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Objective  The aim of this study was to investigate the relationship between oxidative 
and antioxidative stress markers with presence of left ventricular dysfunction (LVD) 
and the severity of LVD with coronary artery disease (CAD) in patients who have under-
gone percutaneous coronary intervention (PCI). Further, the role of oxidative and anti-
oxidative stress markers on gender was also investigated.
Methods  This was an observational prospective pilot study of patients diagnosed with 
CAD with LVD who underwent PCI at the center from June 2017 to December 2017. 
Based on the ejection function (EF), patients were categorized into three groups: mild 
(> 40–50%), moderate (> 35–40%), and severe (≤ 35%). The oxidative and antioxidative 
stress markers (malondialdehyde [MDA], glutathione [GSH], and nitric oxide [NO]) were 
studied and compared in these groups and in both genders as subanalysis.
Results  Total 33 patients were enrolled, of whom 23 were male (69.7%) and 10 were 
female (30.3%). Mean age of the study population was 58.8 ± 9.3 years. Significant 
elevation of MDA and NO was seen in 33 (100%) and 26 (78.8%), respectively, and 
decreased GSH was seen in 30 (90.9%). There was no significant difference with respect 
to oxidative and antioxidative stress markers and severity of LVD (MDA, p = 0.25; NO, 
p = 0.79; and GSH, p = 0.2) despite elevated MDA levels in all patients. The subanaly-
sis was done to see the gender effect with oxidative and antioxidative stress markers 
(MDA, p = 0.29; NO, p = 0.10; and GSH, p = 0.50), and they all were insignificant.
Conclusion  In this study, there was no significant relationship of oxidative and anti-
oxidative stress markers on the degree of LVD even though the elevated MDA levels  
suggestive of increased oxidative stress were seen in all patients. The further analysis of 
gender in relation to oxidative and antioxidative stress markers was also insignificant.
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Introduction
The oxidative stress (OS) state is characterized by an  
increase in the amount of reactive oxygen and nitrogen spe-
cies that overwhelm the antioxidant defense systems of the 
body. This state is implicated in the pathophysiology of mul-
tiple chronic conditions, including cardiovascular disease 
(CVD).1 Inflammation and oxidation play a critical role in the 

pathophysiology of atherosclerosis leading to CVD.2,3 Reac-
tive oxygen species (ROS) initiate cellular tissue damage by 
modifying lipids, proteins, and DNA. Oxidative modification 
of LDL by free radicals results in negative effects on vascular 
function such as reduction in nitric oxide (NO) levels, endo-
thelial apoptosis, increase in smooth muscle cell prolifera-
tion, and synthesis of proinflammatory molecules.4 NO is a 
vasodilator agent derived from the endothelium, which also 
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has an inhibitory role in thrombocyte aggregation, leukocyte 
adhesion, smooth muscle cell proliferation, and low-density 
lipoprotein (LDL) oxidation. The decrease in synthesis and 
bioavailability of NO is an important step in the development 
of atherosclerosis.5

Malondialdehyde (MDA), a carbonyl group produced 
during lipid peroxidation, is used widely in determining OS. 
Studies have demonstrated that MDA is an important marker 
of lipid peroxidation and that progression of atherosclerosis 
is correlated with OS and can be followed up using MDA.6 
Glutathione (GSH), a sulfhydryl (SH)–containing tripeptide, 
plays a role in detoxifying oxygen radicals and thus may  
prevent cellular damage from OS. GSH deficiency contributes 
to OS, which plays a key role in aging and the pathogenesis of 
many chronic diseases.

In vitro and in vivo research and experiments in animal 
models have demonstrated that excess free-radical gener-
ation or impaired antioxidant function adversely affects 
the cardiac myocyte function and contributes to congestive 
heart failure (CHF). However, whether free-radical pro-
cesses have a pathophysiologic role in the vast majority of  
patients with CHF due to ischemia is unclear. Theoret-
ically, the authors may expect more OS as the severity of 
left ventricular dysfunction (LVD) increases. Many studies 
have described the correlation of risk factors (hypertension 
[HTN], diabetes mellitus [DM], smoking, family history [FH]) 
and type of CAD with oxidative and antioxidative stress 
markers. Morbidity and mortality following CAD are more 
in women than in men even after revascularization despite 
nullifying the gender bias in the treatment.7 The role of OS 
contributing to this increased risk has never been evaluated. 
This study mainly concentrated to see the relation between 
severity of LVD and gender with oxidative and antioxidative 
stress markers.

