension 

The connection between hyperuricaemia and hypertension has been known for over a 

century [33]. Hyperuricaemia is found in 25% of individuals with untreated 

hypertension and three-quarters of patients with malignant hypertension [34]. The 

prevalence of hyperuricaemia is higher in people with pronounced hypertension [35]. 

Hyperuricaemia is associated with an increased risk of uncontrolled hypertension 

[36,37] and is associated with resistance to therapy [38]. 

3.2. Hyperuricaemia as a risk factor for hypertension 

The association of hyperuricaemia with hypertension is independent of the traditional 

cardiovascular risk factors, including age, obesity, hypercholesterolaemia, 

hypertriglyceridaemia, low high-density lipoprotein (HDL) cholesterol, diabetes, family 



 

8 

history of hypertension, smoking and alcohol consumption [39]. In a meta-analysis of 

18 prospective studies that included 55,607 participants with normal blood pressure at 

onset, hyperuricaemia was associated with an increased risk of incident hypertension 

(Table 2) [40]. Another meta-analysis of 25 prospective and retrospective studies (N = 

97,824) concluded that hyperuricaemia was a predictive factor for developing 

hypertension, independently of sex and ethnicity (Asian vs non-Asian; Table 2) [41]. 

Hyperuricaemia may also be involved in the development of preeclampsia. Serum uric 

acid concentrations are higher in women with preeclampsia than in healthy pregnant 

women [42] and several physiological changes associated with pregnancy and 

preeclampsia can, in theory, lead to hyperuricaemia [42]. Nevertheless, the value of 

serum uric acid investigations in predicting maternal and foetal complications in women 

with preeclampsia was found to be low in a meta-analysis of 18 studies and 3,913 

women (Table 2) [43]. 

Among 125 children (aged 6–18 years) recently diagnosed with primary hypertension, 

89% had serum uric acid concentrations >5.5 mg/dL, while these levels occurred in only 

30% of those diagnosed with secondary hypertension and in 0% of children with normal 

blood pressure [44]. Therefore, hyperuricaemia also correlates with hypertension in 

children. 

4. Hyperuricaemia and metabolic disease 

4.1. Prevalence of hyperuricaemia in metabolic diseases 
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Hyperuricaemia is also associated with metabolic syndrome and type 2 diabetes [45]. 

Epidemiological studies identified a positive correlation between serum uric acid 

concentrations and the prevalence of metabolic syndrome [46-50]. The prevalence of 

metabolic syndrome, based on NHANES 1988–1994 data, showed a stepwise increase 

from 18.9% in individuals with serum uric acid concentrations <6 mg/dL to 70.7% in 

those with serum uric acid concentration ≥10 mg/dL [46]. This association was 

independent of sex, age, alcohol consumption, body mass index and the presence of 

hypertension and diabetes. In addition, the prevalence of individual components of 

metabolic syndrome, including hyperglycaemia, hypertriglyceridaemia, low HDL 

cholesterol and hypertension, also increased with increasing serum uric acid levels, with 

the exception of abdominal obesity, which was slightly decreased in individuals with 

very high serum uric acid concentrations (≥10 mg/dL) [46]. In prospective observational 

studies, elevated serum uric acid concentrations have been found to predict the risk of 

developing metabolic syndrome and its individual components [51,52]. 

Several studies have examined the effect of sex on the association between elevated 

serum uric acid levels and the risk of developing metabolic syndrome. Higher levels of 

serum uric acid were significantly associated with a higher risk of developing metabolic 

syndrome in a prospective observational study of healthy men (N = 8,429) and women 

(N = 1,260) who were followed for a mean of 5.5 years [53]. In a meta-analysis of seven 

prospective cohort studies that included 23,081 men and 12,195 women, the incidence 

of metabolic syndrome increased by approximately 5% in men and 9% in women for 

every 1 mg/dL increase in serum uric acid concentration (Table 2) [54]. For an 

equivalent increase in uric acid concentrations, the risk of developing metabolic 
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syndrome was higher among women <52 years old than in males or older females 

(Table 2) [54]. In an analysis of 10,649 men and 12,696 women who participated in the 

Dongfeng-Tongji cohort study, the association between uric acid levels and the risk of 

developing metabolic syndrome was significantly stronger in women [47]. 

