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Abstract: Introduction: Assessment of endothelial function in type 2 diabetic patients may be important in terms of
reducing cardiovascular mortality. In this study, the relationship between hyperuricemia and endothelial dysfunction
was investigated in type 2 diabetic patients. Method: The study consisted of type 2 diabetic patients with serum uric
acid level greater or equal to 5.5 mg/dl as the experimental group and type 2 diabetic patients with serum uric acid
level less than 5.5 mg/dl as the control group. Malondialdehyde (MDA) level as a marker of oxidative stress and
superoxide dismutase (SOD), glutathione peroxidase (GPO), and catalase levels as markers of antioxidant system
were analyzed. Endothelial function was assessed by measurement of flow-mediated dilatation (FMD) in forearm.
Results: Demographic characteristics were similar in both groups. No significant difference was seen between the
two groups in terms of MDA, SDO, GPO, or catalase levels. The study group’s FMD was found to be significantly decreased compared to the control group (7 ± 4.5% versus 9.8 ± 5.1%, P = 0.02). Uric acid levels, body mass index,
systolic blood pressure, diastolic blood pressure and microalbuminuria were negatively correlated with FMD in the
one-way analysis. However, in the multivariate analysis, only uric acid was found to be negatively correlated with
FMD significantly (OR 0.37, 95% Cl 0.17 to 0.77, P = 0.008). Conclusion: Hyperuricemia in type 2 diabetic patients
contributes to endothelial dysfunction by reducing FMD. This effect of uric acid cannot be explained by oxidative
stress according to this study. Serum uric acid may be a new target for prevention of complications.
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Introduction
Endothelial dysfunction is associated with
many diseases, such as hypertension, coronary
artery disease, congestive heart failure, chronic renal failure, diabetes mellitus (DM), and
obesity [1]. The first step in the development of
cardiovascular disease in diabetic patients is
thought to be endothelial dysfunction [2]. The
pathophysiology of endothelial dysfunction is
very complex and may occur through a variety
of mechanisms. Perhaps the most important of
these mechanisms is the reduction of nitric
oxide (NO) release from endothelial cells [3].
Various studies have shown associations between hyperuricemia, cardiovascular disease,
and death [4, 5]. Increases in serum uric acid
levels in patients with type 2 diabetes are also

