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Abstract

Background: A recently developed global indicator of oxidative stress (0XY-SCORE]), by
combining individual plasma biomarkers of oxidative damage and antioxidant capacity, has
been validated in several pathologies, but not in left ventricular hypertrophy (LVH]. The aim of
this study was to design and calculate a plasma oxidative stress global index for patients with

LVH.

Methods: A total of 70 consecutive adult patients were recruited in our institution and
assigned to one of the two study groups (control group/LVH group) by an echocardiography
study. We evaluated plasmatic biomarkers of oxidative damage (malondialdehyde and
thiolated proteins) and antioxidant defense (total thiols, reduced glutathione, total antioxidant
capacity, catalase, and superoxide dismutase activities) by spectrophotometry/fluorimetry in
order to calculate a plasma oxidative stress global index (OXY-SCORE) in relation to LVH.
Results: The OXY-SCORE exhibited a highly significant difference between the groups
(p<0.001). The area under the receiver operating characteristic curve was 0.74 (95%
confidence interval (Cl), 0.62-0.85; p <0.001). At a cut-off value of -1, the 68.6% sensitivity
and 68.6% specificity values suggest that OXY-SCORE could be used to screen for LVH. A
multivariable logistic regression model showed a positive association (p=0.001) between OXY-
SCORE and LVH [odds ratio=0.55 (95% ClI, 0.39-0.79]], independent of gender, age, smoking,
glucose, systolic and diastolic arterial pressure, dyslipidemia, estimated glomerular filtration
rate, body mass index, and valvular/coronary disease.

Conclusion: OXY-SCORE could help in the diagnosis of LVH and could be used to monitor

treatment response.
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Introduction

Left ventricular hypertrophy (LVH) is a common
manifestation of cardiovascular disease which has
been related to stroke, serious arrhythmias, and
sudden cardiac death.! Its regression reduces car-
diovascular morbidity and mortality;? therefore,
in clinical settings it is necessary to have an early
diagnostic of LVH and to study novel strategies
with antiremodeling therapeutic potential.?*

Oxidative stress, which refers to an imbalance
between antioxidant defenses and the production
of reactive oxygen species, plays a key role in

patients with LVH.>7 The complex and multifac-
torial nature of oxidative stress makes it difficult
to assign a prevalent role to a particular marker in
cardiovascular disease. Individual biomarkers
only partially describe the oxidative status and are
associated with a large intra- and inter-subject
variability.® Thus, no single parameter can yet be
recommended as a gold standard for determining
individual redox status.

Several authors have previously used calculations
based on a global index or score of oxidative stress
status, known as OXY-SCORE, in preclinical
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and clinical studies. Results are obtained by com-
bining individual plasma biomarkers of oxida-
tive damage and antioxidant capacity to assess
the overall oxidative balance in cardiovascular
diseases.? 13 However, the OXY-SCORE has not
yet been described in LVH. Biomarkers of oxida-
tive stress play a relevant role in diagnosis, evalu-
ation of disease status, and assessment of the
health-enhancing effects of therapies. A global
index or score of oxidative stress can be used to
help detect anomalies (early stages of chronic
venous insufficiency or its progression, early
stages of chronic kidney disease, presence and
severity of coronary artery disease, and the devel-
opment of pregnancy complications).%1%1415 Qur
group recently proposed an OXY-SCORE in a
preclinical study with an animal model of primary
hypertension and coronary artery disease.!? In
this study, we showed the potential of dronedar-
one (a multichannel blocker used in routine clini-
cal practice for the treatment of atrial fibrillation)
for reducing oxidative stress-related coronary
artery remodeling. Dronedarone produced
improvement of coronary artery remodeling, an
effect that was shown to be associated with
improved global oxidative status in plasma as
identified by an OXY-SCORE. Therefore, this
score could serve as a monitoring tool for the
effectiveness of dronedarone in the regression of
the coronary artery remodeling.

