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Abstract __________________________________________________________________________________________________ 

Purpose. To estimate the levels of the biomarkers Endothelin-1 (ET-1) and Osteoprotegerin 
(OPG) in the serum of diabetes mellitus women as biomarkers for predicting cardiovascular 
disease. 
Materials and methods. A total of 88 samples from women, 60 samples healthy women, 
and 28 patients with diabetes type 2. As the samples were divided according to the 
severity of the disease based on HbA1c, 32 serum samples for women whose HbA1c 
ranged between 7–9.9, and 28 serum samples for women whose HbA1c ranged between 
10–14. Also, the samples were divided according to the time period of the disease, 
36 serum samples for women with a period of illness ranging from 5–10 years and 24 
serum samples for women with a period of illness ranging from 11–22 and the samples 
were divided according to the age of patients, 29 serum samples for women with 
an age ranging from 45–54 years, and 31 serum samples for women with an age ranging 
from 55–70.
Results. There is a signifi cant increase level ET-1 at P≤0.01 in the diabetes group compared 
with the healthy. There was also a signifi cant increase in the concentration biomarker OPG 
in the Diabetes group compared with the healthy. 
Conclusion. The signifi cant rising in the level of biomarkers may be one of the induce 
reasons of cardiovascular diseases in patients with diabetes, therefore its adoption as risk 
indicators for early prediction of the occurrence of cardiovascular diseases.
Keywords: diabetes mellitus, endothelin-1, osteoprotegerin, cardiovascular disease, 
biomarkers
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Резюме __________________________________________________________________________________________________ 

Цель. Оценка концентрации биомаркеров эндотелина-1 (ЭТ-1) и остеопротеге-
рина (ОПГ) как биомаркеров для прогнозирования сердечно-сосудистых заболева-
ний в сыворотке крови женщин с сахарным диабетом. 
Материалы и методы. Всего было отобрано 88 образцов, из них 60 образцов здо-
ровых женщин и 28 – пациенток с диабетом 2-го типа. Образцы распределяли (клас-
сифицировали) следующим образом: по тяжести заболевания на основании теста 
на HbA1c (32 образца сыворотки женщин с показателем HbA1c 7–9,9 и 28 образцов 
сыворотки женщин с показателем HbA1c 10–14), по продолжительности заболева-
ния (36 образцов сыворотки женщин с продолжительностью заболевания 5–10 лет 
и 24 образца сыворотки женщин с продолжительностью заболевания 11–22 года), 
а также по возрасту испытуемых (29 образцов сыворотки женщин в возрасте 
45–54 лет и 31 образец сыворотки женщин в возрасте 55–70 лет).
Результаты. Выявлено достоверное повышение уровня ET-1 при P≤0,01 в группе па-
циентов с диабетом по сравнению с группой здоровых испытуемых. Также отмечено 
достоверное увеличение концентрации биомаркера ОПГ в группе пациентов с диа-
бетом по сравнению с группой здоровых испытуемых. 
Заключение. Достоверное повышение уровня биомаркеров может свидетельство-
вать о развитии сердечно-сосудистых заболеваний у пациентов с сахарным диабе-
том, что позволяет рассматривать их в качестве индикаторов при прогнозировании 
сердечно-сосудистого риска на ранней стадии.
Ключевые слова: сахарный диабет, эндотелин-1, остеопротегерин, сердечно-
сосудистые заболевания, биомаркеры
_________________________________________________________________________________________________

  INTRODUCTION
Diabetes is associated with a group of metabolic disorders that result in elevated 

blood sugar levels, hyperglycemia, beyond the normal ranges, chronic hyperglycemia in 
diabetes is linked to long-term damage and dysfunction of various organs, especially the 
nerves, heart, and blood vessels [1].
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It is well known that the prominent features of diabetes complications include arterial 
stiff ness, endothelial dysfunction, low-grade infl ammation of the heart, impaired tissue 
healing due to insulin resistance, elevated blood sugar levels, and oxidative stress [2]. 
All these factors contribute to the development of coronary artery disease, diabetic 
cardiomyopathy, heart failure, arrhythmias, and the risk of sudden death [3]. Biological 
indicators (Biomarkers) can predict the appropriate diagnosis of certain diseases and 
predict heart disease mortality, as well there is a clear association between diabetes 
and cardiovascular diseases, with diabetes itself being a risk factor for cardiovascular 
and vascular complications such as myocardial infarction, stroke, arterial stiff ness, and 
hypertension [4, 5].

Biomarkers are considered as tools for predicting certain physiological conditions, and 
they are used for the early detection and assessment of certain diseases such as diabetes, 
hyperlipidemia, metabolic syndrome, hypertension, and cardiovascular diseases [6, 7].

