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INTRODUCTION

ABSTRACT

Background: Cardiovascular disease is a leading cause of global mortality,
with Indonesia ranking third in the highest cardiovascular deaths. Acute
myocardial infarction, divided into STEMI and NSTEM], is part of the acute
coronary syndrome due to total occlusion of coronary arteries requiring
immediate revascularization. Diabetes Mellitus reduces endothelial nitric
oxide synthase (eNOS) and nitric oxide (NO) production, leading to
endothelial dysfunction and an increased risk of vascular disease. DM-
related endothelial dysfunction affects vascular relaxation and the
formation of atherosclerotic plaques as well as thrombi in ST-elevation
myocardial infarction (STEMI). Methods: This research was an analytical
observational study with a cross-sectional approach, using normality tests
and the Mann-Whitney U Test. The research sample was collected using
consecutive sampling techniques and obtained from the medical records of
72 confirmed STEMI patients, with and without comorbid Diabetes
Mellitus. Results: The research results indicated that the majority of
patients were in the age range of 60-69 years (52.7%), male (86.1%), with
a Body Mass Index (BMI) of 23-24.9 (45.8%), comorbid hypertension
(52.7%), and a history of smoking (72.3%). The mean eNOS level in the
control group was Median eNOS 38,839 U/mL with maximum level
584,762 U/ml and minimum 17,024 U/ml. Median eNOS level in the test
group was 36,077 U/mL with the maximum level 679,754 U/ml and
minimum 1,836 U/ml. Conclusions: There was no significant difference in
eNOS levels between the two groups (Sig (2-Tailed) > 0.05).

Data from the World Health Organization (WHO) in 2012 states that cardiovascular diseases are the
leading cause of death globally, with Indonesia ranking third. Approximately 7,200,000 (12.2%)
deaths worldwide are attributed to this disease (Tsao et al., 2023).

942


mailto:bagusandina@gmail.com

Cendekia: Jurnal Penelitian dan Pengkajian limiah, Volume 3 No. 6 2026, 942 - 951

Acute Myocardial Infarction (AMI) has the highest case fatality rate (CFR) compared to other heart
diseases (Puymirat et al., 2017). According to national epidemiological reports, several provinces in
Indonesia demonstrate a relatively high prevalence of cardiovascular disease (Alhabib et al., 2019).

Acute Myocardial Infarction (AMI) is part of the Acute Coronary Syndrome (ACS). Acute Coronary
Syndrome (ACS) is a cardiac emergency condition characterized by clinical manifestations such as
discomfort in the chest or other symptoms caused by myocardial ischemia. Acute myocardial
infarction is myocardial necrosis resulting from inadequate blood supply due to acute obstruction in
the coronary arteries (Go et al., 2013). The occlusion typically occurs due to the rupture of an
atheromatous plaque in the coronary arteries, followed by thrombosis, vasoconstriction,
inflammatory reactions, and distal microembolization (Muttaqin, 2014).

Endothelial nitric oxide synthase (eNOS, NOS3) plays a crucial role in the production of nitric oxide
(NO), an essential molecule that can act directly or indirectly as a vasodilator and anti-inflammatory
mediator. Nitric oxide is a vasoactive enzyme produced by endothelial cells with antiproliferative
effects on vascular smooth muscle cells. Optimal availability of NO for artery dilation supports
normal endothelial repair, but an excess of NO can also lead to the production of free radicals. Nitric
oxide is not only a potent vasodilator but also a strong anti-thrombotic agent, playing biological roles
in digestion, respiration, the nervous system, and the immune system. The loss of endothelial ability
to produce and release NO can trigger the atherogenic process (Darwin et al., 2018).

Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyperglycemia resulting
from impaired carbohydrate, lipid, and protein metabolism due to inadequate insulin secretion,
insulin action, or both. Patients with DM have a higher risk of acute myocardial infarction compared
to non-DM patients (Romesh, 2023). Diabetes mellitus can reduce endothelial nitric oxide synthase
(eNOS). Nitric oxide is synthesized from L-arginine through eNOS. Reduced eNOS affects the effects
of NO, leading to increased activity of the proinflammatory transcription. This enhances the
migration of monocytes and smooth muscle cells into the intima, forming foam cells within
macrophages, representing early morphological signs of atherosclerosis (Paneni et al., 2013). Major
complications of DM include abnormalities in the function and structure of blood vessel walls, which
can occur due to macro- and microvascular disturbances. Vascular disease is more common in
patients with DM than in those without diabetes, and it remains a leading cause of death (Romesh,
2023).

METHODS
Study Design and Population

This type of study is an observational study with a cross-sectional design, where independent and
dependent variables are analyzed simultaneously. This research is a subgroup analysis of a previous
study conducted by Dr. dr. Eka Fithra Elfi, Sp.JP(K)-FIHA, regarding the role of endothelial nitric oxide
synthase and several other markers of endothelial dysfunction in AMI. The population in this study
consists of patients with acute ST-segment elevation myocardial infarction (STEMI) and diabetes
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mellitus who were treated at Dr. M. Djamil Padang Teaching Hospital. The comparative group
consists of STEMI patients without diabetes mellitus. The population was extracted from the medical
records data of the research who met the inclusion and exclusion criteria.

Procedure

Samples that meet the inclusion and exclusion criteria are consecutively taken as the test group and
control group. Basic data, including demographics, cardiovascular risk factors, and diagnoses, are
obtained from patient history and medical records. Other Laboratory examinations, such as
electrocardiography and cardiac biomarker testing, are conducted upon patient admission. Blood
samples for routine laboratory tests (random blood sugar, HbA1C, hematology, and lipid profile) as
baseline data are taken at the time of admission and examined at the central laboratory of Dr. M.
Djamil Padang Hospital. Blood samples for testing eNOS concentration are taken from patients within
a 48-hour window after admission and analyzed in the Biomedical Laboratory of the Faculty of
Medicine, Universitas Andalas.

Data Collection

After determining the independent and dependent variables, a data distribution analysis was
conducted using a normality test to ascertain whether the data is normally distributed or not,
employing the Kolmogorov-Smirnov test. The data was found to be not normally distributed (sig >
0.05) even after two rounds of data transformation. Subsequently, bivariate analysis was carried out
to determine the relationship between the two groups, comparing patients with STEMI and DM with
the control group of STEMI patients without DM using the Mann-Whitney U Test through the SPSS
v26.

RESULTS AND DISCUSSION
Results

This study examines the differences in endothelial dysfunction markers, specifically eNOS, in patients
with ST-segment elevation myocardial infarction (STEMI) with or without diabetes mellitus (DM).
The research was conducted at Dr. M. Djamil Padang Teaching Hospital since November 2022,
involving 36 research subjects with STEMI as the control group and 36 subjects with STEMI and DM
as the test group, all meeting the inclusion and exclusion criteria. The total sample size for this study
was 72 samples.

944



Cendekia: Jurnal Penelitian dan Pengkajian limiah, Volume 3 No. 6 2026, 942 - 951