Material and Methods
This was an observational prospective pilot study. Patients 
diagnosed with CAD with LVD (left ventricular ejection frac-
tion [LVEF] < 50%) who underwent percutaneous coronary 
intervention (PCI) were included in this study from June 
2017 to December 2017. Patients with end-stage renal dis-
ease (estimated glomerular filtration rate [eGFR] < 30%) were 
excluded. Clinical, echocardiographic, and angiographic 
details were noted. Based on the ejection function (EF) 
obtained on two-dimensional (2D) echocardiography, the 
patients were categorized into three groups: mild (> 40–50%),  
moderate (> 35–40%), and severe (≤ 35%). The oxidative 
and antioxidative stress markers (MDA, GSH, and NO) were 
obtained in all patients, and a comparison between the 
three groups was done. Comparison between both genders 
was also done.

Collection of Samples
Ten-milliliter venous blood was collected from every patient 
to 200 units heparin containing sterile vials. The blood 

was centrifuged immediately at 3,000 rpm (revolution per  
minute) for 15 minutes. The plasma was separated and kept 
on −80°C until the time of analysis.

Estimation of Malondialdehyde
Malondialdehyde is an auxiliary result of lipid peroxidation 
and it was evaluated utilizing the colorimetric response of 
thiobarbituric corrosive (TBA) (BDH Fine Chemicals) in the 
plasma tests. Since the measure assesses the measure of 
TBA-responsive substance, for instance MDA, it is otherwise 
called TBARS (TBA-receptive substance) test and it gives a 
record of the degree of advance of lipid peroxidation.

To 0.5 mL of the serum, 0.5 mL of 30% trichloroacetic 
corrosive (TCA) (BDH Fine Chemicals) and 100 µL of 1% TBA 
reagent were included and secured with aluminum thwart. 
The tubes were kept for 1 hour at 80°C in a shaking water 
bath. Then the tubes were transferred for 10 minutes to  
ice-cold water. The tubes were centrifuged at 3,000 rpm for 
15 minutes. The supernatants were collected. The absor-
bance of the supernatant was checked at 540 nm against  
1 mL of distilled water as blank at room temperature. The 
normal range is 2.70 to 4.50 nanomole/mL.8

Estimation of Nitric Oxide
To 1.0 mL of serum in radioimmunoassay (RIA) tube, add  
40 µL of 1N NaOH and 400 µL of 120 mM zinc sulfate (ZnSO4) 
and Vortex for 30 seconds and is then centrifuged at 3,000 
rpm for 10 minutes. Take 0.5 mL of supernatant into a clean, 
dry glass tube, and add 0.5 mL of vanadium (III) chloride 
(VCL3), 0.25 mL 2% sulfanilamide (SULF), and 0.25 mL 0.1% 
N-(1-Naphthyl) ethylenediamine dihydrochloride (NEDD). 
Vortex for 15 seconds is incubated at 37°C for 30 minutes in 
dark. Read at 540 nm against a blank (1 mL of distilled water). 
Normal range is 24.87 to 48.23 µM/L.9,10

Estimation of Glutathione
To 80 µL of serum in RIA tube add 300 µL of diluted buffer 
and 100 µL of 5,5′-dithiobis (2-nitrobenzoic acid) (DTNB) 
and 1.6 mL of acetonitrile then incubate for 5 minutes at 
37°C. Centrifuge at 3,000 rpm for 5 minutes. Measure the 
absorbance of the supernatant at 412 nm against blank (1 mL  
of distilled water). Normal range is 509 to 657 µmol/L.11,12

Statistical Analysis
All data were presented as the mean ± standard deviation 
(SD). The groups were compared using one-way analysis of 
variance (ANOVA) for multiple comparisons between groups 
and two-tailed Student’s t-test for comparison between the 
groups. Statistical analysis was done with Minitab version 17 
by Minitab, Ltd. The p values < 0.05 were considered statisti-
cally significant.

