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ABSTRACT 

Bacground: Acute Myocardial Infarction (AMI) results in necrosis of the myocardium due to blockage in the coronary 

artery. AMI is classified into two categories, STEMI and NSTEMI. AMI is a multifactorial condition closely related to 

the increase in production of reactive oxygen species (ROS). As the end product of lipid peroxidase, Malondialdehyde 

(MDA) is often used as a biomarker for oxidative stress. Objective: To prove the difference between profiles of 

oxidative stress marker (MDA) in STEMI and NSTEMI. Methods: An observational analytic study with a cross-

sectional study approach done in Dr. Kariadi Central Public Hospital and Diponegoro National Hospital, Semarang, 

Central Java, between April and September 2020. Subjects were diagnosed by the presence of chest pains and an 

increase in CKMB and troponin levels. The study was conducted on 47 subjects consisting of 20 STEMI samples and 

27 NSTEMI samples. Serum MDA was examined using the TBARS method. Data were analyzed by a computer 

program. Results: Mean serum MDA in STEMI and NSTEMI was 0,22 ± 0,12 μmol/L and 0,82 ± 0,92 μmol/L 

respectively. From the statistical analysis, results showed that the difference in serum MDA concentrations between 

STEMI and NSTEMI were significant (p = 0,007). Conclusion: Malondialdehyde concentration in NSTEMI was 

significantly higher than in STEMI. Further studies are needed to confirm which type of MDA is more accurate, to 

understand the effect of lipid profile towards STEMI and NSTEMI, and to put patient’s medical history into 

consideration. 
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INTRODUCTION 

 Globally, cardiovascular disease (CVD) is 

the number one cause of death. According to the 

World Health Organization (WHO), an estimated 

7.4 million deaths were caused by coronary heart 

disease in 2015.
1
 Based on the Sample Registration 

System (SRS) survey in Indonesia in 2014, 

coronary heart disease (CHD) is the second highest 

cause of death in all ages, which is 12.9%.
2
 It is 

estimated that 23.6 million people will die from 

CVD by 2030. Indonesia’s Basic Health Research 

(Riskesdas) data for 2018 shows that the highest 

prevalence for CVD in Indonesia is CHD at 1.5% .
3
 

Atherosclerosis is a significant component 

of most cardiovascular diseases, including 

myocardial infarction. Acute myocardial infarction 

(AMI) is the occurrence of myocardial tissue 

necrosis caused by decreased oxygen supply in the 

blood due to critical blockage of the coronary 

arteries by embolus or thrombus.
4
 Acute myocardial 

infarction is classified based on the presence or 

absence of ST segment elevation on the ECG. The 

presence of ST segment elevation is categorized as 

ST-elevation myocardial  

 

infarction (STEMI), whereas if it is absent it is 

categorized as non-ST-elevation myocardial 

infarction (NSTEMI).
5
 Ischemia is more severe in 

STEMI as there is total blockage compared to 

NSTEMI. 

 The pathogenesis of atherosclerosis has a 

high correlation with reactive oxygen species 

(ROS) .
6
 Reactive oxygen species are a group of 

small reactive molecules that play an important role 

in the homeostasis of the vascular cells. However, 

uncontrolled production of ROS has implications 

for vascular injury. Endogenous anti-oxidants serve 

as checkpoints for avoiding unwanted 

consequences of ROS. This imbalance in the 

oxidant / anti-oxidant mechanism causes a 

condition known as oxidative stress. 
7
 

 The level of oxidative stress can be 

measured by calculating the concentration of 

Malondialdehyde (MDA). MDA is a secondary 

product of lipid peroxidation, a chain phenomenon 

that produces various active compounds that 

damage cells.
8
 Oxidant compounds such as free 

radicals or non-radical species attack lipids that 

contain carbon-carbon double bonds, especially 
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unsaturated fatty acids (PUFA).
9
 The process of 

forming MDA can be enzymatic or non-enzymatic. 

