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Abstract

Aims/hypothesis Endothelial dysfunction contributes to
excess cardiovascular risk in patients with type 2 diabetes.
There is strong evidence of an association between high
serum uric acid concentrations and endothelial dysfunction,
and uric acid has been proposed as an independent
cardiovascular risk factor in type 2 diabetes. We hypoth-
esised that lowering of uric acid concentrations might allow
restoration of endothelial function in this high-risk group.
Methods Intravenous urate oxidase (1.5 mg) was adminis-
tered to ten patients with type 2 diabetes and ten healthy
participants in a two-way, randomised, placebo-controlled,
crossover study. Forearm blood flow responses to intra-
brachial acetylcholine, sodium nitroprusside and N°-mono-
methyl-L-arginine (L-NMMA) were measured using venous
occlusion plethysmography. The augmentation index (Alx)
was determined by pulse wave analysis as a measure of
large arterial stiffness.

Results Acetylcholine and L-NMMA evoked lesser
responses in patients with type 2 diabetes than in healthy
participants. Baseline AIx was higher in patients with type
2 diabetes (mean+SD: 13.1£6.9%) than in healthy partic-
ipants (2.0+5.1%; p=0.006). Urate oxidase lowered serum
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uric acid concentrations by 64+11% (p<0.001), but this
had no effect on forearm blood flow responses or Alx in
either group.

Conclusions/interpretation Substantial short-term lowering
of uric acid did not have a direct vascular effect, suggesting
that, on its own, this might not be an effective strategy for
restoring endothelial function in patients with type 2
diabetes.

Keywords Antioxidants - Atherosclerosis -
Cardiovascularrisk - Endothelial function - Hyperuricaemia -
Nitric oxide - Type 2 diabetes - Urate oxidase - Uric acid -
Vascular function

Abbreviations

Alx augmentation index
L-NMMA  N°-monomethyl-L-arginine
NO nitric oxide

SNP sodium nitroprusside

Introduction

In health, the endothelium plays an important role in
conserving vascular integrity, in part through the synthesis
and release of vasoactive substances such as nitric oxide
(NO) [1]. Endothelial dysfunction is believed to play a key
role in the early development of atherosclerosis and
precedes plaque development [2]. Experiments carried out
in animal models of diabetes have shown impaired
endothelium-dependent vasomotion [3]. Blood flow
responses to endothelial NO-dependent vasodilators, for
example acetylcholine, are characteristically impaired in
patients with diabetes [4—6]. Importantly, endothelial
dysfunction is an independent predictor of increased
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cardiovascular risk in patients with type 2 diabetes,
hypertension and established atherosclerosis [7-9].

Vascular NO also serves to maintain large arterial compli-
ance. Increased large arterial stiffness is found in conditions
characterised by endothelial dysfunction, including type 2
diabetes [10]. Arterial stiffening causes more rapid pulse
waveform reflection, which causes higher aortic systolic
pressure and lower diastolic blood pressure. Haemodynamic
alterations that increase left ventricular systolic load and
reduce coronary perfusion pressure during diastole might
contribute further to cardiovascular risk [11]. These findings
have stimulated increased interest in large arterial stiffness
and endothelial dysfunction as potential therapeutic targets
for reducing cardiovascular risk. However, the exact mech-
anisms responsible for endothelial dysfunction in patients
with type 2 diabetes remain unclear [12].

Epidemiological data indicate a strong correlation
between serum uric acid concentrations and cardiovascular
risk in unselected populations, while high concentrations
predict the development of type 2 diabetes [13, 14].
Patients with type 2 diabetes have higher uric acid
concentrations than healthy people, and there are strong
associations between uric acid concentrations and the risk
of coronary heart disease, stroke and cardiovascular
mortality [15-18]. An inverse correlation exists between
serum uric acid concentrations and endothelial function in
high-risk populations [19]. Furthermore, high uric acid
concentrations may contribute to endothelial dysfunction in
patients with type 2 diabetes [20, 21]. It is widely believed
that the relationship between uric acid concentrations and
vascular dysfunction is a passive association, such that high
uric acid concentrations are simply a marker of upregulated
xanthine oxidase activity [22]. Xanthine oxidase is an
established source of oxygen radicals that are capable of
scavenging NO and, therefore, diminishing NO-dependent
vasodilator capacity. Upregulation of xanthine oxidase
activity and accumulation of reactive oxygen species are
believed to contribute to endothelial dysfunction in patients
with type 2 diabetes [23].

