Original Research

SYSTEMIC MARKERS OF OXIDATIVE STRESS
IN RELATION TO METABOLIC SYNDROME COMPONENTS

MIHAELA MOCAN!, STEFAN VESA?, SOIMITA SUCIU?,
SORIN NICU BLAGA!

1t Departament of Internal Medicine, Iuliu Hatieganu University of Medicine and
Pharmacy Cluj-Napoca, Romania

’Department of Pharmacology, Toxicology and Clinical Pharmacology, Iuliu
Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania
‘Departament of Physiology, Iuliu Hatieganu University of Medicine and
Pharmacy, Cluj-Napoca, Romania

Abstract

Introduction.The potential role of oxidative stress (OS) in metabolic syndrome
(MetS) is rapidly evolving. Reported results support the concept that increased OS may
play a key role in the development of atherosclerosis, hypertension and diabetes.

Study aim. The purpose of this study was to analyze the clinical correlates of
systemic OS markers in a well characterized group of patients with MetS.

Material and method. 72 hospitalized patients with a mean age 59.19+/-
5.26 years were studied between October 2010 and June 2011. MetS was diagnosed
based on the AHA/NHLBI/IDF 2009 definition. OS was assessed by urinary
8-isoprostaglandinF 2o, (8-isoPGF2a) (immunometric assays) and plasmatic uric acid
(UA). Antioxidant status was evaluated by plasmatic glutathione peroxidase (GPx).
These data were compared to those of 100 subjects without MetS (mean age 59.93+/-
4.7 years).

Results. All biomarkers were significantly higher in MetS patients as compared
with healthy individuals (p<0.05), except GPx which was significantly lower (p<0.001).
GPx and UA were statistically significant correlated. In multivariate analysis
8-isoPGF20. concentrations were influenced by hypertension, fasting glucose and
triglycerides, UA levels were directly influenced by hypertension, waist circumference,
fasting glucose and triglycerides. GPx levels were inversely correlated with blood
pressure (all p<0.05). Only GPx was influenced by the number of MetS components.
Subjects with a lower level of GPx had a significantly greater risk of MetS (OR 0.85).

Conclusions. Higher 8-isoPGF2a and uric acid and lower GPx levels are
associated with MetS. The OS biomarkers are differently influenced by each component
of the MetS. High blood pressure seems to be the key component linking OS to MetS.
Antioxidant status is influenced by the number of MetS components with GPx being a
risk factor for MetS.

Keywords: oxidative stress, 8-isoprostaglandin F2a, uric acid, glutathion
peroxidase, metabolic syndrome.

Introduction

Metabolic syndrome (MetS) represents a cluster of
risk factors associated with cardiometabolic risk. Even
though a subject of debate, the importance of MetS lies
in its epidemic proportions [1] and in its association with
a significantly increased mortality from atherosclerotic
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cardiovascular diseases and diabetes [2,3,4]. How each of
the risk factors included in MetS definition is involved in
atherosclerosis have been areas of intense research in the last
decade but are still poorly understood. A panel of experts
assembled by the National Institutes of Health concluded
that the study of mechanisms by which MetS components
contribute to atherogenesis should be a high priority [5].
Therefore, it is of great interest to study the relationship
of MetS components with oxidative stress (OS) which is

Clujul Medical 2013 Vol. 86 - no. 3 227



228

Nutrition and Metabolic Diseases

considered a key mechanism in atherogenesis

Excessive production of reactive oxygen species
(ROS), which surpasses antioxidant defense mechanisms, has
been implicated in pathophysiological conditions that have
an impact on the cardiovascular system [6]. Inflammation and
OS are thought to be concurrently involved in various
diseases. But few studies have focused on the role of both
OS and inflammation concomitantly. Regarding this, the iso-
prostanes (IsoP) synthesized from arachidonic acid namely,
8-isoprostaglandin-F2alpa (8-isoPGF2a) could be a suitable
parameter to investigate simultaneously OS and inflam-
mation, in diseases where both are supposed to be involved
[7]. Moreover, in a recent multi-investigator study (Bio-
markers of Oxidative Stress Study, sponsored by the National
Institute of Health), the most accurate method to assess in
vivo OS was proved to be the quantification of plasma or
urinary IsoP, which is now considered the “gold standard”
for oxidative injury in vivo [8]. As the in mammalian cells,
glutathione and the glutathione peroxidases (GPx) constitute
the principal antioxidant defense system [9], it is reasonable
to assume that the quantification of plasma GPx would
accurately reflect the antioxidant status.

