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ABSTRACT

Obijective: The relationship between oxidative stress and acute myo-
cardial infarction has been shown in studies. Total antioxidant status
(TAS), total oxidant status (TOS), and oxidative stress index (OSI) reflect
the oxidative balance. The risk factors, clinical features, and prognosis
of acute myocardial infarction (AMI) in young patients differ from older
counterparts. This study aims to determine the oxidative stress in the
young acute AMI patients and its' correlation with cardiac markers
within 48 hours by the quantitative measurement of TAS, TOS, and OSI.

Material and Method: In this prospective, controlled study, we
included 50 patients who were 45 years old or younger and di-
agnosed with AMI, as well as 20 healthy individuals as the control
group. TOS and TAS were measured from venous blood samples
via the spectrophotometric method. The oxidative stress index was
obtained from these parameters.

Results: Forty-five of totally 50 patients were male, and the mean
age was (361+6.8).TOS and OSl values were found significantly higher
than in the control group (p=0.002, p=0.005, respectively). TAS val-
ues were found not to be different from the control group (p=0.46).
A significant correlation was found between CK 0. hour (h.), and TOS
0. h.,, CK-MB 0. h., and TOS 0. h., CK 48. h. and OSI 48. h., CK-MB 48.
h. and OSI 48. h., respectively (r=0.36, p=0.008), (r=0.46, p=0.001),
(r=0.32, p=0.03), (r=0.36, p<0.01).

Conclusion: Oxidative stress increases in the early hours of AMI.
The TOS and OSl values are correlated with cardiac markers at only
some time points, and their prognostic values are limited in young
AMI patients. TAS is not correlated with cardiac markers.

Keywords: Total antioxidant status, total oxidant status, oxidative
stress index, myocardial infarction

oz

Amag;: Oksidatif stres ile akut miyokard infarktiisii (AMI) arasindaki
iliski pek cok calisma ile gosterilmistir. Total antioksidan seviyesi (TAS),
total oksidan seviyesi (TOS) ve oksidatif stres indeksi (OSI) oksidatif
dengeyi yansitir. Geng hastalarda AMi'nin risk faktérleri, klinik 6zellik-
leri ve prognozu, yasl gruptan farklidir. Bu calisma TAS, TOS ve OSI'nin
kantitatif lcimii ile geng AMI hastalarinda 48 saat icerisindeki seyrini
ve kardiyak belirteclerle iliskisini belirlemeyi amaclamaktadir.

Gereg ve Yontem: Bu prospektif, kontrolli calismaya 45 yas ve al-
tinda AMI tanisi almis 50 hasta ve kontrol grubu olarak 20 saglkl
birey dahil edilmistir. TOS ve TAS, venoz kan 6rneklerinden spekt-
rofotometrik yontemle ol¢llmustir. Oksidatif stres indeksi bu pa-
rametreler Gzerinden elde edilmistir.

Bulgular: Toplam 50 hastanin kirkbesi erkek ve ortalama yas
(36+6,8) idi. TOS ve OSI degerleri kontrol grubuna gére anlamli
olarak yuksek bulundu (p=0,002; p=0,005). TAS degerleri kontrol
grubundan farkl bulunmadi (p=0,46). Sirasiyla CK 0. saat (s) ve TOS
0.s., CK-MB 0. s. ve TOS 0. s., CK 48. s. ve OSI 48. s., CK-MB 48. s. ve
OSI 48. s. arasinda anlamli bir korelasyon oldugu bulundu (r=0,36,
p=0,008; r=0,46, p=0,001; r=0,32, p=0,03; r=0,36, p<0,01).

Sonug: Oksidatif stres AMi'nin erken saatlerinde artmaktadir. TOS
ve OSI degerleri, yalnizca belirli zaman dilimlerinde kardiyak belir-
teclerle iliskilendirebilmekte ve gen¢ AMI hastalarinda prognostik
degerleri sinirli olmaktadir. TAS, kardiyak belirteclerle iliskili bulun-
mamistir.