In contrast, recent experimental observations suggest
that high uric acid concentrations themselves might be
capable of impairing endothelial function [24]. Uric acid is
capable of evoking an inflammatory response [25], and
peri-vascular inflammation has been suggested as a mech-
anism that might link high uric acid concentrations to
vascular dysfunction in chronic heart failure [26]. In
patients with hypertension, the association between high
uric acid concentrations and endothelial dysfunction is
independent of established major risk factors, C-reactive
protein and insulin resistance, suggesting that uric acid
might be capable of directly impairing vascular function via
inflammation-independent pathways [27]. These observa-
tions have stimulated interest in lowering uric acid as a

novel therapeutic strategy for reducing cardiovascular risk
[28]. However, insufficient evidence is available to resolve
whether high uric acid concentrations might be an
independent causal risk factor or, alternatively, a passive
risk marker. In order to establish whether uric acid might
contribute causally to endothelial dysfunction, the present
study adopted an approach that allows uric acid lowering
without affecting xanthine oxidase activity.

The aim was to administer urate oxidase as a specific
means of uric acid lowering and to examine the potential
effects on endothelial function and large arterial stiffness in
patients with type 2 diabetes. We hypothesised that high
uric acid concentrations may impair vascular function in
patients with type 2 diabetes and that lowering serum uric
acid concentrations might restore endothelial function.

Methods

Participants The protocol was reviewed and approved by the
local research ethics committee and the study conducted in
accordance with the principles outlined in the Declaration of
Helsinki. Written informed consent was obtained from all
participants. Ten patients with type 2 diabetes were recruited
from the Diabetes Outpatient Clinic at Western General
Hospital (Edinburgh, UK) and ten age- and sex-matched
individuals serving as controls were recruited from a commu-
nity database of healthy participants held at the Clinical
Research Centre (University of Edinburgh, Edinburgh, UK).
The primary outcome measure was maximum forearm blood
response during acetylcholine administration, expressed as a
percentage change from baseline blood flow in the infused
forearm. Assuming a standard deviation of 15% in both
groups, it was calculated that completion by ten participants in
each group, using a crossover design, would detect an absolute
difference of 20% between treatment arms with 90% power at
a two-sided o-level of 0.05. Inclusion criteria were men or
women, aged 35-50 years, who met the American Diabetes
Association classification for type 2 diabetes [29]. Patients
were excluded if any of the following applied: overt
cardiovascular, respiratory or renal disease; taking any
regular medication (except anti-hyperglycaemic medication);
blood pressure >160/90 mmHg; serum creatinine >100 pmol/l;
serum cholesterol >6.0 mmol/l; or regular tobacco use.

Drugs and reagents Urate oxidase (Rasburicase; Sanofi-
Synthelabo, Paris, France) was reconstituted in 10 ml sterile
0.9% saline solution (Baxter Healthcare, Thetford, UK)
immediately before administration. Saline alone was used as
placebo. Other drugs used were acetylcholine (CibaVision-
Ophthalmics, Southampton, UK), sodium nitroprusside (SNP;
David Bull Laboratories, Warwick, UK), NG—monomethyl—
L-arginine (L-NMMA; Calbiochem-Novobiochem, Notting-
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ham, UK) and lidocaine (1% Xylocaine; AstraZeneca,
Luton, UK).

