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Abstract

Introduction: Cardiovascular diseases are the main cause of death among type 2 diabetic
patients. Higher levels of plasminogen activator urokinase receptor have been found to predict
morbidity and mortality across acute and chronic diseases in the common populace. This
study aims to explore the role of serum plasminogen activator urokinase receptor levels as a
cardiometabolic risk factor among type 2 diabetic Iraqi patients.

Methods: Seventy type 2 diabetic patients (40 male and 30 female) (mean age: 46.20+7.56
years) participated in this study; 35 patients were with cardiovascular disease and 35 were
without cardiovascular disease; their ages range was 40-55 years. In addition, 30 individuals
who apparently healthy were selected as the control group.

Results: There were significant increases (P<0.05) in glycemic and lipid profiles in diabetic
patients with cardiovascular disease as compared to those without cardiovascular disease
and control group. The present results reveal high levels of plasminogen activator urokinase
receptor (2500.72+12.36 pg/mL versus 2255.32+10.15 pg/mL) with OR=1.80, 95%ClI 1.2,
and P=0.0001 in type 2 diabetic patients with and without cardiovascular disease respectively
as compared to healthy control (229.00+14.48 pg/mL).

Conclusion: 1t has been concluded that serum plasminogen activator urokinase receptor
showed higher levels among type 2 diabetic patients with cardiovascular disease, this revealed
it’s critical role in cardiac disease. Therefore, it could be considered a more sensitive biomarker
for the detection of cardiovascular events among type 2 diabetic patients who were at high-risk.
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Introduction inflammatory cytokine production. The accumulation

Diabetes mellitus (DM) is a group of metabolic diseases
that characterized by chronic hyperglycemia. It is initiated
by higher blood glucose levels as a consequence of
incapacity in pancreatic p-cells for producing sufficient
insulin or ineffective insulin use by cells in the body, or
both, caused by genetic or environmental influences.'

Type 2 DM (T2DM) is manifested by disorder of
carbohydrate, lipid and protein metabolism, usually
it is related with insulin resistance (IR) in numerous
tissues, although the particular mechanisms for these
abnormalities remain to be determined.?

People with T2DM are at high risk of micro- and
macrovascular complications. Cardiovascular disease
(CVD) is a main public health concern through the
world. Diabetic patients have a 2-4 fold increased risk of
progressing coronary artery disease (CAD), proving that
T2DM is a distinctive risk feature for heart disease.® In
the preponderance of cases, the primary cause of CVD
is atherosclerosis, which initiates when low-density
lipoprotein (LDL) is oxidized and resulting in a flow of

of oxidized LDL further damages the endothelial cells,
leading to myocardial and cerebral ischemia. It has been
suggested that chronic inflammation has a prospective role
in atherosclerosis progression.* Consequently, numerous
study analysis data have examined the association between
some of inflammatory biomarkers and CVD.?

A potential blood biomarker reflecting this chronic
inflammation, is plasminogen activator urokinase
receptor (uPAR),® also known as CD-87, it is a cysteine
rich single chain glycoprotein with a relative molecular
weight of 50-60 KD. In humans, uPAR is encoded by
PLAUR on chromosome 19q13, comprising 52 amino
acids at the N-terminus and 30 amino acids at the
C-terminus, which is bounded by glycosyl phosphatidyl
inositol anchor” The uPAR is cleaved and released
from cells as a response to inflammation, producing
soluble uPAR (suPAR), which can be considered as a
pro-inflammatory marker in T2DM.? The PA system is
composed of uPA and its receptor (uPAR), tissue-type
PA (tPA), plasminogen and its multiple receptors as well
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as three inhibitors (PAI-1, PAI-2, and protease nexin-
1(PN-1)). These molecules are glycoproteins and found in
most tissues and body fluids.” The uPA-uPAR system is
not only complicated in fibrinolysis, but it also controls
cell proliferation, angiogenesis, adhesion and enrollment
of inflammatory cells.” Recently, suPAR has increased
concern as a potential risk marker for T2DM, CVD,
cancer and mortality in the widely populace.!’ Higher
serum suPAR levels have also been related with subclinical
organ damage and CV complications, assisting to expect
mortality causes in ischemic stroke.'

The aims of this study is to examine the role of serum
uPAR levels as a cardiometabolic risk factor among type 2
diabetic Iraqi patients.

Materials and Methods
This study was performed through October 2022 to
February 2023 at Baghdad Teaching Hosptal/ Medical
City-Baghdad. Seventy patients with T2DM were enrolled
in the current study; 35 patients were with CVD and
35 without CVD. Moreover, 30 healthy individuals
were selected as control group. Control subjects were
collected as glycemic control when fasting serum glucose
(FSG) <100 mg/dL and glycated hemoglobin (HbAlc)
<5.7%.