The link between uric acid levels and metabolic syndrome has also been reported in 

children [55]. In adolescents, the relationship between serum uric acid levels and 

metabolic syndrome is more complex. Elevated uric acid was predictive of developing 

metabolic syndrome in males but not in females in a study that included 5,748 

individuals aged 10–15 years who were followed for a median of 7.2 years [56].  

4.2. Hyperuricaemia as a risk factor for metabolic diseases 

Elevated levels of uric acid were found to be associated with insulin resistance in 

women and in individuals with obesity, while there was no association in non-obese 

men in a study of 88 non-diabetic individuals without cardiovascular disease [57]. A 

number of studies have reported an increased risk of type 2 diabetes in individuals with 

elevated uric acid levels [52,58]. In addition, individual components of the metabolic 

syndrome, except dyslipidaemia, are more common in individuals with elevated uric 

acid and type 2 diabetes [59]. Several meta-analyses have produced estimates of the 

dose-response relationship (Table 2). In an early meta-analysis, which included 11 

observational cohort studies and 42,834 participants, the authors concluded that the risk 

of developing type 2 diabetes is increased by 17% for each 1 mg/dL increment in serum 

uric acid concentration [58]. However, in a later meta-analysis of eight prospective 

cohort studies and 32,016 participants that employed a more rigorous methodology, the 



 

11 

risk of developing type 2 diabetes was reported to be increased by 6% for every 1 

mg/dL increment in serum uric acid [60]. The association between uric acid levels and 

type 2 diabetes was independent of the presence of individual components of metabolic 

syndrome [60]. Furthermore, an analysis of data from the European Prospective 

Investigation into Cancer and Nutrition (EPIC)-InterAct study comprising 24,265 

individuals aged 35–70 years, concluded that the risk of developing type 2 diabetes 

increases by 20% for every 1 mg/dL increase in uric acid concentration [61]. However, 

the results of instrumental multivariable analysis did not confirm this finding, casting 

doubt on the existence of a causal relationship between the two conditions [61]. 

5. Hyperuricaemia and cardiovascular disease 

Epidemiological studies have examined the association between hyperuricaemia and 

cardiovascular disease. Earlier studies tended to conclude that elevated uric acid levels 

were a marker of cardiovascular risk and did not have any predictive value [5,62,63]. 

More recent studies found a significant association between hyperuricaemia and several 

cardiovascular conditions, which remained robust even after adjustment for potential 

confounders [64]. Increased serum uric acid levels are significantly associated with the 

presence and severity of coronary artery disease [65] and increased left ventricular size 

and atrial fibrillation in healthy and hypertensive individuals [66,67]. Increased serum 

uric acid concentrations is a risk factor for myocardial infarction, stroke [68], and heart 

failure [69]. The Brisighella heart study also reported a significant correlation between 

elevated serum uric acid levels and hypertension and atherosclerosis (including both 

increased carotid intima-media thickness and pulse wave velocity) [70]. Meta-analyses 
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reported that elevated serum uric acid conferred a modest, yet statistically significant, 

risk of stroke and death from stroke in both men and women [71], and that it is an 

independent risk factor for developing heart failure and adverse outcomes in patients 

with existing heart failure (Table 2) [72]. Hyperuricaemia also predicted one-year 

mortality in patients with acute heart failure [73] and adverse outcomes and death in 

patients with acute myocardial infarction [74,75]. In patients with chronic heart failure, 

increased serum uric acid levels demonstrated a significant association with diastolic 

dysfunction [76]. In particular, the prognostic value of elevated serum uric acid is 

associated with that of brain natriuretic peptide (BNP) [77], a common biomarker in 

patients with left ventricular dysfunction. The prognostic values of serum urate and 

BNP appear to be independent but the combined elevation of both biomarkers in the 

same subject is associated with the worst prognosis and can be used to monitor clinical 

evolution in patients with acute heart failure [77]. Elevated serum uric acid levels are 

also associated with the development of cardiac hypertrophy [78,79]. On the other hand, 

the results of a study conducted in 173 patients with normal uric acid concentrations, 

hyperuricaemia or gouty arthritis, indicate that gout is associated with left ventricular 

diastolic dysfunction, while the hyperuricaemia is not [80]. 