Uric acid (UA) is a powerful chemical antioxidant
present in human plasma Despite its physiological intention,
hyperuricemia is strongly associated with cardiovascular
disease, kidney disease, and hypertension, increasing the
risk of mortality [10]. Hyperuricemia is also common in the
MetS and obesity.

Study aim

The purpose of this study was to analyze the clinical
correlates of systemic OS (evaluated by 8-isoPGF2a, UA
and GPx levels) in a well characterized group of patients
with MetS. We also calculated the odds ratio of MetS based
on the levels of the OS biomarkers.

Material and method

Patient selection and data collection

The studied group comprised 72 hospitalized
patients with MetS studied between October 2010 and
June 2011. All patients gave written informed consent and
the study was approved by the local Ethics Committee
No. 631/02.07.2012. The mean age of the study group
was 59.19+/-5.26 years and the sex distribution was 46
(63.89%) females and 26 (36.11%) males. MetS was
diagnosed based on the AHA/NHLBI/IDF 2009 definition,
if three of the following five criteria were met: 1) abdominal
obesity: waist circumference >94 cm in men and >80 cm
in women; 2) hypertriglyceridemia: >150 mg/dl or specific
treatment; 3) low levels of HDL-C: <40 mg/dl in men and
<50 mg/dl in women or specific treatment; 4) high blood
pressure (HBP): >130/85 mmHg or specific treatment; 5)
high fasting glucose: >100 mg/dl or antidiabetes drugs [11].
The exclusion criteria were defined as following: acute
infections, stroke, acute coronary syndrome, autoimmune

diseases, pulmonary thrombembolism, chronic pulmonary
diseases, seric creatinin >1,2 mg/dl, chronic liver diseases
including liver cirrhosis.

Demographical details and medical history were
obtained by anamnesis and by consulting medical files.
Body mass index (BMI) was computed as weight divided
by height squared (kg/m?). Obesity was classified based on
WHO/NIH recommendations: overweight (BMI=25-30 kg/
m?), class I obesity (BMI=30-34.9 kg/m?), class II obesity
(BMI=35-39.9 kg/m?), and class 11 obesity (BMI >40 kg/m?)
[12,13]. Waist circumference was measured with a fiberglass
measuring tape at the midpoint between the lowest rib and
the iliac crest [14]. Blood pressure was determined based
on ESC/ESH 2007 Guidelines for the management of high
blood pressure (HBP), after 10 minutes of rest, in both arms,
in standing and sitting position and the highest value was
taken into account [15]. Glucose and lipid parameters were
determined using routine laboratory techniques.

The data obtained in the study group were compared
to those of a control group comprising 100 subjects who
did not meet the criteria for MetS. The mean age of the
control group was 59.93+/-4.7 years with a sex distribution
of 55% females and 45% males.

Blood and urine sampling and biochemical
analyses

Peripheral venous blood was collected after an
overnight fasting period, into 5 ml potassium EDTA tubes.
Serum was separated by centrifugation (2000 rpm for 20
minutes at 40°C), and stored at -80 °C until measurement.
Morning urine (mid portion of first void) was collected and
transferred into Eppendorf tubes without any addition of
preservative and stored at -80 °C until measurement. UA,
glucose and lipid parameters were determined using routine
laboratory techniques in samples from all subjects. Urinary
levels of 8-isoPGF2a were measured using a commercially
available enzyme immunoassay (EIA) kit (Cayman
Chemical, Ann Arbor, MI) [16]. The intraassay CV was
9.7% and the detection limit 2.7 pg/ml. Urinary creatinine
was quantified using a method based on the reaction of
creatinine and alkaline picrate with an average intra- and
interassay CV of 2% and 4%, respectively. Urinary content
of 8-isoPGF2a was indexed to creatinine and expressed
as ng/mmol creatinine. GPx activity was measured using
a spectrophotometric method (Cayman Chemical, Ann
Arbor, MI). The intra- and interassay CV were 5.7% and
7.2% and the detection limit 50 nmol/min/ml [17].