All the patients were enrolled from the outpatients’
departments of endocrinology and CVD at Baghdad

Teaching Hospital in Baghdad, Iraq. A questionnaire was
deliberated to contain age, height, weight, duration of DM
and CVD, family history, smoking, and treatment. The
diagnosis of DM was according to WHO criteria."® In this
criteria, a diagnosis of DM can be made by a FSG>126
mg/dL when HbAlc>6.5% is confirmed and T2DM
patients were diagnosed by endocrinologist. While, CVD
were diagnosed when two of the following three criteria
were detected: typical symptoms, higher concentrations of
cardiac enzymes (i.e., creatinine kinase above 5% of the
total creatinine kinase, lactic dehydrogenase 1.5 times the
upper limit of normal, or a troponin T level <2 ng/ml),
or investigation changes on the electrocardiogram (ECG);
they were examined by cardiologists.

Inclusion and exclusion criteria
The current study encompassed individuals who had
T2DM with and without CVD; their ages ranged from
40-55 years. All diabetic patients were treated with anti-
diabetic drugs. While, CVD patients were treated with
aspirin, B-blocker, statin, angiotensin converting enzyme
inhibitors, and angiotensin receptor blockers. Patients with
T1DM, insulin users, a history of hepatic diseases, renal
failure, thyroid disorders, autoimmune diseases, major
chronic disorders, and pregnancy were excluded from this
study. A flow chart of the study is illustrated in Figure 1.
Anthropometric and clinical characteristics such as sex,

A total of 100 Subjects were
enrolled in the study

4

T2DM Patients
- With CVD (n= 35)
- Without CVD (n=35)

|

1

Thirty subjects apparent
healthy control

|

|

Anthropometric and Clinical
Measurements

l

L

Blood Sample Collection (Centrifuged,
then serum stored at -20°C)

Biochemical Analysis

|

C
[

- Glycemic profile
- Lipid profile
- Serum uPAR

Figure 1. Flow-chart of the study
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age, weight, height, waist circumference (WC), waist to
hip ratio (WHR), body mass index (BMI), systolic and
diastolic blood pressure (SBP and DBP) for all participants
were assessed.

Blood samples were taken from each subjects in fasting
state for laboratory investigation which included: FSG,
total cholesterol (TC), triglyceride (TG), high density
lipoprotein cholesterol (HDL-C), which were measured
using biochemical automated analyzer (Cobas e411). The
Bio-Rad VARIANT hemoglobin A1C employs automated
and precise ion-exchange high-performance liquid
chromatography (HPLC) principles to separate (HbAlc).
Non HDL-C was designed by subtracting HDL-C from
TC.'* Additionally, serum uPAR concentration was
evaluated using sandwich enzyme immunoassay. The
microtiter plate provided in this kit has been pre-coated
with an antibody (Ab) specific to uPAR. Standards or
samples were added to the appropriate microtiter plate
wells then with a biotin-conjugated Ab specific to uPAR.
Next, Avidin conjugated to horseradish peroxidase was
added to each microplate well and incubated. After tetra
methyl benzidine substrate solution was added, only
those wells that contain uPAR, biotin-conjugated Ab and
enzyme-conjugated avidin will exhibited a change in color.
The enzyme-substrate reaction was terminated by the
addition of sulphuric acid solution and the color change
was measured spectrophotometrically at a wavelength of
450nm + 10nm. The concentration of uPAR in the samples
is then determined by comparing the optical density of the
samples to the standard curve; Cat: ELK2317 and 2318
with sensitivity: 36 pg/mL and detection range: 78.13-
5000 pg/mL.

Statistical analysis

The data were examined by the statistical package for
social sciences (SPSS), version 25. All the results were
expressed as means+standard deviation (SD). Chi-
Squared test was used for percentage values comparison.
For the comparison of numerical variables between two
groups with normally distributed data, the independent
samples t-test was used. When comparing variables
among more than two groups, the one-way analysis of
variance (ANOVA) test was utilized. A P-value of less
than 0.05 was reflected to be significant. Moreover, odd
ratio (OR) and 95% confidence interval (95%CI) for uPAR
levels were calculated.

Results
There were no significant differences in gender and age
between the patients and control groups. While, there were
significant increases (P=0.0001) in other anthropometric
and clinical features of diabetic patients as compared to
the controls (Table 1).

Table 2 reveals significant increase (P<0.05) in FSG,
TC, TG, LDL-C, VLDL, and non HDL-C with a significant

decrease (P=0.001) in serum HDL-C in T2DM patients
with CVD as compared to those without CVD and control
group. Moreover, Table 2 shows high values of lipid ratios
in T2DM with CVD as compared to those without CVD
and healthy control.

Table 3 explains serum uPAR levels and OR for patients
and control groups. Serum uPAR levels were significantly
increased (P=0.0001) with OR=1.80 and 95%CI=1.2 in
diabetic patients as compared to the controls. Moreover,
a highly significant increase (P=0.0001) were found in
serum uPAR level in T2DM with CVD as compared to
those without CVD.