In addition to major cardiovascular disease, an increase in serum uric acid has been 

associated with both microvascular disease and peripheral artery disease. Coronary 

microvascular disease is suspected when there is the absence of a “myocardial blush” 

during coronary angiogram, and it is associated with hyperuricaemia and carries a 

higher one-year mortality following percutaneous intervention (PC) therapy of ST-

elevation associated myocardial infarction compared to coronary artery disease in which 
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the myocardial blush is observed [81]. Abnormalities in coronary microcirculation have 

been described by Prasad et al. [82] in post-menopausal women and associated with 

hyperuricaemia and inflammation. An increase in serum urate levels has also been 

reported in patients with elevated calcium scores, with an independent link between 

asymptomatic hyperuricaemia and coronary artery calcification in the absence of overt 

cardiovascular disease [83]. An increased coronary calcium score has also been 

described in patients with hyperuricaemia and asymptomatic urate deposition at the 

joint level, and could explain the increased cardiovascular risk in patients with 

“symptomless gout” [84]. Finally, a longitudinal association has been described 

between serum uric acid levels and peripheral atherosclerosis including intra- and extra-

cranial vascular system and peripheral vascular disease as estimated by transcranial 

Doppler, carotid ultrasound and ankle-brachial index measures [85]. The association 

was confirmed regardless of the presence of additional risk factors and after adjustment 

for the most important confounding variables. 

6. Hyperuricaemia and chronic kidney disease 

A large body of evidence links hyperuricaemia with the development of CKD. Studies 

in the general population have demonstrated that hyperuricaemia is an independent risk 

factor for the development of CKD [86-92]. Similarly, studies conducted in patients 

with type 1 [93] and type 2 diabetes [94] have shown that hyperuricaemia predicts the 

development of new-onset CKD in these populations. However, not all studies have 

demonstrated a significant association between elevated serum uric acid levels and the 

risk of incident CKD [95].  
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Several large-scale studies conducted in the general population have confirmed that 

hyperuricaemia predicts the development of end-stage kidney failure (CKD 5), a major 

clinical end-point [96,97], and that elevated uric acid levels during the first year 

following a kidney transplant procedure predict graft loss [98,99]. Recent evidence also 

implicates perioperative hyperuricaemia in the pathogenesis of acute kidney injury in 

patients undergoing cardiovascular surgery [67,100,101]. In addition, there is increasing 

evidence that even mild hyperuricaemia correlates with early kidney damage, as shown 

by albuminuria and kidney ultrasound abnormalities [102]. 

7. Uric acid-lowering drugs 

7.1 Uric acid-lowering therapy in clinical practice 

Current European guidelines for the management of gout recommend starting uric acid-

lowering therapy at a low dose and titrating upwards until the target serum uric acid 

level is reached [103]. First, we would recommend reviewing the drugs the patient is 

taking that may increase serum uric acid, such as thiazides and loop diuretics, and to 

change them if there are no contraindications. Second, in subjects using modulators of 

the renin-angiotensin system, we would consider switching to drugs able to reduce 

serum uric acid independently of their involvement in blocking the action of angiotensin 

II [104].  

For most subjects, uric acid-lowering drugs will necessitate the use of xanthine-oxidase 

inhibitors, such as allopurinol and febuxostat. The approved dose for allopurinol is 

between 100 and 900 mg/day in adults and up to 400 mg/day in children (10 to 20 



 

15 

mg/kg/day) [105] and is indicated to reduce urate/uric acid formation in conditions 

where the deposition has already occurred; its use in children is rarely recommended 

[105]. Lower doses are advisable in patients with renal or hepatic impairment [105]. 

