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ABSTRACT

Aims: Since endothelial dysfunction precedes clinically significant diabetic vascular complications,
circulating endothelial progenitor cells (EPCs) have generated interest as a biomarker of
endothelial function and are considered a mirror for endogenous vasculo-regenerative capacity. So
we aimed to assess EPCs count in adolescents with type 1 diabetes mellitus (T1DM) in
comparison to those with type 2 diabetes mellitus (T2DM) and extend these findings to assess
their relationship to other clinical and biochemical risks of endothelial dysfunction.

Patients and Methods: Fifty Egyptian adolescents were included in this study, 20 with T1DM, 20
T2DM and 10 healthy control subjects. Patients are recruited from Diabetes and Endocrinology
Unit, outpatient clinic of internal medicine department Tanta University Hospital, in the period from
2017 to 2019. EPCs count was determined by Flowcytometry, anthropometric measurements and
laboratory investigations were done for fasting and 2-hours post-prandial blood glucose, serum
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assessment of insulin resistance (HOMA- IR).

lipid profile, HbAlc, urinary albumin creatinine ratio, fasting C peptide, and homoeostasis model

Results: In T1DM, EPCs count was significantly higher compared to T2DM (0.032) and control
group (p0.001) and it was negatively correlated with age of patients and duration of diabetes but
was positively correlated with HbAlc. While, the count was higher in T2DM compared to control
with no statistically significant difference (p0.063) and negatively correlated with body mass index,
waist circumference, blood pressure and HOMA-IR.

Conclusion: Adolescents with T2DM have distressing clinical and biochemical findings and
significantly lower count of (EPCs) than adolescents with TIDM. This puts them at potential higher
risk for early development of endothelial dysfunction and less power of vascular repair that may
potentiate early harboring of vascular complications.

Keywords: Adolescents; diabetes, endothelial dysfunction, endothelial progenitor cell.

1. INTRODUCTION

Type 2 diabetes mellitus (T2DM), once
considered a metabolic disorder exclusively of
adulthood. However, the story has changed with
an alarming rise in the numbers of adolescents
who develop T2DM [1]. The onset of diabetes in
adolescence places them at markedly increased
risk that the full spectrum of both micro- and
macro vascular complications would occur in
early adulthood [2].

The switch from a healthy to a dysfunctional
endothelium, generally termed endothelial
dysfunction, is recognized to play the central role
in the development of diabetic vascular
complications  [3]. Indeed, despite the
optimization of strategies controlling classical risk
factors, including; hyperglycemia, hypertension,
and dyslipidemia the rate of vascular
complications is still high in patients with either
types of diabetes mellitus (DM) [3].

In this context, an interesting way to prevent
vascular complications is to improve the
continuous  replacement of  dysfunctional
endothelial cells. Indeed, it is now recognized
that endothelial repair not only depends on
proliferation of adjacent mature endothelial cells
whose regenerative capacity is limited but also
depends on the availability of circulating
endothelial progenitor cells (EPCs), which are
bone marrow-derived cells that were first
described in 1997 and are able to incorporate
regenerating host vessels in an area of vascular
injury and to contribute to vascular repair [4].

EPCs are characterized by the expression of
varying surface markers including molecules
characteristic for haemopoietic progenitor cell
lineage(e.g. CD34 and CD133) and endothelium-
associated molecules, namely  vascular
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endothelial (VE)-cadherin (CD144) or VE growth
factor receptor-2 (VEGFR-2, CD309) and CD31
[5]. Circulating EPCs have generated interest as
a biomarker of endothelial function and are
considered a prognostic indicator of vascular
morbidity and mortality. Therefore, reduction of
EPC cell numbers is believed to promote
development and/or progression of vascular
diseases [6].

So far, only a few studies have been conducted
in diabetic adolescents to evaluate EPCs count.
Our study aimed not only to evaluate EPCs
counts as an indicator of endothelial function in
adolescents with type 1 diabetes mellitus (T1DM)
but also to compare them with adolescents with
T2DM and to assess the relationships between
EPCs count and other clinical and biochemical
risks of endothelial dysfunction.

2. MATERIALS AND METHODS
2.1 Study Design

This cross sectional study was carried out on a
total of 40 adolescents with diabetes and 10
healthy control subjects with matched age and
sex. Patients are recruited from Diabetes and
Endocrinology Unit, outpatient clinic of internal
medicine department Tanta University Hospital,
in the period from 2017 to 2019.

2.2 Study Groups

Control group: Ten healthy adolescents
as a control group.

