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Abstract

Background: Patients with long-term diabetes have a higher
prevalence of endothelial dysfunction. Hypercholesterolemia
strongly associates this impairment with atherosclerosis, while the
duration of diabetes may relate to early macrovascular and
microvascular injury.

Objectives: The present study assessed the possible relation
between various durations of type Il diabetes and endothelial
dysfunction.

Methods: A case-control study of 182 participants included 20
healthy subjects, 30 newly diagnosed diabetes patients, and 132
with varying diabetes durations of type Il diabetes. Those patients
were divided according to their duration: 50 patients were (1-5
years), 32 patients were (5-10 years), and 50 patients were (more
than ten years) in addition to the newly diagnosed group and the
healthy control group. Lipid profile, glycemic parameters, and
endothelium biomarkers: oxidized nitric oxide (NO), endoglin,
intercellular adhesion molecule (ICAM-1), and glutathione were
measured. Data was collected from November 20, 2022, to March
31, 2023.

Results: Body mass index was significantly elevated in diabetic
groups compared to the normal control group. All diabetic groups
had highly significant differences in lipid profile and glycemic
control parameters compared to the control group. Patients with
more than ten years of diabetes had significantly higher (NO) levels
than other groups, while the ICAM-1 level in these patients was
significantly higher than all other groups.

Conclusions: Various duration of type Il diabetes was related to
endothelial dysfunction that was strongly linked with factors like
body mass index, systolic hypertension, hyperlipidemia, and poor
control of glycemic index.
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Introduction:

Diabetes mellitus, as defined by the World Health
Organization, is a persistent metabolic disorder that is
characterized by increased blood glucose levels. This
condition gradually causes harm to various organs,
such as the heart, blood vessels, eyes, kidneys, and
nerves . The incidence of type Il diabetes mellitus
(T2DM) has escalated to epidemic levels. In addition,
experts predict a persistent increase in the incidence of
diabetes @. The development of (T2DM) is generally
attributed to the combination of two key mechanisms:
impaired insulin production by pancreatic beta cells (B-
cells) and the diminished responsiveness of insulin-
sensitive tissues to insulin ®. The cardiovascular
disease (CVD) rate is 2-3 times higher in adults with
diabetes compared to adults without diabetes, which is
the most significant leading cause of morbidity and
mortality “.Additionally, the risk of macro- and
microvascular diseases increases in diabetic patients by
(11%) for every (1%) increase in glycated hemoglobin
(HbAlc) levels over 6.5%. Other factors include
elevated low-density lipoproteins (LDL), lower high-
density lipoproteins (HDL), hypertension, and
endothelium dysfunction. T2DM increases lipid
abnormalities that cause atherosclerosis and increases
CVD risk. ®. Endothelial dysfunction is an early
warning sign of atherosclerosis. It plays a crucial role
in the development of atherosclerosis, leading to
vascular disorders ©. In normal vascular health, nitric
oxide (NO) bioavailability is crucial because of its
action on vasodilation ). Hyperglycemia and insulin
resistance enhance oxidative stress. Consequently,
reduced (NO) synthesis production leads to
abnormalities in vascular endothelial cells' function ®.
Moreover, endoglin (ENG) is a transmembrane
glycoprotein that plays a crucial role in the vascular
endothelium functioning in several pathological states,

such as hyperglycemia, hyperlipidemia, and
hypertension. Soluble endoglin can be a detectable
biomarker in patients with these conditions ©.
Intercellular adhesion molecule-1 (ICAM) is the other
factor that affects endothelial dysfunction in diabetes.
Its primary function is facilitating circulating leukocyte
attachment and trans-endothelial migration 9.
Increasing levels of (ICAM-1) promotes the initiation
and progression of inflammation, which, in turn,
increases the permeability of the endothelium and
promotes the development of endothelial dysfunction
D Diabetes causes an elevation of serum (ICAM-1),
which is significantly associated with microvascular
complications *?.0n the other hand, diabetes causes an
increase in reactive oxygen species (ROS) production
due to many factors. Hyperglycemia is directly
involved in the onset of vascular complications in
diabetes and oxidative stress due to increased (ROS)
production ®®. Glutathione (GSH) is a prominent
intracellular  antioxidant ~ that  decreases  the
consequences of oxidative stress. The concentration of
(GSH) is reduced in patients with (T2DM). The exact
mechanism that causes glutathione deficiency in
T2DM is unknown. Diabetes may cause permanent
GSH consumption due to oxidative stress 4
Long-term type Il diabetic patients were more likely to
have endothelial dysfunction. This impairment was
highly associated with atherosclerosis due to
hypercholesterolemia, and the duration of diabetes is
related to early macro- and micro-vascular damage **.
Therefore, it is helpful to determine the alteration of
endogenous factors at various durations of diabetes to
enhance the prevention and treatment of endothelial
dysfunction caused by diabetes @