Treatment with febuxostat, indicated in adults for the management of chronic 

hyperuricaemia in conditions where urate deposition has already occurred, should be 

started at 80 mg/day and increased to 120 mg/day if target serum uric acid levels of <6.0 

mg/dL are not reached at the starting dose [106]. In patients with mild hepatic 

impairment, the recommended dose of febuxostat is 80 mg/day, but no dose adjustment 

is needed in patients with mild-to-moderate renal impairment (CrCl 30–89 mL/min) 

[106].  

The approved starting dose of febuxostat in the USA is 40 mg/day, with an increase to 

80 mg/day in those who do not achieve serum uric acid of <6 mg/dL; in patients with 

severe renal dysfunction, i.e., CKD 4 (CrCl 15–29 mL/min), the maximum daily dose 

should be limited to 40 mg/day [107]. 

In terms of direct comparison between classes of uric acid-lowering drugs, most of the 

reported effectiveness of treatment has been ascribed to xanthine-oxidase inhibitors 

[108], while the uricosuric agents are not universally available and are mostly 

recommended in combination with xanthine oxidase inhibitors or as a single treatment 

in patients where xanthine-oxidase inhibitors are not tolerated or are contraindicated. 

Febuxostat has been reported to be superior to allopurinol in patients with gout as far as 

the reduction in serum urate and the percentage of patients who achieve the goal for 

serum uric acid concentrations according to guidelines (<6 mg/dL or <5 mg/dL in 

patients with severe gout) [109]. As far as cardiovascular prevention, the evidence is 
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still a matter of debate, but supports some degree of cardiovascular prevention in 

patients treated with urate-lowering drugs, mainly xanthine-oxidase inhibitors with 

some differences between the different drugs (see below). 

7.2 In hypertension 

Several studies suggest that uric acid-lowering treatment may reduce blood pressure in 

hyperuricaemic people with hypertension, especially those who are young, have not had 

a longstanding history of hypertension, and have relatively preserved renal function. 

Allopurinol significantly reduced systolic and diastolic blood pressure in children and 

adolescents with newly diagnosed essential hypertension [110,111]. Significant 

reductions in systolic (p = 0.0003) and diastolic blood pressure (p = 0.0007) were also 

demonstrated in a randomised, placebo-controlled study of 60 adolescents with 

prehypertension treated with either allopurinol or probenecid (a uricosuric) compared 

with placebo [112]. An analysis of data from elderly patients with hypertension from the 

UK Clinical Practice Research Datalink, which included 365 patients who received 

allopurinol and 6,678 controls, found that uric acid-lowering treatment was associated 

with significant reductions in both systolic and diastolic blood pressure (p < 0.001) 

[113]. In addition, studies suggest that if blood pressure is in the normal range (<140/90 

mm Hg), treatment may not result in significant lowering of blood pressure [114, 115]. 

The efficacy of another xanthine oxidase inhibitor, febuxostat, was evaluated in a phase 

II, randomised, double-blind, placebo-controlled study of 121 patients with 

hypertension and hyperuricaemia [116]. At week 6, there were no significant 

differences between the febuxostat and the placebo group in the primary endpoint of 24-
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hour mean ambulatory systolic blood pressure. Diastolic blood pressure was also not 

significantly different between the groups. However, a planned subgroup analysis of 

patients with normal kidney function revealed that, in this cohort, systolic blood 

pressure was significantly reduced after 6 weeks of treatment with febuxostat (p = 

0.049) [116]. In a recent study in patients with stage 3 CKD, febuxostat at a dose of 40 

mg per day had no effect on blood pressure over 2 years of treatment [117]. 

A meta-analysis of both prospective and retrospective studies, which evaluated the 

effects of 4 weeks’ allopurinol treatment on blood pressure and included 10 studies and 

738 patients, showed that allopurinol significantly reduced systolic and diastolic 

pressure compared with the control group (Table 2) [118]. This effect was lower than in 

other studies [110,111]; however, the age of populations analysed differed [118]. 