Table 1. Characteristics of Samples

Total STEMI without DM STEMI with DM
N=72 (%) n =36 (%) n =36 (%)
Age (years)
<40 1(1,4) 1(2,7) 0(0)
40-49 8(11,3) 1(2,7) 7 (19,5)
50-59 20(27,7) 9 (25) 11 (30,5)
60-69 37 (52,7) 21 (58,3) 16 (44,5)
270 6 (6,9) 4(11,3) 2(5,5)
Sex
Male 62 (86,1) 34 (94,4) 28(77,77)
Female 10 (14,9) 2(56) 8(22,23)
BMI (kg/m?)
<18,5 0(0) 0 (0) 0(0)
18,5-22,9 28 (39) 15 (41,6) 13 (36,1)
23-249 33 (45,8) 20 (55,6) 13 (36,1)
25-29,9 9(12,4) 1(2,8) 8(22,2)
=30 2(2,8) 0(0) 2 (5,6)
Random Blood Sugar (mg/dl)
<200 43 (59,7) 35(97,3) 8(22,2)
2200 29 (40,3) 1(2,7) 28(77,8)
Other Risk Factors
Smoking 52 (72,3) 30 (83,3) 22 (61,1)
Hypertension 38 (52,7) 20 (55,5) 18 (50)
Dyslipidemia
LDL (mg/dl)
<100 20 (27,8) 10 (27,8) 10 (27,8)
100-129 22 (30,4) 14 (38,9) 8(22,2)
130-159 17 (23,7) 8(22,2) 9 (25)
160-189 12 (16,7) 4(11,1) 8(22,2)
>190 1(1,4) 0(0) 1(2,8)
Triglycerides (mg/dl)
<150 47 (65,3) 25 (69,4) 22 (61,1)
150-199 16 (22,2) 7 (19,4) 9 (25)
200-499 9(12,5) 4(11,2) 5(13,9)
>500 0(0) 0(0) 0(0)

Table description: Data is presented in number n (percentage).
BM]I, Body Mass Index; LDL, low density lipoprotein; STEMI, ST- Segment Elevation Myocardial Infarction
Table 2. ENOS level (U/mL) STEMI Patients with Diabetes Mellitus

Total (n) Minimum Maximum Median

STEMI with DM 36 1,836 679,754 36,077
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Table 2 shows the levels of eNOS (U/mL) in STEMI patients with comorbid DM. The samples obtained
for the control group test are 36 samples. Based the table, The median of eNOS level in the subjects
of this group is 36,077 U/mL.

Table 3. ENOS level (U/mL) STEMI Patients without Diabetes Mellitus

Total (n) Minimum Maximum Median

STEMI without DM 36 17,042 584,762 38,839

Table 3 shows the levels of eNOS (U/mL) in STEMI patients without comorbid DM. The samples
obtained for the control group test are 36 samples. Based on the table 3, the median of eNOS level in
the subjects of this group is 38,839 U/mL.

Table 4. Difference in eNOS Levels in STEMI Patients With and Without DM

eNOS Level (U/ml)

n Median Sig (2-Tailed)
STEMI with DM 36 36,077 0,408
STEMI without DM 36 38,839

Based on Table 4, the median eNOS level (U/mL) in patients with STEMI and DM is 36.077 U/mL,
which is lower than in patients with STEMI without DM, which is 38.839 U/mL. According to the
Mann-Whitney test, there is no significant difference in eNOS levels between patients with STEMI
with and without comorbid DM because the Sig (2-Tailed) value is greater than 0,05.

Discussion
Basic Characteristic of Samples

The basic characteristics of the study sample include age, gender, body mass index, and dominant
risk factors such as smoking and hypertension. These basic characteristics also encompass the
history of STEMI, diabetes mellitus, and laboratory tests as markers of dyslipidemia, namely
triglycerides and LDL. In the study, the majority of patients were in the age range of 60-69 years
(52.7%), with an average age of 60 years, where the minimum age was 39 years and the maximum
age was 83 years. This is consistent with research conducted by Susilo C, indicating that the risk of
coronary heart disease increases with age, with the peak incidence occurring in the 50-60 age range
(Susilo, 2015).

In this study, the majority of patients were male, with 62 individuals (86.1%), while there were 10
female patients (13.9%). This aligns with research conducted by Gayatri et al., where 87% of STEMI
patients were male, and 72% were under the age of 65 (Gayatri et al., 2016). As mentioned by Susilo
C, the peak occurrence of heart disease in men is between the ages of 50-60, while in women, it occurs
between the ages of 60-70 (Susilo, 2015). This is attributed to sex hormones estrogen and
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progesterone being produced from cholesterol, which protects the endothelium. Women experience
heart disease with a delay of around 10-15 years compared to men, and their risk increases after
menopause. Susilo C also notes that although the incidence in women is delayed by 10-15 years,
heart attacks and sudden deaths in women tend to be more serious (Susilo, 2015).