Anahtar Kelimeler: Total antioksidan seviyesi, total oksidan sevi-
yesi, oksidatif stres indeksi, miyokard infarkttist
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INTRODUCTION

Oxidative stress plays a critical role in the pathophysiology of
many important diseases. It is defined as the disturbance of
the balance between the oxidative processes and the body’s
antioxidant defense mechanisms. As a result, various damages
occur in DNA, protein, and lipid structures via reactive oxygen
species (ROS) (1,2). Oxidant stress promotes atherosclerosis
through several mechanisms, such as endothelial dysfunction,
inflammation, immune response, and thrombus formation. Ox-
idized lipids initiate a cascade of vascular events, resulting in
atherosclerotic plaques (3).

The effect of oxidative stress on acute coronary syndrome’s
pathogenesis is lipid peroxidation caused by ROS reacting with
unsaturated fatty acids (4-6). The physiological or pathological
roles of ROS depend on their concentration. ROS involves phys-
iological processes; high level of ROS can modify the molecular
structure and function of intracellular molecules. Also, perox-
ide (O,7) may react with nitric oxide (NO), leading to the inacti-
vation and loss of the process of NO, resulting in the generation
of peroxynitrite (ONOO") species and endothelial dysfunction.
These deleterious events may trigger cardiomyocyte dysfunc-
tion in the heart, resulting in contractile dysfunction, impaired
cardiac remodeling, fibrosis, and heart failure (7). Antioxidants
inhibit or delay oxidative damage. There are several biological
antioxidants such as superoxide dismutase (SOD), glutathione
peroxidase (GPD), and catalases that collectively reduce super-
oxide/hydrogen peroxide (or lipid hydroperoxides) to water (or
lipid hydroxides). Antioxidants reduce myocardial damage by
reducing lipid peroxidation, reperfusion damage, and throm-
bosis in acute myocardial infarction (AMI) (3).

The measurement of oxidants and antioxidants separately is
neither practical nor cost-effective. Total antioxidant status
(TAS), total oxidative stress (TOS), and oxidative stress index
(OS]) reflect the oxidative balance (8). TOS and TAS can be eas-
ily measured from venous blood samples using the spectro-
photometric method. The oxidative stress index (OSI), used as
the oxidative stress marker, can be calculated using these two
parameters.

The relationship between oxidative stress and acute coronary
syndrome, ischemic heart failure, and ischemia-reperfusion
damage after myocardial infarction (Ml) has been demonstrat-
ed by several studies (9,10). The risk factors, clinical features,
and prognosis of AMI in young adults differ from those of older
patients. While the incidence of AMI in young patients varies
between 2-10%, it is increasing. Younger patients with ST-el-
evation myocardial infarction (STEMI) were more likely to be
male, obese, smokers with hypertriglyceridemia and low high
density lipoprotein (HDL) levels, and less likely to have other
comorbid conditions than older patients. Younger patients
had a better outcome than older patients without an appar-
ent difference in repeated percutaneous coronary intervention
(PCI) frequency or reinfarction (11). The frequency of coronary
artery disease increases, with the age of onset shifting towards
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a younger generation. Several studies have reported coronary
artery disease in young adult patients (5,12,13,14,15). However,
studies examining oxidative stress in young patients with AMI
are limited.

This study aimed to determine the oxidative stress in young
acute AMI patients and its correlation with cardiac markers
within 48 hours via the quantitative measurement of TAS and
TOS and the calculated OSI. The relationship between oxidative
stress and the infarct type and the number of stenotic vessels
was also examined. We aimed to demonstrate the character-
istics and prognostic value of oxidative stress markers in the
early phases of AMI in young patients.

MATERIAL AND METHOD

In this prospective, controlled study, we included 50 patients
who were 45 years old or younger and diagnosed with AMl and
20 healthy individuals as a control group. Ethical approval was
obtained from the Regional Ethics Committee (N0:2020-39),
and written consent was obtained from all patients. Patients
with stable and unstable angina, malignant hypertension,
cardiogenic shock, chronic kidney failure, chronic obstructive
pulmonary disease, and sleep apnea were excluded from the
study.

The demographic data, medical history, laboratory findings,
and 48 hours of follow-up measurements of troponin-l, cre-
atine kinase (CK), and CK-MB were recorded. Venous blood
samples were obtained at admission (0. hour (h.) of diagnosis)
and 6., 12., 24. and 48. h. after diagnosis. Samples were collect-
ed in 8-10 ml dry blood tubes, centrifuged, separated into go-
dets, and stored at -80°C. The total TOS and TAS were measured
via the spectrophotometric method in an Opera-Technician
autoanalyzer (Bayer). CK, creatine kinase muscle-brain (CK-MB),
and troponin-I values were measured at the exact times.