Recently, we have described a new biomarker for
LVH in humans.!® The plasma protein thiolation
index (PTTI) is a biomarker of oxidative stress that
is defined as the molar ratio of S-thiolated pro-
teins (oxidative damage) to free protein thiols
(antioxidant capacity) in plasma.!” However, the
OXY-SCORE exhibits limited variability, and the
precision and completeness are expected to increase
with the number of parameters included.!® Thus,
this study proposes an OXY-SCORE that takes into
account a variety of individual plasmatic biomarkers
of oxidative damage and antioxidant defense (bio-
markers with a good correlation between levels in
the plasma and heart tissue) as an index of oxidative
stress status in patients with LVH.

Methods

Study design

This is an extension of a previous study carried
out in our institution.!® Seventy consecutive
patients were recruited (between December 2015

and March 2016) as they were referred to the car-
diac surgery section of our institution and each
was assigned to one of the two study groups —
control group (group without LVH) and LVH
group (group with LVH) — based on an echocar-
diography study. All patients presented specific
pathology (coronary and/or valvular disease), the
patients were admitted to the cardiac surgery sec-
tion for non-urgent cardiac surgery, and no
patient had heart failure. When a patient is
referred to cardiac surgery section, an echocardi-
ography study is usually performed. The inclusion
criteria were age =18years and written informed
consent. The echocardiography was performed
using the iE33 system (Philips, CA, USA)
equipped with a S5-1 probe (1-5 MHz). To dem-
onstrate a significant increase in the mass of the
left ventricle in the LVH group with respect to the
control group we calculated left ventricular mass
by echocardiography, applying the recommenda-
tions of the American Society of Echocardiography
(LVH was defined by left ventricular mass indexed
to body surface area, LVMI: >95 g/m? for women,
and >115 g/m? for men).!°

The patients were considered to have systemic
hypertension, dyslipidemia, or diabetes if they
had a diagnosis of elevated blood pressure, dys-
lipidemia, or diabetes requiring long-term treat-
ment, respectively. Using clinical, demographic,
and echocardiographic data, and blood samples
from all patients (control group n=35 and LVH
group n=735), we designed an observational study
to propose an OXY-SCORE that includes a vari-
ety of plasmatic individual biomarkers of oxida-
tive damage and antioxidant defense as an index
of oxidative stress status in patients with LVH.

This study was approved by the clinical research
ethics committee of the Hospital General
Universitario Gregorio Marafion (the number of
the protocol is 422/15). All procedures performed
in studies involving human participants were in
accordance with the ethical standards of the insti-
tutional research committee and with the 1964
Helsinki declaration and its later amendments or
comparable ethical standards.

Data measurements (biochemical test]

Blood samples were drawn from the patients to
study plasmatic biomarkers of antioxidant defense
(thiols, total antioxidant capacity, reduced glu-
tathione, superoxide anion scavenging activity,
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and catalase) and biomarkers of oxidative damage
(malondialdehyde and thiolated proteins):

Total thiols (umol/mg protein) were assessed
using the 5.5-dithiobis (2-nitrobenzoic acid) assay.
Absorbance was measured at 412nm in a Synergy
HT multi-mode microplate reader (Sinergy HT;
Biotek).20

Total antioxidant capacity (TAC) (trolox pM)
was assessed using the CUPRAC-BCS assay.
Absorbance at 490nm was read in a Nanodrop
2000 spectrophotometer (Thermo Scientific, NC,
USA). Total antioxidant capacity values were
obtained from the standard curve of the antioxi-
dant trolox (0—2mol LL71) 2!

Quantification of superoxide anion scavenging
activity (SOSA) (mU superoxide dismutase/mg
protein) was determined using a luminescence
assay with coelenterazine as the detection probe,
adapted to a microplate reader. SOSA values
were quantified by comparing the inhibition of
luminescence for each sample with that observed
from the superoxide dismutase (SOD) activity
standard curve (0—-4U mL™1).22

Reduced glutathione (GSH) (umol/mg protein)
was assessed using a fluorometric micromethod
based on the reaction with o-phthalaldehyde.
Fluorescence was measured in a Synergy HT mul-
timode microplate reader (Sinergy HT'; Biotek) at
360 £ 40 nm excitation and 460 = 40nm emission
wavelengths.23:24

Catalase activity (U catalase/mg protein) was
assessed using the Amplex red catalase assay
(Catalase Assay Kit Amplex Ultra Red reagent;
invitrogen).