Statistical analysis

The data were analyzed using Statistica 10 (www.
statsoft.com). The distribution of variables was evaluated
using the Shapiro-Wilk test. The differences between
groups were analyzed using Student’s t-test for normally
distributed variables and the Mann Whitney rank sum test
for non-normally distributed. For categorical response
variables, differences between the two groups were
assessed using the Chi square test or Fisher’s exact test.
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Pearson’s correlation or Spearman rank order correlation
analyses were performed to examine the correlations
between the levels of OS markers and the components of
MetS. Adjusted odds ratios (ORs) with 95% confidence
intervals (CI) for MetS were calculated from the logistic
regression models based on the levels of OS markers. The
data are expressed as meant/- standard deviation (SD)
for normally distributed variables and as median (25-75%
interquartilic range) for non-normally distributed variables.
A p value of <0.05 was considered significant.

Results

The demographic, clinical and biological charac-
teristics of the subjects are shown in table I. The subjects
in the MetS group had statistically significant higher values
for SBP, DBP, BMI, waist circumference, hematological
parameters (i.e., fasting glucose, TG and LDL-C), and
lower HDL-C level than the control group.

The most frequent MetS feature was HBP found
in 68 subjects (94.4%). Hypertensive patients were under
medication as follows: 44 (64.7%) ACE inhibitors, 17
(25%) angiotensin receptors blockers, 49 (72.05% beta-
blockers), 27 (39.7%) calcium channels blockers and 34

Table I. Baseline characteristics of the studied population.

(50%) diuretics. Abdominal obesity was identified in 64
subjects (88.88%). High TGL was present in 47 subjects
(65.28%), and low HDL-C 29 (40.28%). 51 (83.6%) of the
dislipidemic patients were taking statins and 10 (16.39%)
were taking fibrates. Impaired fasting glucose (IFG) was
present in 53 of the subjects (73.61%) and 8 (15.27%) of
those had overt type 2 diabetes mellitus (T2DM).

8-isoPGF2a levels were statistically significantly
(p<0.001) higher in the MetS group (118.76+/-53.18 ng/
mmol creatinin) as compared to the control group (68.13+/-
32.15 ng/mmol creatinin). UA concentrations were also
increased in MetS patients (6.03+/-1.72 mg/dl) as compared
with the control group (4.74+/-1.61 mg/dl ), with statistical
significance (p=0.009). GPx levels were statistically
significantly (p<0.001) lower in the MetS group (33.71+/-
9.54 nmol/min/ml) as compared with those without MetS
(45.2 +/-7.71 nmol/min/ml). After grouping the patients
according to the presence of each MetS component we
found higher concentrations of 8-isoPGF2a in hyper-
tensive patients, in those with high TGL levels, higher UA
levels in obese patients, in those with HBP, high TGL and
IFG. GPx levels were lower in HBP and IFG subgroups.
These results are summarized in table II.

Demographic, clinical

= %
and biological characteristics MetS group (n=72) P

Control group (n=100)

Age (mean +/- SD) 59.1945.26 NS 59.93+4.7
Sex distribution (males/females) 26/46 NS 55/45

Waist circumference (cm) 107.4149.80 <0.0001 98.82+8.73
BMI (kg/m?) 32.38+14.25 <0.0001 28.96+15.51
SBP (mmHg) 156.55+24.88 <0.0001 106.33+10.6
DBP (mmHg) 90.81+14.89 <0.0001 71.33+6.39
TGL (mg/dl) 189.11+87.77 <0.0001 103.27+44.15
LDL-C (mg/dl) 131.03 £38.36 0.016 118.97 £28.04
HDL-C (mg/dl) 51.92+14.16 0.026 61.00+13.96
Fasting glucose (mg/dl) 105 (99-119) 0.002 92 (88-104)
8-1s0PGF20 (ng/mmol creat) 118.76+53.18 <0.0001 68.13+32.15
UA (mg/dl) 6.04+1.76 0.009 4.73+1.58
GPx (nmol/min/ml) 33.7149.54 0.001 45.20+7.71

Data are presented as mean and SD for normally distributed variables and as median (interquartile range) for non-normally distributed
variables. *p-value for continuous variables was obtained using 2-sample t-test and for categorical values using chi-square test.

