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SUMMARY

Background: Previous studies have raised the possibility that uric
acid might be an independent, causal risk factor for cardiovascu-
lar disease. The aim of the study was to evaluate the relationship
between uric acid and endothelial function in patients with
hypertension. 
Methods: A total of 106 newly diagnosed never treated patients
with uncomplicated essential hypertension (56 men, mean age
49, 6 ±6,8y) were studied. Classical risk factors, uric acid, 
creatinine and C reactive protein were determined. Endothelial
function was estimated by flow-mediated dilatation of the brachial
artery. Patients were distributed in two groups: high uric acid ė
5 mg/dl (n=49) and low uric acid < 5 mg/dl (n=57). 
Results: Patients with high uric acid were older (p=0,002), had
higher systolic blood pressure  (p< 0,001), higher creatinine (p<
0,01) and higher C reactive protein (p=0, 05). Flow mediated 
dilation was markedly lower in patients with high uric acid (5,77
±1,55%) vs (7,57±1,23%) (p< 0, 0001). In multiple regression
analysis independent predictors for flow mediated dilation were:
creatinine (r= - 0, 67, p< 0, 0001), uric acid (r= - 0, 64, p=0,
0002) and systolic blood pressure (r= - 0,56,p=0,0015)
(R2=0,73). 
Conclusions: Hyperuricemia in patients with essential hyperten-
sion is associated with endothelial dysfunction. This association is
independent of classical risk factors and C reactive protein and may
contribute to cardiovascular morbidity. Uric acid represents a 
possible new target for the reduction of morbidity and mortality
associated with hypertension and cardiovascular disease. 
Abbreviations: BMI=body mass index, CRP= C reactive protein,
DBP=diastolic blood pressure, FMD = flow mediated dilation,
SBP=systolic blood pressure, UA=uric acid
Key words: flow mediated dilation, uric acid, endothelial dysfunc-
tion, cardiovascular risk

RÉSUMÉ

L'acide urique, un facteur de risque indépendant de la 
dysfonction endothéliale 

Contexte: Des études antérieures ont soulevé la possibilité que
l'acide urique pourrait être un facteur de risque indépendant pour
les maladies cardiovasculaires. Le but de cette étude était 
d'évaluer la relation entre l’acide urique et la fonction
endothéliale chez les patients avec hypertension. 
Méthodes: Un total de 106 patients jamais traités, nouvellement
diagnostiqués avec l'hypertension essentielle, sans complications
(56 hommes, âge moyen 49,6 ± 6,8) ont été étudiés. Les facteurs
de risque classiques, l’acide urique, la créatinine et la protéine C
réactive ont été déterminés. La fonction endothéliale a été estimée
par la vasodilatation dépandante du débit de l'artere brachiale. Les
patients ont été répartis en deux groupes: acide urique élevé ė 5
mg/dl (n=49) et acide urique baissé < 5 mg/dl (n=57).
Résultats: Les patients avec acide urique élevé étaient plus âgés
(p=0,002), avaient une plus grande pression systolique (p<
0,001), la créatinine supérieure (p< 0,01) et la proteine C reactive
élevée (p=0, 05).  La vasodilatation débit-dépendante a été 
nettement plus faible chez les patients avec acide urique élevé
(5,77 ± 1,55%) vs (7,57 ± 1,23%) (p< 0, 0001). Dans la régres-
sion multiple les prédicteurs indépendants de la vasodilatation
débit-dépendante étaient: la créatinine (r= - 0, 67, p< 0, 0001),
l’acide urique (r= - 0, 64, p=0, 0002) et la tension artérielle 
systolique (r = - 0,56 0,0015,p=)(R2 = 0,73).
Conclusions: La hyperuricémie chez les patients avec hypertension
artérielle essentielle est associée à la dysfonction endothéliale. Cette
association est indépendante des facteurs de risque classiques et la
protéine réactive C et peuvent contribuer à la morbidité cardio-
vasculaire. L’acide urique représente une nouvelle cible pour la
réduction de la morbidité et de la mortalité associées à l'hyper-
tension et aux maladies cardiovasculaires.
Mots-clé: la vasodilatation débit-dépendante, acide urique, la
dysfonction endothéliale, risque cardiovasculaire
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Variables Group-UA ė 5 mg/dl Group-UA <5 mg/dl p
cholesterol 231 ± 9,27 mg/dl 244 ± 7,9 mg/dl 0,11
tryglicerides 164,4 ± 37,24 mg/dl 195,7 ± 43,48 0,1
HDL cholesterol 41, 6 ± 7,19 mg/dl 34,66 ± 8,67 mg/dl 0,08
Diastolic BP 94,86 ± 11,18 99,86 ± 11,65 0,2
BMI 23,41 ± 2,8 kg/m² 25,9 ± 2,75 kg/m² 0,1
smokers 14% 19% 0,09
Legend: BMI=body mass index, BP=blood pressure. Data are means ± SD

Table I - Baseline similar
characteristics of study 

population

INTRODUCTION

II
t is still controversial whether uric acid is an
independent risk factor for cardiovascular disease.
This relationship which is particularly strong in

patients with hypertension is difficult to interpret due to
the co-existence of other cardiovascular risk factors, but
some studies have raised the possibility that uric acid
might be an independent, causal risk factor for cardio-
vascular disease.