Malondialdehyde (MDA) (uM) levels as a lipid
peroxidation product were assessed using a thio-
barbituric acid assay.?>

S-thiolated proteins (umol/mg protein) were
determined by spectrophotometry using a method
with a ninhydrin reagent, as previously described.1?

Protein content was assessed using the Coomassie
blue-based microtiter plate assay according to
the manufacturer’s recommendations (Bio-Rad,
Madrid, Spain). Absorbance was measured at
595nm in a Synergy HT multi-mode microplate

reader (Bio-Tek), and bovine serum albumin was
used as the standard.

Data analysis

Calculation of OXY-SCORE

The parameters listed previously were used to
calculate a global index of oxidative stress related
to LVH. We used the statistical methodology
previously described to calculate this index.!8
First, we analyzed the normality of the chosen
biomarkers using the Kolmogorov—Smirnov test
and normalization of the parameters that did not
show a normal distribution through a logarithmic
transformation; second, we conducted parameter
standardization; and finally, we calculated the
partial indexes for protein oxidative damage
(OXY), antioxidant defense systems (ANTIOX),
and OXY-SCORE according to the equation:
[OXYSCORE =Mean (ANTIOXik—OXYim)#n],
where 7 is the experimental group, i is the indi-
vidual, k represents the parameters related to
ANTIOX, and m represents the parameters
related to OXY biomarkers.

Statistical analysis

With a sample size of 35 individuals in each
group, a power of 85% was reached to detect an
area under the receiver operating characteristic
(ROC) curve (AUC) of 0.7 or greater as statisti-
cally significant.

Categorical variables were expressed as frequencies
and percentages, and the groups were compared
using the Pearson chi-square test. Quantitative
variables were described as mean = SEM (for
continuous, normally distributed variables), and
between-group comparison was carried out using
an independent ¢ test. The ability of OXY-
SCORE to discriminate between the two clinical
groups was assessed by ROC curve analysis.
Different cut-off points were chosen for the diag-
nosis of LVH, and their sensitivity, specificity,
predictive values, and likelihood ratios were cal-
culated with their respective confidence intervals.
A multivariate logistic regression model was
performed to determine the strength of the asso-
ciation between OXY-SCORE and LVH. The
independent variables were gender, age, smoking,
glucose, systolic arterial pressure, diastolic arte-
rial pressure, dyslipidemia, estimated glomerular
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filtration rate, body mass index, and valvular and
coronary disease. p values < 0.05 were considered
statistically significant. The analysis was per-
formed using IBM SPSS Statistics for Windows,
Version 21.0 (IBM Corp, Armonk, NY, USA),
and Prism Graph Pad 6.0 (Graph Pad Software,
California, USA).

Results

A total of 70 patients were included in the study.
Demographic and clinical characteristics includ-
ing age, gender, body mass index, cardiovascular
risk factors, renal failure, cardiac diseases, systolic
dysfunction and pharmacological therapy are
shown in Table 1. No patient had heart failure.
There were no significant differences between the
two study groups (control/LLVH) in terms of these
variables.

The performances of the OXY-SCORE, a sum-
mary index of oxidative stress, and of its individ-
ual components (total thiols, TAC, GSH, SOD,
catalase, MDA and S-thiolated proteins) were
assessed. There were no significant differences
between the individual biomarkers of the two
study groups (control and LVH), except in the
thiolated proteins (Table 2). The ROC analysis of
each biomarker shows the lack of capacity of indi-
vidual biomarkers to discriminate between the
two clinical groups: AUCggy 0.378; AUCgqp
0.430; AUC,;;,;s 0.374; AUC 4 0.382; AUC e
05083 AIJCMDA 0624’ and AUCS—thiolated proteins
0.641. The OXY-SCORE was calculated from
the normalized and standardized plasma param-
eters and exhibited a highly significant difference
between the groups (p<0.001) (Figure 1). The
control group exhibited an OXY-SCORE value
of nearly 0, which indicates a balance between
antioxidant defense systems and oxidative dam-
age in the individual. However, the LVH group
exhibited a negative value, indicating an enhanced
oxidative status (predominance of oxidative dam-
age) (Figure 1). To determine whether the OXY-
SCORE had diagnostic value for LVH, the ROC
curve was plotted to identify a cut-off value that
would discriminate between the two clinical
groups. The area under the ROC curve was
0.742 [95% confidence interval (CI) 0.626—
0.858; p<<0.001] (Figure 1), and the optimal cut-
off value for OXYSCORE (-1) demonstrated
sensitivity of 68.6%, specificity of 68.6%, and
positive and negative predictive values of 68.6%
and 68.6%, respectively, for the diagnosis of