T1DM: Twenty adolescents with type 1
diabetes mellitus.

T2DM: Twenty adolescents with type 2
diabetes mellitus.

Categorization into TIDM and T2DM was based
on recommendations of National Institute for
Health and Care Excellence for diagnosis and
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management of type 1 and type 2 diabetes in
children and young people (NICE guidelines
2015) [7].

2.3 Exclusion criteria

All subjects with any of the following were
excluded from the study; overt macro-vascular
complications, micro-albuminuria, retinopathy
and neuropathy, patients presenting with acute
diabetic complications, diabetic adolescents
having associated features such as retinitis
pigmentosa, deafness or another systemic iliness
or syndrome, additional autoimmune diseases,
acute inflammatory diseases, hematological
diseases or neoplastic diseases and any organ
failure (kidney, liver, lung, heart).

2.4 Study Work Up

In the first visit; all patients were informed about
the study, and consent forms were signed by
both patients and guardians, respectively. In the
second visit, a complete history taking with
special attention to age and clinical presentation
at onset of diabetes, current and previous
medications regimen and family history of
diabetes.

2.4.1 Clinical and anthropometric evaluation

Body Mass Index (BMI) was calculated as body
weight (kg) / body height (m)?2 While
adolescents were standing in upright position,
waist circumference (WC) was measured
midway between the lowest rib and the top of the
iliac crest, at the end of a normal expiration.

Egyptian Height, Weight, BMI percentile charts
were used; obesity was diagnosed based on BMI
295th percentile for gender and age. Overweight
status was defined as a BMI 285th percentile and
<95th percentile, normal BMI (percentile 5:85).
Additionally, visceral adiposity was estimated
using waist circumference of = 90th percentile
[8]. Hypertension was diagnosed if blood
pressure (BP) = 90th percentile (age —sex-
height) [8].

Also, fundoscopic examination, thyroid, skin

(Acanthosis nigricans, insulin injection sites and

lipodystrophy) and comprehensive  foot

examinations were done.

2.4.2 Blood collection and biochemical
analysis

Fasting venous blood samples (15 mL) were
obtained to estimate the hematological
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parameters. Blood specimens were collected in
vacutainer tubes with or without ethylene-di-
amine-tetra-acetic acid (EDTA) as needed.
Serum and plasma were prepared and then
frozen (—80-C) for storage until analysis.

Fasting serum insulin levels and fasting plasma
glucose levels were determined. The HOMA-IR
was calculated based on the formula; HOMA-IR
insulin  (mU/L) x glucose (mmol/L)/22.5,
considering 3 as the cut-off value for the
diagnosis of insulin resistance [9]. Lipid
parameters were determined by the standard
enzymatic methods. Low-density lipoprotein
(LDL) concentration was assessed by the
Friedewald equation, HbAlc level was measured
using HPLC method, fasting C-Peptide and
urinary albumin creatinine ratio (ACR).

2.4.3 Immunophenotyping of EPCs by flow
cytometry

Venous whole blood samples (5 ml) were
collected into EDTA anticoagulant tubes for
analysis by flow cytometry. Freshly isolated
peripheral blood mononuclear cells were washed
and separated from blood of patients and
controls using lysis solution for erythrocytes lysis
then re-suspended in phosphate buffer saline
(PBS) (pH 7.4) containing 20 uL of the
appropriate antibody [10] and cells were double
stained with anti-Human CD34 (CD 34L)
monoclonal antibody FITC labeled (Miltenyi
Biotec, Catalogue no. 130-098-142) and anti-
Human CD309 (VEGFR-2 monoclonal antibody
PE labeled (BD Biosciences, Catalogue no.
560872, clone 89106). (BD PharMingen,
Belgium). The isotype control was used to
determine nonspecific binding of the lymphocyte
subset-specific antibodies and to set the cut-off
between fluorescence-negative and
fluorescence-positive staining [11]. The cells
were analyzed using a fluorescence-activated
cell scanner and Cell Quest software [FACS
Caliber, Becton-Dickinson, USA] and using
CellQuest Software (BD Biosciences, USA).

