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Purpose: Type 1 diabetes is associated with high risk of cardiovascular disease (CVD).
Reduced levels of circulating progenitor cells (CPCs) and endothelial progenitor cells (EPCs)
have been indicated as a risk factor for adverse cardiovascular outcomes and death in people
at high cardiovascular risk. The aim of the present study was to evaluate the change in CPCs
and EPCs levels in a population of young type 1 diabetic patients treated with intensive
insulin regimen over a period of 2 years.

Patients and Methods: A total of 204 type 1 diabetic patients, of whom 84 treated with
insulin pump (CSII) and 120 with multiple daily insulin injections (MDI), completed
a 2-year follow-up. Clinical measurements, including the indices of glycemic control and
glucose variability, were collected at baseline and after 2 years. Both CPC and EPC cell
count were assessed by flow cytometry.

Results: Mean age of participants was 24.5 years and mean diabetes duration was 13.6 years.
After 2 years, we found a significant reduction of HbAlc (—0.3% versus baseline, P <0.001),
associated with decrease in mean amplitude of glucose excursion (MAGE) (—0.5 mmol/L versus
baseline, P<0.001), continuous overall net glycemic action (CONGA) (—0.2 mmol/L versus
baseline, P=0.006), and blood glucose standard deviation (BGSD) (—0.2 mmol/L versus baseline,
P<0.001). The number of all EPCs phenotypes, but not CPC cell count, significantly raised up in
the entire population, with higher increase in CSII group. MAGE resulted as an independent
predictor for increased levels of both CD34+ (P = 0.020) and CD34+KDR+ (P = 0.004) cell
count in the whole population.

Conclusion: Over a 2-year follow-up, young type 1 diabetic patients showed an increase in
circulating EPCs levels, which was higher in patients with CSII. Glucose variability resulted
as an independent predictor of the raised levels of EPCs in this selected population.
Keywords: endothelial progenitor cells, circulating progenitor cells, glucose variability, type
1 diabetes, CSII, MDI

Introduction

Type 1 diabetes is characterized by macrovascular (coronary artery diseases) and
microvascular (neuropathy, retinopathy, nephropathy) complications. Cardiovascular
disease (CVD) represents the leading cause of morbidity and mortality for patients with
type 1 diabetes, and contributes to the reported 8—13-year decrease in lifespan for
patients with type 1 diabetes.'” The main contribution to the increased cardiovascular
risk might be identified in poor glycemic control, although the relationship between
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HbAlc concentrations and macrovascular complications is
less convincing in type 1 diabetes than for microvascular
complications.®> Besides the traditional cardiovascular risk
factors (hyperglycemia, hypertension, dyslipidemia), other
mechanisms potentially involved in increasing cardiovascu-
lar risk of individuals with type 1 diabetes might be glucose
variability* and defective mechanisms of vascular repair.’
Diabetes mellitus is characterized by an impaired
differentiation and recruitment of adult pluripotent
cells to sites of vascular damage.®’ Both circulating
progenitor cells (CPCs) and endothelial progenitor cells
(EPCs) represent an integral component of cardiovas-
of
endothelial repair after vascular injury.®* Reduced cir-

cular homeostasis participating in the process
culating levels of EPCs have been indicated as a risk
factor for adverse cardiovascular outcomes and death
in people at high cardiovascular risk, including diabetic
patients.* Recent studies showed lower circulating
levels of EPCs in young adults or children with type
1 diabetes, as compared with healthy controls.'®!"!
Moreover, evidence from observational studies showed
that reduced baseline level of CPCs/EPCs was asso-
ciated with a significant increased risk of cardiovascu-
lar events, all-cause death, and onset/progression of
microangiopathy.'?