The aim of the present study was designed to
investigate the possible relationship of the various
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durations of type Il diabetes with serum blood
concentrations of oxidized (NO), (ENG), (ICAM-1),
and (GSH) as a predicting biomarker for assessing
endothelial dysfunction in patients with (T2DM).

Patients and methods

The case-control designed study was conducted at the
Faiha Teaching Hospital in Basrah, lraq. Data was
collected from November 20, 2022, to March 31, 2023.
The research ethics committee of the Basrah directorate
and the University of Basrah College of Medicine
authorized this study, (no. 030406/063/2023 on
19/12/2022). After being provided with the necessary
information about this study, the control group
participants and the patients were granted their signed
written consent.

Inclusion and exclusion criteria

Patients were selected for a study based on meeting the
following criteria: adult populations who had been
either newly diagnosed with T2DM or previously
diagnosed with various duration of their T2DM.

The exclusion criteria were those with Type | DM,
currently pregnant or nursing, individuals with
malignancies, and patients receiving biological or
chemotherapeutic medications.

Methods

The present study followed the Strengthening of the
reporting of observational studies in the epidemiology
checklist. The study included 182 participants; 20 of
them were healthy people with normal blood glucose
levels, 30 patients were newly diagnosed with T2DM),
and 132 were previously diagnosed with T2DM for
different durations of disease. According to the
duration of diabetes patients with T2DM who included
in this study, patients were divided into four groups: 30
patients were newly diagnosed patients with T2DM; 50
patients had (1-5 years) of diagnosed diabetes; 32
patients had (5-10 years), and 50 patients had (more
than10 years) of diagnosed diabetes.

Investigations and methodology

Blood samples were collected from all participants. A
total of six milliliters of venous blood were separated
into serum. The serum derived from the biochemical
tube, which included a clot activator separation gel,
was subjected to clotting and then centrifuged at a
speed of 3000 revolutions per minute for 10 minutes to
measure the concentrations of total cholesterol,
triglycerides (TG), low-density lipoprotein (LDL), and
random blood glucose (RBG). To facilitate subsequent
measurements of oxidized nitric oxide (NO), endoglin
(ENG), intercellular adhesion molecule (ICAM-1), and
glutathione (GSH), we stored a volume of 1 milliliter
of serum in a deep freezer at a temperature of -35
degrees Celsius. RBG, total cholesterol, TG, and LDL
were measured using commercially available
biochemical kits using Roche Cobas C 111®
equipment (17). A technique based on ion-exchange
high-performance liquid chromatography (BioRad D-
10®) was used to quantify glycated hemoglobin
(HbAlc) (18). Blood pressure was measured using a
digital blood pressure monitor. Body mass index (BMI)
was calculated using the height and weight of the
participant from the formula (BMI = Kg/M?).

Al-Hameed et.al.

The oxidized nitric oxide (NO) concentration was
determined using a colorimetric test technique Kkit
provided by Elabscience® using the ChemWell-T®
spectrophotometer  device. To  quantify  level
concentrations of endoglin (ENG), intercellular
adhesion molecule-1 (ICAM-1), and glutathione (GSH)
used the enzyme-linked immunosorbent assay (ELISA)
kit provided by Elabscience® using the (Thermo
Scientific MultiskanTM FC Microplate Photometer)
reader for measurement purposes.