Analysis of EPCs was based on the surface
expression of the following markers: CD34 and
CD309 on the lymphocyte and monocyte gates,
where the initial analysis of fluorescence-minus-
one were controls and circulating progenitor cells
were next identified as cells expressing CD34,
and EPCs were identified as CD34+ VEGFR-2+
(CD34+CD309+) cells [11]. The results are
presented as percentage of total viable
mononuclear cells, Figs. 1 and 2.
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Fig. 1. Circulating endothelial progenitor cells (EPCs) were identified by flow cytometry with
the expression of cell surface antigen CD34 and CD309 (KDR, VEGF-R2)
A- Forward and side light scatter (FSC-A& SSC-A) show gating on mononuclear cell
B- Histogram shows expression of (CD34) on the cell surface.
C- Histogram shows expression of (CD309) on the cell surface.
D- Representative dot-plots show double expression of (CD34 and CD309) on the cell
surface that was 2% of PMNCs for adolescent with T1DM

2.5 Statistical Analysis

Once data were collected, a code sheet was
developed. Organization, tabulation, presentation
and analysis of data were performed by using
SPSS Version 23, IBM Corp. Armonk, NY, USA.
Numerical data were presented as mean and
standard deviation (SD). For quantitative non-
parametric data; Mann-Whitney U test and
Spearman correlation were used. Categorical
data were presented as number and percentage
and Chi-squared test was used for statistical
analysis. Spearman correlation tests were
performed for estimation of the possibility of
association between EPCs counts and each of
the study variables. Stepwise multiple regression
analysis was performed for detection of the
independent  risk factors for endothelial
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dysfunction through univariate and multivariate
regression analysis. The level of significance was
adopted at p < 0.05.

3. RESULTS AND DISCUSSION
3.1 RESULTS

BMI, WC, systolic BP (SBP), diastolic BP (DBP),
total cholesterol (TC), triglycerides (TG), LDL and
HOMA-IR were significantly higher in T2DM
compared to T1DM and control group.
Considering 3 as the cut-off value for the
diagnosis of insulin resistance almost all of our
adolescents with T2DM had insulin resistance
with HOMA-IR (5.08+1.29).

On the other hand, EPCs were significantly
higher in adolescents with TIDM compared to
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T2DM and control. Although it was higher in
adolescents with T2DM compared to control,
however the difference did not reach statistical
significance, Table 1 and also shown in Figs.
land 2.

In adolescents with T1DM; EPCs showed a
significant negative correlation with age of
patients and duration of diabetes, whereas they
positively correlated with HbAlc. As for
adolescents with T2DM; EPCs negatively
correlated with age, WC, BMI, SBP, DBP and
HOMA-IR. While they positively correlated with

high-density lipoprotein cholesterol (HDL-C),
Table 2.
On performing stepwise multiple regression

analysis for identification of factors affecting
endothelial progenitor cell count in adolescents
with T2DM, we found that WC and HOMA-IR
were the strongest independent predictors of cell
count, Table 3.
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3.2 DISCUSSION

Particular attention has been paid
to the preclinical changes in the vascular system
in diabetic adolescents in order
to prevent development of overt vascular
complications in early adulthood, which is mainly
due to endothelial dysfunction
resulting both from endothelial cell damage and
impaired  endothelial repair [12]. Whilst
endothelial dysfunction has been shown to be a
marker for risk of vascular events, there remains
considerable debate about the most appropriate
way to assess this [13].

Circulating EPCs are believed to contribute to
endothelial repair, vascular homeostasis and
compensatory angiogenesis [14]; that is why
EPCs stand in unique position among all other
biomarkers and considered a prognostic indicator
of vascular morbidity and mortality.
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Fig.2. Circulating endothelial progenitor cells (EPCs) were identified by flowcytometry with the
expression of cell surface antigen CD34 and CD309 (KDR, VEGF-R2)
A- Forward and side light scatter (FSC-A& SSC-A) show gating on mononuclear cell
B- Histogram shows expression of (CD34) on the cell surface
C- Histogram shows expression of (CD309) on the cell surface.
D- Representative dot-plots show double expression of (CD34 and CD309) on the cell
surface that was 1% of PMNCs for adolescent with T1DM.
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Table 1. Demographic, anthropometric and laboratory values by group (mean = SD)