MDA is widely used as a biomarker for assessing 

oxidative stress. 

Determination of serum MDA levels can be 

done in several ways, one of which is the 

thiobarbituric acid-reactive substance (TBARS) test 

because MDA is included in the TBARS category. 

This method is based on the reaction between the 

MDA complex and the Thiobarbituric Acid Assay 

(TBA) in an acidic atmosphere to form a pink 

MDA-TBA complex. The MDA-TBA complex 

formed is then measured for its intensity using a 

spectrophotometer. The method was developed by 

adding HPLC and gas chromatography mass 

spectrometry (GC-MS) to increase its specificity 

and sensitivity. 

MDA biomonitoring has been used in in-

vivo and in-vitro research as a major biomarker of 

various disease patterns including hypertension, 

diabetes, atherosclerosis, heart failure and cancer.
8
 

It is clear that MDA has a role in the pathogenesis 

of atherosclerosis. However, there is still a clear 

knowledge gap about MDA as a marker for AMI in 

particular. Therefore, this study aims to identify 

differences in the markers of oxidative stress 

(MDA) in STEMI and NSTEMI. 

 

METHOD 

 This study is an analytical observational 

study with a cross sectional approach, which aims 

to determine differences in MDA levels as a marker 

of oxidative stress in STEMI and NSTEMI patients. 

The subjects of this research are acute myocardial 

infarction (AMI) patients of RSUP. Dr. Kariadi and 

the Diponegoro National Hospital (RSND), 

Semarang in 2020 in the April-September period. 

Subjects consisted 47 acute myocardial 

infarction patients divided into 2 groups, namely 20 

STEMI patients and 27 NSTEMI patients who were 

selected through cluster sampling by means of 

consecutive sampling that met the inclusion and 

exclusion criteria. Subjects in the study were 

patients suffering from acute myocardial infarction 

(STEMI and NSTEMI) who were excluded if the 

patient regularly took antioxidant supplements, 

patients regularly took cholesterol or triglyceride 

drugs, patients with cancer or malignancy, and 

patients who had infections. 

The independent variable of this study was 

acute myocardial infarction (STEMI and NSTEMI). 

The dependent variable of this study is the level of 

MDA. MDA levels in IMA patient samples were 

measured using a spectrophotometer with the 

thiobarbituric acid-reactive substance (TBARS) 

method. The sample used in this study was blood 

serum taken from AMI patients after signing an 

informed consent. MDA levels were measured at 

the Diponegoro National Hospital (RSND) 

laboratory. 

 The collected data was processed with a 

computer program. All research results were 

presented in the form of means and their standard 

deviation. The Saphiro-Wilk test was used to test 

normality of the data. The differences between 

groups were compared using the Mann Whitney 

test. In this study, ethical clearance was obtained 

from the Health Research Ethics Commission of the 

Faculty of Medicine (KEPK, Diponegoro 

University, Semarang with No. 110 / EC / KEPK / 

FK-UNDIP / VI / 2020. 

 

RESULTS 

 The research was conducted at RSUP Dr. 

Kariadi and RSND from April to September 2020. 

A total of 47 respondents participated in the study, 

19 patients from RSUP Dr. Kariadi and 28 patients 

from Diponegoro National Hospital. There were 20 

STEMI patients and 27 NSTEMI patients. 

