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Abstract

Purpose.To estimate the levels of the biomarkers Endothelin-1 (ET-1) and Osteoprotegerin
(OPQG) 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. Thereis a significant increase level ET-1 at P<0.01 in the diabetes group compared
with the healthy. There was also a significant increase in the concentration biomarker OPG
in the Diabetes group compared with the healthy.

Conclusion. The significant 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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Pesiome

Lenb. OueHKa KOHUEHTpauuu OGuomapkepoB sHAoTenvHa-1 (3T-1) u ocTeonportere-
puHa (OIlN) Kak 6rioMapKepoB AN NPOrHO3MPOBAHMWSA CEPAEUYHO-COCYANCTbIX 3aboneBa-
HUI B CbIBOPOTKE KPOBY MEHLLUMH C CaxapHbIM AabeTom.

Matepuanbl n MeToabl. Bcero 66110 oTo6paHo 88 obpasuoB, 13 HUX 60 06pa3LOB 3M0-
POBBIX XEHLUUH 1 28 — NaLMeHTOK ¢ AnabeTom 2-ro Trna. Obpasubl pacnpenenanu (Knac-
cuduumpoBanm) ciegyowmm o6pa3omM: Mo TAKECTU 3ab0NeBaHNA Ha OCHOBaHUN TecTa
Ha HbA1c (32 o6pa3ua CbiIBOPOTKM »KeHLUH ¢ nokasaTtenem HbA1c 7-9,9 n 28 obpasuos
CbIBOPOTKM »KeHLWWH ¢ nokasatenem HbA1c 10-14), no npoao/mKntenbHOCTN 3aboneBa-
HUS (36 00Pa3sLIOB CbIBOPOTKU »KEHLUH C MPOAOKINTENIbHOCTbIO 3ab60/1eBaHMA 5-10 net
1 24 obpa3ua CbIBOPOTKY MKEHLUH C MPOAOIKUTENIbHOCTBIO 3aboneBaHusa 11-22 roga),
a TakXKe MO BO3pacTy MCMbITyeMbiX (29 06pa3uoB CbIBOPOTKU KEHLWMH B BO3pacTte
45-54 net 1 31 o6pa3seL] CbIBOPOTKU >KEHLLUH B Bo3pacTe 55-70 neT).

PesynbraTtbl. BoisBneHo goctoBepHoe nosbilweHne yposHA ET-1 npu P<0,01 B rpynne na-
LIMEHTOB C ANAabETOM MO CPaBHEHUIO C FPYMMON 3[0POBbIX UCMbITYeMbIX. TaK»Ke OTMEeUYEHO
L[OCTOBEPHOE YBeNIMYeHre KOHLEeHTpaumm brnomapkepa ONl B rpynne nayMeHTOB C gna-
6eTOM MO CPABHEHMIO C FPYMMON 300POBbIX UCMbITYEMbIX.

3aknioyeHue. [JoCTOBepHOE MOBbILLEHVE YPOBHS OIOMapKEPOB MOXET CBULETENIbCTBO-
BaTb O Pa3BUTUUN CEPAEYHO-COCYAMCTbIX 3a00NEBaHNI Y MALMEHTOB C CaxapHbIM Anabe-
TOM, YTO MO3BOJIAET PAacCMaTPMUBATb X B KaUeCTBe NHANKATOPOB NPU NPOrHO31MPOBaHNN
cepaeyHO-coCcyamncToro pycka Ha paHHen CTagum.

KnioueBble cnoBa: caxapHblili guabeT, 3HAOTENUH-1, OCTEONpPOTErepuH, cepaeyHo-
cocypucTble 3aboneBaHus, briomapkepbl

B 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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Itis well known that the prominent features of diabetes complications include arterial
stiffness, endothelial dysfunction, low-grade inflammation 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 stiffness, 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 Itis derived from vascularendothelial
cells and composed of 21 amino acids and it has a potent and sustained vasoconstrictive
effect[8].Zhang etal.[9]indicated that ET-1 levelsincrease in patients with arterial stiffness,
and its level can reflect 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 inflammation, 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 inflammations 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
suffer 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
calcification [16]. It also plays a role in stimulating inflammation, 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 calcification,
it has been observed that elevated plasma levels significantly contribute to vascular
dysfunction and inflammation. It has been proposed that increased levels of OPG in the
blood serve as a vital indicator of arterial stiffness and cardiovascular diseases [18, 19].
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B 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.