Large population studies, including the British Regional
Heart Study, the Framingham Heart Study, have indicated
that the relationship is co-incidental, and based on confoun-
ding associations between uric acid and other risk factors (1,
2). A number of epidemiological studies, including The
MONICA project and Gothenburg prospective study, 
indicate that there is an association between uric acid con-
centrations and cardiovascular risk even after taking into
account of potential confounding factors (3, 4). Epidemio-
logical studies have also shown that a relationship exists
between uric acid cardiovascular risk. In patients with hyper-
tension, age-adjusted myocardial infarction and stroke risk
increases across SUA quartiles, in both men and women (5). 

In patients with established hypertension, the US
National Health and Nutrition Survey (NHANES) III
found that age-adjusted rates of myocardial infarction and
stroke were significantly higher across increasing uric acid
quartiles in both men and women (6).

However, recent studies in the past 2 decades have found
associations between high serum uric acid measurements and
cardiovascular events, giving a potential role to uric acid as a
risk factor for evolution of atherosclerosis and related 
diseases (7). Several data suggest that uric acid is associated
with endothelial dysfunction (8, 9). Endothelial dysfunction
is an early stage of atherosclerosis and is associated with poor
cardio and cerebro vascular outcomes (10). Uric acid causes
endothelial dysfunction by interfering with nitric oxide (NO)
synthesis, inhibiting NO bioavailability and activating the
renin-angiotensin system. Hypertension is consistently 
associated with endothelial dysfunction (11) and hyper-
uricemia is a predictor of hypertension (12).

The aim of the study was to evaluate the relationship
between uric acid and endothelial function in patients
with hypertension.

METHODS

A total of 106 patients newly diagnosed, never treated

patients with uncomplicated essential hypertension were
studied. Informed consent of the subjects has been obtained.
All subjects were completely evaluated by clinical examina-
tion with determination of age, sex, smoking status, height,
weight and body mass index (BMI), systolic and diastolic
blood pressure (BP). Fasting blood samples were obtained for
determination of blood glucose, lipid profile (LDL, 
HDL cholesterol, triglycerides), uric acid, creatinine and C
reactive protein (CRP). 

Endothelial function was estimated by flow mediated
dilation (FMD) of the brachial artery and expressed as 
percentage change relative to baseline diameter. Vascular
ultrasound scans were performed according to the method
described by Celermajer et al for non-invasive determina-
tion of endothelial dysfunction. Ultrasound images were
recorded with an Acuson with a transducer of 7, 5 MHz and
were registered on videotape. Flow increase was induced by
inflation of a sphygmomanometer placed 10 cm above 
the elbow to 300 mm Hg for 4 minutes followed by 
decompression. Diameter of right brachial artery was 
measured basally and 60 seconds after cuff deflation, at 5 cm
above the elbow. FMD was estimated by the changes of
brachial artery diameter during reactive hyperaemia,
expressed as percentage change relative to average baseline
scan. 

Patients were distributed in two groups: high uric acid ≥
5 mg/dl (n=49) and low uric acid < 5 mg/dl (n=57). 
Statistical analysis was done with Statistica six sigma and
Medcalc. Demographic data and risk factors are expressed as
mean ± standard deviation. The correlates for uric acid
were studied by regression techniques. Multiple regression
was used to examine the relationship between dependent
variable FMD and several clinical and laboratory indepen-
dent variables.

RESULTS

Patients characteristics

There were no differences between groups regarding
body mass index (BMI), lipid profile, diastolic blood 
pressure (BP), percentage of smokers (table 1). 

Patients with high UA were older (51,5±6,4 years) vs
(47,45±6,78 years) (p=0,002)(fig. 1), had higher systolic
blood pressure (SBP) (162,7±12,7 mmHg) vs (148,5±9,4
mmHg)(p<0,001)(fig. 2), higher creatinine levels (0,92±
0,12mg/dl) vs (0,86±0,11mg/dl) (p<0,01)(fig. 3) and CRP
(4,76±1,42 mg/l) vs (4,25±1,3 mg/l) (p=0, 05) (fig. 4).
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Figure 1 - Distribution of age in patients with low and high uric
acid

Figure 2 - Distribution of SBP in patients with low and high
uric acid

Figure 3 - Distribution of creatinine in patients with low 
and high uric acid

Figure 4 - Distribution of C reactive protein in patients 
with low and high uric acid

Unadjusted associations between uric acid, FMD and
cardiovascular risk factors

FMD was markedly lower in patients with high uric acid
(5, 77 ± 1,55%) vs (7,57 ± 1.23%) (p< 0,0001) (fig. 5). In
the entire population UA was positively associated with age
(r=0,4, p<0,0001), creatinine (r=0,48, p<0,0001), CRP
(r=0,2, p=0,04), SBP (r=0,52, p<0,0001) and inversely
with FMD (r= - 0,64, p<0,0001) (fig. 6).