Erel's method was used to measure TOS (16). Briefly, the oxi-
dants in the sample oxidize the ferrous ion-o-dianicidine com-
plex to ferric ions. Ferric ions form a colored complex with
xylenol orange in an acidic environment. The intensity of the
color is related to the amount of oxidants in the sample and
is measured spectrophotometrically (16). The results were re-
ported as mmol /L.

Erel's method was also used to measure TAS (16). Briefly, an
Fe*?-o-dianicidine complex forms a Fenton reaction with hydro-
gen peroxide and generates OH* (hydroxyl) radicals. This potent
reactive oxygen-type reducer reacts with the colorless o-diani-
cidine molecule at a low pH to form the yellow-brown dianisdyl
radical. Dianisdyl radicals cause advanced oxidation reactions
and increase color formation. However, antioxidants in the sam-
ples suppress these oxidation reactions and stop color formation.
Similar to the measurement of TOS, this reaction is measured via
a spectrophotometer (16). The results were reported as mmol /L.

OSl is calculated using the following equation: TOS/TAS x 100.
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Statistical analysis

Quantitative variables were presented as (mean + standard
deviation). Categorical variables were shown as n (%). The
Kolmogorov-Smirnov test was used to determine the distri-
bution of continuous data. Normally distributed continuous
data were compared via a Student’s t-test, and multiple data
were compared with ANOVA tests. Non-normally distributed
continuous data were compared with Mann-Whitney-U and
Kruskal-Wallis tests. Categorical data were compared using
the chi-square test. Pearson’s test was used to examine the
correlations of variables. All statistical analyses were conduct-
ed using SPSS software version 22 (IBM Corp., Armonk, NY).
Variables were discussed at a 95% confidence interval, and p<
0.05 was considered significant.

RESULTS

A total of 50 patients and 20 healthy individuals were included
in this study. Forty-five patients (90%) were male, and the mean
age was (36+6.8) years. Smoking (82%) and hypertension (78%)
were the most common traditional risk factors in young adult
Ml patients. Demographic data, cardiac risk factors, infarct type
and localization, culprit vessel, number of stenotic vessels, and
treatment strategies in STEMI patients are shown in Table 1.

The most frequent localizations in STEMI patients were anterior
(38%) and interior (28%). The most common culprit lesion was
the left anterior descending (LAD) artery (66%). Primary PCl
(52%) was the most common reperfusion strategy in patients
with STEMI.

The mean TOS values at admission and 6., 12., 24. and 48. h.
after diagnosis were 15.6+10.7, 16.1+9, 14.7+7.2, 17£11.1, and
13.4+7.0 mmol/L, respectively.

The mean TAS values at admission and 6., 12., 24. and 48. h.
diagnosis were 0.79+0.21, 0.84+0.26, 0.83+0.28, 0.80+0.24, and
0.81+0.24 mmol/L, respectively.

The mean OSI at admission and 6., 12., 24. and 48. h. after di-
agnosis were 1854+898.6, 1968+1235, 1902+878, 2328+1673,
and 1789+854, respectively.

The TOS (p=0.002) and OSI (p=0.005) values of young AMI
patients at admission were significantly higher than those of
the control group. The TAS values of young AMI patients at
admission were not different from those of the control group
(p=0.46) (Table 2).

The TOS value was increased in 6. h. after diagnosis, followed by
a partial decrease until 12. h after diagnosis. Then, the TOS value
increased again, reaching a peak level 24. h. after diagnosis, be-
fore decreasing until 48. h. after diagnosis (Figure 1). The TAS val-
ue increased until 6. h. after diagnosis before plateauing for the
study period’s remainder (Figure 2). Like the TOS value, the OSI
value increased until 6. h. after diagnosis, followed by a partial
decrease until 12. h. after diagnosis, then peaked at 24. h. after
diagnosis before decreasing until 48 h. after diagnosis (Figure 3).
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Table 1. Baseline characteristics and initial oxidative stress

markers of patients.