Results
This was an observational prospective pilot study that enrolled 
33 consecutive patients with mean age of 58.82 ± 9.31 years. 
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Patients were diagnosed with coronary artery disease (CAD) 
with LVD who underwent PCI. Males were 23 (69.7%) and  
10 (30.3%) were females. Twenty-six (78.8%) patients pre-
sented with acute coronary syndrome (ACS). Nineteen 
(57.6%) patients had severe LVD, 8 (24.2%) had moderate LVD, 
and 6 (18.2%) had mild LVD. Descriptive statistics and echo 
parameters are given in ►Table 1.

In ►Table 2 laboratory parameters along with OS mark-
ers are mentioned. Study population showed that mean  
N-terminal prohormone of brain natriuretic peptide 
(NT-proBNP) and high-sensitivity C-reactive protein (hs-CRP) 
were elevated with relative leukocytosis.

All the patients had elevated MDA levels. GSH was shown 
normal in three (9.1%) patients. NO was normal in seven 
(21.21%) patients. Details are described in ►Table 3.

The authors tested the significance of severity of LVD with 
oxidative and antioxidative markers, using one-way ANOVA. 
Details are mentioned in ►Table 4, and box plots are shown 
in ►Fig. 1.

Similarly, the authors also tested the correlation of  
oxidative and antioxidative markers with the type of CAD, 
and details are mentioned in ►Table 5.

Further subanalysis was done to test whether there 
was a correlation between the oxidative and antioxidative 

Table 1  Descriptive and echo parameters of the whole study 
population

Variable Mean ± SD

Age (y) 58.82 ± 9.31

Male (%):Female (%) 23 (69.7%):10 (30.3%)

HTN (%) 20 (60.6%)

DM (%) 16 (48.4%)

ACS (%):CSA (%) 26 (78.3%):7 (21.2%)

EDV (mL) 134.61 ± 24.17

ESV (mL) 86.52 ± 22.28

EDD (mm) 5.22 ± 0.79

ESD (mm) 4.05 ± 0.88

FS (%) 18.76 ± 4.09

EF (%) 37.15 ± 8.11

E/A ratio 1.34 ± 0.57

DT (ms) 130.1 ± 61.4

E/e ratio 12.87 ± 4.14

Abbreviations: ACS, acute coronary syndrome; CSA, chronic stable an-
gina; DM, diabetes mellitus; DT, deceleration time; EDD, end-diastolic 
dimension; EDV, end-diastolic volume; EDV, end-systolic volume; EF, 
ejection fraction; ESD, end-systolic dimension; FS, fractional shorten-
ing; HTN, hypertension; SD, standard deviation.

Table 2  Details of laboratory parameters

Laboratory parameters Value

Peak CPK (U/L) 434 ± 593

hs-CRP (mg/L) 56.6 ± 57.3

NT-proBNP (pg/mL) 8,599 ± 10,627

Total leucocyte count (cells/L) 16,266 ± 32,831

Hb (gm%) 12.43 ± 2.11

Serum creatinine (mg/dL) 1.43 ± 0.78

GSH (µmol/L) 366.9 ± 213.8

MDA (µmol/L) 9.75 ± 1.14

NO (µmol/L) 22.73 ± 26.66

Total cholesterol (mg/dL) 120.40 ± 15.37

HDL (mg/dL) 48.20 ± 13.31

LDL (mg/dL) 45.00 ± 15.57

Triglycerides (mg/dL) 123.33 ± 10.41

LDH (IU/L) 468.0 ± 313.8

Abbreviations: CPK, creatine phosphokinase; GSH, glutathione; Hb, 
hemoglobin; HDL, high-density lipoprotein; hs-CRP; high-sensitivity  
C-reactive protein; LDH, lactate dehydrogenase; LDL, low-density 
lipoprotein; MDA, malondialdehyde; NO, nitric oxide; NT-proBNP, 
N-terminal prohormone of brain natriuretic peptide.

Table 3  Oxidative and antioxidative stress markers details in 
this population

Parameter Normal Abnormal

Malondialdehyde (MDA) 0 33 (100%)

Glutathione (GSH) 3 (9.1%) 30 (90.9%)

Nitric oxide (NO) 7 (21.21%) 26 (78.79%)

Table 4  One-way ANOVA analysis based on LVD

Parameter LVD F value p Value

Mild (mean ± SD) Moderate (mean 
± SD)

Severe (mean ± SD)

GSH (µmol/L) 323.9 ± 46 473 ± 406 335.7 ± 99 1.34 0.27

MDA (µmol/L) 9.09 ± 0.21 9.70 ± 1.29 9.98 ± 1.02 1.44 0.25

NO (µmol/L) 18.8 ± 33.0 19.08 ± 17.14 25.53 ± 28.76 0.23 0.79

Abbreviations: ANOVA, analysis of variance; GSH, glutathione; LVD, left ventricular dysfunction; MDA, malondialdehyde; NO, nitric oxide;  
SD, standard deviation.
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markers with gender, and all were insignificant. The details are  
mentioned in ►Table 6.