Based on the research results in both groups, findings related to overweight or obesity concerning
the body mass index (BMI) ratio were obtained. In this study, out of 72 patients, 45.8% (33
individuals) had a BMI ratio of 23-24.9, indicating overweight, followed by normal weight (BMI 18.5-
22.9) in 39% (28 individuals). Haryuni explains that in patients with acute myocardial infarction,
overweight or obesity is more commonly found than in those with normal weight. This may be
attributed to excessive calorie intake and an unhealthy lifestyle (Haryuni, 2015). According to
Cercato, obesity increases the risk of atherosclerosis due to excessive growth of adipose tissue, which
can worsen inflammation and elevate levels of free radicals. Additionally, obesity is often associated
with the occurrence of type 2 diabetes due to imbalances in the function of adipose cells and cell
infiltration that can disrupt sensitivity, insulin secretion, and lead to increased blood glucose levels
(Cercato & Fonseca, 2019).

Another discussed risk factor in STEMI in the study is dyslipidemia, and one of the studied markers
of dyslipidemia is LDL (low-density lipoprotein) and triglyceride levels. The LDL levels in both
groups are still considerably above the normal range recommended by NCEP ATP III 2001, with 22
individuals (30.5%) having LDL levels in the range of 100-129 mg/dl, while those with normal LDL
levels/within the recommended range (<100 mg/dl) are 20 individuals (27.7%). Research by Hajar
R on the risk factors for coronary heart disease explains the same, indicating a connection between
the risk of heart disease and high LDL levels in the blood (Hajar, 2017). A different trend is observed
in another dyslipidemia marker, namely triglycerides. Among the 72 samples studied, the majority
of patients (47 samples) have normal/recommended triglyceride levels (<150 mg/dl, 65.3%),
followed by borderline levels according to the National Institute of Health 2001 (150-199 mg/dl) in
16 individuals (22.2%). Supported by research conducted by Hussain MA on modifiable risk factors
for coronary heart disease, hyperlipidemia is the second most prevalent risk factor after smoking
that leads to coronary heart disease in Indonesia (Hussain et al., 2016).

In this study, it was also found that 52 individuals (72.3%) were smokers, while the remaining 27.7%
did not have a history of smoking. This aligns with the results of research conducted by Song et al.,
where the percentage of STEMI patients with a smoking factor was 61.5% (Song et al., 2016).
According to Ibanez, the nicotine content in cigarettes can disrupt the sympathetic nervous system,
increasing the oxygen demand of the myocardium. Nicotine also stimulates the release of adrenaline,
increases heart rate, and causes cardiac rhythm disturbances. Carbon monoxide (CO) leads to
hemoglobin desaturation, reducing oxygen supply throughout the body, including the heart, and can
accelerate the formation of atherosclerosis (Ibanez et al., 2018).

Another discussed risk factor in this study is the history of hypertension. According to Hanratty,
hypertension is a condition when systolic blood pressure is higher than 140 mmHg and/or diastolic
pressure is higher than 90 mmHg (Hanratty, 2000). In this study, it was found that 38 out of 72
individuals (52.7%) had a history of hypertension, while the remaining 47.3% did not have such a
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history. This is consistent with the research by Konstantinou, where 52.1% of STEMI patients had a
history of hypertension. According to Konstantinou, the relationship between a history of
hypertension and the occurrence of STEMI is related to atherosclerosis and specific vasoactive effects
that may lead to myocardial necrosis (Konstantinou et al., 2019).

ENOS level of STEMI Patients with Diabetes Mellitus

In this study, the median eNOS level in STEMI patients without comorbid diabetes mellitus is 38,839
U/ml, based on 36 patient samples. This level is slightly different from the research conducted by Elfi
et al,, regarding coronary heart disease risk factors where the mean eNOS level in this group was
71,316 U/ml. Research by Forstermann on the role of NO in oxidative stress leading to vascular
diseases explains that chronic exposure to cardiovascular disease risk factors disrupts the vascular
endothelium's defense mechanisms, leading to endothelial dysfunction. The long-term impact of
endothelial dysfunction results in vascular rhythm disturbances due to an imbalance in the
production and inactivation of endothelial nitric oxide (eNOS) (Elfi et al, 2021; Férstermann, 2010).