Age 36+6.8
Male 45 (90%)
Hypertension 39 (78%)
Hyperlipidemia 34 (68%)
Smoking 41 (82%)
Family history 31 (62%)
Diabetes mellitus 11 (22%)
ST-elevation miyocardial infarction 36 (72%)
Non-ST elevation myocardial infarction 14 (28%)
Anterior myocardial infarction 19 (38%)
Inferior myocardial infarction 14 (28%)
Anteroseptal myocardial infarction 2 (4%)
Lateral myocardial infarction 1 (2%)
Left anterior descending 33 (66%)
Circumflex 13 (26%)
Right coronary artery 22 (44%)
Left main coronary artery 1(2%)
Primary percutaneous coronary intervention 26 (52%)
Tissue plasminogen activator 7 (14%)
Streptokinase 2 (4%)
Rescue percutaneous coronary intervention 2 (4%)
Single-vessel 33 (66%)
Two-vessel 11 (22%)
Three-vessel 4 (%8)
BUN mg/dl 14.1£4.3
Creatinine mg/d| 0.9+0.2
Glucose mg/dl 129463
HbA1c 8.312
Hemoglobin mg/d! 14.4+1.77
WBC mg/dl 1460041100
Uric acid mg/d| 5.2+1.1
Total cholesterol mg/dl 201+44
Low density lipoprotein mg/d| 130.2£33.2
High density lipoprotein mg/dl 36%6,6
Triglyceride mg/dl 197+133
Troponin-I (0. hour) mg/dl 0.09+0.22
Creatine kinase (0. hour) mg/d/ 229.4+124.8
Creatine kinase muscle-brain (0. hour) mg/dl 25+15.7
Total oxidant status (0. hour) mmol/L 0.79+0.21
Total antioxidant status (0. hour) mmol/L 0.79+0.21
Oxidative stress index (0. hour) 1854+898
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Table 2: Comparison of oxidative stress parameters between patients and the control group.

Myocardial infarction (n=50) Control group (n=20) p value
Total oxidant status (0. hour) 17.33£12.19 11.31£2.85 0.002
Total antioxidant status (0. hour) 0.80+0.25 0.77+0.56 0.46
Oxidative stress index (0. hour) 2019.7£1011.3 1487.9+434.24 0.005
TOS {(mmol/L)
30
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Figure 1. Course of TOS within 48 hours: TOS increased until 6. hours, followed by a partial decrease until 12. hours, and then
increased again, reaching the peak level at 24. hours and decreasing again until 48. hours.
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Figure 2. Course of TAS within 48 hours: TAS increased until 6. hours and that it generated a plateau.
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Figure 3. Course of OSI within 48 hours: The graphical course of OSl is parallel to TOS.
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A significant correlation was found between TOS and CK
(r=0.36; p=0.008) and CK-MB (r=0.46; p=0.001) at admission
and OSl and CK (r=0.32; p=0.03) and CK-MB (r=0.36; p<0.01) at
48 h. after diagnosis (Table 3). No other significant correlations
were found.

The TOS, TAS, and OSI values were compared between pa-
tients with and without STEMI. The TOS values at admission
were significantly higher in the patients with STEMI than in
the patients with Non-ST elevation miyocardial infarction
(NONSTEMI AMI) (p=0.06) (Table 4). No other significant dif-
ferences were found.

The patients were divided into three groups according to
the number of stenotic vessels: single-vessel, two-vessel, and
multi-vessel disease. The TOS, TAS, and OSI values were com-
pared between these subgroups. A significant difference
in TOS was found between the three groups at admission
(p=0.008) and 12 h. after diagnosis (p=0.02), and a significant
difference in TAS was found between the three groups at ad-
mission (p=0.009) and 6 h. after diagnosis (p=0.05) (Table 5).
No significant differences were found between binary groups
in a post hoc analysis.

DISCUSSION

This study found that oxidative stress increases in the early
hours of AMI in young patients. There is a significant, yet low,
correlation between oxidative stress markers and cardiac mark-
ers several hours after diagnosis. The most common traditional
risk factors for young AMI patients were identified as smoking
and hypertension. Consistent with our findings, Yildinm et al.
found that most of the patients who experience AMI at less
than 40 years of age were male and that smoking is the most
significant risk factor (12). However, Tungusubutra et al. found
that family history is the most important risk factor for patients
less than 45 years old with an acute coronary syndrome (13).