commonly seen [6]. In vitro and in vivo studies
have shown that high levels of uric acid contributes endothelial function disrupting NO mechanisms [5]. Free radicals and antioxidants are in
equilibrium in normal, healthy people. This balance is disturbed in favor of free radicals in diabetic patients [7]. In addition, a correlation
between serum uric acid levels and oxidative
stress has been reported [8]. Oxidative stress
or decreased NO production has been suggested to reduce endothelium-dependent vasodilation in diabetes; however, this idea is still controversial [9, 10].
Increased uric acid in diseases associated with
oxidative stress may be the primary reason or
protective response in the body [16]. Thus, this
study examined the relationship between
increased serum uric acid levels and endotheli-
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al dysfunction in type 2 diabetic patients. A
clear relationship would allow for uric acid levels to be used as a marker of cardiovascular
damage in follow-up appointments for type 2
diabetic patients and uric acid could be a new
target for treatment.
Materials and methods
Our study was approved by the Faculty of
Medicine Ethics Committee of Suleyman
Demirel University and all participants were
informed about the study.
Study design and groups
This study was a cross-sectional. The cut-off
level for uric acid was based on previous observational studies and accepted as 5.5 mg/dl
[12, 13]. Type 2 diabetic patients admitted to
Internal Medicine Department of Suleyman
Demirel University were considered for this the
study. Criteria for inclusion in the study group
were type 2 DM diagnosis and a serum uric
acid level greater than or equal to 5.5 mg/dl.
Exclusion criteria for the study were serum creatinine more than 1.5 mg/dl; hyperuricemia
due to tumor lysis syndrome; history of coronary artery disease, acute myocardial infarction, or cerebrovascular disease; peripheral
vascular disease; or the use of diuretics.
The study group consisted of 40 patients with
type 2 diabetes and a uric acid level greater
than or equal to 5.5 mg/dl and the control
group consisted of 40 patients with type 2 diabetes and uric acid level less than 5.5 mg/dl.
All characteristics (e.g., age, sex, duration of
diabetes, body mass index (BMI), and history of
hypertension) of patients in the control group
were similar to those in the study group except
for uric acid levels.
After taking the medical history and doing a
physical examination, the age, duration of diabetes, type of treatment administered, and
concomitant diseases of each patient were
noted. Blood pressure was measured after a
10-minute rest. Weight and height were measured and the BMI was calculated according to
weight (kg)/height2 (m2).
Collection and study of blood and urine samples
Serum uric acid, fasting blood glucose (FBG),
hemoglobin Alc (HbA1c), lipids, blood urea
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nitrogen (BUN), creatinine, and morning spot
urine creatinine levels of patients were analyzed through enzymatic methods with a RocheHitachi P800 autoanalyzer on the day of patient
admission. Spot urine microalbumin level was
analyzed with a BIO-DPC kit in the Immulite
2000 device on the same day. From the microalbumin and creatinine in the spot urine analyses, the albumin/creatinine ratio (ACR) was calculated (μg/mg). An ACR of less than 30 was
considered normoalbuminuria, ACR of 30-299
as microalbuminuria, and ACR greater than or
equal to 300 as macroalbuminuria (14).
Creatinine clearance was calculated according
to the Cockcroft-Gault formula: creatinine clearance (ml/min) = (140 - age) × (ideal weight)/
serum creatinine (mg/dl) × 72.
Blood samples were collected into tubes containing ethylenediamine tetraacetic acid (EDTA)
and hemolysate and plasma were prepared for
analysis of superoxide dismutase (SOD), catalase, glutathione peroxidase (GPO), and malondialdehyde (MDA). The prepared samples
were stored at -80 °C and examined collectively. SOD, GPO, and catalase were examined in
hemolysate and MDA level was examined in
plasma. SOD was spectrophotometrically analyzed with an SOD assay kit (Catalog Number:
706002, Cayman Chemical Company, Michigan, USA). GPO was spectrophotometrically
analyzed with a GPO assay kit (Catalog Number:
703102, Cayman Chemical Company, Michigan,
USA). Catalase was spectrophotometrically
analyzed with an catalase assay kit (Catalog
Number: 707002, Cayman Chemical Company,
Michigan, USA) according to the Aebi method
(14). MDA was analyzed by high performance
liquid chromatography (HPLC) with a serum
MDA HPLC kit (Catalog Number: 67000,
Chromsystems Instruments and Chemicals
GmbH, Munich, Germany).
A non-invasive forearm test was used to assess
endothelial function. In this test, an Shimadzu
SDU 2200 machine (Shimadzu Corporation,
Kyoto, Japan) was used to get an ultrasonic
image of the FMD. A physiological unit was
mounted in this device for internal electrocardiography (ECG) monitoring. Patients were asked
to fast for at least 8-12 hours before the procedure, doing no exercise and using no caffeine,
cigarettes, or vitamin C for at least 4-6 hours
prior to the test.
Int J Clin Exp Med 2016;9(7):14105-14113

Uric acid and endothelial function
Table 1. Demographic characteristics and biochemical parameters of study and control groups
Study group
(n = 40)
Uric acid (mg/dL)
6.7 ± 0.8
Gender (male/female)
24/16
Age (years)
54.7 ± 8.5
Duration of diabetes (years)
5.3 ± 5.0
BMI (kg/m2)
32 ± 4.3
Systolic BP (mmHg)
150.4 ± 23.5
Diastolic BP (mmHg)
91.4 ± 12.0
FBG (mg/dL)
169 ± 57.2
HbA1c (%)
7.5 ± 1.7
Total cholesterol (mg/dL)
201 ± 32.2
HDL-C (mg/dL)
54.4 ± 13.03
LDL-C (mg/dL)
116.5 ± 31.8
Triglycerides (mg/dL)
209.5 ± 100.1
BUN (mg/dL)
19.3 ± 6.0
Creatinine (mg/dL)
1.0 ± 0.1
Creatinine clearance (ml/min) 101.1 ± 31.1
Spot urine ACR (µg/mL)
105.3 ± 118.8