Endothelin-1 (ET-1) is one of these biomarkers and It is derived from vascular endothelial 
cells and composed of 21 amino acids and it has a potent and sustained vasoconstrictive 
eff ect [8]. Zhang et al. [9] indicated that ET-1 levels increase in patients with arterial stiff ness, 
and its level can refl ect the severity of vascular damage. Similarly, a study by Chen et al. [10] 
found that ET-1 levels were elevated in patients with cardiovascular diseases compared to 
healthy individuals. In another study of a group of patients undergoing coronary artery 
bypass graft surgery (CABG), it was observed that ET-1 levels were higher in diabetic 
patients compared to non-diabetic individuals [11]. ET-1 mediates pathological processes 
such as infl ammation, oxidative stress, endothelial dysfunction, and insulin resistance, 
leading to the development and progression of diabetes and arterial sclerosis [12].

Regarding osteoprotegerin (OPG), it is a soluble protein belonging to the tumor 
necrosis factor receptor superfamily, and it is present freely in the blood and not bound 
to the cell membrane [13]. OPG is among the many molecules that have been studied 
for their potential capability as biomarkers of cardiovascular diseases (CVD) in diabetic 
patients, with increased attention given to this family of tumor necrosis factor receptors 
(TNF) [14].

OPG levels have been shown to serve as an independent biomarker for cardiovascular 
and CVD in patients with acute or chronic heart diseases. Additionally, OPG has been 
implicated in various infl ammations and the development of diabetes [15]. It has been 
observed that OPG levels increase in parallel with the severity of diabetic complications. 
The higher levels of osteoprotegerin have been noticed in diabetic patients who also 
suff er from heart and cardiovascular diseases, Although the clinical use of OPG may seem 
distant, it appears promising as a biological marker However, OPG shows promise as a 
biomarker to aid cardiologists better classify disease risk in in diabetic patients Recently, 
the attention has shifted towards the relationship between bone-regulating proteins 
and vascular biology, suggesting that OPG may act as a potential mediator of vascular 
calcifi cation [16]. It also plays a role in stimulating infl ammation, vascular injury, and 
atherosclerosis [14]. Furthermore, there is an association between OPG levels in serum 
and the severity and prediction of acute coronary syndrome [17].

Despite the fact that physiological levels of OPG primarily prevent arterial calcifi cation, 
it has been observed that elevated plasma levels signifi cantly contribute to vascular 
dysfunction and infl ammation. It has been proposed that increased levels of OPG in the 
blood serve as a vital indicator of arterial stiff ness and cardiovascular diseases [18, 19].
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  PURPOSE OF THE STUDY 
To estimate the levels of the biomarkers Endothelin-1 (ET-1) and Osteoprotegerin (OPG) 

in the serum of diabetes mellitus women as a biomarkers for predicting cardiovascular 
disease. 

  MATERIALS AND METHODS
Samples were collected from patients attending the Endocrine and Diabetes Center 

at Al-Fayhaa Hospital, Basra, Iraq. The diagnosis of diabetes was made by specialized 
physicians in the fi eld of diabetes. A total of 88 samples were collected, including the 
following: Patients group sixty blood samples were collected from women with diabetes. 
The samples were divided based on age categories as follows: women aged 45–54, 
totaling 29 samples and women aged 55–70, totaling 31 samples. The samples were also 
divided based on the duration of the disease as follows: women with a disease duration 
of 5–10 years, totaling 36 samples and women with a disease duration of 11–22 years, 
totaling 24 samples. Furthermore, the samples were categorized based on the severity 
of the disease determined by the specialist physician, according to the HbA1c value, as 
follows: women with moderate disease severity (HbA1c ranging from 7–9.9), totaling 32 
samples and women with severe disease severity (HbA1c ranging from 10–14), totaling 
28 samples.

Healthy Group
Blood samples were collected from healthy women after confi rming that they did 

not have diabetes based on the HbA1c value measured using the VARIANT II BIO-RAD 
instrument. The age range of the healthy women was 45–70 years. The samples were 
randomly collected from both within and outside the specialized center.

Preparation of Serum 
Five milliliters of venous blood were drawn using a medical syringe. The blood was 

then placed in a gel tube and left for 20 minutes. Subsequently, the tube was centrifuged 
at 3000 revolutions per minute for 10 minutes to obtain the serum. The serum was 
transferred to 1.5 mL Eppendorf tubes and stored at –20 ºC in the freezer until further 
analysis.

Estimation of the Concentration of Biomarkers in Patient and Healthy Serum
The well-known Enzyme-Linked Immuno Sorbent Assay (ELISA) method was adopted 

using an American-made ELISA reader and diagnostic kits for the specifi c biomarkers 
in the current study. The kits were provided by MyBioSource, an American company, 
and were based on the enclosed datasheet for each biomarker, with a wavelength 
of 450 nanometers. The biomarkers included Endothelin-1 and Osteoprotegerin.