Subject Descriptive Statistics 

 The distribution of subject characteristics in 

the two groups is presented in Table 1. Of the 47 

subjects, there were 30 males and 17 females. The 

mean age of the subjects was older in the NSTEMI 

group than in the STEMI group, with age of 59.96 

± 11.16 years and 56.35 ± 7.44 years, respectively, 

with the youngest age being 35 years and the oldest 

being 87 years. 
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Table 1. Characteristic Distribution of STEMI & NSTEMI Subjects 

Variable Mean ± SD Median  

(Min – Max) 

Age (years) 

- STEMI 

- NSTEMI 

 

56,35 ± 7,44 

59,96 ± 11,16 

 

56 (41-67) 

57 (35-87) 

Sex 

- Male n= 30 (63,8%) 

- Female n= 17 (36,2%) 

  

Table 2. MDA Serum Levels for STEMI and NSTEMI Groups 

Variable Mean ± SD Median  

(Min – Max) 

Differential 

Analysis 

(p) 

MDA (μmol/L) 

- STEMI 

- NSTEMI 

 

 

0,22 ± 0,12 

0,82 ± 0,92 

 

0,20 (0,04-0,62) 

0,33 (0,04-2,84) 

 

0,00 

0,00 

 

Normality and Difference Test 

The data obtained from the examination of 

MDA levels   is a numerical ratio data. MDA levels 

were measured by an electro photometer. 

Descriptive analysis of MDA levels can be seen in 

Table 2. 

MDA levels in STEMI patients had an 

average value of 0.22 ± 0.12 μmol/L with a median 

value of 0.20 μmol/L, a minimum value of 0.04 

μmol/L and a maximum value of 0.62 μmol/L. 

MDA levels in NSTEMI patients had a mean value 

of 0.82 ± 0.92 μmol/L with a median value of 0.33, 

a minimum value of 0.04 μmol/L and a maximum 

value of 2.84 μmol/L. The results of the normality 

test using Saphiro Wilk showed p <0.05, which 

indicates that the data distribution was not normal. 

Data transformation has been carried out but the 

data distribution is still not normal. 

 

DISCUSSION 

Characteristic of research subjects 

This study included 47 AMI patients who 

were willing to take part in the study and met the 

inclusion and exclusion criteria. The gender of the 

research subjects consisted of 30 men (63.8%) and 

17 women (36.2%). The percentage of male 

patients in this study was greater than that of 

women. This is in accordance with the research of 

Deborah R. Zucker et al, which received more male 

subjects with AMI than women.
10

 Roshan Raut 

(2017) stated that men suffer from AMI more than 

women because of risk factors associated with 

CAD are more common in men.
11

 Of the various 

risk factors, smoking and dyslipidemia play the 

biggest role. These two risk factors are more 

common in men. Meanwhile, women have 

protective factors such as the endogenous hormone 

estrogen (17-β-estradiol which is biologically 

active) which has been shown to protect the heart 

from damage.
12

 
13

 
14

 

 The median age of the study subjects in the 

STEMI group was 56 years, with a mean age of 

56.35 ± 7.44 years. Meanwhile, the median age of 

the research subjects in the NSTEMI group was 57 

years with a mean age of 59.96 ± 11.16 years. This 

is in accordance with the research of Boyer, et al 

(2018) which found a significant increase in the 

relative proportion of AMI patients between the 

ages of 45 and 65 years.
15

 Advanced age has been 

found to be the most common risk factor among 

men and women although there is a delay of up to 

7-10 years for women to develop AMI compared to 

men.
16

 

Differences in MDA levels in STEMI and 

NSTEMI patients 

The results of this study indicated that 

MDA levels in the NSTEMI group were higher 

than in the STEMI group. Malondialdehyde (MDA) 

is an end product of the lipid peroxidation chain 

reaction which is often used as a marker of 

oxidative stress.
17
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Apart from the unconjugated form (free 

MDA), MDA can also be found in the conjugated 

form. In the measurement of oxidative stress, 

conjugated MDA is used as an index to indicate 

recent damage
18

, whereas unconjugated MDA is a 

marker of prolonged injury
19

. The sum amount of 

unconjugated (free MDA) and conjugated MDA is 

often referred to as total MDA. 