As there was no difference of these oxidative and antiox-
idative stress markers, the authors further checked whether 
there was any difference in other parameters between the 

males and females. Details are mentioned in ►Tables 7 and 8. 
Females were older and anemic with more cases of diabetes 
and hypertension. All other parameters including the sever-
ity of LVD, echo diameters, volumes, and other laboratory 
parameters such as renal and NT-proBNP levels were compa-
rable. The authors have not seen the lipid abnormalities even 
though they are the main contributor to atherosclerosis as all 
the patients are already on medication.

Discussion
It is widely established that OS plays a pivotal role in the 
development and pathogenesis of CAD and its complica-
tions.13 Studies have demonstrated that OS may play different 
roles in stable CAD and ACS. Many studies have described the 
correlation of risk factors (HTN, DM, SM, FH) and type of CAD 
with oxidative and antioxidative stress markers. However, 
there is a paucity of data on these markers in LVD and gen-
der differences. This pilot study mainly concentrated on the 
relation between LVD with oxidative and antioxidative stress 
markers, and further analysis was needed to see the gender 
effect on oxidative and antioxidative stress markers.

An increase in the levels of oxidized proteins and reduced 
antioxidant defenses (OS state) in essential hyperten-
sive patients correlates with a worse systolic function and 
reduced diastolic function.14 Kameda et al15 provided clinical 
evidence for a link between OS, matrix metalloproteinase 
(MMP) activation, and LV dilatation in a study in 47 patients 
with ischemic heart disease (IHD) who underwent coronary 
artery bypass graft surgery. Even in this study oxidative pro-
teins were increased in the study population suggested by 
elevated MDA in all patients.

Oxidative stress has long been involved in clinical and 
experimental CHF. The condition reflects an imbalance 
between the production of reactive gas species and endoge-
nous antioxidant defense mechanisms. Elevated OS markers 
have been correlated with myocardial dysfunction and over-
all severity of heart failure. The authors hypothesize that the 
greater LVD would lead to the OS marker elevation and deple-
tion of antioxidative markers. However, in this study, the 
authors observed that there was no significant relationship 
between the degree of LVD with oxidative and antioxidative 
stress markers even though all the patients had elevated  
MDA levels.

Overall, biological differences in atherosclerosis between 
men and women have been suggested but are not yet clar-
ified, and they will need further research in the future. This 

Table 5  One-way ANOVA analysis based on the type of CAD

Parameter Type of CAD

ACS (mean ± SD) CSA (mean ± SD) F Value p Value

GSH (µmol/L) 378.2 ± 238.1 324.9 ± 70.6 0.34 0.56

MDA (µmol/L) 9.61 ± 1.22 10.27 ± 0.56 1.93 0.17

NO (µmol/L) 20.6 ± 22.24 30.6 ± 40.5 0.78 0.38

Abbreviations: ACS, acute coronary syndrome; ANOVA, analysis of variance; CAD, coronary artery disease; CSA, chronic stable angina;  
GSH, glutathione; MDA, malondialdehyde; NO, nitric oxide; SD, standard deviation.
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Fig. 1  Box plots of oxidative and antioxidative markers based on left 
ventricular (LV) dysfunction. GSH, glutathione; MDA, malondialde-
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is a pilot study to see whether OS is different in men and 
women attributing to the difference in atherosclerosis in 
both the sexes. However, this study showed no relationship 
between gender and oxidative and antioxidative markers.

Left ventricular dysfunction progresses to CHF and contin-
ues to contribute to high morbidity and mortality regardless 
of important advances in treatment. The use of new biomark-
ers for prognostication in LVD could be an impetus for the 

Table 6  Comparison of the oxidative and antioxidative markers based on gender

Variable Male (mean ± SD) Female (mean ± SD) p Value

GSH (µmol/L) 380.2 ± 243.4 336.2 ± 127.3 0.50

MDA (µmol/L) 9.63 ± 1.26 10.02 ± 0.79 0.29

NO (µmol/L) 16.72 ± 21.81 36.6 ± 32.6 0.10

Abbreviations: GSH, glutathione; MDA, malondialdehyde; NO, nitric oxide; SD, standard deviation.