Table II. OS biomarkers levels in MetS subgroups (divided by the presence/absence of each MetS component).

Variables/Subgroups 8-isoPGF2a (ng/mmol creat) UA (mg/dl)  GPx (nmol/min/ml)
Abdominal obesity (n=154) 112.119+53.854 5.933+1.751 35.567+10.359
No abdominal obesity (n=18) 73.040+35.698 3.818+1.707 39.130+8.649
p 0.112 (NS) 0.009 0.454 (NS)
HTA (n=103) 120.564+54.959 6.083£1.728 33.47249,532
No HTA (n=69) 79.054+35.214 4.957+1.662 42.37749.540
p <0.0001 0.01 <0.0001
TGL>150 mg/dl (n=77) 119.838+53.165 6.434+1.672 34.43449.485
TGL<150 mg/dl (n=95) 96.825+52.040 4.969+1.555 37.519+11.066
p 0.049 <0.0001 0.171 (NS)
Low HDL-C (n=69) 115.429+55.486 6.006£1.555 35.21349.881
Normal HDL-C (n=103) 98.991+48.886 5.401+2.128 36.866+11.04
p 0.182 (NS) 0.138 (NS) 0.485 (NS)
Fasting glucose>100 mg/dl (n=83) 117.215+56.065 6.101+1.684 33.0223+8.427
Fasting glucose <100 mg/dl (n=89) 94.767+45.508 5.199+1.821 41.3854+11.461

)4 0.069 (NS) 0.026 <0.0001
Data showed normal distribution and are presented as mean+SD; p<0.05 is statistically significant.
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8-isoPGF2alpha (pgiml)

Figure 1. Graphic representations of the significant correlations of 8-isoPGF2a with MetS components, within the MetS group (n=72).

Uric acid (mgidl)

8-isoPGF2alpha {pgiml)

Scatterplot of 8-isoPGF2alpha against SBP

"
&
3

[ v =48.6257 + 0.5654"x; r = 0.2363, p = 0.0489; " = 0.0559

w
=
=4

r
&5
3

g

&
3

=1
=1

e
=

Scatterplot of 8-isoPGF2alpha against DBP

[y =15.5416 + 1.3258"x; r = 0.3389, p = 0.0041; r’ = 0.1149]

@
&
&

8-isoPGF2alpha (paimi)
g =2 B 8 #

o
S

140 200 220 240 260

SBP {(mmHg)

Scatterplot of 8-isoPGF2alpha against Fasting

350 v -

g

o
)

o

)
)
a8

g

o
=]

=]
2

plasma glucose
[ v =61.3975 + 0.7784°x; r = 0.4140, p = 0.0004; F* = 0.1714

70 100

DBP (mmHag)

110 120 130 140

Scatterplot of 8-isoPGF2alpha against Triglycerides
[y =104.5858 + 0.173"x; r = 0.2602, p = 0.0296; r* = 0.0677
350 T T

300

8-isoPGF2alpha (pgiml)
g 7z 8 %2

@
s

120 40 160 180 200
Fasting plasma glucose (mgidl)

220 240 260

Scatterplot of Uric acid against DBP
[y=27377 + 0.0364"x; r=0.3184, p = 0.0064; r* = 0.1014]

o

@0

Uric acid {mgldl)

70 90 100

DBP (mmHg)

10 120 130 140

Scatterplot of Uric acid against Fasting plasma
glucose
[y =4.0726 +0.0183"x; r=0.3323, p = 0.0043; F = 0.1104]

200 250 300 350
Triglycerides (ma/dl)