Control group
P
(n = 40)
4.3 ± 0.7
< 0.0001
23/17
NS
52.9 ± 5.8
NS
5.4 ± 4.8
NS
30.9 ± 3.6
NS
140.5 ± 16.1
NS
86.9 ± 10.4
NS
162.8 ± 47.7
NS
7.3 ± 1.3
NS
198.3 ± 41.7
NS
50.7 ± 10.5
NS
120.1 ± 35.2
NS
165.2 ± 65.9
NS
17.8 ± 4.0
NS
0.9 ± 0.1
NS
101.8 ± 21.0
NS
29.8 ± 27.6 < 0.0001

BMI, body mass index; BP, blood pressure; FBG, fasting blood glucose; HBA1c,
glycosylated hemoglobin; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; BUN, blood urea nitrogen; ACR, albumin-creatinine
ratio; NS, not significant.

Table 2. Ultrasonographic measurements of brachial artery in
groups
Basal brachial artery diameter (mm)
Flow-mediated dilatation (%)
Dilatation with nitrate (%)

From 45 to 60 seconds after
releasing cuff pressure, artery
diameter measurement was
repeated as described above.
The patient was then allowed
to rest for 15 minutes. The
basal artery diameter was
measured again after the rest,
and then the patients were
given 5 mg sublingual nitrate.
Measurements were repeated
3 minutes after sublingual
nitrate [15].
FMD was determined from the
measured artery diameters.
The equation was calculated
as FMD = % (basal diameter
after hyperemic flow-basal
diameter)/basal diameter. Endothelial dysfunction was defined as an FMD less than or
equal to 4.90% [16].
Statistical analysis

Student’s t-test was used to
compare continuous variables
between the two groups and
the chi-square test was used
to compare categorical variables. All the variables (age,
sex, duration of diabetes, height, weight, BMI, systolic and diastolic blood
pressure, uric acid, FBG, HbA1c, BUN, creatinine, triglyceride, total cholesterol, urine creatinine, urine microalbumin level, ACR, and creatinine clearance) were analyzed with one-way
analysis (univariate) in terms of associations
with FMD. Multivariate logistic regression analysis was performed to identify the possible factors associated with endothelial dysfunction.
Data were evaluated as mean ± SD. P less than
0.05 was considered statistically significant. All
analyzes were performed with SPSS 15.0 for
Windows.

Study group Control group
P
4.7 ± 0.6
4.6 ± 0.5
NS
7.0 ± 4.5
9.8 ± 5.1
0.011
13.6 ± 5.3
15.5 ± 5.2
NS

NS, not significant.

For the test, the patients were asked to rest in
the supine position in a 24°C room. After 10
minutes, blood pressure was measured in the
right arm and patient was connected to an ECG
monitoring device. Pulses of the brachial artery
were palpated in the region of 2-5 cm proximal
to the antecubital fossa, the brachial artery
was visualized longitudinally by B-mode superficial probe, and the flow was observed with
Doppler. Artery diameter was measured at the
R-wave with concurrent ECG monitoring. This
measurement was recorded as the basal artery
diameter.
A sphygmomanometer cuff was then attached
to the patient’s wrist for a second measurement, inflated until the systolic blood pressure
was greater than 50 mmHg, and kept 5 minutes at the same pressure. The patient’s hand
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was observed for bruising, tingling, or reactive hyperemia.
Then the cuff pressure was
released.

Results
Demographic characteristics and biochemical
parameters of the study and control groups are
presented in Table 1. No significant difference
Int J Clin Exp Med 2016;9(7):14105-14113
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cylic acid, ACE inhibitors, angiotensin
receptor blockers, beta-blockers, calcium channel blockers, or other antihypertensive drugs (P > 0.05). As an
oxidative marker, MDA levels were
similar between the control and
study groups and did not differ statistically (P > 0.05). For the antioxidant system, no significant difference between the study and control
groups was seen in terms of SDO,
GPO, or catalase levels (P > 0.05).

Figure 1. Relationship between FMD-uric acid [r = -0.253, P = 0.028].