Another study reported that STEMI occurred more frequently in
patients with an acute coronary syndrome under 35 than in old-
er patients. The preferred treatment is primary PCl, similar to our
study (14). Colkesen et al. found that single-vessel disease is the
most frequent. The most common MI presentation is anterior,
and the LAD artery is most often the affected artery in patients
under 35 years of age with STEMI, similar to our study (15).

In our study, the TOS and OSI values at admission were signifi-
cantly higher in the patient group than in the control group.

Table 3. Pearson correlation coefficients between the cardiac markers and the oxidative stress parameters.

r coefficient p value
Creatine kinase (0. hour) - Total oxidant status (0. hour) 0.36 0.008
Creatine kinase muscle-brain (0. hour) - Total oxidant status (0. hour) 0.46 0.001
Creatine kinase (48. hour) - Oxidative stress index (48. hour) 0.32 0.03
Creatine kinase muscle-brain (48. hour) - Oxidative stress index (48. hour) 0.36 0.01

Correlation is significant for p<0.05
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Table 4. Comparison of oxidative stress parameters between STEMI and NONSTEMI patients.

STEMI (n=36) NONSTEMI (n=14) p value

Total oxidant status (0. hour) 18.9+13.2 13.1+7.8 0.06
Total oxidant status (6. hour) 16.3£8.9 15.3+9.7 0.5

Total oxidant status (12. hour) 15.1£7.9 13.8+5.3 0.94
Total oxidant status (24. hour) 17.1£11.7 16.8+£9.7 0.84
Total oxidant status (48. hour) 14.1+7 11.7+7 0.25
Total antioxidant status (0. hour) 0.81+0.29 0.76+0.08 0.72
Total antioxidant status (6. hour) 0.86+0.3 0.77+0.8 0.85
Total antioxidant status (12. hour) 0.85+0.3 0.77+0.08 0.69
Total antioxidant status (24. hour) 0.83+0.28 0.78+0.07 0.41
Total antioxidant status (48. hour) 0.83+0.28 0.77+0.09 0.83
Oxidative stress index (0. hour) 2053.4+977 1932.6+1136 0.6

Oxidative stress index (6. hour) 2021.5%£1318.2 1833.13+1029.7 0.97
Oxidative stress index (12. hour) 1863.7+£944.1 2000.7+708.2 0.46
Oxidative stress index (24. hour) 2318.3+1834.5 2356.2+942.4 0.37
Oxidative stress index (48. hour) 1822.9+832.8 1703.1£942.4 0.64

However, there was no significant difference in the TAS values
at admission. This may be explained by the late onset of the
antioxidant response.

Ho et al. reported that the levels of the oxidative markers as
8-hydroxydeoxyguanosine (8-OHdG) and myeloperoxidase
(MPO) were significantly higher and that the antioxidant ca-
pacity (measured as GPD and vitamin E) was significantly lower
in patients with MI (17). In a recent study by Lo Presti et al., oxi-
dant products were significantly higher, and antioxidant prod-
ucts were significantly lower in patients under 45 years old with
AMI than in the control group (18). These findings are consis-
tent with our study in terms of TOS and OSI, but not TAS. Oxi-
dative stress is initiated early in the infarction stage. However,
an antioxidant response occurs hours or days later. In the study
conducted by Lo Presti et al., blood samples were collected in
the late phase of MI. The antioxidant response is likely to have
been initiated, which may account for the difference in TAS re-
sults between their study and ours.

We found that the levels of troponin, CK-MB, TOS, and OSI values
exhibited a similar pattern until 6 hours after diagnosis. It has been
reported that plasma thioredoxin levels, which are an indicator of
oxidative stress, decrease at 12 h. after diagnosis and plateau at
approximately four weeks after diagnosis (19). The difference in
the patterns of oxidative stress indicators may be because differ-
entindicators were used in this study and that the ischemia-reper-
fusion injury may result in an increased oxidant capacity and oxi-
dative index at more than 24 hours after diagnosis.