No previous studies investigated the change in both
CPC and EPCs levels in prospective studies of adults
with type 1 diabetes. There is evidence of an EPC increase
in children with type 1 diabetes with the most favorable
HbAlc lowering during a 1-year follow-up.'* Moreover,
along 8-weeks intervention with metformin, there was an
improvement of circulating EPC levels in 23 type 1 dia-
betic patients without overt CVD.'* Furthermore, in
a longitudinal study of 106 type 1 diabetic patients, the
use of insulin pump for six months resulted in increased
levels of EPCs, which was associated with a reduction of
glucose variability.'> We hypothesized that glucose varia-
bility might be associated longitudinally with change in
circulating levels of stem/progenitor cells in young adults
with type | diabetes, thus contributing to raise up cardio-
vascular risk at such age. Herein, we assessed the levels of
both CPCs and EPCs in young adults with type 1 diabetes
treated with intensive insulin regimen over a 2-year fol-
low-up. To this purpose, we used the Management and
Technology for Transition (METRO) study, a longitudinal
observational study of type 1 diabetic patients transitioned
to the adult care center.

Materials and Methods

Study Design and Participants
The study was approved by the Medical Ethics Committee of
University of Campania “Luigi Vanvitelli” (protocol number
33 24.01.2014) and complies with the Declaration of Helsinki
and the International Conference on Harmonization/Good
Clinical Practice Guidelines. All participants signed an
informed consent before enrollment. The protocol of the study
has been described elsewhere.'>'® Briefly, young adults with
type | diabetes in transition from the Pediatric Clinic considered
eligible for the study were enrolled at Diabetes Unit of
University of Campania “Luigi Vanvitelli” (Naples, Italy).
Inclusion criteria were: type 1 diabetes, age between 18 and
30 years, duration of diabetes >1 year, persistent poor glycemic
control (>7.5%), multiple daily injections of insulin (MDI) or
continuous subcutaneous insulin infusion (CSII) therapy. We
considered as exclusion criteria type 2 diabetes, pregnancy or
planning to become pregnant in the next 2 years, inability to use
the study devices, history of diabetic ketoacidosis, history of
severe chronic diseases, or drug or alcohol abuse.

Three hundred and two patients were consecutively
screened at our Diabetes Unit (Supplementary Figure 1).

Among these, only 260 patients were considered eligible
for the participation of the study according to inclusion
and exclusion criteria; 56 patients were excluded from the
study, as 13 women got pregnant and the other 43 patients
did not complete the follow-up.

Study Measurements

All participants in the study underwent blinded Dexcom G4
CGM system (Dexcom, Inc., San Diego, CA) for 14 days at
basal evaluation, and after 24 months. Glycemic readings
from CGM were entered in the EasyGV© software (www.
phc.ox.ac.uk/research/diabetes/software/easygv/) to calcu-

late the following glucose variability indices: the mean
amplitude of glucose excursions (MAGE), the blood glucose
standard deviation (BGSD), and the continuous overall net
glycemic action (CONGA-2 h).

All patients underwent a full physical examination to assess
weight and height, body mass index (BMI), and blood pres-
sure. Fasting plasma glucose, HbAlc, total and high-density
lipoprotein cholesterol, and triglycerides, were measured at the
hospital’s chemistry laboratory. Low-density lipoprotein cho-
lesterol was calculated according to Friedwald. Total insulin
dose was recorded through the entire follow-up and expressed
as units per kilograms of body weight. All measurements were
collected at baseline and after 2 years.
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Assessment of Circulating Levels of CPCs
and EPCs

Assessment of circulating levels of EPCs and CPCs was per-
formed on fresh blood samples collected in citrate-tubes after
the overnight fasting, respectively, at baseline and at the end of
the follow-up. Peripheral blood cells were analyzed for the
expression of surface antigens CD34", KDR", and CD133" by
direct flow cytometry, in order to assess six different cell
phenotypes. Quantitative analysis was performed on a BD
FACSCalibur cytometer (Becton-Dickinson) and 1,000,000
cells were acquired in each sample. Granulocytes were
excluded using a morphological gate. CD34'CD133" cells
were defined as cells presenting the two antigens in the mono-
nuclear cell population. Then, we gated CD34" or CD133"
peripheral blood cells in the mononuclear cell fraction and
examined the resulting population for the dual expression of
KDR. Cells presenting all the three antigens were identified by
the simultaneous expression of KDR and CD133 in the CD34"
gate. We defined CPCs the cellular pool expressing the markers
of stem cells (CD34", CD133" and CD34'CD133" cells), and

Table | Baseline Characteristics of Participants in the Study

EPCs all cells presenting KDR that suggests their commitment
toward the endothelial line (CD34'KDR", CD133"KDR" and
CD34'KDR'CD133" cells). Data were processed with the use
of the Macintosh CELLQuest software program (Becton-
Dickinson). Both CPC and EPC count were expressed as the
number of cells per 10°.