Table 4 and Figure 2 revealed that female patients had
significant increase (P=0.0001) in serum uPAR levels as
compared to the male patients.

There were significant positive correlations between
serum uPAR levels and age, WC, WHR, BMI, SBP, DBP,
FSG, HbAlc, TC, TAG, VLDL, LDL-C, and non HDL-C
in diabetic patients groups (Table 5).

Table 1. Anthropometric and clinical features of the study groups

Mean=SD

Parameters Patients Control P value
(n=70) (n=30)

9 o
Gender (Male/Female no, %) ;8 Ei;;zéj 38 Eggg;ﬁ; 0.306
Age (Years) 46.20+7.56 41.53+£3.21 0.620
WC (cm) 106.18+2.75 70.50+1.32 0.0001
WHR 0.97+0.03 0.72+0.02 0.0001
BMI (kg/m2) 35.45+2.45 21.52+1.63 0.0001
SBP (mm Hg) 152.70+£3.20 113.00+£0.52  0.0001
DBP (mm Hg) 95.68+2.14 78.50+1.18 0.0001
Duration of DM (Years) 10.73£4.52
Duration of CVD (Years) 5.43+3.21
Family history (Yes/No) 62.8 0.30 0.0001
Smoking 50 (71.43%) 5(16.67%) 0.0001

Data are expressed as a number (%) and mean+SD; p<0.05: Significant,
p<0.01: Highly significant, WC: waist circumference, WHR: waist to hip
ratio, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic
blood pressure.

m Female

Male

2160.59

Figure 2. Gender distribution of uPAR levels in diabetic patients groups
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Table 2. Glycemic and lipid profile in patients and control group

Mean=SD
Parameters T2DM with CVD T2DM Control P value
(n=35) (n=35) (n=30)
FSG (mg/dL) 198.78+10.12° 185.148.73 78.51+4.21° 0.001
HbATC (%) 14.65+2.21° 9.50+1.42% 4.15+0.40° 0.04
TC (mg/dL) 295.20+10.15° 215.48+8.12 135.46+8.10° 0.001
TG (mg/dL) 250.87 +12.40° 198.65+10.70" 94.38+15.61° 0.001
HDL-C (mg/dL) 35.21+3.68° 42.27+2.31b 68.62 +5.40° 0.001
LDL-C (mg/dL) 209.82+4.15° 133.48+3.25 47.96+2.43¢ 0.001
VLDL (mg/dL) 50.17+2.42° 39.73+2.16) 18.88+3.12¢ 0.001
Non HDL-C (mg/dL) 260.08+6.43° 173.20+5.84" 66.84+3.90° 0.001
TC/HDL-C ratio 8.38+2.78 5.00+3.48% 1.70+0.52" 0.04
LDL-C/HDL-C ratio 5.95+1.120 3.14+1.38" 0.65+2.34¢ 0.03
TG/HDL-C ratio 7.17+3.35° 4684231 1.37+1.44b 0.03

Data are expressed as mean+SD. Same letters indicate no significant changes and different letters indicate significant changes, P<0.05: Significant, P<0.01:
Highly significant, FSG: fasting serum glucose, HbATc: glycated hemoglobin, TC: total cholesterol, TG: triglyceride, HDL-C: high density lipoprotein cholesterol,

LDL-C: low density lipoprotein cholesterol, VLDL: very low density lipoprotein.

Table 3. Serum uPAR levels with OR for the studied groups

Mean =SD
Parameters T2DM with CVD T2DM Control OR 95%Cl P value
(n=35) (n=35) (n=30)
UPAR (pg/mL) 2500.72 £12.36° 2255.32+£10.15° 229.00+14.48¢ 1.80 1.2 0.0001

Data are expressed as mean=SD. Different letters indicate significant differences, P<0.01: Highly significant, OR; odd ratio, Cl: confidence interval, uPAR:

plasminogen activator urokinase receptor.

Table 4. Effect of gender on uPAR levels in diabetic patients groups

Mean = SD
Parameters Female Male P value
(n=30) (n=40)
uPAR (pg/mL) 2540.85+10.15 2160.59+14.48 0.0001

Data are expressed as mean+SD, P<0.01: Highly significant, uPAR:
plasminogen activator urokinase receptor.

Discussion
Cardiovascular disease represent a health concern
expected to be an atherosclerotic cause and denotes
primary cause of death among diabetics. Various
assumptions from epidemiological data analysis have
revealed the significance of CV risk factors among diabetic
patients. Though diabetes considers a progressive risk for
health, there are simultaneous illnesses with DM, i.e.,
dyslipidemia, hypertension, and obesity, and that denote
major risk causes for atherosclerosis.”” Age-associated
variations in CV events and the clinical consequences
of CV ageing are well recognized.'® From this study,
concluded that smoker patients represents 71.43%, which
revealed serious health consequences for the smoker
in terms of its adverse and high effect on the body fat
levels, causing dyslipidemia which leads to atherosclerosis
and CVD.”