Statistical Analysis
Statistical analysis was performed on the data using the T-test to compare the means 

of patient samples and healthy samples at a signifi cance level of (P≤0.05). The standard 
deviation (S.D.) was calculated using SPSS software, Version 21, from the Science Package 
for Social Statistical Analysis (Field, 2012).
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  RESULTS
Endothelin-1 Biomarker
The results of the current study revealed a signifi cant increase at a signifi cance level of 

P≤0.05 in the concentration of Endothelin-1 among diabetic women (10.543) compared 
to healthy individuals (5.978). Furthermore, the results indicated a signifi cant increase at a 
signifi cance level of P≤0.05 in the concentration of Endothelin-1 in the early disease stage 
compared to the later stage. Additionally, a signifi cant increase was observed in the high 
disease severity compared to the moderate severity, while no signifi cant diff erences were 
found between the two age groups (Table 1).

Osteoprotegerin biomarker
The statistical analysis revealed a signifi cant increase at a signifi cance level of P≤0.01 

in the concentration of Osteoprotegerin in the serum of women with diabetes (952.796) 
compared to healthy women (492.507). Furthermore, the results indicated a signifi cant 
increase at a signifi cance level of P≤0.01 in the concentration of Osteoprotegerin in the 
fi rst age group compared to the second age group. Additionally, a signifi cant increase was 
observed in the second disease period and high disease severity compared to the fi rst 
period and moderate disease severity (Table 2).

Table 1
Concentration of Endothelin-1 in the serum of study samples

P valueMean±SDNo.Variables

0.0001
10.543**±1.93460T2DM

Participants
5.978±1.71828Healthy women

0.385
7.013±2.0232945–54

Age (years)
6.549±2.0793155–70

0.0001
7.842**±2.245365–10Disease

Duration 5.378±2.0582411–22

0.0001
3.798±1.9532HbA1c (7–9.9)Disease

Severity 9.377**±2.63328HbA1c (10–14)

Note: ** signifi cant diff erence at a signifi cance level of P≤0.01.

Table 2
Osteoprotegerin Concentration in Study Serum Samples

P valueMean±SDNoVariables

0.001
952.796**±294.4060T2DM

Participants
492.507±149.78528Healthy women

0.0001
1078.21**±363.822945–54

Age (years)
742.17±187.823155–70

0.0001
695±249.36365–10Disease

Duration 1282.04**±302.572411–22

0.001
676.71**±174.7231HbA1c (7–9.9)Disease

Severity 1193.42**±294.4329HbA1c (10–14)

Note: **signifi cant diff erence at a probability level of P≤0.01.
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  DISCUSSION
The results of the current study showed a signifi cant rise in the concentration of 

Endothelin-1 (ET-1) in the serum of diabetic patients compared to healthy individuals, 
Table 1 which is consistent with a study conducted by [20]. There are many explanations 
for this phenomena including notable elevation in ET-1 levels in diabetes may be 
attributed to hyperinsulinemia and elevated blood sugar levels, which lead to the 
activation of protein kinase C enzyme that stimulating the signaling pathway of 
mitogen-activated protein kinase (MAPK). This promote the expression of endothelin-
converting enzyme (ECE), which convert big ET-1 into ET-1 inside the endothelial cells 
and subsequently elevate calcium channel activity and causes vasoconstriction of blood 
vessels [21]. 

Another reason it has also been demonstrated that insulin raise the ET-1 gene 
expression in endothelial cells, leading to the production of ET-1 in both smooth muscle 
cells and endothelial cells of blood vessels [22]. The hyperinsulinemia raise ET-1 levels in 
individuals with insulin resistance, which align with the elevated ET-1 levels in diabetes 
[23], due to activation of the PI3K-AKT-eNOS pathway which lead to production of high 
levels of nitric oxide (NO), which stimulate the peroxynitrite enzyme, which promote the 
production of ET-1. Additionally, it has been found that ET-1 weaken glucose uptake in 
skeletal muscles of insulin-resistant individuals, leading to the exacerbation of insulin 
resistance [24–26].

In this study, the high concentrations of ET-1 contribute to vascular dysfunction, 
ventricular and vascular remodeling, infl ammation, and arrhythmias in heart failure. Also 
this elevation can cause vasoconstriction, resulting in elevated hypertenton, which lead 
to the workload which leading to myocardial stress, gradual damage, and heart failure. 
Therefore, ET-1 can be used as an independent predictor of survival in diabetes [27–29], 
enhance the production of infl ammatory microglia cells [30], enhance the development 
of arterial sclerosis [31] by stimulate platelet accumulation and formation of fi brous 
plaques [32]. 