Endothelial function The brachial artery of the non-dominant
arm was cannulated with a 27-standard wire gauge steel
needle (Cooper’s Needle Works, Birmingham, UK), using
local anaesthetic (1 ml subcutaneous lidocaine) and aseptic
technique. Vasoactive drugs were administered via a 16-gauge
epidural catheter (Portex, Hythe, UK) connected to a syringe
pump (IVAC P1000; Alaris Medical, Basingstoke, UK). Intra-
arterial saline was infused for 30 min to establish baseline
haemodynamic conditions, followed by administration of
acetylcholine at a concentration of 7.5, 15 or 30 pg/min, SNP
at 2, 4 or 8 pg/min, and L-NMMA at 2 or 4 mmol/min. The
order of infusion of acetylcholine and SNP was randomised
between participants and constant between visits. Each dose
was administered for 6 min, with saline infused for 20 min
between drugs to allow restoration of basal blood flow. The
rate of intra-arterial infusion was kept constant at 1 ml/min
throughout. Blood flow was measured in both forearms by
venous occlusion plethysmography using the Hokanson EC4
system (Bellevue, WA, USA) [30, 31]. Cuffs placed across
both wrists were inflated to 200 mmHg during measurement,
to cut off the hand circulation, and cuffs placed across the
upper arms were inflated intermittently to 40 mmHg to
occlude venous return from the forearm without impeding
arterial inflow. By obstructing venous outflow, but not
arterial inflow, the forearm volume initially increases in
proportion to forearm blood flow. Mercury-in-silastic strain
gauges were placed over the circumference of the upper
forearm, as part of a Wheatstone bridge, to detect changes in
forearm circumference and, thereby, evaluate forearm vol-
ume changes. The strain gauges were connected to a
microcomputer and signals were recorded using Chart
software (ADInstruments, Hastings, UK). Measurements
were recorded during the last 3 min of each 6 min infusion,
and the mean of the last five recordings was used to
determine flow in each arm. Blood flow was expressed as
the ratio between the infused and non-infused forearms, and
responses to vasoactive drugs were expressed as percentage
change from baseline.

Haemodynamic measurements Applanation tonometry
(SPC-301 micromanometer; Millar Instruments, Houston,
TX, USA) was used to assess arterial pressure waveforms at
the dominant radial artery site; pulse wave analysis software
(Sphygmocor; PWV Medical, Sydney, NSW, Australia)
provided corresponding central pressure waveforms using a
validated transfer function [32]. The augmentation index
(Alx), which is a reproducible measure of large artery
stiffness, was calculated as the difference between the
second and first central systolic blood pressure peaks,
expressed as a percentage of pulse pressure [33, 34]. Heart
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rate and blood pressure were recorded in the dominant arm
using a validated oscillometric device (HEM-705CP;
Omron, Kyoto, Japan) [35].

Biochemical assays A 5 ml venous blood sample was
collected in a serum gel tube (Sarstedt, Leicester, UK)
before and 24 h after drug administration for serum uric acid
measurement. Blood samples were centrifuged at 1000xg for
10 min at 4°C, decanted immediately and serum then stored
at —40°C until assays were performed. Uric acid, glucose
and electrolyte concentrations were determined simulta-
neously using an automated colorimetric assay (Vitros 950;
Ortho-Clinical Diagnostics, Amersham, UK). The standard
reference range for uric acid using this assay was 120 to
420 pmol/l; intra-assay precision was 1.8%.

Preliminary dose-finding To determine the optimal timing
and dose of urate oxidase, a placebo-controlled single
ascending dose-finding was performed in two healthy men
aged 33 and 36 years. Each underwent systemic adminis-
tration of urate oxidase (0, 0.375, 0.75, 1.125 or 1.5 mg)
during separate visits, which were at least 1 week apart;
timing of placebo administration was randomly allocated.
Venous blood was collected for uric acid measurement at
baseline and at 0.25, 0.5, 0.75, 1, 2, 4, 12, 24, 48, 72 and
96 h after drug administration.

Protocol Participants were enrolled in a randomised, two-
way, single-blind, placebo-controlled, crossover study with
a 1 week washout period between visits. Investigations
were performed in a quiet room maintained at 24 to 26°C.
An 18-standard gauge intravenous cannula was inserted
into a suitable vein of the non-dominant antecubital fossa,
using local anaesthetic and aseptic technique. Participants
rested semi-supine for 20 min to establish baseline
haemodynamic conditions, and underwent systemic admin-
istration of 1.5 mg of urate oxidase or placebo over 1 min.
Haemodynamic variables were measured immediately pre-
dose and at 15 min intervals up to 60 min post-dose.
Participants were then allowed to leave and asked to return
the next day so that Alx and endothelial function could be
assessed at 24 h after administration. Few data are available
on urate oxidase pharmacokinetics or the time profile of its
activity as an electron acceptor or on the removal of its
catalytic products. After examining the available literature,
we calculated that a 24 h washout period between
administration of urate oxidase and measurement of
cardiovascular variables would achieve substantial uric acid
lowering while minimising the potential confounding
effects of circulating enzyme [36, 37].