The current outcomes revealed that diabetic patients
with CVD had family histories of metabolic complications,
also had higher anthropometric and clinical features,

Table 5. Correlation coefficient of serum uPAR with study parameters in
T2DM and T2DM with CVD

Parameters ¥ p r p

Age (Years) 0.938™ <0.001 0.961** <0.001
WC (cm) 0.956" <0.001 0.964** <0.001
WHR 0.297° 0.036 0.560** <0.001
BMI (kg/m?) 0.152 0.294 0.649** <0.001
SBP (mm Hg) 0.977" <0.001 0.948** <0.001
DBP (mm Hg) 0.910™ <0.001 0.948** <0.001
FSG (mg/dL) 0.955™ <0.001 0.621** <0.001
HbATc (%) 0.936™ <0.001 0.966** <0.001
TC (mg/dL) 0.944™ <0.001 0.965** <0.001
TAG (mg/dL) 0.923" <0.001 0.989** <0.001
HDL-C (mg/dL) -0.953" <0.001 -0.970** <0.001
VLDL (mg/dL) 0.923" <0.001 0.989** <0.001
LDL-C (mg/dL) 0.281° 0.048 0.969** <0.001
Non HDL-C (mg/dL) 0.965™ <0.001 0.973** <0.001

'P<0.05: Significant, “P<0.001: Highly significant, WC: waist circumference,
WHR: waist to hip ratio, BMI: body mass index, SBP: systolic blood pressure,
DBP: diastolic blood pressure, FSG: fasting serum glucose, HbA1c: glycated
hemoglobin, TC: total cholesterol, TG: triglyceride, HDL-C: high density
lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol, VLDL:
very low density lipoprotein, uPAR: plasminogen activator urokinase receptor.
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ie, WC, WHR, BMI, SBP, and DBP. Moreover, the
current study suggested considerable increases in FSG
and HbAlc among diabetic patients with and without
CVD comparing to healthy control.These consequences
are due to hyperglycemia, which is the main distinctive
feature of DM. Blood glucose is toughly controlled by two
leading processes: insulin secretion and insulin action
on main tissues, i.e., skeletal muscle, liver, and adipose
tissue. Type 2 DM is frequently related with obesity and
IR characterized by hyperinsulinemia.’® Although its
inadequacy among patients with hemoglobinopathies,
HbA1lc is the gold standard for defining glycemic control
among diabetic patients. It is used to give idea on glycemic
control.’” In the same content, diabetic patients in this
study had raised value of HbA1lc, which is in accordance
with previous study.”

Dyslipidemia is main irregularity in DM, and it is
characterized by higher TG levels, diminished HDL-C
concentrations and higher or normal LDL-C levels. One
study showed that TG/HDL-C ratio is interrelated with
IR, and a higher value of it suggests the triggered secretion
function of islet -cells.” Further study showed that obesity
can lead to IR and promote abnormalities in glucose
metabolism, that finally leads to DM.** Consequently, the
combination of obesity with dyslipidemia can raise the risk
of DM. On the one hand, the insulin-mediated activation of
the phosphoinositide 3-kinase pathway is decreased, while
activation of the extracellular signal-regulated protein
kinase 1/2 and the production of endothelin-1 by insulin
are normal.”® On the other hand, it has been found that
cholesterol homeostasis is related with insulin secretory,
and dyslipidemia causes defects in insulin secretion and
alterations of glucose metabolism. Also, higher LDL-C
and diminished HDL-C levels, as risk features for -cell
dysfunction, increase the bio-disposal of LDL-C in the
pancreatic cell metabolism to have a cytotoxic influence;
they may also increase -cell apoptosis, with an influence
of IR on DM, thereby decreasing insulin sensitivity and
impairing pancreatic p-cell function.* Dyslipidemia is
triggered by the alteration in lipoprotein activity, and
it can also progress into IR and ultimately lead to DM.
Furthermore, in obese subjects, the higher free fatty acids
that inter to the liver leads to the accumulation of TGs and
rises LDL-C synthesis.”

The atherogenic indices (ratios), which is reflected by
LDL-C/HDL-C and TC/HDL-C ratios is more prognostic
as constituents and indicator of CV risk as compared to
the traditional lipid factors.” The LDL-C/HDL-C ratio
has been revealed to be the most related index for CV
risk rendering to previous study”’ The LDL particles
size index (TG/HDL-C) ratio was significantly elevated
in diabetic patients. Hence, it could be used effectively
as a further index for assessment of CV risk, which is in
agreement with previous study.?® Earlier data documented
that the risk values of LDL-C/HDL-C ratio are>3.5 for

men and > 3.0 for women, while the goal values for both
gender are 3.0 and 2.5, respectively.”