B MATERIALS AND METHODS

Samples were collected from patients attending the Endocrine and Diabetes Center
at Al-Fayhaa Hospital, Basra, Irag. The diagnosis of diabetes was made by specialized
physicians in the field 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 confirming that they did
not have diabetes based on the HbA1c value measured using the VARIANT Il 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 °C 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 specific 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 significance 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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B RESULTS

Endothelin-1 Biomarker

The results of the current study revealed a significant increase at a significance 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 significant increase at a
significance level of P<0.05 in the concentration of Endothelin-1 in the early disease stage
compared to the later stage. Additionally, a significant increase was observed in the high
disease severity compared to the moderate severity, while no significant differences were
found between the two age groups (Table 1).

Osteoprotegerin biomarker

The statistical analysis revealed a significant increase at a significance 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 significant
increase at a significance level of P<0.01 in the concentration of Osteoprotegerin in the
first age group compared to the second age group. Additionally, a significant increase was
observed in the second disease period and high disease severity compared to the first
period and moderate disease severity (Table 2).

Table 1
Concentration of Endothelin-1 in the serum of study samples
Variables No. Mean+SD P value
L. T2DM 60 10.543**+1.934
Participants 0.0001
Healthy women 28 5.978+1.718
45-54 29 7.013+£2.023
Age (years) 0.385
55-70 31 6.549+2.079
i 5-10 36 7.842%%+2.245
Disease 0.0001
Duration 11-22 24 5.378+2.058
Disease HbA1c (7-9.9) 32 3.798+1.95 0.0001
Severity HbA1c (10-14) 28 9.377%%+2.633 '

Note: ** significant difference at a significance level of P<0.01.

Table 2
Osteoprotegerin Concentration in Study Serum Samples
Variables No MeantSD P value
= T2DM 60 952.796**+294.40
Participants 0.001
Healthy women 28 492.507+149.785
45-54 29 1078.21%*+363.82
Age (years) 0.0001
55-70 31 742.17+187.82
i 5-10 36 695+249.36
Dlsea§e 0.0001
Duration 11-22 24 1282.04**+£302.57
Disease HbA1c (7-9.9) 31 676.71%*+£174.72 0.001
Severity HbA1c (10-14) 29 1193.42%*+£294.43 ’

Note: **significant difference at a probability level of P<0.01.
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B DISCUSSION

The results of the current study showed a significant 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, inflammation, 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 inflammatory microglia cells [30], enhance the development
of arterial sclerosis [31] by stimulate platelet accumulation and formation of fibrous
plaques [32].

Additionally, the results revealed a statistically significant increase in endothelin
concentration during the initial phase of the disease compared to the second phase. This
finding 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 significant elevation in endothelin levels was observed in
the second disease severity compared to the first. 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 findings of the current study, there is a significant increase in the
concentration of Osteoprotegerin (OPG) in diabetes compared to healthy individuals,
Table (2) and these findings were consistent with previous studies conducted by Olesen
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etal.[36] and Chen et al.[37]. They said the elevated levels of OPG may be attributed to the
severity of inflammation resulting from diabetes, by produce cytokines as tumor necrosis
factor-alpha (TNF-a), 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 effects of RANKL, inhibiting the
formation of bone resorbers, which lead to bone resorption. Consequently, inflammatory
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 effects of inflammation 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 inflammatory
factors like T-lymphocytes and plasma cells, through the RANKL/RANK/OPG system that
participate in the development of arteriosclerosis and inflammation-induced calcification
[42]. The negative impact of elevated OPG levels exacerbate the inflammatory 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 specific 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, inflammation, and arrhythmias
in heart failure. Furthermore, we highlight ET-1>s association with increased arterial
sclerosis, platelet accumulation, and formation of fibrous plaques, which are key factors
in various cardiovascular conditions. However, our aim extends beyond merely reflecting
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 classification as original research rather than a review. We appreciate
your perspective.
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CONCLUSION

Significantly 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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