Additionally, the results revealed a statistically signifi cant increase in endothelin 
concentration during the initial phase of the disease compared to the second phase. This 
fi nding is consistent with a study conducted by Liu et al. [33], which demonstrated that 
the duration of diabetes has an impact on serum ET-1 levels. During the shorter duration 
of the disease, ET-1 levels were elevated, while they decreased in longer time periods. The 
reason behind this phenomenon can be attributed to the vascular dysfunction induced 
by diabetes, leading to a reduction in the production of ET-1 [34].

Furthermore, a statistically signifi cant elevation in endothelin levels was observed in 
the second disease severity compared to the fi rst. This result align with a study by Sokolova 
et al. [35]. They concluded that the increase in disease severity in the second group in the 
current study may be attributed to the simultaneous rise in glucose levels in the plasma 
of diabetic patients. It is believed that the relationship between elevated HbA1c levels in 
diabetic patients and increased ET-1 concentration contributes to heightened oxidative 
stress occurring in the second group due to elevated glucose levels and, consequently, 
increased HbA1c levels [35].

As indicated by the fi ndings of the current study, there is a signifi cant increase in the 
concentration of Osteoprotegerin (OPG) in diabetes compared to healthy individuals, 
Table (2) and these fi ndings were consistent with previous studies conducted by Olesen 
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et al. [36] and Chen et al. [37]. They said the elevated levels of OPG may be attributed to the 
severity of infl ammation resulting from diabetes, by produce cytokines as tumor necrosis 
factor-alpha (TNF-α), that activate osteoclasts, stimulate the expression of RANKL by 
osteoblasts, leading to the binding of RANK to RANKL and activated through the RANKL-
OPG-RANK system to bind to RANK and counteract the eff ects of RANKL, inhibiting the 
formation of bone resorbers, which lead to bone resorption. Consequently, infl ammatory 
cytokines stimulate osteoblasts to express Osteoprotegerin as a protective mechanism 
against bone resorption, leading to an increased level of OPG in the blood [38], and this 
can be also observed with insulin resistance [39]. 

Authors concluded that OPG contribute to arteriosclerosis and cardiovascular diseases 
by amplifying the negative eff ects of infl ammation and various traditional risk factors like 
dyslipidemia and hypertension resulting from diabetes. In addition, high level of OPG 
have a role in the progression of vascular complications [39].

Other explanation, the cytokines lead to an increased expression of OPG in vascular 
smooth muscle cells and endothelial cells [40], this is stimulated by infl ammatory 
factors like T-lymphocytes and plasma cells, through the RANKL/RANK/OPG system that 
participate in the development of arteriosclerosis and infl ammation-induced calcifi cation 
[42]. The negative impact of elevated OPG levels exacerbate the infl ammatory state 
induced by OPG since it is part of the TNF family of receptors, which in turn stimulate the 
expression of cytokines that lead to vascular damage [43].

Finally, the increase concentration of OPG stimulate the expression of adhesion 
molecules ICAM-1, VCAM-1 and E-selectin in endothelial cells, promoting the adhesion of 
leukocytes [44]. Additionally, this stimulating the activity of metalloproteinase enzymes in 
vascular smooth muscle cells, which play a role in the degradation of certain components 
of the blood vessel walls, as collagen, elastin, and proteoglycans. These are lead to changes 
in the thickness and weakening of the vessel walls, creating spaces for fat accumulation 
and foam cell formation, that resulting in Arteriosclerosis [45].

This study focuses on predicting future cardiovascular disease (CVD) in diabetic 
patients through biomarker analysis. While our sample lacks current CVD, our aim is 
to identify predictors for future CVD events. Our study focuses on investigating the 
predictive utility of biomarkers for various cardiovascular diseases (CVDs) in patients 
with diabetes. While the current sample does not exhibit overt cardiovascular pathology, 
our aim is to identify biomarkers that may serve as predictors for future CVD events in 
this specifi c cohort.

We would like to highlight that throughout our discussion, we extensively reference 
the role of biomarkers in predicting multiple cardiovascular diseases. For instance, 
we discuss the impact of elevated endothelin-1 (ET-1) concentrations on vascular 
dysfunction, ventricular and vascular remodeling, infl ammation, and arrhythmias 
in heart failure. Furthermore, we highlight ET-1›s association with increased arterial 
sclerosis, platelet accumulation, and formation of fi brous plaques, which are key factors 
in various cardiovascular conditions. However, our aim extends beyond merely refl ecting 
biomarker levels in diabetic patients. We seek to elucidate the predictive value of these 
biomarkers for future cardiovascular diseases in this population. As such, we believe our 
study warrants classifi cation as original research rather than a review. We appreciate 
your perspective.
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  CONCLUSION
Signifi cantly elevation in both biomarkers, endothelin-1 and osteoprotegerin in 

patient with diabetes. These indicators could be play a role in predicting cardiovascular 
diseases before their occurrence in diabetes.
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