A chronic inflammatory state mediated by mechanical
and humoral influences, is frequently designated in
ageing related CVD. This suggests that suPAR is a
prospective indicator for heart disease. It is suggested
as a biomarker of acute and chronic organ damage.
However, it was considered as a biomarker of low-grade
inflammation, which is detected in CVD, i.e, CAD or
stroke.*® Consequently, higher levels of suPAR is noticed
in endothelium dysfunction, vascular stiffness and lead to
atherosclerosis. Ithasbeen examined varied levels of suPAR
via different study analysis as a biomarker or risk factor of
severity in stroke and heart attack, but these outcomes are
indistinct. The present results confirm that higher levels
of suPAR are detected in diabetic patients with CVD.
Persson et al described the correlation between serum
suPAR and the occurrence of stroke and CAD.*" Edsfeldt
et al study revealed higher concentrations of suPAR in
patients with symptomatic atherosclerosis, compared to
asymptomatic patients.* Systematic alterations in cardiac
and vascular structure and function lead to heart failure
(HF) and cerebrocardiovascular events. The presence of
low-grade chronic inflammation processes, mainly on
the endothelial level, results in subclinical organ damage
leading to diabetes, HF, malignancy and inflammatory
systemic diseases. This may be clarified by the fact that
raised suPAR levels are not definite for atherosclerosis
only, but also reveal the activation of various inflammatory
and proinflammatory cells, chemokines and cytokines. So,
it is supposed that proinflammatory cytokines trigger the
release of suPAR from activated monocytes, neutrophils,
and endothelial cells. This inflammatory progression is
maintained by suPAR because it acts as a chemotactic
agent that stimulates enrollment of immune cells to
sites of acute inflammation.”® Additionally, suPAR meets
critical applications for a biomarker as it is frequently
stable in plasma, unlike numerous biomarkers, free of
circadian variations and stable during periods of acute
stress. It was previously proved that suPAR level is
elevated in individuals with the history of CVD and their
complications. It also predicts adverse cardiac events,
especially in patients after the first episode. This may be
due to the infectious complications of stroke, which are
frequent among patients with stroke. Hence, both suPAR
and advanced ECG were found valuable investigative
tools for categorizing diabetic patients at risk of prospect
clinical cardiac disease.**

The uPAR and uPA have a role in the pathogenesis of
vascular diseases, which is accompanied by inflammation.
Atthe cell surface, uPAR can be cleaved by its ligand uPA or
further proteases, thus releasing suPAR to the bloodstream
or other body fluids. Atherosclerotic plaque causes an
increase of macrophages and leads to the release of uPAR
from their surface.The specific inflammatory mediators
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revealed the expression of uPAR alongside the release of
suPAR in vitro and in vivo comprise lipopolysaccharide
(LPS), which rises the mRNA expression of uPAR in
vitro, and triggers the release of suPAR. Injection of LPS
in healthy individuals has also been increased the suPAR
levels in blood, also increased the expression of uPAR on
circulating monocytes.” Release of suPAR from immune
cells is related with the inflammatory status; so, the blood
suPAR level is revealed an person’s level of inflammation
and immune activation. The median suPAR level is
around 2 ng/mL, and women usually have greater suPAR
than men. Though, suPAR appears to rise with age in men
as compared to women, and no changes among the both
gender at age =74 years,* which is in agreement with the
current outcomes. These differences between gender may
be due to ethnic variances, diet, lifestyle, demographic
factors, analysis methods, metabolic and hormonal
changes are affected on uPAR value.” Also, drugs that
are identified to influence lipid metabolism such as
lipid-lowering drugs, B-blockers, or diuretics might be
considered.®® Also, suPAR levels are greater in serum
than in plasma in humans. The suPAR concentration is
influenced by numerous elements, comprising heredities,
lifestyle, acute- and chronic illness, but the contributions
of these influences to suPAR levels has not been completely
understood. Additionally, the same factors also affect the
tissue uPAR expression. The suPAR is removed from the
circulation by cardiac clearance and renal excretion.”
Elevated suPAR concentrations are considerably related
with deterioration in renal function, and as a consequence
of reduced filtration in patients on dialysis, so high levels
of suPAR could be released. Nevertheless, high levels of
suPAR might be due to the deterioration in glomerular
filtration rates, indicating that it is related with kidney
function only. So, uPAR has several vital roles in the
inflammatory response, comprising cell migration,
proliferation, invasion, phagocytosis, vasodilation, in
addition to release of cytokines and chemokines.*’

The current study has many limitations. The study was
cross-sectional, hence it is unable to determine causality.
The sample size is relatively small and contribution was
voluntary, and inclusion of subjects who were mostly more
concerned in their health. Even so, the true association
between uPAR and CVD may be overestimated.

The uPAR has many domains while, the assay used in
this work might not distinguish between the forms of
uPAR. Hence, this study is incapable to detect associations
of different these subtypes to CVD.