In the ultrasonographic measurements to assess endothelial function, no significant difference between the two groups was found in
terms of basal diameter of the brachial artery or arterial dilatation with
nitrates (P > 0.05). The calculated
average FMD was 7 ± 4.5% in the
study group and 9.8 ± 5.1% in the
control group and this difference was
statistically significant (P = 0.011)
(Table 2).

Associations of FMD with all the variables were investigated in a one-way
analysis. Uric acid, BMI, systolic
blood pressure, diastolic blood pressure, and ACR were found to be negatively associated with FMD (P <
0.05) (Figures 1-3). Multiple logistic
regression analysis revealed that
serum uric acid level was significantly associated with endothelial dysfunction after adjustment for other
Figure 2. Relationship between FMD-microalbuminuria [r = -0.271,
risk factors, including age, FBG, HDLP = 0.015].
C, LDL-C, systolic blood pressure,
diastolic blood pressure, BMI, and
was seen between the study group and control
creatinine clearance (OR 0.37; 95% Cl 0.17 to
group in terms of gender, age, BMI, duration of
0.77; P = 0.008) (Table 3).
diabetes, systolic blood pressure, diastolic
Discussion
blood pressure, FBG levels, HbA1c, total cholesterol, high-density lipoprotein cholesterol
In our study, FMD was found to be significantly
(HDL-C), low-density lipoprotein cholesterol
decreased in the group with hyperuricemia,
(LDL-C), triglycerides, BUN, creatinine, or creatiand uric acid was found to be an independent
nine clearance (P > 0.05). Uric acid levels were
predictor of FMD (P = 0.011). This result sug6.7 ± 0.8 mg/dl in the study group and 4.3 ±
gests that an increase in uric acid in type 2 dia0.7 mg/dl in the control group (P < 0.0001).
betic patients may be an independent risk facSpot urine ACR was 105.3 ± 118.8 in the study
tor for endothelial dysfunction. In addition, no
group and 29.8 ± 27.6 in the control group (P <
significant difference in terms of MDA levels as
0.0001). No difference was seen between the
a marker of oxidative stress was seen between
groups in terms of using drugs such as oral
the hyperuricemic and normouricemic groups,
antidiabetic drugs, insulin, statins, acetylsali14108
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ACR was inversely associated with
FMD in our study. This result indicates a significant relationship between microalbuminuria and endothelial dysfunction (P = 0.015).

Figure 3. Relationship between FMD-systolic blood pressure [r =
-0.303, P = 0.035].

Table 3. Multivariate analysis of the relation between endothelial dysfunction and variables
Variables
Uric acid (mg/dL)
Age (years)
ACR (µg/mL)
Sistolic BP (mmHg)
Diastolic BP (mmHg)
BMI (kg/m2)
LDL-C (mg/dL)
HDL-C (mg/dL)
Creatinine clearance (ml/min)
FBG (mg/dL)

OR (% 95 CI)
0.369 (0.17-0.77)
0.948 (0.88-1.02)
0.99 (0.98-1.00)
0.99 (0.94-1.04)
1.05 (0.99-1.11)
0.99 (0.84-1.17)
1.00 (0.98-1.02)
0.98 (0.94-1.03)
1.01 (0.99-1.04)
1.00 (0.99-1.01)

P
0.008
0.16
0.24
0.79
0.06
0.95
0.80
0.43
0.13
0.60

In Feig et al.’s study, 89% of pediatric patients with primary hypertension uric acid level was found to be
over 5.5 mg/dl. Their study suggested that the increase of uric acid
plays a significant role in the pathogenesis of primary hypertension
[12]. A National Health and Nutrition
Examination Survey study conducted over healthy adolescents in the
United States between 1996 and
2006 revealed a significant relation
between serum uric acid levels and
blood pressure [13]. However, we
could not find such a relation
between serum uric and levels and
systolic and diastolic blood pressures in our study.