LVH. The sensitivity and specificity for this cut-
off allowed for calculation of the positive likeli-
hood ratio (0.46) and negative likelihood ratio
(2.18) (Table 3).

The multivariable logistic regression analysis
shows the association between OXY-SCORE and
LVH (Table 4). A statistically significant positive
association (p=0.001) was observed between
OXY-SCORE and LVH [odds ratio=0.55 (95%
CI, 0.39-0.79)], independent of gender, age,
smoking, glucose, systolic arterial pressure, dias-
tolic arterial pressure, dyslipidemia, estimated
glomerular filtration rate, body mass index, and
valvular and coronary disease.

Discussion

This is, to our knowledge, the first study that
shows a global oxidative stress index (OXY-
SCORE) for patients with LVH (LVH caused by
a variety of pathologies). This score could help
in the diagnosis of LVH in the clinical setting.
Moreover, we suggest new scores as useful
indexes to establish the global oxidative status of
patients with hypertension only (since this is the
most frequent cause of LVH) for prevention,
diagnosis, and treatment of LVH.

An increased understanding of the biology
behind diseases and redox biology has led to
more specific and sensitive tools for measuring
oxidative stress in cardiovascular diseases.
Several markers of oxidative stress could repre-
sent a viable biomarker opportunity for clinical
use, so there is a growing interest in exploring
its possible clinical applications.2¢ LVH repre-
sents an independent risk factor for cardiovas-
cular disease and increases cardiovascular
morbidity and mortality.27-28 Oxidative stress
likely plays a role in LVH;%% however, until
now, no oxidative stress biomarker has been
used routinely in clinical settings for the diagno-
sis of LVH. There may be several reasons for
this: first, a single biomarker may not be repre-
sentative of LVH; second, a single biomarker
might have a large intraindividual and interindi-
vidual variability; third, some biomarkers require
methodologies too sophisticated or laborious for
routine clinical use; and finally, there are high
costs involved in using such biomarkers in clini-
cal diagnosis. Therefore, mitigating several
parameters (ease of use, speed of measurement,
and cost) to provide a representative global
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Table 1. Participants’ baseline characteristics.

B Quintana-villamandos, L Pazd-Sayods et al.

LVH group Control group

(n=35) (n=35)
Age [years) 69 +1 63+2
Gender, M (%) 23 (65.7) 21 (60)
Weight (kg) 76.16 +2.33 75.40 = 2.50
Body surface area (m?) 1.80+0.03 1.83+0.03
Body mass index (kg/m?) 30.27 + 1.04 34.16+6.06
LVMI (g/m?) 141.82=8.64 88.78 + 4.45"
Smokers (%) 4 (11.4) 6(17.1)
Dyslipidemia (%) 22 (62.8) 17 (48.6)
Glucose (mg/dL) 114.97 + 6.43 109.80 = 6.23
Systolic arterial pressure (mmHg) 130.62 +2.88 123.65 +2.08
Diastolic arterial pressure ([mmHg) 65.68+1.78 66.45+1.72
eGFR (ml/min per 1.73m?] 70.20 £5.24 7714+ 4.86
Coronary disease (%) 1(2.8) 3(8.5)
Valvular disease (%) 22 (62.8) 15 (42.8)
Coronary and valvular (%) 12 (34.2) 17 (48.5)
Systolic dysfunction (%) 13 (37.1) 14 (40)
Antihypertensive therapy (%)
ARBs 7 (20) 3(8.5)
ACEis 14 (40) 13(37.1)
B-blockers 12 (34.2) 11 (31.4)
Calcium channel blockers 11 (31.4) 6(17.1)
Diuretics 15 (42.8) 10 (28.5)

Reproduced with permission from Quintana-Villamandos et al.’
The data are expressed as the mean = SEM, frequency (percentage).