7.3 In metabolic disease 

The adverse effects of hyperuricaemia can be partly prevented by lowering serum uric 

acid levels. Allopurinol was shown to lower uric acid and improve insulin resistance 

and systemic inflammation in a prospective, randomised study of 73 individuals with 

asymptomatic hyperuricaemia who received either allopurinol 300 mg per day or no 

treatment for three months (N = 73) [119]. Similarly, another study reported that 

treatment with febuxostat decreased uric acid levels and improved insulin resistance in 

patients with gout [120]. In a randomised, controlled study of 74 adult men who 

received 200 g of fructose for 2 weeks, treatment with allopurinol was shown to prevent 

increases in blood pressure and the incidence of newly diagnosed metabolic syndrome 

compared with men who did not receive allopurinol, while no effect on homeostatic 
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model assessment (HOMA) indices or fasting plasma triglyceride levels could be 

detected [121]. Furthermore, in patients with non-alcoholic fatty liver disease, which is 

part of the metabolic syndrome complex, allopurinol for three months significantly 

improved the serum levels of alanine and aspartate transaminases, cholesterol and 

triglycerides compared with placebo [122]. 

7.4 In cardiovascular disease 

Controlling uric acid levels with appropriate drugs can be beneficial in patients with 

cardiovascular disease. A retrospective study reported a decreased incidence of stroke 

and cardiovascular events in hypertensive adults treated with allopurinol [123]. 

Treatment with allopurinol improved blood flow and peripheral vasodilator capacity in 

patients with chronic heart failure in two placebo-controlled studies [124]. Another 

randomised, placebo-controlled study reported improvement in endothelial dysfunction 

with allopurinol in patients with chronic heart failure [125]. Similarly, a randomised, 

placebo-controlled study reported that high doses of allopurinol might decrease 

mortality in patients with coronary artery disease by reducing vascular oxidative stress 

and improving endothelial dysfunction [126]. In addition, a systematic review and meta-

analysis reported that treatment with xanthine oxidase inhibitors improved endothelial 

function and circulating oxidative stress markers in patients at risk of cardiovascular 

disease [127]. Nevertheless, not all studies have found lowering uric acid to provide 

cardiovascular benefit. Recent studies suggest this may relate to the duration a subject 

received allopurinol, as there appears to be a stepwise reduction in risk for both 
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myocardial infarction and stroke the longer the therapy in older subjects, with optimal 

benefit requiring two years or more duration [128,129]. 

 On the other hand, benzbromarone, a uricosuric that does not affect xanthine oxidase, 

was not associated with improvements in haemodynamic parameters, including left 

ventricular ejection fraction, heart rate and blood pressure, in a randomised, double-

blind, placebo-controlled study conducted in 82 patients with chronic heart failure 

[130]. Nevertheless, treatment with benzbromarone was shown to significantly reduce 

serum uric acid concentrations and improve fasting insulin and HOMA-IR [130]. The 

superiority of xanthine oxidase inhibitors can be explained by their multiple 

mechanisms of action that involves a reduction in serum uric acid levels, a decrease in 

vascular oxidative stress associated with a decline in the intracellular levels of uric acid. 

This is not the case for any uricosuric agent (probenecid, benzbromarone and lesinurad) 

that only affects urate transport without any effect on the pro-oxidative system.  

The Febuxostat for Cerebral and Cardiorenovascular Events Prevention Study (FREED) 

randomised controlled trial [131], recently published in the European Heart Journal, 

revealed that treatment with febuxostat lowered the composite endpoint of cerebral, 

cardiovascular, and renal events by 25% in elderly patients with hyperuricaemia. 

Interestingly, a population-based cohort study recently found a modestly decreased risk 

for heart failure exacerbation in gout patients who were treated with febuxostat 

compared with allopurinol [132]. In addition, results of the FEATHER study carried out 

in patients with stage 3 CKD [117] have reported a lesser rate of major adverse 

cardiovascular events in patients treated with febuxostat in comparison with placebo 

(11.7% vs 28.3%). Both studies were carried out with low doses of febuxostat, thereby 
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supporting a favourable interaction between the reduction in serum urate level and the 

selectivity of xanthine oxidase inhibition for the prevention of cardiovascular disease. 

