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Abstract The relevance of cardiovascular role played by

levels of serum uric acid is dramatically growing, espe-

cially as cardiovascular risk factor potentially able to exert

either a direct deleterious impact or a synergic effect with

other cardiovascular risk factors. At the present time, it still

remains undefined the threshold level of serum uric acid

able to contribute to the cardiovascular risk. Indeed, the

available epidemiological case studies are not homoge-

neous, and some preliminary data suggest that the so-called

‘‘cardiovascular threshold limit’’ may substantially differ

from that identified as a cut-off able to trigger the acute

gout attack. In such scenario, there is the necessity to

clarify and quantify this threshold value, to insert it in the

stratification of risk algorithm scores and, in turn, to adopt

proper prevention and correction strategies. The clarifica-

tion of the relationship between circulating levels of uric

acid and cardio-nephro-metabolic disorders in a broad

sample representative of general population is critical to

identify the threshold value of serum uric acid better dis-

criminating the increased risk associated with uric acid.

The Uric acid Right for heArt Health (URRAH) project has

been designed to define, as primary objective, the level of

uricemia above which the independent risk of cardiovas-

cular disease may increase in a significantly manner in a

general Italian population.
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1 Introduction

The prevalence of hyperuricaemia and gout has been

growing in Western countries for the last few decades

[1, 2]. Gout is currently the most prevalent inflammatory

arthritis in developed countries, especially in elderly men.

A nationwide population based study by Trifirò et al [3]

recently described an increase in the prevalence of gout in

Italy from 0.7% in 2005 to 0.9% in 2009, with a male/

female ratio of 4:1. A parallel trend towards an increasing

prevalence of hyperuricaemia (serum uric acid[6 mg/dL)

was also observed (8.5% in 2005 vs 11.9% in 2009). These

data appear quite lower than those observed in other

countries; indeed, epidemiological data showed an esti-

mated prevalence of hyperuricaemia of 21% in the United

States (US) general population [4], while population-based

studies reported a prevalence ranging from 13 to 25% in

China [2, 5]. This worldwide rise in the prevalence of

hyperuricemia and gout may be related to the epidemic

diffusion of overweight and obesity [6], as well as the

increased consumption of foods rich in purines [7], alcohol

[8], and soft drinks sweetened with fructose [9, 10]. As a

consequence, the mean serum uric acid levels in US is

increased from 3.4 mg/dL in 1920s [11] to 6.25 mg/dL in

1970s [12]. This epidemic diffusion of hyperuricemia
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represents a major concern when considering that a

growing body of evidence, deriving from both epidemio-

logical and experimental studies, suggest a strong rela-

tionship between circulating levels of uric acid a number of

cardio-nephro-metabolic disorders [13–17].

2 Uric Acid and Cardiovascular Risk

During the last few decades several epidemiological stud-

ies have reported a relationship between uric acid meta-

bolism and traditional cardiovascular (CV) risk factors,

including hypertension, metabolic syndrome and diabetes

mellitus, suggesting a possible pathophysiological link

between these conditions [13–17]. The association of gout

with cardiovascular and renal diseases, observed as early as

the late nineteenth century [17], is now well established.

The prevalence of comorbidities increases with gout

duration [18] and gout is associated with all components of

the metabolic syndrome [19].

Over the last 15 years, the association of hyperuri-

caemia with CV diseases has been re-examined following

the demonstration in animal models that hyperuricaemia

could cause vascular disease. In humans, a large number of

epidemiological studies have explored the link between

hyperuricaemia and CV and renal outcomes [20, 21], and

suggested an association of hyperuricaemia with increased

frequency of cardiovascular death [14], coronary heart

disease [22], heart failure, atrial fibrillation [23] and stroke

[24]. Recently, a cross-sectional study suggested that

coronary heart disease could be more severe in hyperuri-

caemic patients with asymptomatic monosodium urate

crystal deposition than normouricaemic or hyperuricaemic

patients free of crystal deposits [25]. Prospective cohorts

have shown that hyperuricaemia leads to hypertension [26],

which was recently found to be more refractory when

associated with hyperuricaemia [27, 28], renal failure [29],

type 2 diabetes mellitus [30, 31] and metabolic syndrome

[32]. However, these impressive results did not prove

causality because the observed associations could be

explained by confounding factors, reverse causality or the

intervention of a common causal factor. These limitations

of previous epidemiological studies could be clarified by

using an huge epidemiological database allowing multiple

statistical adjustements allowing to clearly identify the

relationship between serum uric acid levels and a cardio-

nephrometabolic disorders.