*p<0.001.

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration
rate; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; M, male

measurement of oxidative damage, as well as
antioxidant defense systems, would be desirable.
Taking into account these requirements, a global
index of plasma oxidative stress (OXY-SCORE)
has been developed and validated for cardiovas-
cular diseases.%11-13 In humans, the score could
be a tool in the diagnosis of early stages of chronic
venous insufficiency® and the diagnosis of

coronary artery disease,!? and it could accurately
depict the time course of oxidative stress induced
by coronary revascularization (cardiopulmonary
bypass versus off-pump procedure).!! In addition,
the global index of plasma oxidative stress was
shown to be a therapeutic target in coronary
artery remodeling in a model animal with pri-
mary hypertension.!? Therefore, the global index
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Table 2. Pro- and antioxidant plasmatic biomarkers.

LVH group Control group
(n=35) (n=35)
GSH (pmol/mg protein) 63.14+1.42 67.78 219
SOD (mU SOD/mg protein) 18.83=0.46 20.61+£0.85
Thiols (umol/mg protein) 6.97+0.32 7.81+0.34
TAC (Trolox pM) 0.27 +0.009 0.30 +0.01
Catalase (U catalase/mg protein)  8.32 +0.52 8.89 +0.81
MDA (uM) 3.54+0.20 2.98+0.19
S-thiolated proteins (umol/mg 0.10+0.006 0.07 +0.005#
protein)
OXY-SCORE -2.4376 = 0.57 0.0558 = 0.65"
The data are expressed as the mean = SEM.
#p=0.01.
*p<0.001.

GSH, reduced glutathione; LVH, left ventricular hypertrophy; MDA, malondialdehyde; OXY-SCORE, plasma oxidative
stress global index; SOD, superoxide dismutase; TAC, total antioxidant capacity
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Figure 1. Global oxidative status score (OXY-SCORE] calculated from the plasma biomarkers of oxidative
damage and antioxidant capacity (A). The data are expressed as the mean + SEM, p < 0.001. Receiver operator
curve (ROC) analysis for OXY-SCORE to diagnose left ventricular hypertrophy (LVH) (B).

of plasma oxidative stress could represent a valu-
able tool in the prevention, diagnosis and treat-
ment of cardiovascular diseases.

However, the biomarker that should be preferred
to assess oxidative stress in human LLVH has not
been identified. Recently, our group investigated
PTI, a biomarker of oxidative stress that combines

oxidative damage (S-thiolated proteins) and anti-
oxidant capacity (thiols) in plasma from patients
with LVH.1% PTI showed an AUC of 0.75, with
sensitivity of 70.6% and specificity of 68.8%,
thus suggesting that it could be used to screen for
LVH.!®* The OXY-SCORE (combining several
biomarkers of oxidative damage and antioxidant
capacity) shows similar AUC values (0.74) and
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Table 3. Predictive values of OXY-SCORE for prediction of left ventricular hypertrophy in 70 patients according

to the cutoff values.

Cutoff  Sensitivity Specificity PPV NPV LR+ LR-

vatue % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl) (95% Cl) (95% Cl)
<-3 40.0 85.7 73.7 58.8 0.36 1.43

>-3 (23.9-57.9) (69.7-95.2) (48.8-90.9) (44.2-72.4) (0.14-0.89) (1.06-1.93)
<-2 54.3 80.0 73.1 63.6 0.37 1.75

>-2 (36.6-71.2) (63.1-91.6) (52.2-88.4) (47.8-77.6) (0.18-0.76) (1.18-2.6)
<-1 68.6 68.6 68.6 68.6 0.46 2.18

>-1 (50.7-83.1) (50.7-83.1) (50.7-83.1) (50.7-83.1) (0.27-0.79) (1.27-3.74)
<0 80.0 51.4 62.2 72.0 0.61 2.57