Control T1DM T2DM P value P1 P2 P3
Sex (Female %) 5 (50%) 13 (65%) 17 (85%) 0.117
Age (years) 12.80+1.75 12.75+1.25 16.15+1.18 0.001* 0.923 0.001* 0.001*
Age at diaghosis (years) - 9.35+0.81 13.70 £ 1.49 0.001*
WC (cm) 69.20 + 3.08 68.80 + 3.30 94.10 £ 3.91 0.001* 0.771 0.001* 0.001*
Height (cm) 154.90 + 4.43 155.25+6.71 161.50 + 4.48 0.001* 0.870 0.003* 0.001*
Weight (kg) 47.49 + 4.43 46.85 + 6.15 77.64 £7.27 0.001* 0.795 0.001* 0.001*
BMI (m2/kg) 19.74 £ 0.98 19.33+1.55 29.71 £ 1.53 0.001* 0.464 0.001* 0.001*
SBP 102.50 + 4.25 102.10 £ 5.55 117.30 +8.23 0.001* 0.879 0.001* 0.001*
DBP 64.50 + 3.69 66.40 £ 3.79 74.45 £ 6.52 0.001* 0.337 0.001* 0.001*
FPG (Mg/dl) 87.60 + 8.36 139.00 + 38.90 144.75 + 28.13 0.001* 0.001* 0.001* 0.557
HbAlc% - 8.12+£2.47 9.23+2.48 0.163
TC (mg/dl) 154.80 + 18.77 165.90 + 29.84 190.75 + 32.98 0.004* 0.335 0.003* 0.010*
TG (mg/dl) 80.70 £ 15.67 99.20 £ 24.62 142.85 + 48.50 0.001* 0.182 0.001* 0.001*
LDL (mg/dl) 71.60 £ 7.96 88.95 + 27.17 113.30 + 30.20 0.001* 0.092 0.001* 0.005*
HDL (mg/dl) 56.10 + 3.60 57.15+3.75 53.90 + 8.77 0.262 0.667 0.369 0.108
C. peptide (nmol/l) - 0.15+0.10 1.93 + 0.66 0.001*
HOMA - 1.46 £0.34 5.08 £ 1.29 0.001*
EPCS 0.08 £ 0.09 0.33+0.23 0.20+0.13 0.002* 0.001* 0.063 0.032*

BMI Body Mass Index, DBP Diastolic Blood Pressure, EPCs Endothelial Progenitor Cells, FPG Fasting Plasma Glucose,HbAlc Glycosylated Hemoglobin Percentage, HDL
High Density Lipoprotein, HOMA-IR Homeostasis Model Assessment-Insulin Resistance, LDL Low Density Lipoprotein, SBP Systolic Blood Pressure, TC Total Cholesterol, TG
Triglycerides, WC Waist circumference.

* Significant p value < 0.05
P1: Control & TIDM
P2: Control & T2DM
P3: TID & T2D M
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Table 2.Correlation between EPCs count and demographic, clinical and laboratory parameters
in studied adolescents with TIDM and T2DM

EPCS T1DM T2DM
R P r P

Age -0.850 0.001* -0.586 0.007*
Duration -0.923 0.001* -0.423 0.063
wcC -0.260 0.268 -0.642 0.002*
BMI -0.220 0.351 -0.835 0.001*
SBP -0.394 0.085 -0.783 0.001*
DBP -0.305 0.191 -0.703 0.001*
FBG 0.359 0.120 -0.797 0.001*
HbAlc 0.587 0.006* -0.420 0.065
TC -0.042 0.859 -0.294 0.208
TG -0.191 0.419 -0.073 0.761
LDL 0.021 0.932 -0.431 0.058
HDL -0.251 0.285 0.592 0.006*
F. insulin -0.548 0.012*
HOMA-IR -0.847 0.001*

EPCs Endothelial progenitor cell count, BMI Body Mass Index, DBP Diastolic Blood Pressure,HbAlc
Glycosylated Hemoglobin Percentage, HDL High Density Lipoprotein, HOMA-IR Homeostasis Model
Assessment-Insulin Resistance, LDL Low Density Lipoprotein, SBP Systolic Blood Pressure, TC Total
Cholesterol, TG Triglycerides, WC Waist circumference.

* Significant p value < 0.05

Table 3. Univariate and multivariate regression analysis in adolescents with T2DM

T2D Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value
Age 0.612 (0.338 — 2.858) 0.322
wC 0.325 (0.105 - 0.521) 0.001* 0.489 (0.125 - 0.769) 0.016*
BMI 0.241 (0.052 — 0.632) 0.005* 0.356 (0.201 — 3.215) 0.287
SBP 0.526 (0.125 — 0.745) 0.010* 0.589 (0.308 — 3.775) 0.189
DBP 0.531 (0.206 — 0.954) 0.007* 0.639 (0.149 — 3.214) 0.296
FBG 0.621 (0.412 — 0.856) 0.001* 0.954 (0.425 - 9.523) 0.384
HDL 2.051 (0.526 — 6.854) 0.139
Fasting insulin 0.631 (0.125 — 2.351) 0.307
HOMA-IR 0.355 (0.127 — 0.668) 0.001* 0.625 (0.258 — 0.941) 0.007*