Statistical Analysis

The sample size calculation was based on the variation of
circulating CD34"KDR'CD133" cells, which are the rarest
events among both CPCs and EPCs:'? assuming an a level
of 0.05% and 90% power, the required number of patients
to observe a CD34 ' KDR'CD133" difference of 5 (stan-
dard deviation 10) within the cohort is 45. Descriptive
statistics were used for demographic and baseline clinical
characteristics of all participants in the study. Comparisons
of baseline data between the patients’ groups were per-
formed by Student’s ¢ test or Mann—Whitney Rank Sum
test, depending on the normality of sample distribution.
The y* test was used for comparing dichotomous variables.

All Patients (n = 204) CSIl (n = 84) MDI (n = 120) P

Age, years 245 +27 248 2.7 244 £ 28 0.25
Diabetes duration, year 13.6 + 4.7 14.1 £45 134 £ 49 0.35
Weight, kg 69.5 £ 10.7 704 £ 11.5 68.9 + 10.1 0.33
BMI, kg/m? 243 £ 3.1 245 * 3.1 238+29 0.08
Fasting glucose, mg/dL 208.6 + 66.9 207.1 + 54.4 205.3 + 65.4 0.73
HbAlc, % 86 I.1 85+ 1.0 85+ |.1 0.62
HbAlc, mmol/mol 69 + 13 69 + 13 69 + 11 0.62
Insulin dose, U/kg 0.69 £ 0.2 0.69 £ 0.3 0.69 £ 0.2 0.98
MAGE, mmol/L 6.6 2.1 6.7 £ 2.1 65+ 1.6 0.53
CONGA, mmol/L 6.6 £ 1.7 68+ 1.7 64+ 18 0.12
SD, mmol/L 35+£08 36+08 35+£07 0.48
Lipids, mg/dL

Total cholesterol 165.16 + 28.1 167.3 + 27.8 163.5 + 28.3 0.33

LDL-cholesterol 91 (76-112) 96.5 (75-115) 88 (76—104) 0.50

HDL-cholesterol 573+ 128 57.6 £ 124 57.05 £ 13.1 0.77

Triglycerides 72 (54-89) 74.5 (53-97) 71 (54-85) 0.24
Blood Pressure, mmHg

SBP 120 (90-140) 120 (90-140) 120 (90-140) 0.05

DBP 75 (60-90) 77.5 (60-85) 70 (60-90) 0.66

Microvascular complications, n (%) 19 (9) 9 (10) 10 (8) 0.84
Comorbidities, n (%)

Thyroiditis 45 (22) 24 (28) 21 (17) 0.17

Celiac disease 16 (8) 6 (7) 10 (8) 0.95

Smoke, n (%) 51 (25) 17 (20) 34 (28) 0.42

Note: Data are expressed as mean * standard deviation, or median (interquartile range).
Abbreviations: BMI, body mass index; CSlI, continuous subcutaneous insulin infusion; CONGA, continuous overall net glycemic action; DBP, diastolic blood pressure;
F, females; M, males; MAGE, mean amplitude glucose excursion; MDI, multiple insulin injections; SD, standard deviation; SBP, systolic blood pressure.
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The changes in all the studied variables (A) were calcu-
lated as value at 24 months minus value at baseline. The
paired ¢ test and Wilcoxon signed rank test within each
patients’ group were used to assess changes in the studied
variables from baseline to 24 months. Differences in cir-
culating levels of EPCs or CPCs between groups were
tested with the Student’s ¢ test. Correlation between
changes in EPCs count and corresponding changes in
clinical variables was assessed by using Spearman’s coef-
ficients of correlation. Multiple regression analysis tested
the contribution of the independent variables (MAGE,
BGSD, fasting glucose, BMI, HbAlc) to the dependent
variable (EPCs levels). All analyses were adjusted for
potential confounders (age, weight, BMI, gender and
smoke), using ANCOVA for the continue variables or
a linear regression, as appropriate. P-value <0.05 was
considered statistically significant. All analyses were per-
formed using SPSS 14.1 (Chicago).