Increased uric acid concentration
has been shown to have an association with metabolic syndrome symptoms, such as hypertension [16, 17],
obesity, insulin resistance [13] and
dyslipidemia [19]. Association of
high serum uric acid levels with metabolic syndrome has been reported
in previous studies. Sui X and his
ACR, albumin-creatinine ratio; BP, blood pressure; BMI, body mass index;
colleagues followed 8429 male and
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
1260 female patients between the
cholesterol; e-GFR, estimated-glomerular filtration rate; FBG, fasting blood
years of 1977 and 2003 and reportglucose; NS, not significant.
ed that serum uric acid levels greater than or equal to 6.5 mg/dl in
and SOD, GPO, and catalase levels as a marker
males and greater than or equal to 4.6 mg/dl in
of antioxidant system were similar in both
females increased the risk of metabolic syngroups. This result suggests that the relationdrome 1.6- and 2-fold, respectively [20]. In
ship between uric acid and endothelial dysfuncaddition, Nakagawa T reported in his study that
tion cannot be explained as just an imbalance
decreasing the levels of uric acid in fructosebetween free radicals and antioxidants.
fed rats corrects the components of metabolic
Increased uric acid may cause endothelial dyssyndrome, such as lowering blood pressure,
function with a different mechanism indepenserum triglycerides, insulin levels, and preventdent of prooxidative or antioxidant effects.
ing weight gain [21]. In our study, the study and
Another important finding from our study is that
control groups did not differ in terms of blood
microalbuminuria is higher in type 2 diabetic
pressure, BMI, or lipid parameters. This result
patients with hyperuricemia than those without
cannot be interpreted as the absence of any
hyperuricemia. This result supports the associassociation of variables with hyperuricemia,
ation of increased uric acid level with microalbecause the control group in our study was
buminuria. In addition, we demonstrated that
selected from individuals as similar to patients
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in the study group as possible to assess the net
effect of uric acid in type 2 diabetic patients on
the endothelium.
A clear mechanism has not been revealed for
the pathogenesis of endothelial dysfunction
caused by uric acid. Oxidative stress is known
to be important in the pathogenesis of endothelial dysfunction [3, 18]. Uric acid was thought
to increase as a compensatory mechanism to
increased oxidative stress because uric acid,
along with vitamin C, was considered a major
antioxidant in plasma [18]. In vitro and in vivo
studies showed that high levels of uric acid contributes to endothelial dysfunction by disrupting NO extraction [5]. On the other hand, uric
acid has antioxidant activity in vitro [22].
In our study, no significant difference was seen
in terms of MDA levels as a marker of oxidative
stress between the hyperuricemic group and
normouricemic group. SOD, GPO, and catalase
levels as a marker of antioxidant system were
also similar in both groups. Therefore, the relationship between uric acid and endothelial dysfunction cannot be explained as just an imbalance between free radicals and antioxidants.
In many studies, associations of hyperuricemia
with coronary heart disease, cardiovascular
disease, and death have been reported [23].
An increase in the level of uric acid was known
to be associated with hypertension, insulin
resistance, diabetes, obesity, and metabolic
syndrome [18]. However, the strength of this
relationship and its pathogenesis could not be
explained. Was the increase of uric acid in
these diseases a factor, compensatory increase, or coincidental situation? Uric acid
could not be proven as an independent cardiovascular risk factor [24].
In a study by Matheus ASM and his colleagues,
type 1 diabetic patients and healthy individuals
were compared and uric acid levels were found
higher in the diabetic patients. In addition,
microvascular vasodilator response to acetylcholine was significantly lower in type 1 diabetic patients than in the healthy individuals [25].
Erdogan D et al. demonstrated that an increase
in serum uric acid levels in healthy adults is
directly proportional to the intima-media thickness of the carotid artery and inversely related
to endothelial-mediated vasodilatation in the
brachial arteries [19]. In a study by Masahiko K
et al., increased serum uric acid levels were
14110