BMI Body Mass Index, DBP Diastolic Blood Pressure, HDL High Density Lipoprotein, HOMA-IR Homeostasis
Model Assessment-Insulin Resistance, SBP Systolic Blood Pressure, WC Waist circumference.
* Significant p value < 0.05

Multiple studies in diabetic adults revealed that
EPCs count and/or function is reduced and
inversely correlated with cardiovascular risks.
However, such studies were rarely conducted on
diabetic adolescents. To the best of our
knowledge, this is the first study to investigate
EPCs count in adolescents with T1DM in
comparison to those with T2DM and to assess
their relationship to other clinical and biochemical
risks of endothelial dysfunction.

Our study clearly demonstrates that, unlike
adolescents with T1DM, adolescents with T2DM
have peculiar clinical and biochemical
characteristics such as obesity, dyslipidemia,
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elevated blood pressure and evidences of insulin
resistance, all of these risks affect vascular
integrity and vasculo-regenerative power.

In our study, EPCs count was higher in T1DM
adolescents compared to control group, (p =
0.001). This comes in agreement with
Gtowinska-Olszewska et al. [12] who performed
a comparative analysis of 52 adolescents with
T1DM and 36 healthy sex and age matched
control [11].

In contrast to our results, Hortenhuber et al. [15]
found that EPCs were significantly reduced in
T1DM children versus control [16]. Also,
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Palombo et al. [17] studied 16 uncomplicated
T1DM and 26 control subjects. They found that
young subjects with relatively long-lasting
uncomplicated T1DM have a significantly lower
count of circulating EPCs than control [15]. This
might be due to the fact that the duration of DM
in their patients was longer than in ours.

Interestingly, when we evaluated EPCs count in
adolescents with T2DM, it was significantly lower
than T1DM (P 0.032), however it was higher than
control group but without statistical significance
(p 0.063). This may suggest that, despite having
more distressing risks of endothelial injury,
adolescents with T2DM have less vasculo-
regenerative power than adolescents withT1DM.

However, studies evaluating EPCs count in
adolescents especially with T2DM are scarce,
Piresa et al. [18] and Jung et al. [19] investigated
EPCs count in overweight and obese non
diabetic adolescents and found that the count
was elevated in obese and overweight compared
to lean control.

While, multiple studies in adult found EPCs count
was significantly lower in patients with TLDM and
T2DM compared to control group, as reported by
Loomans CJ et al. [20] and Lombardo et al. [21].

Not only we evaluated EPCs in our young
adolescents but we also assessed their
correlation with cardiovascular risk factors.

The links between EPCs count and well-
established risk factors for endothelial
dysfunction  (e.g.  Obesity, hypertension,
dyslipidemia and insulin resistance) were

extensively examined in adults and to some
extent in obese non diabetic adolescents but is
extremely scarce in adolescent with T2DM.

In our study, we found significant negative
correlation between circulating endothelial
progenitor cell count and waist circumference,
body mass index, HOMA-IR and blood pressure
of T2DM adolescents.

Piresa et al. [18] and Jung et al. [19] found that
EPCs number was increased and directly
correlated to BMI  obese non-diabetic
adolescents compared with healthy controls.

Multiple studies in adult with obesity Mduller-
Ehmsen et al. [22] and MacEneaney et al. [23]
found that obesity have generally been
associated with reduced EPCs count and there
was inverse correlation between the count and
BMI.
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In agreement with our results, Oliveras et al. [24]
and Kahn et al. [25] found inverse correlation
between EPCs and blood pressure in adults.

Considering HOMA-IR, multiple studies ensured
that it affects the levels of circulating EPCs. In
adults (HOMA-IR) has been found to negatively
correlate with EPCs count as reported by Fadini
et al. [26], Cubbon et al. [27] and Kahn et al. [25]
Furthermore, Chen et al. [28,29] found that the
treatment with an insulin sensitizer (metformin, or
thiazolidinediones) restored circulating EPC
levels in diabetics .

In our study, EPCs cell count has negative
correlation with age of patients and duration of
diabetes. This comes in accordance with
Arcangeli et al. [30] who perform a study on 111
T1DM patients without clinical vascular damage
(59 children and young patients <20 years and
52 = 20 years) to evaluate the count of EPCs at
different ages and with different disease duration
and concluded that, the number of EPCs in
young (<20 years) patients was higher compared
with older subjects.