Results

Among the 204 patients (105 men and 99 women) consecu-
tively recruited from March 2012 and June 2018, 84 were
treated with CSII, and 120 were treated with MDI. The
basal characteristics of the participants in the study are
described in Table 1. Mean age was 24.5 years, mean
diabetes duration was 13.6 years, and mean HbAlc level

Table 2 Main Outcome at 2 Years in the Overall Population

was 8.6% (69 mmol/mol). Only 19 patients (9 in CSII group
and 10 in MDI group) had microvascular complications.
The most frequent comorbidity was thyroiditis in both
groups. Neither CSII nor MDI groups differed for demo-
graphic and clinical characteristics (Table 1), as well as for
the count of all CPC and EPC phenotypes (Supplemental
Table S1).

Table 2 summarizes the results obtained after 2 years in
the overall population. Compared with baseline, there was
a slight but significant decrease of HbAlc (mean change
versus baseline + sd, —0.30% + 1.1%, P <0.001), associated
with a significant reduction of fasting plasma glucose
(—21.8 £ 89.7 mg/dl, P < 0.001) and insulin dose (—0.13 +
0.23 U/day, p < 0.001). Moreover, glucose variability
decreased as indicated by the significant reduction of
MAGE (0.5 + 2.0 mmol/L, P <0.001), SD (0.2 £ 0.7,
P <0.001) and CONGA (-0.2 £ 1.2, P = 0.006). No sig-
nificant changes were found in weight, BMI, lipids profile
and blood pressure after 2 years. When dividing the studied
population according to the insulin regimen (Supplemental
Table S2), we observed a similar decrease in HbAlc and
fasting glucose in both groups. However, compared with
baseline, there was a significant reduction of MAGE and SD
in the CSII group but not in MDI group; moreover
a significant increase of both weight and BMI (P = 0.004
and P = 0.040, respectively) was found in MDI patients, but

Parameters All Patients (n=204)
Baseline 2 Years A P

Weight, kg 69.5 + 10.7 70.1 £ 112 0.63 £ 10.7 0.056
BMI, kg/m? 243 + 3.1 244 +£29 0.1 £1.8 0.384
Fasting glucose, mg/dL 208.6 = 66.9 186.8 £ 71.4 -21.8 £ 89.7 <0.001
HbAlc, % 86+ I.1 82+ 13 -03 % I.1 <0.001
Insulin dose, U/day 0.69 + 0.21 0.56 + 0.22 —0.13 £ 0.23 <0.001
MAGE, mmol/L 6.6 2.1 6.1 £2.1 -05+20 <0.001
CONGA, mmol/L 6.6 + 1.7 63+ 18 02+ 12 0.006
SD, mmol/L 35+08 33+08 -02 £ 0.7 <0.001
Lipids, mg/dL

Total cholesterol 165.2 + 28.1 163.5 + 27.3 2012 0.256

LDL-cholesterol 90.2 £ 235 883 +21.7 -1.8+214 0.847

HDL-cholesterol 574+ 129 56.7 + 13.8 -07+%123 0.691

Triglycerides 735+214 76.8 £ 229 3.1 £21.8 0.481
Blood Pressure, mmHg

SBP 120 (90-140) 120 (80-140) 03+05 0.954

DBP 75 (60-90) 70 (60-90) +0.6 0.723

Note: Data are expressed as mean * standard deviation.
Abbreviations: BMI, body mass index; CONGA, continuous overall net glycemic action; DBP, diastolic blood pressure; MAGE, mean amplitude glucose excursion; SBP,

systolic blood pressure; SD, standard deviation.
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not in CSII group. Total insulin doses were also reduced in
CSII patients, and remained unchanged in MDI patients. No
differences in mean levels of total cholesterol, HDL, LDL,
triglycerides, and both systolic and diastolic blood pressure
were found in both groups (Supplemental Table S2).