400 450 500 580

Scatterplot of Uric acid against Waist circumference
| ¥ =1.2017 +0.0455°; r=0.2555, p = 0.0303; r* = 0.0653

Uric acid (mgidl)

40 100 110

Waist circumference (cm)

120 130 140

Scatterplot of Uric acid (mg/dl) against Triglycerides

[y =4.5135 + 0.0081°x; r = 0.4135, p = 0.0003; F* = 0.1710|

Uric acid (mgidI)

120 M0 180 180 200
Fasting plasma glucose (mg/dl)

20 240

260

200 250 300 350
Triglycerides (magid])

400 450 500 550

Figure 2. Graphic representations of the significant correlations of UA with MetS components, within the MetS group (n=72).

230

Clujul Medical 2013 Vol. 86 - no. 3



Original Research

All studied biomarkers were well correlated to
SBP and/or DBP, being influenced by the presence of
HBP. 8-isoPGF2a concentrations were influenced by
SBP (r=0.236, p=0.048), DBP (r=0.339, p=0.004), fasting
glucose (r=0.441, p<0.001) and triglycerides (r=0.260,
p=0.029), as shown in Figure 1 and did not correlate with
HDL-C (r=-0.180, p=0.880) and waist circumference
(r=0.139, p=0.250).

UA levels were directly and positively correlated
to DBP (r=0.318, p=0.006), waist circumference
(r=0.255, p=0.03), fasting glucose (r=0.332, p=0.004) and
triglycerides (r=0.413, p<0.001) as are presented in Figure
2. The relationship of UA with SBP (r=0.184, p=0.12) and
HDL-C (r=0.094, p=0.43) was not statistically significant.
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Figure 3. Graphic representations of the significant correlations
of GPx with MetS components (SBP), within the MetS group
(n=72).

GPx levels were inversely and significantly
correlated with SBP (r=-0.274, p=0.021) (Figure 3), but
the correlations to the other MetS components were not
statistically significant: DBP: r=-0.084, p=0.488; waist
circumference: r=-0.004, p=0.968; TGL: r=-0.007, p=0.944;
HDL-C: r=0.132, p=0.91; fasting glucose: r=-0.0620,
p=0.95). Only GPx was influenced by the number of MetS
components (Figure 4).
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Figure 4. The influence of the number of MetS components on
GPx concentrations.

UA exhibited significant negative correlations with
GPx (r=-0.216, p=0.018) (Table III). The ORs of MetS was
calculated based on the levels of OS markers. Subjects
with a lower level of GPx had a significantly greater risk of
MetS (OR 0.85) (Table IV).

Table III. The relationship among the studied biomarkers in

patients with MetS.

Variables 8iso-PGF2a UA GPx
T e M 1 11
w e e lom
R —

Pearson’s correlations test; p<0.05 is statistically significant.

Table IV. The odds ratios for MetS calculated from logistic
regression models based on the levels of OS biomarkers.

0,
Variables dF | P oRr | %5% Cl. for EXP(B)
Lower  Upper
UA (mg/dl) 1 0.261 | 0.565 0.209 1.530
GPx (nmol/min/ml) 0.031 | 0.853 0.739 0.985

OR: odd ratio; CI - Conﬁdence interval; p<0.05 is statistically
significant.

Disscussion

In the present study the concentrations of OS
biomarkers together with powerful antioxidant enzyme
activity were simultaneously evaluated in patients with
MetS. The results obtained indicate that the increase
of OS biomarkers and decrease of antioxidant capacity
are associated with the presence of MetS. These data
are in agreement with others demonstrating that MetS is
associated with proinflammatory state and OS as part of
a very complex mechanism underlying cardiometabolic
disorders [18,19,20,21,22].