Statistical data

The current study underwent statistical evaluation via
the use of the Chi-square approach for both analysis
and demographic assessment. This study's statistical
approach was a one-way variance analysis (ANOVA)
with Bartlett's post hoc analysis for multiple
comparisons. GraphPad Prism for Windows (version
8.0) was applied for this purpose. The value of
significance was set at (P-value 0.05)

Results

The present study included a total of 182 participants.
The body mass index of the study's participant groups
is shown in Figure 1. Our data demonstrated significant
differences among groups regarding BMI compared to
the normal control (Group 1).

The glycemic parameters are seen in Figure 2; all the
groups differed in glycosylated hemoglobin (HbAlc)
and random blood glucose (RBG). As anticipated,
newly diagnosed T2DM (Group 2) and other diabetic
groups with different disease durations had highly
significant  differences regarding RBG HbA1C
compared to the normal control group.

The measurement of the participant's blood pressure is
seen in Figure 3. As expected, newly diagnosed T2DM
(Group 2) and other diabetic groups with different
disease durations had highly significant differences in
systolic blood pressure compared to the normal control
group. However, there are no statistically significant
differences in diastolic blood pressure across the
groups, and the readings remain within or close to the
normal range.

Regarding lipid profile, all diabetic groups exhibited
highly significant increases in serum cholesterol, TG,
and LDL concentrations compared to the normal
control (Group 1). These data are well presented in
Figure 4.

The present work indicates a significant difference in
oxidized nitric oxide (NO) concentration levels among
patients with more than ten years of diabetes duration
(Group 5) compared to the normal control group. Our
findings show no statistically significant differences in
endoglin serum concentration measurements among all
the groups.

Regarding the serum concentration of (ICAM-1), our
result demonstrated that Group 5 of patients with a
diabetes duration above ten years had significant
differences compared to the control group, as
illustrated in Figure 5.

According to the findings of our study, no statistically
significant difference in (GSH) concentration was
observed among all of the groups, as shown in Figure
6.
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Figure 1. The BMI of the participants in the study.
BMI: body mass index; Group 1 NC: normal control; Group 2: newly diagnosed; Group 3:1-5 years of diabetes; Group
4. 5-10 years of diabetes; Group 5: more than ten years of diabetes. A one-way ANOVA with Bartlett's post hoc test
was used to analyze the data. The data was labeled as™ P < 0.05, representing a significant difference compared to a

normal control group; = P < 0.001.
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Figure 2. The glycemic parameters of the participants.
Group 1 NC: normal control; Group 2: newly diagnosed; Group 3:1-5 years of diabetes; Group 4: 5-10 years of
diabetes; Group 5: more than ten years of diabetes. RBG: random blood glucose; HbAlc: glycated hemoglobin. A one-
way ANOVA with Bartlett's post hoc test was used to analyze the data. The data was labeled as ™ highly significant

compared to the normal control group P< 0.0001.
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Figure 3. The blood pressure measurement of the participants.
Group 1 NC: normal control; Group 2: newly diagnosed; Group 3:1-5 years of diabetes; Group 4: 5-10 years of diabetes; Group 5: more than ten years of diabetes. A one-way
ANOVA with Bartlett's post hoc test was used to analyze the data. The data was labeled as ~" highly significant compared to the normal control group P< 0.0001.
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Figure 4. The serum concentration of total cholesterol (A), triglycerides (B), and low-density lipoprotein: LDL (C) in different durations of diabetes.
Group 1 NC: normal control; Group 2: newly diagnosed; Group 3:1-5 years of diabetes; Group 4: 5-10 years of diabetes; Group 5: more than ten years of diabetes. A one-way
ANOVA with Bartlett's post hoc test was used to analyze the data. The data was labeled as " highly significant compared to the normal control group P< 0.0001.
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Figure 5. Serum concentration of the oxidized nitic oxide (A), endoglin (B), and ICAM-1 (C) of the participants.
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Group 1 NC: normal control; Group 2: newly diagnosed; Group 3:1-5 years of diabetes; Group 4: 5-10 years of diabetes; Group 5: more than ten years of diabetes; ICAM-1:
Intercellular Adhesion Molecule-1. A one-way ANOVA with Bartlett's post hoc test was used to analyze the data. The data was labeled as ~ P < 0.05, representing a significant
difference compared to a normal control group, ** P < 0.001
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Figure 6. Serum concentration of the glutathione of the participants.
Group 1 NC: normal control; Group 2: newly diagnosed; Group 3:1-5 years of diabetes; Group 4: 5-10 years of diabetes; Group 5: more than ten years of diabetes; GSH: glutathione.
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Discussion