3 Searching for a Desirable Normal Threshold
for Serum Uric Acid

Serum uric acid values between 3.5 and 7.2 mg/dL in adult

males and postmenopausal woman and between 2.6 and

6.0 mg/dL in premenopausal women have been identified

as normal in many countries [15]. These ranges have been

defined as the predicted interval including 95% of values of

a reference group, in such a way that in 2.5% of cases a

sample value will be smaller than the lower limit of this

interval, and in 2.5% of cases it will be larger than the

upper limit of this interval, whatever the distribution of

these values. Indeed, in health-related fields, a reference

range usually describes the variations of a measurement or

value in healthy individuals. In particular, the standard

definition of a reference range for a particular measure-

ment. However, epidemiological and experimental data

accumulated during the last few decades suggest that this

methodological approach to identify reference range could

present some weaknesses when applied to serum uric acid

levels. Indeed, epidemiological data suggest a progressive

worldwide increase of circulating levels of uric acid, which

could lead to a ‘‘shift to right’’ (i.e. toward higher values)

of normal range [12]. Thus, it seems reasonable to redefine

the normal threshold values of uric acid according to its

physiological role and its pathophysiological involvement

in human diseases. Regarding the target population, heal-

thy subjects are likely to be represented by individuals

without clinical evidence of gout. However, a number of

evidences suggest that articular damage may occur also

without clinical evidence of acute arthritis [33–37]. In

addition, the growing body of evidences presented above

suggests that serum uric acid might also exert a detrimental

influence on CV system, brain and kidney and negatively

influence glucose metabolism [14, 15]. Interestingly, this

influence seems to be evident also for circulating levels of

uric acid below its saturation limit, indicating that it is

likely independent of precipitation of urate monosodium

crystals [14, 15]. Thus, the definition of normal range of

serum uric acid in the general population is inevitably

influenced by what we consider as ‘‘normal’’, since the

absence of gout flares does not necessarily imply the

absence of uric acid related damage. On the other hand,

there are also ‘‘optimal health ranges’’ identifying the

optimal health impact on people. This might be the case for

uric acid, since a threshold value \6.0 mg/dL

(\360 lmol/L) seems to better identify true ‘‘healthy

subjects’’ [15, 38]. Moreover, from an analytical perspec-

tive, considering that desirable analytical goals for impre-

cision and bias should be 4.3 and 4.8%, respectively [39],

for a threshold of serum uric acid concentration of 6.0 mg/

dL the imprecision should not exceed 0.26 mg/dL, giving a
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range of uncertainty between 5.74 and 6.26 mg/dL, i.e.

substantially below the solubility limit of uric acid.

Therefore, in the light of the new scientific knowledge on

hyperuricemia, the recommendable upper threshold value

for serum uric acid should reasonably be considered

\6.0 mg/dL [15, 38]. This methodological approach could

represent also a strategy to sensitize clinicians towards

clinical problems that now are widely recognized to be

related to uric acid.

4 Unmet Knowledge Needs

The relevance of CV role played by levels of serum uric

acid is dramatically growing, especially as a CV risk factor

potentially able to exert either a direct deleterious impact

or a synergic effect with other CV risk factors. Among

others, at the present time it still remains undefined the

threshold level of serum uric acid able to contribute to the

CV risk. Indeed, the available epidemiological case studies

are not homogeneous and some preliminary data suggest

that the so-called ‘‘cardiovascular threshold limit’’ may

substantially differ from that identified as a cut-off able to

trigger the acute gout attack. In such scenario, there is the

necessity to clarify and quantify this threshold value, to

insert it in the stratification of risk algorithm scores and, in

turn, to adopt proper prevention and correction strategies.

The clarification of the relationship between circulating

levels of uric acid and cardio-nephro-metabolic disorders

in a broad sample representative of general population is

critical to identify the threshold value of serum uric acid

better discriminating the increased risk associated with uric

acid.

5 Aim of the Research Project

The Working Group on uric acid and CV risk of the Italian

Society of Hypertension has designed the Uric acid Right

for heArt Health (URRAH) project. The primary objective

of this project is to define the level of uricemia above

which the independent risk of CV disease may increase in a

significantly manner in a general Italian population. Sec-

ondary objectives will include the relationship between

serum uric acid and a defined cluster of demographic,

clinic and laboratory variables, able to affect significantly

the CV risk profile.