OS damage was assessed by urinary 8-isoPGF2a
which is considered the “gold-standard” for OS injury
in vivo [8]. 8-isoPGF2a is an eicosanoid biosynthesized
from esterified arachidonic acid mainly through non-
enzymatic free radical-catalyzed reactions in vivo [7]. In
general, they have short half-lives, but they are chemically
stable compounds, not sensitive to dietary intake of lipids
relatively stable within individuals (especially when
assayed in first morning urine void), but are widely variable
in human populations [23]. A substantial portion of IsoP
appears to undergo B-oxidation in tissues prior to release
into the plasma. Intact IsoP, together with their B-oxidized
metabolites, are efficiently excreted into the urine [24].
Thus, urinary levels of 8-isoPGF2a should better reflect
actual changes in total body lipid peroxidation, and are
easier to determine as they are much higher (~ng/ml)
than plasma levels (~pg/ml) [25]. Severe methods were
developed to quantify IsoP levels: the gas chromatographic/
negative ion chemical ionization mass spectrometric (GC/
MS) method, liquid chromatographic (LC)/MS method

Clujul Medical 2013 Vol. 86 - no. 3
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and the EIA method. In the present study 8-isoPGF20 was
determined by EIA [16]. A potential drawback of EIA is
that limited information is currently available regarding
their precision and accuracy. Despite potential limitations,
EIA have expanded IsoP research due to their low cost and
relative ease of use [26].

According to AHA/NHLBI/IDF 2009 definition
of MetS used to conduct our study, obesity was not a
mandatory criterion. In our research, hypertension proved
to be the key component influencing the concentrations of
all the studied biomarkers. Hypertension was present in 68
patients (94.4%) and SBP and/or DBP was related to both
OS biomarkers and antioxidant status. The role of OS in
the pathogenicity of hypertension is still not completely
understood, explaining the need for further research
regarding hypertension-induced target organ damage
by OS-derived products. The current hypothesis is that
endothelial cells play a major role in arterial relaxation by
releasing nitric oxide (NO) [27] and thus a decrease in NO
bioavailability and an increase in OS (based in general on
increased levels of biomarkers of lipid peroxidation) might
be responsible for the development of hypertension in
human subjects [28,29,30]. Accordingly, Abdilla et al. [6]
observed that the increase in OS and the reduction in activity
of antioxidant enzymes in hypertensives were not affected
by the presence of additional components of the MetS (high
triglycerides and fasting glucose). This observation sustains
the hypothesis that hypertension might be a pivotal factor
for the development of OS and endothelial dysfunction [6].
Another argument to this hypothesis is represented by the
correlation between GPx levels and BP. No correlation
was observed between GPx and the other features of MetS,
marking the importance of hypertension in our study group.
Decreased antioxidant activity [31], and reduced levels of
ROS scavengers (vitamin E, glutathione) [28] may con-
tribute to OS. Activation of the renin-angiotensin system
has been proposed as a mediator of ROS production [32].
Moreover, among the studied biomarkers, only GPx levels
were correlated to the number of MetS components, being
associated with the risk for MetS (OR 0.85). Blankenberg et
al. [9] also demonstrated that GPx 1 activity was among the
strongest univariate predictors of the risk of cardiovascular
events, which was inversely associated with increasing
quartiles of GPx1 activity (P for trend <0.001). Patients in
the highest quartile of GPx 1 activity had a hazard ratio of
0.29 (95% CI, 0.15 to 0.58; P<0.001), as compared with
those in the lowest quartile [9].

The positive relationship between 8-isoPGF2a and
fasting plasma glucose is concordant with other studies,
elevated levels of 8-isoPGF2a being found in plasma or
urinary samples from type 2 diabetic patients, compared to
the non-diabetic controls [33,34]. In a large cross-sectional
study in elderly men (77 years), Helmersson et al. showed
that the 24-h urinary level of 8-isoPGF2a was significantly
higher in men with type 2 diabetes (n=101) as compared

to the control group (n=585) [35]. On the other hand, there
are authors that observed no associations [36] or even
inverse association between IsoP levels and T2DM [37]. It
is worth mentioning that 8-isoPGF2a was not significantly
correlated with abdominal circumference and BMI. A
positive correlation between BMI and 8-isoPGF2a levels
is claimed in some studies [16,38,39], but not corroborated
with others [35], leaving the subject opened for research.
Interestingly, we found no correlation between 8-isoPGF2a
and the other markers of OS, as expected, even though UA
and GPx concentrations were equally and significantly
influenced by the presence of MetS. These findings might
explain the paradox of uric acid. We can only presume (as
the study type does not allow us to draw ethio-pathogenetic
conclusions) that a decrease in antioxidant capacity (as
shown by GPx levels) may induce an increase in UA
which should have a potent antioxidant activity. But as
was demonstrated in previous studies, hyperuricemia
induces OS through endothelial dysfunction, by reducing
the bioavailability of NO [40]. Thus the UA turns from
a powerful and benefic antioxidant into a pro-oxidant
damaging molecule.