Table 7  Comparison of demographics and laboratory parameters in males and females

Variable Male (mean ± SD) Female (mean ± SD) p Value

Number 23 10

Age (y) 56.17 ± 9.32 64.90 ± 6.06 0.004

DM (%) 9 (39.1%) 7 (70%) 0.08

HTN (%) 11 (47.9%) 9 (90%) 0.003

SM (%) 14 (60%) 0 0.000

Alcoholic (%) 9 (39.1) 0 0.000

Other risk factors (%) 6 (26%) 6 (60%) 0.05

Previous history of CAD 3 (13.04%) 1 (10%) 0.79

Hb (gm%) 13.139 ± 1.970 10.830 ± 1.517 0.001

Serum creatinine (mg/dL) 1.322 ± 0.784 1.690 ± 0.743 0.21

Peak CPK (U/L) 432 ± 650 440 ± 466 0.97

LDH (IU/L) 504.5 ± 358.4 384.0 ± 157.6 0.19

hs-CRP (mg/L) 49.1 ± 52.1 79.1 ± 74.3 0.49

NT-proBNP (pg/mL) 6,222 ± 7,168 12,674 ± 14,626 0.31

Total cholesterol (mg/dL) 111.67 ± 12.50 134 ± 5.57 0.10

HDL (mg/dL) 43.33 ± 14.47 55.33 ± 7.51 0.29

LDL (mg/dL) 38 ± 9.54 50.33 ± 17.04 0.35

Triglycerides (mg/dL) 125 ± 14.1 117.5 ± 3.54 0.60

ST2 (ng/mL) 35.2 ± 44.9 86.7 ± 113.0 0.44

Abbreviations: CAD, coronary artery disease; CPK, creatine phosphokinase; DM, diabetes mellitus; Hb, hemoglobin; HDL, high-density lipoprotein; 
hs-CRP; high-sensitivity C-reactive protein; HTN, hypertension; LDH, lactate dehydrogenase; LDL, low-density lipoprotein; NT-proBNP, N-terminal 
prohormone of brain natriuretic peptide; SD, standard deviation; SM, smoking.

Table 8  Comparison of echocardiographic parameters in males and females

Variable Male (Mean ± SD) Female (Mean ± SD) p Value

End-diastolic volume (EDV) (mL) 134.78 ± 25.72 134.20 ± 21.45 0.95

End-systolic volume (ESV) (mL) 87.35 ± 22.96 84.60 ± 21.71 0.75

End-diastolic dimension (EDD) (mm) 5.33 ± 0.86 4.97 ± 0.59 0.18

End-systolic dimension (ESD) (mm) 4.16 ± 0.96 3.79 ± 0.63 0.20

Fractional shortening (FS) (%) 18.57 ± 4.49 19.20 ± 3.16 0.65

Ejection fraction (EF) (%) 36.61 ± 8.85 38.40 ± 6.31 0.52

E/A ratio 1.38 ± 0.58 1.25 ± 0.58 0.56

Declaration time (DT) (ms) 132.9 ± 67.8 123.6 ± 45.9 0.65

E/e ratio 12.72 ± 4.47 13.22 ± 3.44 0.73
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elucidation of CHF that could be therapeutically focused to 
enhance outcome in the affected person.

Even though MDA levels are elevated in all patients, there 
is no significant relationship between the degree of LVD and 
oxidative and antioxidative stress markers. It may indicate 
that the atherosclerotic plaque rupture has more impact 
than cell apoptosis. Whether OS contributes to differences in 
the pattern of atherosclerosis in both the sexes needs to be  
further studied in the larger population.

Limitations
This is an observational prospective pilot study. The results 
need to be confirmed with large population-based studies.

Conclusion
Malondialdehyde levels are elevated in all patients with 
CAD with LVD. However, there is no significant relationship 
between the degree of LVD and oxidative and antioxidative 
stress markers. The subanalysis of the study of gender did  
not have any correlation with oxidative and antioxidative 
stress markers.
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