The Randomized Trial of Effect of Urate-Lowering Agent Febuxostat in Chronic Heart 

Failure Patients with Hyperuricaemia (LEAF-CHF) is currently underway to investigate 

the potential additional benefit of febuxostat in heart failure in a prospective manner 

[133]. 

7.5 In kidney disease 

Uric acid-lowering treatment with allopurinol or febuxostat has been reported to be 

effective in the management of CKD. In asymptomatic people with hyperuricaemia, 

treatment with allopurinol resulted in significantly greater improvements in both 

endothelial function and estimated GFR (eGFR) compared with placebo [134]. 

Similarly, patients with hypertension and asymptomatic hyperuricaemia treated with 

febuxostat have been shown to experience greater improvements in eGFR and greater 

suppression of the renin-angiotensin-aldosterone system than controls [135]. In studies 

of patients with CKD, allopurinol slowed the progression of disease, reduced the 

likelihood of kidney failure and improved measures of cardiovascular risk [136-138]. In 

one study, higher doses of allopurinol were associated with reduced risk of kidney 

failure [137], while in another study, the achievement of target uric acid concentrations 

of <6mg/dL reduced the risk of kidney disease progression by 37% [136]. Treatment 

with febuxostat has been shown to reduce the progression of eGFR decline in patients 

with CKD [139]. While some trials have not been able to show renal protection, the 

primary reason appears to be because there was no progression of kidney disease in the 
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control group over the time period of the trial. To date, the largest prospective 

randomized trial in patients with stage 3 CKD showed that, compared with placebo, 

febuxostat did mitigate the decline in kidney function through lowering asymptomatic 

hyperuricaemia, but only in non-proteinuric patients with a rather high eGFR 

(52ml/min) [117]. The protective effect of febuxostat on the kidney was further 

confirmed in the FREED study (N = 1,070) in which the secondary endpoint of renal 

impairment was significantly lower in the febuxostat group than the allopurinol group. 

A recent meta-analysis looking at 1,317 patients studied in 11 trials showed that other 

than its urate-lowering effect, febuxostat presented a reno-protective effect in CKD 

patients [140]. 

However, there are studies where lowering uric acid has been reported to carry no 

benefit in hyperuricaemic subjects on the progression of CKD [117]. In many of these 

trials, however, the control group failed to show progression of their kidney disease 

over the time period studied [141]. Indeed, in trials in which there was a significant 

progression in the control group, the use of xanthine oxidase inhibitors is uniformly 

protective. This has led to the suggestion that uric acid-lowering therapy should be 

recommended for hyperuricaemic individuals with CKD stage 3 or higher who are 

showing signs of active renal progression [141]. Nevertheless, additional research, 

particularly large randomised controlled studies, is necessary to confirm these findings 

and further elucidate the precise nature of the renoprotective effects conferred by uric 

acid-lowering treatments. 
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8 Conclusions 

Contrary to the belief that uric acid is an inert metabolite, uric acid may be an active 

participant in a complex network of pathological processes, including hypertension, 

insulin resistance, cardiovascular and CKD (Fig. 1). While more clinical trials are 

needed to determine whether specific uric acid-lowering therapy may benefit 

cardiometabolic disease, there appears to be enough evidence to warrant measuring 

serum uric acid for its predictive risks. For those people with hyperuricaemia, we 

recommend initiating lifestyle changes including dietary restriction of high purine foods 

and fructose-containing sugars. The decision of whether to treat individuals with 

hyperuricaemia with and without deposition and concomitant hypertension, metabolic 

syndrome or CKD with uric acid-lowering drugs remains open, but if done should 

involve a discussion with the patient on the benefits versus risks of treatment. This is 

especially important given that lowering uric acid is currently not approved for the 

treatment of cardiometabolic disease and because of the potential adverse effects of 

treatment. Most importantly, further research, particularly large randomised controlled 

trials, are necessary to address the effects of uric acid-lowering therapies on clinical 

outcomes.
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Tables 

Table 1 

Estimates of the prevalence of hyperuricaemia around the world. 