The examination of MDA levels in this 

study was carried out by measuring the levels of 

free MDA. So far, free MDA is more commonly 

used than total MDA as a biomarker of oxidative 

stress.
20

 This is because the free MDA analysis 

method is easier to perform. An additional acid or 

base hydrolysis step is required to obtain the total 

MDA number.
21

 However, various proteins and 

nucleic acids can pick up free MDA, so measuring 

free MDA does not accurately reflect the amount of 

MDA generated from lipid peroxidation. On the 

other hand, dietary intake may contribute to 

conjugated MDA.
22

 The results of a study by Cui et 

al, 23 found that serum free MDA and total MDA 

levels did not have significant differences as 

biomarkers of oxidative stress. Therefore, it is not 

clear which of the two forms of MDA is more 

accurate to be biomarkers of oxidative stress 

induced by lipid peroxidation. 

Malondialdehyde as a marker for oxidative 

stress does not accurately describe the severity 

between STEMI and NSTEMI. This is consistent 

with a study conducted by Lavall et al, where the 

profiles of oxidative stress in the STEMI and 

NSTEMI groups were not much different, and the 

difference between the two groups was not 

significant when only looking at the degree of 

occlusion in the arteries.
24

 The study suggests that 

total occlusion in STEMI and partial occlusion in 

NSTEMI did not affect MDA levels. However, 

both conditions stem from the same 

pathophysiological process. 

The pathogenesis of AMI is a multifactorial 

process that has many risk factors. Of the various 

risk factors, the one that has the greatest impact on 

MDA levels is dyslipidemia.
25

 

Many studies have found that serum MDA 

is higher in subjects with hyperlipidemia. A study 

found that the MDA concentration in the 

hyperlipidemic group was 2,48-fold higher.
26

 This 

suggests an increase in oxidative stress with 

progressive hyperlipidemia. It is known that the 

hyperlipidemic state is associated with changes in 

the physical properties of the cell membrane
27

, 

which may facilitate the release of free radicals 

from the mitochondrial electron transport chain or 

the activation of NADPH oxidase
28

. Increased lipid 

peroxidation is thought to be a consequence of 

oxidative stress which occurs when the dynamic 

balance between prooxidant and antioxidant 

mechanism is disturbed.
29

 

Several hyperlipidemic drugs have been 

shown to have beneficial effects not only for 

maintaining lipid profiles, but also for reducing 

oxidative stress.
30

 The statin class of drugs has been 

shown to act as anti-atherogenic which can improve 

endothelial function, inhibit vascular inflammation, 

and stabilize atherosclerotic plaque. Non-steroidal 

anti-inflammatory drugs (NSAIDs) can also affect 

MDA concentration. It has been proven from a 

study that NSAIDs have a significant antioxidant 

role by scavenging radicals.
31

 

The limitation of this study is that only the 

serum MDA concentration was examined, hence it 

does not describe the true state of oxidative stress. 

It is known that there are several factors that can 

affect the concentration of MDA. Information 

regarding medical history, risk factors, lipid profile, 

and medication history could affect MDA 

concentration was not available. These factors that 

were not considered caused a decrease in the 

accuracy of the results. 

 

CONCLUSION AND SUGGESTIONS 

Conclusion 

There is a significant difference in MDA 

concentrations in STEMI and NSTEMI. 

Suggestions 

1. Further research on the correlation of free 

MDA and total MDA needs to be done to find 

out which is a more accurate form of MDA to 

portray MDA concentration. 

2. Unconjugated MDA, conjugated MDA, and 

total MDA need to be examined according to 

history of disease. 

3. Lipid profile should be examined in order to 

consider its effect on MDA in STEMI and 

NSTEMI patients. 

4. History of treatment in the STEMI and 

NSTEMI patients needs to put into 

consideration. 
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5. Subsequent research regarding the effect of 

drugs such as statins and NSAIDs on MDA 

levels need to be done. 

6. Further research on the pathophysiology of 

STEMI and NSTEMI to determine the causes 

of the differences between the two conditions 

clinically. 
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