Palombo et al. found young subjects with
relatively long-lasting T1DM have a significantly
lower count of circulating EPCs that were
inversely correlated with disease duration [15].

As aging is associated with a decline in markers
of cardiovascular health, so, it is not surprising
that many studies also report age-related
declines in both EPC number [31], Jie et al. [32],
Yang et al. [33] and function [34], Xia et al. [35].

One of the most unique finding in our results is
that in our T1DM patients EPCs count correlated
positively with HbAlc, this is contradictory to
Hortenhuber et al. [15] who found EPCs count
negatively correlated with HbA1C .

However, other studies on young T1DM patients
failed to demonstrate any type of relation
between cell count and HbAlc Sibal et al. [36],
DiMeglio et al. [37] and Gtowinska- Olszewska et
al [12]. This may suggest that glycemic control is
not the only factor affecting the EPCs count but
others such as disease duration and glucose
variability may have a role.

Among the other interesting findings in our study
that the multivariate regression analysis revealed
that HOMA-IR and waist circumferences were
the strongest effectors on endothelial progenitor
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cell count in T2DM while disease duration was
the most effector in those with TIDM.

Clinical and biochemical findings of our young
adolescents with T2DM in addition to significantly
lower count of circulating EPCs in comparison to
adolescents with TI1DM, makes them potentially
at higher risk for early vascular complication than
those with TIDM. As circulating EPCs are not
only a mirror for exposure to cardiovascular risks,
but they also reflect the endogenous vasculo-
regenerative capacity and they are good
predictor of vascular reactivity.

our result also indicate that contrary to diabetic
adults who have marked low count of EPCs,
adolescents with T2DM still have EPCs count
higher than control. Thus, at this stage, early
interventions with weight loss, controlling blood
pressure, improving insulin sensitivity for
adolescents with T2DM may improve endothelial
integrity and delay complications. That also
emphasizes the importance of early screening
and diagnosis of prediabetes and T2DM in obese
adolescents. Evaluation of these cells may help
prediction of cardiovascular complications. They
might as well serve as a therapeutic target for
prevention and treatment of vascular
complications.

4. CONCLUSION

In comparison to adolescents with T1DM,
adolescents with T2DM had significantly lower
count of (EPCs) which correlated with known
clinical and biochemical risks of endothelial
dysfunction. This puts them at a potential higher
risk for early development of endothelial
dysfunction and less power of vascular repair
that may potentiate early harboring of vascular
complication.

5. LIMITATION OF THIS STUDY
The small number of patients

6. RECOMMENDATIONS

Further multi-centric studies in large
sample size should be done to assess
endothelial dysfunction in adolescents with
T2DM and T1DM.

Interventions aiming at weight loss,
controlling blood pressure, improving
insulin sensitivity must be aggressively
instituted in order to reverse endothelial
damage and restore endothelial integrity
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and delay complications in adolescents
with T2DM.

Further studies are needed to assess
EPCs count in adolescents with TIDM and
T2DM with vascular complications

Further studies are needed to compare
EPCs count in obese non diabetic
adolescent, obese prediabetic adolescents
and diabetic adolescents with and without
diabetic complications.

Further studies are needed to evaluate the
effect of treatment modalities on EPCs
count in diabetic adolescents.

CONSENT AND ETHICAL APPROVAL

An informed written consent was taken from
each participant and the guardian before
enrollment in the study. The study was ethical
approved by the Institutional Review Board of
Faculty of Medicine, Tanta University, Egypt
(proposal code:30669/2015).

ACKNOWLEDGEMENTS

| would like to thank several individuals who
make this study one of the most memorable and
rewarding experiences of my life so far.

First, to my supervisor, Prof. Dr. Nesreen Ahmed
Kotb, and Prof. Dr. Medhat Abd ElImaged Ghazy
Professors of Internal Medicine, Faculty of
Medicine, Tanta University, for their constructive
supervision, and encouragement. | am deeply
grateful to Prof. Dr. Wesam Salah Mohamed
Professor of Clinical Pathology Faculty of
Medicine, Tanta University, for her generous help
and guidance,

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Hilly M, Adams ML, Nelson SC. A study of
digit fusion in the mouse embryo. Clin Exp

Allergy. 2002;32(4):489-98.

2. Pinhas-Hamiel O, Zeitler P. The global
spread of type 2 diabetes mellitus in
children and adolescents. J Pediatr.
2005;146:693 —700.