Conclusion

It has been concluded that serum uPAR showed higher
levels among type 2 diabetic patients with CVD, this
revealed it’s critical role in cardiac disease. Therefore, it
could be considered as more sensitive biomarker for the
detection of CV events among type 2 diabetic patients
who were at high-risk.

Acknowledgements

The authors thank the staff of Baghdad Teaching Hospital/ Medical
City-Baghdad, Iraq for their cooperation during the work. Also,
more appreciation for patients who were participated in this study.

Authors’ Contribution

Conceptualization: Hind Shakir Ahmed, Melak Saleh Mohammed.
Data curation: Hind Shakir Ahmed, Melak Saleh Mohammed.
Formal analysis: Hind Shakir Ahmed, Melak Saleh Mohammed.
Funding acquisition: Hind Shakir Ahmed.

Investigation: Hind Shakir Ahmed.

Methodology: Hind Shakir Ahmed, Melak Saleh Mohammed.
Project administration: Hind Shakir Ahmed.

Resources: Hind Shakir Ahmed, Melak Saleh Mohammed.
Supervision: Hind Shakir Ahmed.

Validation: Hind Shakir Ahmed, Melak Saleh Mohammed.
Visualization: Hind Shakir Ahmed.

Writing-original draft Hind Shakir Ahmed.

Writing-review & editing: Hind Shakir Ahmed, Melak Saleh
Mohammed.

Competing Interests
The authors declared no competing of interest.

Ethical Approval

The Institutional Scientific Committee at the University of Baghdad
approved this study according to Declaration of Helsinki for
humans studies (Consent number: 4737 at 13/9/2022).

Funding
This research received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors.

References

1. He X, Ou C, Xiao Y, Han Q, Li H, Zhou S. LncRNAs: key
players and novel insights into diabetes mellitus. Oncotarget.
2017;8(41):71325-41. doi: 10.18632/oncotarget.19921.

2.  FeiY, Tsoi MF, Cheung BMY. Cardiovascular outcomes in trials
of new antidiabetic drug classes: a network meta-analysis.
Cardiovasc Diabetol. 2019;18(1):112. doi: 10.1186/s12933-
019-0916-z.

3. Pang M, Li Y, Gu W, Sun Z, Wang Z, Li L. Recent advances
in epigenetics of macrovascular complications in diabetes
mellitus. Heart Lung Circ. 2021;30(2):186-96. doi: 10.1016/j.
hlc.2020.07.015.

4. Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J,
Bittencourt MS, et al. Atherosclerosis. Nat Rev Dis Primers.
2019;5(1):56. doi: 10.1038/541572-019-0106-z.

5. Al-Zaidy GH, Ahmed HS. Assessment of serum apelin and
some risk factors in type 2 diabetes mellitus. Iragi ] Community
Med. 2018;31(3):111-5.

6. Leth JM, Ploug M. Targeting the urokinase-type plasminogen
activator receptor (UPAR) in human diseases with a view to
non-invasive imaging and therapeutic intervention. Front Cell
Dev Biol. 2021;9:732015. doi: 10.3389/fcell.2021.732015.

7. Mahmood N, Mihalcioiu C, Rabbani SA. Multifaceted role of
the urokinase-type plasminogen activator (uPA) and its receptor
(uPAR): diagnostic, prognostic, and therapeutic applications.
Front Oncol. 2018;8:24. doi: 10.3389/fonc.2018.00024.

8. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of
cardiovascular disease in type 2 diabetes: a systematic
literature review of scientific evidence from across the world
in 2007-2017. Cardiovasc Diabetol. 2018;17(1):83. doi:
10.1186/512933-018-0728-6.

9. Al-Salameh A, Chanson P, Bucher S, Ringa V, Becquemont
L. Cardiovascular disease in type 2 diabetes: a review of

J Cardiovasc Thorac Res, 2023, Volume 15, Issue 3 | 159


https://doi.org/10.18632/oncotarget.19921
https://doi.org/10.1186/s12933-019-0916-z
https://doi.org/10.1186/s12933-019-0916-z
https://doi.org/10.1016/j.hlc.2020.07.015
https://doi.org/10.1016/j.hlc.2020.07.015
https://doi.org/10.1038/s41572-019-0106-z
https://doi.org/10.3389/fcell.2021.732015
https://doi.org/10.3389/fonc.2018.00024
https://doi.org/10.1186/s12933-018-0728-6

Saleh Mohammed and Shakir Ahmed

20.

21.

22.

23.

24.

25.

sex-related differences in predisposition and prevention.
Mayo Clin  Proc. 2019;94(2):287-308. doi: 10.1016/j.
mayocp.2018.08.007.

Chavakis T, Willuweit AK, Lupu F, Preissner KT, Kanse SM.
Release of soluble urokinase receptor from vascular cells.
Thromb Haemost. 2001;86(2):686-93.