Independent association between uric acid and FMD

To test the independence of the association between

serum UA and FMD we performed a multiple regression
analysis. In multiple regression analysis independent pre-
dictors for FMD were: creatinine (r= -0,67, p< 0,0001),
serum uric acid – second corelate of FMD (r =- 0,64,
p=0,0002) and systolic blood pressure (r = - 0,56,
p=0,0015) (R²=0,73) (fig. 7).

DISCUSSIONS

This study shows that serum uric acid concentration in
patients with uncomplicated, untreated essential hyper-
tension is associated with endothelial dysfunction inde-
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pendent of traditional and emerging risk factors. 
Although experimental studies directly implicate uric

acid in endothelial dysfunction (13, 14), there are few 
studies in humans and results are controversial. For 
example, an inverse relationship has been identified
between serum uric acid concentration and flow-mediated
vasodilatation in the forearm vascular bed, which is an
endothelium and NO dependent response (15). In patients
with congestive heart failure, who typically have hyper-
uricaemia and vascular dysfunction, there is an inverse 
relationship between uric acid concentrations and lower
limb flow-mediated, endothelium-dependent blood flow
responses. Furthermore, administration of allopurinol, a 
xanthine oxidase inhibitor, to lower uric acid concentrations
allows restoration of endothelial function in patients with
heart failure (16). In patients with heart failure (17), type 2
diabetes (18) at increased cardiovascular risk (19) Allopuri-
nol a xanthine oxidase inhibitor that lowers uric acid and
interacts with anion superoxide generation improves
endothelial function. The beneficial effect of Allopurinol
can be a direct consequence of the reduced level of uric acid,
because of the close correlation found between the amount
of that decrease and the improvement of endothelial 
function (19). There is an inverse relationship  between uric
acid levels and NO in healthy humans supporting the
hypothesis that uric acid impairs endothelial function (20).
L-Arginine reduces serum uric acid that supports the
hypothesis that uric acid is modified by increased NO 
availability (21). Short term infusion of uric acid in normal
individuals does not modify flow mediate dilation in forearm
(22) but the acute response to uric acid may differ from the
response to chronic exposure. But uric acid can act as an
important intracellular free radical scavenger during physical
exercise and an increased synthesis in endothelial cells may
be a physiologic response to oxidative stress (23,24). It is not

clear whether uric acid impaires endothelial function in
vivo in humans. 

Similar results as in our study were obtained by Zocali et
al (25) which concluded that chronic exposure to hyper-
uricemia is a factor that contributes to endothelial dysfunc-
tion in patients with uncomplicated and untreated primary
hypertension. The study performed by Osman Turak et al
concluded that uric acid is strongly and independently 
associated with nondipper circadian pattern in essential
hypertension (26). 

Uric acid itself alone may not give information to 
clinicians about the endothelial inflammatory condition of
the patient at the first evaluation to determine the cardio-
vascular mortality. Therefore, we think that it should be
evaluated in patients together with other markers showing
endothelial dysfunction just like arterial stiffness and flow-
mediated dilation (27). In the study of Huang et all, findings

Figure 5 - FMD in patients with low and high uric acid Figure 6 - Correlation uric acid-FMD

Figure 7 - Independent predictors for FMD in multiple 
regression
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indicated that hypertensives with metabolic syndrome  had
blunted FMD and higher levels of uric acid compared with
those without metabolic syndrome. Uric acid was an impor-
tant risk factor for endothelial dysfunction in male hyper-
tensives with metabolic syndrome, especially those younger
than 60 years (28).

High uric acid concentrations reliably indicate groups of
patients at increased cardiovascular risk across both un-
selected populations and patients with hypertension. How-
ever, it is uncertain to what extent uric acid measurements
can be used to enable risk stratification for individual
patients given that a large number of potential confounding
factors are capable of influencing uric acid concentrations.
Risk evaluation in patients with hypertension should be
strongly based on established causal risk factors, namely
blood pressure, serum cholesterol concentrations, smoking
status, presence of diabetes and family history of premature
cardiovascular disease. Within the context of conventional
risk assessment, high uric acid values might, in certain
patients, indicate additional cardiovascular risk that is not
fully accounted by other factors alone. The elevated serum
uric acid, per se, may constitute a novel risk factor for
endothelial dysfunction.

CONCLUSIONS

Hyperuricemia in patients with essential hypertension
is associated with endothelial dysfunction. This associa-
tion is independent of classical risk factors and C reactive
protein and may contribute to cardiovascular morbidity.
Serum uric acid represents a possible new target for the
reduction of morbidity and mortality associated with
hypertension and cardiovascular disease.
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