Survey Date 
published 

Population studied Geographical 
area 

Date or period 
of assessment 

Threshold Prevalence 

NHANES-III 

[6] 

2011 Representative sample of the adult non-
institutionalised civilian population 

USA 1988–1994 Men: >7.0 mg/dL 19.1% 

Women: >5.7 mg/dL 

NHANES 

[6] 

2011 Representative sample of the adult non-
institutionalised civilian population 

USA 2007–2008 Men: >7.0 mg/dL 21.5% 

Women: >5.7 mg/dL  

NHANES 

[4] 

2012 Representative sample of the adult non-
institutionalised civilian population 

USA 2009–2010 Men: acid >7.0 
mg/dL 

19.3% 

Women: >6 mg/dL 

Miao et al. 2008 

[9] 

2008 Random sample of individuals aged 20–
80 years who have lived in the same place 
for >5 years 

Coastal cities 
of Eastern 
China 

2004 Men and 
postmenopausal 
women: >7.0 mg/dL 

13.2% 
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Premenopausal 
women: >6 mg/dL 

NAHSIT 

[7] 

2011 Adults Taiwan 1993–1996 Men: >7.7 mg/dL 25.3% 

Women: >6.6 mg/dL 16.7% 

NAHSIT 

[7] 

2011 Adults Taiwan 2005–2008 Men: >7.7 mg/dL 22.0% 

Women: >6.6 mg/dL 9.7% 

Trifiro et al. 2013 

[8] 

2013 Representative sample of the adult general 
population 

Italy 2005 >6 mg/dL 85.4a 

Trifiro et al. 2013 

[8] 

2013 Representative sample of the adult general 
population 

Italy 2009 >6 mg/dL 119.3a 

aCases per 1000 inhabitants. 

NAHSIT: Nutrition and Health Survey in Taiwan; NHANES: National Health and Nutrition Examination Survey. 
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Table 2 

Meta-analyses of studies investigating the association of hyperuricaemia on selected clinical outcomes. 

Publication Date 
published 

Search criteria Number of primary 
studies (number of 
participants) 

Major findings 

Hypertension 

Grayson et al.  

[40] 

2011 Databases: MEDLINE, EMBASE, Cochrane 
Library 

Publication dates: 1980 to April 2010 

Design: prospective cohort studies, >1 year 
follow-up 

Participants: patients had no hypertension at the 
onset, sample size ≥100 patients 

Exposure: SUA 

Outcome: incidence of hypertension 

18 (55,607) • For every 1 mg/dL increase in 
SUA, the risk of hypertension increased 
by 13% 
• The effect is significantly 
larger in younger patients (p = 0.02) 
• Hyperuricaemia is associated 
with a significant risk of hypertension 

Wang et al.  

[41] 

2014 Databases: MEDLINE, EMBASE, CBM 

Publication dates: through September 2013 

25 (97,824) • For every 1 mg/dL increase in 
SUA, the risk of hypertension increased 
by 15% 
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Design: prospective and retrospective cohort and 
nested case-control studies, >1 year follow-up 

Participants: patients had no hypertension at the 
onset, sample size ≥100 patients 

Exposure: SUA 

Outcome: incidence of hypertension 

• Hyperuricaemia is associated 
with a modest increase in the risk of 
hypertension 

Uric acid-lowering therapy 

Agarwal et al.  

[118] 

2013 Databases: Medline, PubMed, EMBASE, 
Cochrane Library 

Publication dates: 1966 to February 2012 

Design: prospective and retrospective, parallel or 
cross-over studies, duration ≥4weeks for each 
arm 

Participants: humans 

Exposure: allopurinol 

Outcome: BP 

10 (738) • In patients treated with 
allopurinol, SBP decreased by 3.3 
mmHg (p = 0.001) and DBP decreased 
by 1.3 mmHg (p = 0.03) compared 
with controls 
• When only randomised 
controlled studies were considered, 
these values were 3.3 mmHg 
(p < 0.001) and 1.4 mmHg (p = 0.04), 
respectively 
• Allopurinol is associated with a 
small but significant reduction in BP 

Pre-eclampsia 
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Thangaratinam et al.  