ENOS level of STEMI Patients without Diabetes Mellitus

The results obtained indicate a decrease in eNOS levels in the research subjects compared to the
control subjects. The median eNOS level in STEMI patients with comorbid diabetes mellitus is 36,077
U/ml, based on 36 patient samples. The average random blood sugar level from 36 samples is 202.43
mg/dl, with a minimum value of 77 mg/dl and a maximum of 425 mg/dl. Research conducted by
Adela et al. found that serum NO levels in hyperglycemic patients were significantly smaller at 81.7
UM compared to those without hyperglycemia at 111.8 uM (Adela et al,, 2015). According to Ren et
al., eNOS levels and activity decrease in diabetes and coronary heart disease conditions, often
associated with insulin resistance and hyperglycemia. This condition is also related to excessive
production of AGEs (advanced glycation end products), which subsequently leads to endothelial
dysfunction. AGEs are produced at higher levels in diabetic patients due to insulin resistance and
hyperglycemia, triggering the production of proinflammatory cytokines, oxidative stress, and a
decrease in eNOS expression (Ren et al,, 2017).

Difference in eNOS Levels in STEMI Patients With and Without DM

Based on the data obtained from the 72 samples, the median eNOS level (U/ml) in STEMI patients
with DM is 36,077 U/ml, which is lower than in STEMI patients without DM, which is 38,839 U/ml
Looking at the maximum and minimum values in the STEMI group with DM, they are 679,754 U/ml
and 1,836 U/ml, respectively, while in the STEMI group without DM, they are 584,762 U/ml and
17,042 U/ml. Although the Mann-Whitney test shows no significant difference in eNOS levels
between STEMI patients with and without comorbid DM (sig > 0.05). Similar results were found in a
study by Elfi EF, which compared eNOS levels in DM patients with and without acute myocardial
infarction. Despite differences in eNOS levels, STEMI patients had lower levels than those without
STEMI (Elfi et al, 2021). According to Wang M, hyperglycemia, hyperinsulinemia, and insulin
resistance cause damage to endothelial function, including barrier dysfunction, impaired nitric oxide
(NO) activity, excessive reactive oxygen species (ROS) production, oxidative stress, and dysregulated
inflammation.
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This also serves as a trigger for endothelial dysfunction leading to mortality in patients with coronary
heart disease. The study also states that in uncontrolled DM patients, vascular damage develops in
relation to hyperglycemia. Therefore, it is important to evaluate the duration of treatment, blood
sugar control, and treatment history in patients with comorbid DM to determine more significant
eNOS levels (Wang et al., 2022).

Study Limitations

The study has limitations, as evidenced by the non-normal distribution of data even after
transformation and analysis through Kolmogorov-Smirnov. This may be due to the wide distribution
of eNOS levels and risk factors in both groups. The study did not further analyze the effects of therapy,
duration of treatment, and the length of the disease history in patients with STEMI and DM,
preventing the researchers from eliminating the therapy's influence on eNOS between the two
groups. The lack of a more in-depth comparison of IMT levels between the control and test groups
might contribute to the increased eNOS levels in the samples. Further research with a larger
population is still needed to generate more accurate data.

CONCLUSION

Based on the characteristics, most of the samples were male (86.1%), aged between 60 to 69 years
(52.7%), with an overweight classification in terms of BMI (45.8%). The most prevalent additional
risk factors included comorbid hypertension (52.7%), a history of smoking (72.3%), and
dyslipidemia, with the highest LDL levels falling in the range of 100-129 mg/dl (30.4%), and the
highest triglyceride levels below 150 mg/dl (65.3%).

Lower eNOS levels were found in STEMI patients with DM compared to those without DM. Although
there was no significant difference in the mean eNOS levels between STEMI patients with DM and
those without DM (sig >0.05).
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