6 Methods and Analysis

6.1 Study Design

A multinational and multicentre retrospective, observa-

tional cohort study which will involve the collection of data

on outpatients and subjects from general population with a

follow-up period of at least 20 years up to 31 July 2017.

6.2 Study Population

Participants will be included into the general database

according to availability of one or more serum uric acid

levels determination at the index date (i.e. July 1st or early)

and complete informations about several study variables

(see below)

6.3 Setting

The study will be performed by including in a general

database the data deriving from several cohorts in our

country from Italian Centers of Hypertension, distributed in

almost all the Italian regions and recognised by the Italian

Society of Hypertension. The URRAH Project participat-

ing centres and investigators are listed in the

Acknowledgements.

6.4 Data Collection

For participants recruited into the study, data will be col-

lected retrospectively. These data items will come from

different database. For all participants, a standardised set of

information will be recorded. This will include demo-

graphics, metabolic parameter, smoking habit, blood

pressure, renal function, target organ damage (intima-me-

dia thickness, left ventricular hypertrophy, urinary albumin

excretion, cardiovascular, renal and brain disease and

concomitant treatments.

In details, renal function will be evaluated through

glomerular filtration rate, estimated using a standardized

serum creatinine assay and the Chronic Kidney Disease

Epidemiology Collaboration (CKDEPI) equation [40].

Cardiac geometric parameters will be assessed by

echocardiography. Left ventricular hypertrophy will be

defined as a Left Ventricular Mass Index [115 g/m2 in

men and 95 g/m2 in women, indexed for the body surface

area, as indicated by the 2013 European Society of

Hypertension/European Society of Cardiology Guidelines

[41]. Urinary albumin excretion will be obtained from

urinary albumin-to-creatinine ratio in the spot urine sam-

ples, and expressed in mg/g.
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At the end of the follow-up, the following heard end-

points will be evaluated: fatal and non-fatal acute

myocardial infarction, heart failure, fatal and non-fatal

stroke, and the coronary revascularization. The renal out-

come will be established as a double increment of serum

creatinine.

6.5 Statistical Analysis

A preliminary power analysis based on differences from

stratified values of uric acid for a = 0.05 and power (1-

b) = 0.80 will be performed time to time in the different

protocols of the URRAH project. Considering a medium

effect size based on prior research of about 1 mg/dl, the

number of subjects in the database represents a sample

largely sufficient to avoid b error also after stratification

into deciles.

A full descriptive analysis will be performed of all

considered variables. The Kolmogorov–Smirnov normality

test will be performed for the continuous variables. The

continuous variables will be compared among the different

renal function classes by ANOVA followed by the Tukey

post hoc test. Non-normally distributed parameters will be

then log-transformed before continuing with further anal-

yses. The analysis will be repeated by the predefined par-

ticipant categories (younger and older men, premenopausal

and postmenopausal women). All tests will be carried out

using SPSS 21.0 for Windows (IBM Corp). A significance

level of 0.05 will be considered for every test.

6.6 Ethical Issues

The study will only use data routinely collected. No extra

tests or interventions will be undertaken on patients, and

there will be no impact on patient care or outcome. Prior to

initiation of a study site, approval will be sought from

Ethical Committee of the coordinating centre (Division of

Internal Medicine, University of Bologna).The processing

of the patients’ personal data collected in this study will

comply with the European Directive on the Privacy of

Data. All data to be collected, stored and processed will be

anonymised. All study-related documents will be retained

on site in a secure location. No personal information will

be stored on local computers during conduct of the study or

after completion.

7 Expected Result

The study will increase knowledge of the relationship

between serum uric acid levels and cardio-nephro-meta-

bolic disorder and should allow to define the ‘‘cardiovas-

cular threshold limit’’ for circulating levels of uric acid.

Acknowledgements URRAH Project participating centres and

investigators: Dipartimento di Scienze Mediche e Chirurgiche Alma
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vambattista Desideri. Dipartimento di Scienze della Salute, Università
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e dell’Ambiente, Università degli Studi dell’Aquila. Claudio Ferri

(coordinator), Bruno Bernardino. Dipartimento di Medicina Clinica e
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