According to successful and unsuccessful reperfusion, anoth-
er study that divided patients with STEMI after thrombolytic
administration reported the antioxidant capacity at 1.5., 6.,
12.,and 24. h. and 2., 4., and 8. days after diagnosis (20). In the
group that did not undergo successful reperfusion, the antiox-
idant capacity was significantly lower than that of the control
group for as long as seven days after diagnosis. A significant in-
crease in the antioxidant enzyme levels within the group’s first
hours underwent successful reperfusion. These levels started
to decrease after the third day and regressed to normal levels
in the following days. The antioxidant response in this study
was partially similar to that observed in our study.

The number of studies examining the correlation of oxidative
stress parameters with cardiac markers in Ml is quite limited, and
the results are controversial. Furthermore, to the best of our knowl-
edge, this is the first study of young AMI patients. Cardiac markers
have been reported to be correlated with MPO levels at 24. and 96.
h. after diagnosis of AMI (21). However, these results were found in
an older patient population with different oxidative stress param-
eters, inclusion and exclusion criteria, and study design. Another
study reported a correlation between Nt-proBNP and troponin-T
but no correlations with oxidative stress markers (4).

Oxidative stress and antioxidant capacity in AMI patients were
significantly higher and lower, respectively, in STEMI patients
compared to NONSTEMI patients in a previous study (22).
These results are consistent with those of our study. A signif-
icant, positive correlation was found between OSI| and the
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Table 5. Comparison of oxidative stress parameters according to the number of stenotic vessels.

One vessel (n=33) Two vessel (n=11) Three vessel (n=5) p value

Total oxidant status (0. hour) 13.8+7 24.8+17.9 25.3+16 0.008
Total oxidant status (6. hour) 16.5£10.2 14+5.6 18.6£8.1 0.6
Total oxidant status (12. hour) 12.9+5.7 18.9+10 18.8+4.1 0.02
Total oxidant status (24. hour) 17.1£11.9 15.748 18.8+4.1 0.86
Total oxidant status (48. hour) 13.5£7.6 12.8+5.3 15.5+7.4 0.78
Total antioxidant status (0. hour) 0.79+0.18 0.64+0.2 1.1+0.5 0.009
Total antioxidant status (6. hour) 0.8+0.1 0.8+0.3 1.1+0.48 0.05
Total antioxidant status (12. hour) 0.81+0.24 0.81+0.3 1£0.52 0.39
Total antioxidant status (24. hour) 0.82+0.2 0.81+0.3 0.83+0.4 0.99
Total antioxidant status (48. hour) 0.81+0.2 0.83+0.2 0.8+0.25 0.99
Oxidative stress index (0. hour) 1905.8+936.6 2571.1£1199 19612+1010 0.61
Oxidative stress index (6. hour) 2086+1378 1734+781 1761£1010 0.73
Oxidative stress index (12. hour) 1833.9£851 2137.4+981 2152.8+1012 0.6
Oxidative stress index (24. hour) 2442+1890 23131230 1526+368 0.6
Oxidative stress index (48. hour) 1811+£937 1880+762 15524455 0.82

GRACE risk scoring system for M, indicating the importance of
OSl for these patients’ prognoses (23).

The TOS and TAS were found to be significantly different in patients
with one-, two-, or three-vessel disease in our study. However, these
differences were only present at certain hours after diagnosis. Simi-
lar to our study, a previous study reported no significant difference
in oxidative stress markers between patients with a high SYNTAX
score (indicates the extent and the severity of coronary artery dis-
ease) and those with a low SYNTAX score (8). Another study, includ-
ing patients below 35 with AMI, found that the SYNTAX score was
positively correlated with the OSI and TOS values (24).

Treatments initiated in the first days of patients diagnosed
with acute myocardial infarction, especially aspirin and statin,
may also affect oxidative stress parameters (25,26). It is known
that both drugs reduce oxidative stress, but since the doses of
these drugs were not obtained in our study, we cannot clearly
understand their absolute effects on TOS, TAS, and OSI.

A small sample size, a single-center design, and a limited fol-
low-up period of cardiac, oxidative, and antioxidant param-
eters limit this study. Multi-center studies with larger patient
populations are needed.

In conclusion, oxidative stress increases in the early hours of AMI.
The TOS and OSI values are correlated with cardiac markers at
only some time points, and their prognostic values are limited in
young AMI patients. TAS is not correlated with cardiac markers.
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