3. Ramachandran A, Snehalatha C,

Satyavani K. Type 2 diabetes in Asian-
Indian urban children. Diabetes Care.
2003;26:1022-25.



10.

11.

12.

13.

Zakaria et al.; JAMMR, 33(9): 87-97, 2021; Article no.JAMMR.67792

Brown A, Reynolds LR, Bruemmer D.
Intensive glycemic control and
cardiovascular disease: An update. Nat
Rev Cardiol. 2010;7:369-75.

Tepper OM, Capla JM, Galiano
RD,Ceradini DJ. Adult vasculogenesis
occurs through in situ recruitment,

proliferation and tubulization of circulating
bone marrow-derived cells. Blood. 2005;
105(3):1068-77.

Peichev M, Naiyer AJ, Pereira D, Zhu Z,
LaneWJ, Mathew. Expression of VEGFR-2
and AC133 by circulating human CD34_
cells identifies a population of functional
endothelial precursors. Blood, The Journal
of the American Society of Hematology.
2000;95(3):952-58.

Shantsila E, Watson T, Lip GY. Endothelial
progenitor  cells in cardiovascular
disorders. Journal of the American College
of Cardiology. 2007;49(7):741-752.
National Institute for Health and Care
Excellence (NICE). Diagnosis and
management of type 1 and type 2
diabetes in children and young people.
Diagnosis of Diabetes. 2015;60-74.

Butte NF, Garza C, de Onis M. Evaluation
of the feasibility of international growth
standards for school-aged children and
adolescents. J Nutrion. 2007;137(1):153-
57.

Romualdo MC, de Nébrega FJ, Escrivdo
MA. Insulin resistance in obese children
and adolescents. J Pediatr (Rio J).
2014,90(6):600-07.

Macey M, McCarthy D, Azam U, Milne T,
Golledge P, Newland A. Ethylene diamine
tetraacetic acid plus citrate-theophylline-
adenosine-dipyridamole (EDTA- CTAD): A
novel anticoagulant for the flow cytometric
assessment of platelet and neutrophil
activation ex vivo in whole blood.
Cytometry B Clin Cytom. 2003;51:30-40.
Gtowinska-Olszewska B, Moniuszko
M, Hryniewicz A, Jeznach M, Rusak M,
Da_ browska M, et al. Relationship between
circulating endothelial progenitor cells and
endothelial dysfunction in children with
type 1 diabetes: a novel paradigm of early
atherosclerosis in high-risk young patients.
European Journal of Endocrinology.
2013;168(2):153-6.

Avogaro A, de Kreutzenberg SV, Fadini G.
Endothelial  dysfunction: causes and
consequences in patients with diabetes
mellitus. Diabetes Res Clin Pract.
2008;82(Suppl. 2):94-101.

96

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Abebe W, Mozaffari M. Endothelial
dysfunction in diabetes: potential
application of circulating markers as
advanced diagnostic and prognostic tools.
EPMA Journal. 2010;1:32-45.
Hortenhuber T, Rami-Mehar B, Satler M,
Nagl K, Hobaus C, Hollerl F, et al
Endothelial progenitor cells are related to
glycemic control in children with typel
diabetes over time. Diabetes Care.
2013;36:1647-53.

Steinmetz M, Nickenig G, Werner N.
Endothelial-regenerating cells: an
expanding universe. Hypertension.
2010;55:593-99.

Palombo C, Kozakova M, Morizzo C,
Gnesi L, Barsotti MC, Spontoni P, et al.
Circulating endothelial progenitor cells and
large artery structure and function in young
subjects with uncomplicated Type 1
Diabetes. Cardiovascular Diabetology.
2011;10(88):1-9.

Piresa A, Martinsa P, Paivab A, Pereirac
AM, Marquesd M, Castelaa E, et al.
Circulating endothelial progenitor cells in
obese children and adolescents J Pediatr
(Rio J). 2015;91(6):560- 66.

Jung C, Fischer N, Fritzenwanger M,
Thude H. Endothelial progenitor cells in
adolescents: impact of overweight, age,
smoking, sport and cytokines in younger
age. Clin Res Cardiol. 2009; 98(3):179-88.
Loomans CJ, de Koning EJ, Staal FJ,
Rookmaaker MB, Verseyden C, de Boer
HC, Verhaar MC, et al. Endothelial
progenitor cell dysfunction: A novel
concept in the pathogenesis of vascular
complications of type 1 diabetes. Diabetes.
2004;53:195-99.