[43] 

2006 Databases: MEDLINE (1951–2004), EMBASE 
(1980–2004), Cochrane Library (2004:4), 
MEDION (a database of diagnostic test reviews 
set up by Dutch and Belgian researchers) 

Exposure: SUA 

Outcome: maternal or foetal complications 

18 (3,913) • In women with pre-eclampsia, 
SUA is a poor predictor of both 
maternal and foetal complications  

Cardiovascular diseases 

Wheeler et al.  

[63] 

2005 Databases: MEDLINE, PubMed, Web of Science, 
EMBASE 

Publication dates: before May 2003 

Design: prospective studies, >1 year follow-up 

Exposure: SUA 

Outcome: incidence of CHD 

16 (9,458 CHD 
cases, 155,084 
controls) 

• In individuals at the top third of 
the SUA distribution, the odds ratio for 
CHD was 1.12 after adjusting for age, 
sex and risk factors 
• In the 8 studies that employed a 
more extensive adjustment for possible 
confounders, the odds ratio was 1.02 
• SUA is a poor predictor of 
CHD in the general population 

Huang et al.  

[72] 

2014 Databases: EMBASE (1974 to May 2013), 
MEDLINE (1946 to May 2013), CBM (1978 to 
May 2013) 

Exposure: SUA 

5 studies on 
incident HF 

28 studies on 
outcomes in patients 
with HF 

• For every 1 mg/dL increase in 
SUA, the risk of HF increased by 19%, 
of all-cause mortality by 4% and of the 
composite of death and cardiac events 
by 28% 
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Outcome: incidence of HF, outcomes in patients 
with HF 

• Elevated SUA is associated 
with an increased risk of HF and poor 
outcomes 

Li et al.  

[71] 

2014 Databases: PubMed, EMBASE, Cochrane Library 

Publication dates: before July 2013 

Design: community- or population-based studies, 
>1 year follow-up 

Participants: adult patients free of kidney disease 
at baseline 

Exposure: SUA 

Outcome: risk ratio for stroke and death 

15 (1,042,358) • In patients with 
hyperuricaemia, the relative risk of 
stroke was 1.22 and the relative risk of 
death was 1.33 
• Hyperuricaemia is associated 
with a modestly increased risk of stroke 
and death from stroke 

Metabolic diseases 

Kodama et al.  

[58] 

2009 Databases: MEDLINE (1966 to 2009), EMBASE 
(1980 to 2009) 

Design: observational cohort studies 

Exposure: SUA 

Outcome: risk of T2D 

11 (42,834) • For every 1 mg/dL increase in 
SUA, the risk of T2D increased by 17% 
• Significant publication bias 
was observed (p = 0.03) 
• The estimate of the risk of T2D 
was reduced after adjustment for 
publication bias to 11% for every 1 
mg/dL (p = 0.009) 
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Lv et al.  

[60] 

2013 Databases: PubMed 

Publication dates: before April 2012 

Design: prospective cohort studies 

Exposure: SUA 

Outcome: incidence of T2D 

8 (32,016) • For every 1 mg/dL increase in 
SUA, the risk of T2D increased by 6% 
• The association between SUA 
and T2D was consistent across 
subgroup analyses, including 
components of metabolic syndrome 

Liu et al.  

[54] 

2015 Databases: PubMed, EMBASE, ISI database 

Publication dates: before May 2015 

Design: prospective cohort studies 

Participants: adults free of metabolic syndrome at 
baseline 

Exposure: SUA 

Outcome: risk of metabolic syndrome 

7 (23,081 men, 
12,195 women) 

• For every 1 mg/dL increase in 
SUA, the risk of metabolic syndrome 
increased by 5% in males and 9% in 
females 
• The risk of metabolic syndrome 
was higher in younger women (17%, 
p < 0.05) 

BP: blood pressure; CBM: Chinese Biomedicine Database; CHD: coronary heart disease; DBP: diastolic blood pressure; HF: heart failure; ISI: Institute 
for Scientific Information; SBP: systolic blood pressure; SUA: serum uric acid. 
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Figure legend 

Fig. 1. Hyperuricaemia as a predictive factor for the development of various disease 

states. 
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