Esmael A, Elsherief M, Eltoukhy K. Prevalence of cognitive
impairment in acute ischaemic stroke and use of Alberta Stroke
Programme Early CT Score (ASPECTS) for early prediction
of post-stroke cognitive impairment. Neurol Neurochir Pol.
2021;55(2):179-85. doi: 10.5603/PJNNS.a2021.0006.

Lesko N, Maretta M, Skorvanek M, Frankovicovd M, Sihotsky
V, Spak L, et al. Predictors of outcome events and 6-year
mortality after carotid endarterectomy and carotid stenting in
patients with carotid artery stenosis. Neurol Neurochir Pol.
2021;55(1):67-73. doi: 10.5603/PJNNS.a2020.0089.

Rajaei E, Jalali MT, Shahrabi S, Asnafi AA, Pezeshki SMS. HLAs
in autoimmune diseases: dependable diagnostic biomarkers?
Curr Rheumatol Rev. 2019;15(4):269-76. doi: 10.2174/15733
97115666190115143226.

Langlois MR, Sniderman AD. Non-HDL cholesterol or apoB:
which to prefer as a target for the prevention of atherosclerotic
cardiovascular disease? Curr Cardiol Rep. 2020;22(8):67. doi:
10.1007/511886-020-01323-z.

American  Diabetes  Association.  10.  Cardiovascular
disease and risk management: standards of medical care in
diabetes-2019. Diabetes Care. 2019;42(Suppl 1):S103-S23.
doi: 10.2337/dc19-5010.

Ahmed HS, Salman ED. Role of serum omentin-1 and bone
metabolism markers in osteoporosis among postmenopausal
women. Ann Rom Soc Cell Biol. 2021;25(6):8317-27.

Hasan SA, Mohammed SA, Hameed AN, Shaalan JA, Hassan
MM. Association of lipid profiles, body mass index and ABO
blood groups among Iraqi male smokers and non-smokers.
Eur J Mol Clin Med. 2020;7(2):194-201. doi: 10.31838/
ejmcm.07.02.31.

Turki KM, Ahmed HS, Saifullah PH. Leptin and insulin
resistance in types 2 diabetic Iragi male patients. IntJ Adv Eng
Res Stud. 2012;1(3):232-4.

Khazaal FA, Abdulaziz LS. Evidence based updating of HbATc
targets: global guidelines for glycemic control in type 2
diabetes mellitus. Al-Kindy Col Med J. 2015;11(2):1-6. doi:
10.47723/kemj.v11i2.315.

Ahmed HS, Tahir NT. Association between diabetes mellitus
and knee osteoarthritis. Iraqg Med J. 2017;1(3):65-7. doi:
10.22371/imj.09201703.

Raoof EM, Ahmed HS. Circulating adipsin as biomarker and
its implication in type 2 diabetes mellitus. Int ] Drug Deliv
Technol. 2022;12(2):588-93.

Ahmed HS. Obesity and breast cancer: circulating adipokines
and their potential diagnostic as risk biomarkers. Int J Res
Pharm Sci. 2020:11(3):3061-8.

Jonk AM, Houben AJ, Schaper NC, de Leeuw PW, Serné EH,
Smulders YM, et al. Meal-related increases in microvascular
vasomotion are impaired in obese individuals: a potential
mechanism in the pathogenesis of obesity-related insulin
resistance. Diabetes Care. 2011;34(Suppl 2):5342-8. doi:
10.2337/dc11-s240.

Ahmed HS, Abbas AK. The relationship between reproductive
hormones and metabolic parameters in women with polycystic
ovary syndrome. ] Fac Med Baghdad. 2014;56(2):229-33. doi:
10.32007/jfacmedbagdad.562483.

Turki KM, Ahmed HS, Saifullah PH. LDL particles size index
and lipid peroxidation in type 2 diabetic male patients. Iraqi
Postgrad Med J. 2013;12(1):57-61.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ahmed HS. Serum adropin and apelin as potential markers
predicting acute heart failure-associated renal dysfunction
among elderly Iraqi patients. Ann Trop Med Public Health.
2020;23(510):SP231024. doi: 10.36295/asr0.2020.231024.
Al-Zaidy GH, Ahmed HS. Study the role of serum apelin,
obesity, and duration of the disease in type 2 diabetes mellitus.
Iragi ] Community Med. 2018;31(4):148-52.

Tahir NT, Ahmed HS, Gaiz AA. Leptin and insulin resistance in
obese children. Al-Kindy Col Med J. 2014;10(2):36-40.
Aderibigbe MA, Obafemi TO, Olaleye MT, Akinmoladun AC.
Effects of gender, age and treatment duration on lipid profile
and renal function indices in diabetic patients attending a
teaching hospital in South-Western Nigeria. Afr Health Sci.
2018;18(4):900-8. doi: 10.4314/ahs.v18i4.8.