reported to have an association with endothelial dysfunction in individuals without any cardiovascular disease [22]. In addition, Maruhashi
T et al. demonstrated that uric acid was a significant independent risk factor for endothelial
dysfunction in postmenopausal women [16].
However, in a study by Waring and his colleagues, a high-dose infusion of uric acid did
not impair endothelium-dependent dilatation in
healthy individuals [26]. The same researchers
showed that intravenous administration of uric
acid in type 1 diabetic patients and smokers
improved endothelial function, and this situation was attributed to antioxidant effect of uric
acid [24].
Allopurinol treatment to decrease uric acid levels in patients with hyperuricemia and congestive heart failure was shown to improve FMD
[27]. However, this situation was attributed
more to reduced hydrogen peroxide production
and decreased oxidative stress through the
inhibition of xanthine oxidase than to allopurinol decreasing uric acid levels [24]. Hyperuricemia in patients at high risk for cardiovascular disease is associated with endothelial dysfunction and endothelial function was reported
to be improved by infusion of allopurinol [28].
Bayram et al. reported that decreasing uric acid
levels with allopurinol treatment seemed to
have beneficial effects on endothelial functions
in moderate chronic kidney disease patients
[29]. Finally, in a study by Melendez- Ramirez G
et al., allopurinol improved FMD in hyperuricemic patients without any other risk factors [30].
In our study, FMD significantly decreased in the
hyperuricemic group. This result suggests the
increase in uric acid in type 2 diabetic patients
may be an independent risk factor for endothelial dysfunction.
In the one-way analysis, microalbuminuria was
seen to have an association with endothelial
dysfunction. Microalbuminuria is a risk factor
for renal insufficiency, as well as cardiovascular
disease [31]. In addition, endothelial dysfunction in type 1 and type 2 diabetics has been
associated with microalbuminuria [32]. Microalbuminuria is known to be an important risk
factor for cardiovascular disorders in hypertensive and healthy populations. Microalbuminuria
was also shown to have an association with
endothelial dysfunction in both diabetics and
healthy adults in a study by Hoorn [33].
Endothelial dysfunction is thought to be a precursor of progression to microalbuminuria;
Int J Clin Exp Med 2016;9(7):14105-14113
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however, the mechanism of pathogenesis is not
clearly understood [34]. Hyperuricemia produced by administering oxalic acid in rats
whose kidneys were partly removed was reported to increase proteinuria significantly, and proteinuria was preserved in rats given allopurinol
to prevent hyperuricemia. Hyperuricemic rats
developed severe periglomerular vasculopathy
and glomerulosclerosis, and these changes
were attributed to the effects of hyperuricemia,
such as the increased proliferation of vascular
smooth muscle cells and the chemotactic
effect on macrophages [28]. A strong association was also found between serum uric acid
levels and microalbuminuria in patients with
prehypertension [35]. A study of 343 Taiwanese
patients with type 2 diabetes showed that
serum uric acid level and microalbuminuria has
an association [36]. In our study, increased
microalbuminuria and impaired endothelial
function was detected in type 2 diabetic
patients with high uric acid levels. These results
may suggest uric acid increases microalbuminuria by disrupting glomerular endothelial function, as in the mentioned rat experiments, but
this is not sufficient to prove the pathogenetic
mechanism.

between free radicals and antioxidants. With
further study, uric acid may become a new therapeutic target in the prevention of vascular
complications. We suggest that follow-up
appointments to check uric acid levels and
FMD measurements will be useful in the early
detection of cardiovascular disease in diabetic
patients.

Many studies in the literature have reported
impaired endothelial functions in hypertensive
individuals [16, 17, 37]. In a study by Sundström
J et al., serum uric acid levels were reported to
have an positively associated with changes in
systolic and diastolic blood pressure in 3329
Framingham Study participants [38]. Similarly,
impaired endothelial function in hypertensive
individuals was found in our study.

[1]

The study and control groups in this paper were
similar in terms of endothelial dysfunction risk
factors other than uric acid. The analysis of oxidative stress and antioxidant markers showed
that the relationship between uric acid and
endothelial dysfunction is independent of oxidative stress or antioxidant effect. However,
our study lacked a healthy control group and
patients with microalbuminuria were not
excluded. Thus, the effect of uric acid on endothelial function could not be assessed independently of microalbuminuria.

[4]

In conclusion, hyperuricemia in patients with
type 2 diabetes was associated with endothelial dysfunction in our study. This relationship
cannot be explained as simply an imbalance

[7]
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