Data analysis and statistics Forearm blood flow responses
were compared using two-factor ANOVA and post-hoc
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Table 1 Dose-finding data showing percentage fall in serum uric acid concentration after systemic urate oxidase administration
Time post- Dose of urate oxidase administered (mg)
dose (h)
0.375 0.75 1.125 1.5
Participant  Participant  Participant Participant Participant Participant Participant Participant Participant Participant
1 2 1 2 1 2 1 2 1 2
1 -2 -1 9 10 7 14 27 33 34 47
2 -2 —4 9 10 5 15 20 26 41 45
4 0 -7 6 17 11 22 26 41 49 90
12 0 —4 2 9 6 29 9 70 70 88
24 4 -9 14 15 6 48 23 74 75 83
48 - - - - 1 10 10 48 64 68
72 - - - - - - —4 7 11 27
96 - - - - - - -2 3 -2 8

two-tailed Student’s 7 tests, where appropriate. Data from all
volunteers were included in the ANOVA; factors considered
were treatment arm and dose of vasoactive drug. Haemody-
namic variables and uric acid concentrations were compared
between groups by Welch-corrected Student’s ¢ tests. The
Mann-Whitney U test was used to compare creatinine
concentrations on the assumption that these would not be
distributed normally. Statistical significance was accepted at
a two-tailed 0.05 level in all cases. ANOVA for repeated
measures was performed to take account of the stepwise
increase in doses.

Results

Preliminary dose-finding study Urate oxidase caused a
dose and time-dependent reduction in serum uric acid
concentration, with the maximal fall in serum uric acid
concentration occurring between 12 and 24 h after
administration of 1.5 mg of urate oxidase (Table 1).
Therefore, a 1.5 mg dose was selected for administration
24 h prior to cardiovascular assessments.

Baseline characteristics These are shown in Table 2.
Patients with type 2 diabetes had a higher BMI, plasma
glucose concentrations and serum uric acid concentrations
than healthy volunteers. Blood pressure and serum choles-
terol concentrations were well matched between groups. As
expected, urate oxidase administration caused a similar and
extensive reduction of serum uric acid concentrations
across the whole study population (Table 3).

Baseline Alx values These were considerably higher in
patients with type 2 diabetes than in healthy volunteers
(Table 3). Neither urate oxidase nor placebo administration
had any short-term effect on systemic haemodynamics in

either group. Comparison by paired Student’s ¢ tests revealed
no significant difference in response to urate oxidase vs
placebo for Alx (p=0.678), heart rate (p=0.735), systolic
blood pressure (p=0.840) and diastolic blood pressure (p=
0.812) in patients with type 2 diabetes. Furthermore, Alx and
haemodynamic variables were similar between pre-dose and
24 h post-dose values, despite substantially lowered serum
uric acid concentrations (Table 3). Baseline blood flow
during saline administration was 2.9+0.4 ml 100 ml ™' min ™"

in the infused arm and 2.8£0.4 ml 100 mI"' min™" in the
Table 2 Baseline characteristics of the study population
Characteristic Healthy Type 2 P
group diabetes value
group
Number (male) 10 (6) 10 (6) -
Age (years) 43+4 4244 0.829
Height (m) 1.75+0.15 1.76+0.13 0.925
Weight (kg) 96+11 114+28 0.041
BMI (kg/m?) 28.9+6.8 36.7£8.9 0.019
Heart rate (per min) 71+9 73£10 0.675
Systolic blood 123420 124423 0.945
pressure (mmHg)
Diastolic blood 76+15 7514 0.855
pressure (mmHg)
Serum creatinine (pmol/l) 68 (65-72) 70 (65-75) 0.481
Serum cholesterol (mmol/l) 4.1+1.0 4.0+1.5 0.873
Total cholesterol: 4.4+2.0 5.0£3.7 0.637
HDL-cholesterol ratio
Serum triacylglycerol 1.5+0.9 1.9+1.3 0.452
(mmol/1)
Plasma glucose (mmol/l) 4.1+1.3 6.84+2.7 0.008
HbA . (%) 5.8+2.7 7.7+3.4 0.096
Packed cell volume 0.41+0.04 0.39+0.05 0.238
Serum urate (pmol/l) 268+38 349+73 0.010

Values are means + SD or medians (interquartile range). The p values
are for the difference vs healthy participants by Welch-corrected ¢ tests
and by the Mann—Whitney U test for creatinine
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Table 3 Serum uric acid concentrations and haemodynamic variables associated with administration of 1.5 mg of urate oxidase or placebo