Our data are in line with literature suggesting that
the worsening of the lipid profile is associated with an
increased burden of OS biomarkers. Feri J et al. found
that 8-0x0-dG, an indicator of DNA damage, was directly
correlated with insulin and TGL, but inversely correlated
with HDL-C [41]. OS identified by O2- production by
polymorphonuclear leucocytes in hyperlipidemic subjects
is raised and positively correlated with serum cholesterol,
triglycerides and LDL-CL levels and negatively correlated
with HDL-C levels [42].

Moreover, UA exhibited an important correlation
both with MetS components, especially with HBP and
the GPx levels. Our results are supported by the fact that
hyperuricemia was found in 25-40% of newly diagnosed
hypertensive subjects without any treatment, in 50% of
those treated with diuretics, and in over 80% of those with
malignant hypertension [43]. The link between hyper-
uricemia and HBP is not completely understood, but there
are several mechanisms that try to explain it: 1) decreased
renal blood flow frequently associated with HBP stimulates
urate reabsorption in the proximal tubule; 2) local tissue
ischaemia due to microvascular disease is responsible
for the release of lactate thus blocking urate secretion in
the proximal tubule and increasing UA synthesis. Tissue
ischaemia leads to ATP degradation with adenosine and
xanthine oxidase. Both increased xanthine and xanthine
oxidase result in the increased generation of UA and
oxidant (O2-) formation [44]; and 3) impaired renal UA
excretion associated with enhanced sodium reabsorption
in conditions such as obesity, insulin resistance, low
sodium intake and diuretic therapy [45]. By contrast with
observational findings, a very recent online publication has
used mendelian randomization to investigate the association
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of plasma UA (SLC2A9) with ischaemic heart disease
and hypertension and concluded that there is no strong
evidence for a causal association [46]. However, evidence
supports a causal effect between obesity and UA level and
hyperuricaemia. This finding strongly suggests BMI as
a confounder in observational associations, and suggests
a role for elevated BMI or obesity in the development of
UA related conditions [46]. Thus, the close association of
UA concentrations and waist circumference found in our
study group is of great importance. Recent findings showed
that serum urate was the best predictor of ‘metabolically
unhealthy obesity’ (defined as obesity associated with MetS
features), with increased cardiovascular risk in adolescents
and adults [47].

We found a positive and significant correlation
between UA and fasting glucose. There are studies
showing an association, no association, and even an
inverse association, and have been reviewed recently by
Li et al. [48].The authors concluded that there is a great
body of evidence to suggest that insulin resistance plays
a potentially key role in the causal relationship between
MetS, T2DM and hyperuricemia [48].

Limitations

The most important limitation of the present study
is the small number of the subjects, mainly due to multiple
exclusion criteria. Moreover, MetS patients were under
drug therapy that could modify the studied pathology, but
because of ethical reasons could not be interrupted. It is
important to mention that the study type does not allow
us to draw any conclusions regarding the causality and
the pathogenetic mechanism linking OS to traditional
risk factors. Larger, prospective studies with rigorous
epidemiological methodology are required to establish
whether OS is a cause or a consequence of MetS.

Conclusions

Elevated oxidant status and decreased antioxidant
capacity are associated with MetS. The OS biomarkers
are differently influenced by each component of the
MetS. High blood pressure seems to be the key component
linking OS to MetS. Antioxidant status is influenced by the
number of MetS components with GPx being a risk factor
for MetS. The decrease in antioxidant capacity might be the
trigger of hyperuricemia associated with MetS explaining
the UA paradox, but more experimental studies are needed
to confirm these hypothesis.
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