Lombardo MF, lacopino P, Cuzzola M,
Spiniello E, Garreffa C, Ferrelli F, et al.
Type 2 diabetes mellitus impairs the
maturation of endothelial progenitor cells
and increases the number of circulating
endothelial cells in peripheral blood.
Cytometry Part A. 2012;81(10):856— 64.
Miller-Ehmsen J, Braun D, Schneider T,
Pfister R, Worm N, Wielckens K, et al.
Decreased number  of  circulating
progenitor cells in obesity: beneficial
effects of weight reduction. Eur. Heart J.
2008;29(12):1560-68.

MacEneaney OJ, Kushner EJ, Van Guilder
GP, Greiner JJ, Stauffer BL, DeSouza CA.
Endothelial progenitor cell number and
colony-forming capacity in overweight and



24,

25.

26.

27.

28.

29.

30.

Zakaria et al.; JAMMR, 33(9): 87-97, 2021; Article no.JAMMR.67792

obese adults. Int J Obes. 2009;33(2):219-
25.

Oliveras A, Soler MJ, Mart’inez-Estrada
OM,Vazquez S, Marco-Feliu D,Vila JS, et
al. Endothelial progenitor cells are reduced
in refractory hypertension,” Journal of
Human Hypertension. 2008; 22(3):183-90.
Kahn MB, Yuldasheva NY, Cubbon RM,
Smith J, Rashid ST, Viswambharah H, et
al. Insulin resistance impairs circulating
angiogenic progenitor cell function and
delays endothelial regeneration. Diabetes.
2011;60(4):1295-3083.

Fadini GP, de Kreutzenberg SV, Coracina
A, Baesso L, Agostini C, Tiengo A, et al.
Circulating CD34+ cells, metabolic
syndrome, and cardiovascular risk. Eur
Heart J. 2006;27:2247-55.

Cubbon RM, Kahn MB, Wheatcroft SB.
Effects of insulin resistance on endothelial
progenitor cells and vascular repair. Clin
Sci (Lond). 2009;117:173-90.

Chen LL, Liao YF, Zeng TS, YU F,Li
HQ,Feng Y. Effects of metformin plus
gliclazide compared with metformin alone
on circulating endothelial progenitor cell in
Type 2 diabetic patients. Endocrine.
2010;38:266—75.

Chen LL, Liao YF, Zeng TS, Li YM, Yu F,
Hu LJ, et. al. Number of circulating
endothelial progenitor cells as a marker of
vascular endothelial function for Type 2
diabetes. Vasc Med. 2010;15:279-85.
Arcangeli A, Lastraioli E, Piccini B, Damico
M, Lenzi L, Pillozzi S, et al. Circulating
Endothelial Progenitor Cell in typel
Diabetic patients: Relation with age and
disease duration. Front Endocrinol.
2017;8(278):1-10

31.

32.

33.

34.

35.

36.

37.

Zaldivar F, Eliakim A, Radom-Aizik S, Leu
SW, Cooper DM. The effect of brief
exercise on circulating CD34+ stem cells in
early and late pubertal boys. Pediatr. Res.
2007;61(4):491-95.

Jie KE, Goossens MJ, van Oostrom O.
Circulating endothelial progenitor cell
levels are higher during childhood than in
adult life. Atherosclerosis.
2009;202(2):345-47.

Yang Z, Xia WH, Su C. Regular exercise-
induced increased number and activity of
circulating endothelial progenitor cells
attenuates age-related decline in arterial
elasticity in healthy men. Int. J. Cardiol.
2013;165(2):247-254.

Heiss C, Keymel S, Niesler U. Impaired
progenitor cell activity in age-related
endothelial dysfunction. J. Am. Coll.
Cardiol. 2005;45(9):1441-48.

Xia WH, Li J, Su C. Physical exercise
attenuates age-associated reduction in
endothelium-reparative capacity of
endothelial progenitor cells by increasing
CXCR4/JAK-2 signaling in healthy men.
Aging Cell. 2012;11(1):111-109.

Sibal L, Aldibbiat A, Agarwal SC.
Circulating endothelial progenitor cells,
endothelial function, carotid intima—media
thickness and circulating markers of
endothelial dysfunction in people with type
1 diabetes without macrovascular disease
or microalbuminuria. Diabetologia
2009;52:1464-73.

DiMeglio LA, Tosh A, Saha C. Endothelial
abnormalities in adolescents with type 1
diabetes: A biomarker for vascular
sequelae? Journal of Pediatrics.
2010;157:540-46.

© 2021 Zakaria et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/67792

97


http://creativecommons.org/licenses/by/4.0