>0 (63.1-91.6) (34-68.6) (46.5-76.2) (50.6-87.9) (0.42-0.89) (1.23-5.37)
<1 91.4 40.0 60.4 82.4 0.66 4.67

>1 (76.9-98.2) (23.9-57.9) (46-73.5) (56.6-96.2) (0.49-0.88) (1.47-14.8)
<2 94.3 22.9 55.0 80.0 0.82 4.00

>2 (80.8-99.3) (10.4-40.1) (41.6-67.9) (44.4-97.5) (0.67-1) (0.91-17.5)
<3 97.1 14.3 53.1 83.3 0.88 5.00

>3 (85.1-99.9) (4.81-30.3) (40.2-65.7) (35.9-99.6) (0.76-1.02) (0.62-40.6)

Cl, confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value;
OXY-SCORE, plasma oxidative stress global index; PPV, positive predictive value

diagnostic validity indexes; however, it exhibits a
limited variability, and precision and complete-
ness are expected to increase with the number of
parameters included.!® Two biomarkers of oxida-
tive damage (MDA and thiolated proteins) and
five of antioxidant capacity (total thiols, GSH,
TAC, catalase, and SOD) have been selected to
compute OXY-SCORE. All have been studied by
different authors in the field of cardiovascular
disease.®-11,16,29,30 Plgsma is simple to obtain from
a blood sample and reflects the global oxidative
stress status of an individual with cardiovascular
disease®!® and we have also included biomarkers
with a good correlation between plasma concen-
trations and their levels in tissue.?! We did not
find differences between the individual biomark-
ers of the two study groups (control and LVH),
except in the thiolated proteins. However, the
ROC analysis of this biomarker shows the lack of
capacity of biomarker to discriminate between the

two clinical groups. Therefore, oxidative stress
evaluation in patients with LVH can be improved
by simultaneously considering prooxidant and
antioxidant defense.

The present study could have great relevance in
the clinical setting because it proposes a tool for
the diagnosis of patients with LVH. This score
could serve as a monitoring tool for the effective-
ness of treatments.

We recognize some limitations of this study that
should be noted. First, we used a moderate num-
ber of biomarkers, which were selected on the
basis of previous studies. However, these bio-
markers were easy, quickly measurable, and not
expensive, in order that they could be considered
for use in clinical settings in the future. In addi-
tion, a good correlation has been reported
between the plasma concentrations of these
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Table 4. Multivariable logistic regression model: association OXY-SCORE and left ventricular hypertrophy.

OXY-SCORE

Gender

Age

Smokers

Glucose

Systolic arterial pressure
Diastolic arterial pressure
Dyslipidemia

eGFR

Body mass index

Valvular/coronary disease

OR (95% CI) p

0.558 (0.392-0.795) 0.001
7.382 (0.860-63.366) 0.068
1.057 (0.971-1.152) 0.201
2.110(0.122-36.382) 0.607
0.991(0.960-1.022) 0.554
1.131 (1.039-1.230) 0.004
0.910 (0.812-1.020) 0.105
2.385(0.311-18.294) 0.403
0.965 (0.929-1.002) 0.067
1.168(0.993-1.372) 0.060
5.938 (0.809-43.570) 0.080

Cl, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio; OXY-SCORE, plasma oxidative stress

global index

biomarkers and their levels in tissue.?! Second,
our data correspond to a population with LVH
caused by different pathologies; therefore, it
would be interesting to design and calculate a
score for patients with hypertension only (since
this is the most frequent cause of LVH) to allow
for LVH screening in the general population.
Finally, the score proposed in the present study
could aim to elucidate new disease mechanisms
and aid diagnosis,3? however the results presented
here should be replicated in a large population.

In conclusion, we have demonstrated that oxida-
tive stress evaluation in patients with LVH can be
improved by simultaneously considering prooxi-
dant and antioxidant defense. We have designed
and calculated an OXY-SCORE that, with the
appropriate validation in a larger population,
could help in the diagnosis of LVH and could be
used to monitor treatment response.
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