Endothelial dysfunction parameters have helped to
predict diabetic vascular problems and identify
treatment targets ®. It is beneficial to assess the
modification of endothelial function at different stages
of the duration of diabetes to determine the effect of
diabetes duration on the vascular endothelium ®®. The
present study showed that all diabetic groups had a
significantly higher body mass index when compared
to the normal control group. This result agreed with the
Rossi et al. and the Doghish et al. ®29 studies that
showed increased BMI over time among diabetic
patients and the control group correlated with a
significant increase in endothelial dysfunction.
Therefore, it is crucial to take into account the impact
of obesity on the progression of vascular complications
in individuals with diabetes .

The present study found that Group 2 patients with
newly diagnosed T2DM and other diabetic groups that
had different durations of diabetes showed significantly
higher RBG, HbA1C, and systolic blood pressure than
the normal control group. This finding is consistent
with the study by Li et al. ®®, which reported that an
increase in HbAlc level was related to diabetes
duration and the highest risk of vascular complications
in the most prolonged diabetes durations with poor
control of HbAlc. Regarding systolic blood pressure,
the study by Venuraju et al. ® found that a significant
increase in blood pressure was associated with a longer
duration of diabetes and a higher risk of diabetic
vascular complications.

Additionally, the present study also revealed that all
groups of patients with different diabetic durations had
statistically significant elevations in total cholesterol,
TG, and LDL as compared to the normal control group.
The study by Nakhjavani et al. @ found that an
increase in LDL is significantly associated with the
duration of diabetes and its association with the
development of macro- and  microvascular
complications, which is in good agreement with the
results of the present study.

Studies have recognized nitric oxide as a significant
modulator of endothelial function due to its
vasodilation action . Regarding oxidized nitric
oxide, our study showed that Group 5 patients with
more than ten years of diabetes had significantly higher
NO concentrations than other groups. The present
finding also supports the Wieczor et al. study ©®,
which concluded that the increase in serum asymmetric
dimethylarginine level, which is responsible for nitric
oxide synthesis, is not directly proportional to the
duration of diabetes. Instead, it may be associated with
the metabolic management of diabetes.

(ICAM-1) was measured to detect adhesion molecules
and the endothelium inflammation process. Our result
showed that patients with diabetes for more than ten
years had a highly significant difference from all other
groups. The study result agrees with Siddiqui et al. *?,
which found that plasma (ICAM-1) levels had
significantly increased throughout the follow-up
period. It seems that patients with diabetes for an
extended period of duration have elevated (ICAM-1)
levels, which increase endothelium inflammation and

Al-Hameed et.al.

the risk of cardiovascular complications . In order to
comprehend the factors that contribute to endothelial
dysfunction, it is essential to examine the role of raised
oxidative stress, which is caused by increased
production of reactive oxygen species (ROS) “®. The
serum concentration of glutathione (GSH) was
assessed to predict the antioxidant status. Our finding
indicated no statistically significant difference in
(GSH) concentration among all the groups. This
finding conflicts with the Ezekiel et al. ®® study, which
found that the pre-diabetic and diabetic groups had
significantly different GSH levels than the control
group.

This study has some limitations, such as the number of
participants in the healthy control group. The data
cannot be generalizable since they were drawn from
one center and do not represent the general community.
Patients with more severe diseases were to be expected
to attend consultant clinics, which might have caused
sample bias.

Conclusion

Various durations of T2DM have been associated with
a deterioration of endothelial dysfunction demonstrated
by elevated levels of (ICAM-1) in diabetic patients
with more than ten years duration of diabetes. Also, the
body  mass index, systolic hypertension,
hyperlipidemia, and poor control glycemic index play a
significant role in developing endothelial dysfunction
in these patients.