Healthy participants

Patients with type 2 diabetes

Placebo Urate oxidase Placebo Urate oxidase

Serum uric acid (pmol/l)

Pre-dose 272426 268428 344+57 342441

24 h 249431 102+14% 328+57 118+39*

Change at 24 h —22+30 —166+34% —15+39 —223+56%
Alx (%)

Pre-dose 2.0+4.1 1.8+£3.6 13.4+7.9 12.6+6.7

24 h 1.9+3.8 2.1+£3.1 14.0+5.9 14.5+£5.9
Heart rate (per min)

Pre-dose 70+5 7246 76+7 71+£6

0.5h 70+6 T1+7 75+6 71+6

lh T1+£7 70+6 76+8 71+£6

24 h 70+5 71+8 71+6 71+6
Systolic BP (mmHg)

Pre-dose 123+11 123+12 124+12 124+13

0.5h 124+12 125+10 120+13 128+11

lh 122+13 124+11 120+13 125+12

24 h 123+12 123+11 122+10 121£10
Diastolic BP (mmHg)

Pre-dose 76+6 76+7 76+7 75+6

0.5h 75+8 76+8 T4+5 T5+7

lh 76+7 T7+7 75+5 807

24 h T7+7 76+7 76+4 T6+6

Values are means + SD
#p<0.001 for difference from placebo by paired Student’s ¢ tests

non-infused arm in healthy people and 2.6+0.5 ml 100 ml™*
min ' and 2.5+0.4 ml 100 ml~' min"" respectively in patients
with diabetes. Forearm blood flow responses to acetylcholine
were lower in patients with type 2 diabetes than in healthy
people (p=0.005 by ANOVA; p=0.031, p=0.029 and
p=0.003 by post-hoc Student’s 7 tests at increasing acetyl-
choline doses). Responses to L-NMMA were also lower in
patients with type 2 diabetes than in healthy participants
(»=0.005 by ANOVA; p=0.061 and p=0.001 by post-hoc
Student’s # tests at increasing L-NMMA doses). Responses to
SNP were similar between both groups (p=0.560). Admin-
istration of urate oxidase did not alter the blood flow
responses to acetylcholine, SNP or L-NMMA (Fig. 1). No
adverse events were encountered in any participant.

Discussion

Urate oxidase caused a time- and dose-dependent fall in
circulating uric acid concentrations. The dose range studied
was lower than in earlier Phase I research (0.05-0.2 mg/kg)
[35]. It was important to establish the minimum effective
dose in our study population, in order to minimise the
potential confounding by direct drug effects on vascular
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function. The fall in serum uric acid concentrations evoked
by urate oxidase was substantially greater than previously
reported for other pharmacological means, such as allopu-
rinol [20, 38]. Despite this, Alx and forearm blood flow
responses to acetylcholine, SNP and L-NMMA were
unaltered, indicating that uric acid lowering had no effect
on large arterial stiffness or endothelial function.

Patients with type 2 diabetes had higher serum uric acid
concentrations than the healthy group, as found in earlier
studies [14]. Blood pressure and serum cholesterol concen-
trations were well matched between patients with type 2
diabetes and healthy participants. Alx was significantly
higher in patients with diabetes, representing increased large
arterial stiffness compared with non-diabetic individuals, as
found in earlier studies [10]. Forearm blood flow responses
to SNP were similar in both groups, indicating that
endothelium-independent NO-mediated responses are pre-
served in patients with type 2 diabetes. However, responses
to acetylcholine, an endothelium and NO synthase-dependent
vasodilator, were impaired, consistent with the endothelial
dysfunction found in this group. As expected, blood flow
responses to L-NMMA were diminished, indicating that
basal NO synthase activity is impaired in patients with type 2
diabetes. Substantial reduction of serum uric acid concen-
trations had no effect on large artery compliance or
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Fig. 1 a—c Forearm blood flow (FBF) responses in patients with type
2 diabetes to intra-brachial acetylcholine (ACh) (a), SNP (b) and L-
NMMA (c¢) as infused:non-infused FBF ratio, expressed as percentage
change from baseline. d—f FBF responses in healthy participants to
intra-brachial ACh (d), SNP (e) and L-NMMA (f) as infused:non-

endothelium-dependent vasodilator responses. Despite the
established relationship between high serum uric acid
concentrations and endothelial dysfunction, lowering uric
acid concentrations had no direct effect. In patients with type
2 diabetes, uric acid concentrations did not exert any
discernible effects on NO-dependent endothelial function.
In other high-risk patients, allopurinol allowed restoration of
endothelial function, whereas probenicid had no effect,
although both treatments lowered serum uric acid concen-
trations to the same extent [39]. These findings suggest that
allopurinol is capable of restoring endothelial function by
mechanisms other than uric acid lowering. Reducing uric
acid concentrations alone is unlikely to be an effective
strategy for improving endothelial function.