Tahir NT, Ahmed HS, Mahmmod OK. Correlation between
high sensitivity C-reactive protein and incident type 2
diabetes among newly diagnosed renal impairment patients.
Iraqi ] Community Med. 2020;33(1):10. doi: 10.4103/irjcm.
irjcm_7_20.

Persson M, Ostling G, Smith G, Hamrefors V, Melander O,
Hedblad B, et al. Soluble urokinase plasminogen activator
receptor: a risk factor for carotid plaque, stroke, and coronary
artery disease. Stroke. 2014;45(1):18-23. doi: 10.1161/
strokeaha.113.003305.

Edsfeldt A, Nitulescu M, Grufman H, Gronberg C, Persson
A, Nilsson M, et al. Soluble urokinase plasminogen activator
receptor is associated with inflammation in the vulnerable
human atherosclerotic plaque. Stroke. 2012;43(12):3305-12.
doi: 10.1161/strokeaha.112.664094.

Sorensen NA, Donmez G, Neumann JT, Nikorowitsch J,
Riibsamen N, Blankenberg S, et al. Diagnostic value of
soluble urokinase-type plasminogen activator receptor in
addition to high-sensitivity troponin | in early diagnosis of
acute myocardial infarction. Biomolecules. 2019;9(3):108.
doi: 10.3390/biom9030108.

Geovanini GR, Libby P. Atherosclerosis and inflammation:
overview and updates. Clin Sci (Lond). 2018;132(12):1243-
52. doi: 10.1042/cs20180306.

Zimmermann HW, Reuken PA, Koch A, Bartneck M, Adams
DH, Trautwein C, et al. Soluble urokinase plasminogen
activator  receptor is compartmentally regulated in
decompensated cirrhosis and indicates immune activation
and short-term mortality. J Intern Med. 2013;274(1):86-100.
doi: 10.1111/joim.12054.

Chew-Harris J, Appleby S, Richards AM, Troughton RW,
Pemberton CJ. Analytical, biochemical and clearance
considerations of soluble urokinase plasminogen activator
receptor (suPAR) in healthy individuals. Clin Biochem.
2019;69:36-44. doi: 10.1016/j.clinbiochem.2019.05.010.
Salman ED, Ahmed HS. Bone mineral density and vitamin
D status among postmenopausal Iragi women. Plant Arch.
2020;20(2):4613-20.

Ahmed HS. Correlations between serum interleukins-2,-4
levels and some biochemical parameters in Iraqi patients with
osteoporosis. ] Fac Med Baghdad. 2017;59(3):275-9. doi:
10.32007/jfacmedbagdad.593103.

Wilazet RN, Szadkowska I, Bartnicki P, Ro$niak-Bak K, Rysz
J. Clinical and prognostic usefulness of soluble urokinase
plasminogen activator receptor in hemodialysis patients. Int
Urol Nephrol. 2018;50(2):339-45. doi: 10.1007/s11255-017-
1778-5.

Azam TU, Shadid HR, Blakely P, O’Hayer P, Berlin H, Pan
M, et al. Soluble urokinase receptor (SuPAR) in COVID-19-
related AKI. ] Am Soc Nephrol. 2020;31(11):2725-35. doi:
10.1681/asn.2020060829.

160 | J Cardiovasc Thorac Res, 2023, Volume 15, Issue 3


https://doi.org/10.1016/j.mayocp.2018.08.007
https://doi.org/10.1016/j.mayocp.2018.08.007
https://doi.org/10.5603/PJNNS.a2021.0006
https://doi.org/10.5603/PJNNS.a2020.0089
https://doi.org/10.2174/1573397115666190115143226
https://doi.org/10.2174/1573397115666190115143226
https://doi.org/10.1007/s11886-020-01323-z
https://doi.org/10.2337/dc19-S010
https://doi.org/10.31838/ejmcm.07.02.31
https://doi.org/10.31838/ejmcm.07.02.31
https://doi.org/10.47723/kcmj.v11i2.315
https://doi.org/10.22371/imj.09201703
https://doi.org/10.2337/dc11-s240
https://doi.org/10.32007/jfacmedbagdad.562483
https://doi.org/10.36295/asro.2020.231024
https://doi.org/10.4314/ahs.v18i4.8
https://doi.org/10.4103/irjcm.irjcm_7_20
https://doi.org/10.4103/irjcm.irjcm_7_20
https://doi.org/10.1161/strokeaha.113.003305
https://doi.org/10.1161/strokeaha.113.003305
https://doi.org/10.1161/strokeaha.112.664094
https://doi.org/10.3390/biom9030108
https://doi.org/10.1042/cs20180306
https://doi.org/10.1111/joim.12054
https://doi.org/10.1016/j.clinbiochem.2019.05.010
https://doi.org/10.32007/jfacmedbagdad.593103
https://doi.org/10.1007/s11255-017-1778-5
https://doi.org/10.1007/s11255-017-1778-5
https://doi.org/10.1681/asn.2020060829