Recommendation

Biomarkers measuring in diabetic patients, such as
(ICAM-1) may provide additional information for
developing strategies for managing diabetes vascular
damage. Suggestion for future work is to study these
biomarkers as predictors of the occurrence of vascular
dysfunction in early diabetics for prevention of major
causes of mortality and morbidity in these patients.

Acknowledgment
We express our gratitude to the individuals who
participated in our study.

Funding
No funding was received for conducting this study.

References

1.Dwivedi M, Pandey AR. Diabetes mellitus and its
treatment: an overview. J Adv Pharmacol.
2020;1(1):48-58.

2. Javeed N, Matveyenko A V. Circadian Etiology of
Type 2 Diabetes Mellitus. Physiology (Bethesda). 2018
Mar;33(2):138-50.

3.Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-
Sebal A, Siddigi H, Uribe KB, et al. Pathophysiology
of Type 2 Diabetes Mellitus. Int J Mol Sci. 2020
Aug;21(17)::6275.

4. Raghavan S, Vassy JL, Ho Y-L, Song RJ, Gagnon
DR, Cho K, et al. Diabetes Mellitus-Related All-Cause
and Cardiovascular Mortality in a National Cohort of
Adults. J Am Heart Assoc. 2019 Feb;8(4):e011295.

[ Tikrit Journal of Pharmaceutical Sciences

Page | 20




Tikrit J. Pharm. Sci. 2024; 18(1):12-21

5.Henning RJ. Type-2 diabetes mellitus and
cardiovascular ~ disease. Future Cardiol. 2018
Nov;14(6):491-509.

6.Vanhoutte PM, Shimokawa H, Tang EHC, Feletou
M. Endothelial dysfunction and vascular disease. Acta
Physiol (Oxf). 2009 Jun;196(2):193-222.

7.Bahadoran Z, Mirmiran P, Kashfi K, Ghasemi A.
Vascular nitric oxide resistance in type 2 diabetes. Cell
Death Dis [Internet]. 2023;14(7):410.

8.Maruhashi T, Higashi Y. Pathophysiological
Association between Diabetes Mellitus and Endothelial
Dysfunction. Vol. 10, Antioxidants. 2021. p. Aug
18;10(8):1306.

9. Vicen M, Igreja Sa IC, Tripskd K, Vitverova B,
Najmanova |, Eissazadeh S, et al. Membrane and
soluble endoglin role in cardiovascular and metabolic
disorders related to metabolic syndrome. Cell Mol Life
Sci. 2021 Mar;78(6):2405-18.

10. Zhang J, Defelice AF, Hanig JP, Colatsky T.
Biomarkers of endothelial cell activation serve as
potential surrogate markers for drug-induced vascular
injury. Toxicol Pathol. 2010 Oct;38(6):856—71.

11. Yao Y, Du J, Li R, Zhao L, Luo N, Zhai JY, et al.
Association between ICAM-1 level and diabetic
retinopathy: a review and meta-analysis. Postgrad Med
J. 2019 Mar;95(1121):162-8.

12. Siddiqui K, George TP, Mujammami M, Isnani A,
Alfadda AA. The association of cell adhesion
molecules and selectins (VCAM-1, ICAM-1, E-
selectin, L-selectin, and P-selectin) with microvascular
complications in patients with type 2 diabetes: A
follow-up study. Front Endocrinol (Lausanne).
2023;14:1072288.

13. Darenskaya MA, Kolesnikova LI, Kolesnikov Sl.
Oxidative Stress: Pathogenetic Role in Diabetes
Mellitus and Its Complications and Therapeutic
Approaches to Correction. Bull Exp Biol Med. 2021
May;171(2):179-89.

14. Lutchmansingh FK, Hsu JW, Bennett FI, Badaloo
AV, McFarlane-Anderson N, Gordon-Strachan GM, et
al. Glutathione metabolism in type 2 diabetes and its
relationship with microvascular complications and
glycemia. PLoS One. 2018;13(6):0198626.