Xanthine oxidase contributes to oxidative stress and
progression of vascular dysfunction in patients with type 2
diabetes [40]. Allopurinol is capable of lowering serum uric
acid and allows restoration of endothelial function in patients
with type 2 diabetes [20, 21]. It inhibits endothelium-bound
xanthine oxidase less intensely than circulating xanthine
oxidase [41], suggesting that, in contrast to other work, the
effects of allopurinol might be attributable to uric acid
lowering. Allopurinol also possesses intrinsic antioxidant
properties, which might exert independent effects on
vascular function [42]. We selected urate oxidase in this
study to avoid the confounding effects of allopurinol and to
allow more substantial lowering of serum uric acid concen-

infused FBF ratio expressed as percentage change from baseline.
Results are shown as means+SD after administration of urate oxidase
and placebo. Closed squares/continuous line, placebo; open squares/
dotted line, urate oxidase

trations [43, 44]. Despite this, urate oxidase itself is an
electron acceptor. We attempted to minimise the possible
effects of this by allowing a 24 h washout period between
urate oxidase administration and assessment of endothelial
function. Furthermore, xanthine oxidase itself is inhibited by
uric acid at physiological concentrations [45, 46]. Therefore,
regardless of the means of uric acid lowering, a reciprocal
increase in xanthine oxidase activity might occur and this
might in part explain our findings.

Cardiovascular risk and development of atherosclerosis are
likely to be influenced by chronic exposure to risk factors. A
limitation of the present study is that only short-term measures
of large arterial stiffness and endothelial function were
examined. Nonetheless, endothelial function is a dynamic
measure that is capable of responding rapidly to a variety of
interventions, for example xanthine oxidase inhibition [47].
Despite this, endothelial dysfunction is characteristically
found in the presence of any one of a number of major
cardiovascular risk factors, including regular tobacco use,
hypertension and hypercholesterolacmia, and is rapidly
restored by their amelioration [48, 49]. There is a strong
temporal relationship between the presence of major
cardiovascular risk factors, endothelial dysfunction and
development of atherosclerosis. Assessment of endothelial
function as a risk marker appears valid because of
correlations between short-term and long-term effects of
interventions that are known to be effective in reducing
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cardiovascular risk, for example blood pressure lowering and
statin therapy [48, 49]. A potential confounder is that plasma
glucose concentrations were higher in patients with type 2
diabetes than in healthy participants during cardiovascular
investigations. Hyperglycaemia is a recognised cause of
impaired endothelial function [50]. However, plasma glucose
concentrations were less than 9.8 mmol/l and generally well
controlled in patients, as evidenced by baseline HbA,.
concentrations. Furthermore, glucose concentrations were
similar between study visits and, therefore, unlikely to have
significantly influenced the lack of response to treatment. We
were careful to exclude patients with concurrent illness or
those taking medications that might have confounded effects
on endothelial function. Our patient population is therefore not
truly representative of type 2 diabetic patients encountered in
the everyday clinical setting, thereby possibly limiting the
generalisability of our findings. Serum uric acid concentra-
tions in patients with type 2 diabetes although higher than
those of healthy volunteers, fell within the upper part of the
normal reference range. If baseline uric acid concentrations
had been higher, then the study might have allowed an effect
of urate oxidase administration to be discerned more readily.

To conclude, the present study shows that substantial
reduction of serum uric acid concentrations does not restore
vascular function in patients with type 2 diabetes. These
findings suggest that high serum uric acid concentrations,
as typically found in patients with type 2 diabetes, are not
causally linked to endothelial dysfunction. These data do
not support a mechanistic link between high uric acid
concentrations and endothelial dysfunction, suggesting that
the relationship is based on association rather than causation.
Further research is required to examine the potential impact
of reducing serum uric acid concentrations in other high-risk
groups and to explore the possible long-term effects of uric
acid lowering in patients with type 2 diabetes.
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