15. Tian J, Wen Y, Yan L, Cheng H, Yang H, Wang J,
et al. Vascular endothelial dysfunction in patients with
newly diagnosed type 2 diabetes and effects of 2- year
and 5- year multifactorial intervention.
Echocardiography. 2011;28(10):1133-40.

16. Dubsky M, Veleba J, Sojakova D, Marhefkova N,
Fejfarova V, Jude EB. Endothelial Dysfunction in
Diabetes Mellitus: New Insights. Vol. 24, International
Journal of Molecular Sciences. 2023.

17. Sadig A, Shah M, Ullah H, Ali I, Alam A, Jalil N,
et al. HBA1C as a Dual Marker for the Detection of
Lipid Profile and Cardiovascular Disease in Type-I
Diabetic Subjects. Pak J Zool. 2021;53(2):699.

18. Pyadala N, BN RK, Konyak MN, Polvarapu RG.
Development and validation of an in-house handheld
ELISA kit to detect glycosylated hemoglobin in human
whole blood. Asian J Med Sci. 2022;13(5).

19. Rossi MCE, Nicolucci A, Pellegrini F, Comaschi
M, Ceriello A, Cucinotta D, et al. Obesity and changes
in urine albumin/creatinine ratio in patients with type 2

Al-Hameed et.al.

diabetes: the DEMAND study. Nutr Metab Cardiovasc
Dis. 2010 Feb;20(2):110-6.

20. Doghish AS, Bassyouni AA, Mahfouz MH, Abd
El-Aziz HG, Zakaria RY. Plasma endoglin in Type2
diabetic patients with nephropathy. Diabetes Metab
Syndr Clin Res Rev. 2019 Jan 1;13(1):764-8.

21. Piché M-E, Tchernof A, Després J-P. Obesity
phenotypes, diabetes, and cardiovascular diseases. Circ
Res. 2020;126(11):1477-500.

22. Li F-R, Yang H-L, Zhou R, Zheng J-Z, Chen G-C,
Zou M-C, et al. Diabetes duration and glycaemic
control as predictors of cardiovascular disease and
mortality. Diabetes Obes Metab. 2021 Jun;23(6):1361—
70.

23. Venuraju SM, Lahiri A, Jeevarethinam A, Cohen
M, Darko D, Nair D, et al. Duration of type 2 diabetes
mellitus and systolic blood pressure as determinants of
severity of coronary stenosis and adverse events in an
asymptomatic diabetic population: PROCEED study.
Cardiovasc Diabetol. 2019 Apr;18(1):51.
24.Nakhjavani M, Khalilzadeh O, Khajeali L,
Esteghamati A, Morteza A, Jamali A, et al. Serum
oxidized-LDL is associated with diabetes duration
independent of maintaining optimized levels of LDL-
cholesterol. Lipids. 2010 Apr;45(4):321-7.

25. Tousoulis D, Kampoli A-M, Tentolouris Nikolaos
Papageorgiou C, Stefanadis C. The role of nitric oxide
on endothelial function. Curr Vasc Pharmacol.
2012;10(1):4-18.

26. Wieczor R, Wieczér AM, Kulwas A, Ros¢ D.
ADMA (asymmetric dimethylarginine) and angiogenic
potential in patients with type 2 diabetes and
prediabetes. Exp Biol Med (Maywood). 2021
Jan;246(2):153-62.

27. Tzoulaki I. Inflammation and haemostasis in the
development and  progression  of  peripheral
atherosclerotic disease. 2007;

28. Incalza MA, D’Oria R, Natalicchio A, Perrini S,
Laviola L, Giorgino F. Oxidative stress and reactive
oxygen species in endothelial dysfunction associated
with cardiovascular and metabolic diseases. Vascul
Pharmacol. 2018;100:1-19.

29.Nwose EU, Jelinek HF, Richards RS, Kerr PG.
Changes in the erythrocyte glutathione concentration in
the course of diabetes mellitus. Redox Rep.
2006;11(3):99-104.

[ Tikrit Journal of Pharmaceutical Sciences

Page | 21