Figure 1 shows the change in circulating levels of both
EPCs and CPCs in the overall population after 2 years. Both
EPCs and CPCs levels significantly increased at the end of
follow-up, except CD34 CDI133" circulating levels. Patients
with MDI showed a significant increase in CD34" (P = 0.046)
and CD34'KDR" (P = 0.034), as compared with baseline;
excluding CD34'CD133", whose number did not change,
both CPCs and EPCs cell count increased in patients treated

CD34+
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Cells/10° events

P <0.001

Baseline 2 years

CD34+ KDR+ CD133+
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20 1 4
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P<0.001

Baseline 2 years

CD133+ KDR+
50

40

20

Cells/10° events

10 P=0.016

Baseline 2 years

with CSII (Table 3). In the overall population, the change in
glucose variability, measured as MAGE and SD, negatively
correlated with change in CD34°, CD34'KDR' and
CD34'KDR'CD133" cells (Table 4), but did not show any
correlation with change in the remaining CPCs or EPCs phe-
notypes (data not shown). No significant associations between
changes in the other clinical variables and CPCs or EPCs were
found. Multivariable regression analysis adjusted for age,
smoking, BMI, and weight identified the reduction of MAGE
as an independent predictor for increasing levels of both cir-
culating CD34" (B-coefficient = —0.322, P = 0.020) and
CD34"KDR" (B-coefficient = —0.316, P = 0.004) cell count
(Table 4).

CD133+

I/I

P =0.002
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200
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CD34+ KDR+
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T
40 |
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20
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P <0.001
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130
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P =0.409

Baseline 2 years

Figure | Change of circulating levels of six phenotypes of EPCs in the overall population over two year-follow-up.
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Table 3 Circulating Levels of Six Phenotypes of EPCs in Type |
Diabetic Patients According to Insulin Regimen

Table 4 Statistical Associations Between Change in Clinical
Parameters and Change in Cell Count by Univariate and

Multivariate Analysis by Multiple Linear Regression
EPCs Phenotypes CSIl (n = 84) MDI (n = 120)
cD34" Parameter Univariate Multiple Regression
Baseline 225 (155,324) | <0.001 | 247 (173,279) | 0.046 Analysis Analysis
2 years 256 (189,355) 251 (200,273) ACD34" ro P B-Coefficient | P
cpi33” A Weight 0.100 | 0365 | 0.098 0.459
Baseline 178 (114,225) | 0.005 | 214 (138,242) | 0.094 A BMI 0.080 0.942 0.082 0.724
2 years 199 (141.241) 217 (158,246) A Fasting glucose | 0.044 | 0.685 | 0.039 0.287
cD34*CDI133* A HbAIc —0.145 0.063 —-0.128 0.142
Baseline 150 (95,204) | 0.516 | 178 (120,214) | 0.630 A MAGE —0.387 | <0.001 | —0.322 0.020
2 years 149 (110,199) 177 (130,217) A CONGA —-0.098 | 0.346 —0.041 0.836
. A SD ~0259 | 0017 | -0.152 0.078
CD34'KDR
Baseline 42 (32,49) <0.001 | 39 (29,44) 0.034 ACD34*KDR*
2 years 50 (40,84) 40 (30,49)
A Weight —0.039 0.719 —0.033 0.542
CDI33°KDR" A BMI ~0.114 | 0303 | —0.094 0.675
Baseline 25 (23,39) 0003 | 31 (23,39) 0.525 A Fasting glucose | —0.101 | 0.362 | —0.087 0.763
2 years 30 (2250 31 @238 A HbAlc -0.112 | 0075 | -0.094 0.821
CD34'KDR*CD 133" A MAGE -0355 | 0019 | -0316 0.004
Baseline 17 (14,24) <0.001 | 20 (14,24) 0.286 A CONGA 0.074 0.536 0.026 0917
2 years 25 (16,37) 20 (15,26) A SD 0272 | 0025 | —0.143 0.156
Notes: Data are expressed as median (interquartile range). EPCs count is ACD34*KDR*CDI133*
expressed as number/10° events.
Abbreviations: EPCs, endothelial progenitor cells; CSlI, continuous subcutaneous A Weight ~0.005 0.615 ~0.002 0.884
insulin infusion; MDI, multiple daily injections.
A BMI —0.001 0.889 —0.009 0.742
A Fasting glucose | —0.072 0.497 —0.021 0.218
Discussion A HbAlc ~0.101 | 0092 | -0.091 0.194
We showed for the first time an increase in circulating | A MAGE —0261 | 0016 | -0.188 0.176
levels of both CPCs and EPCs in young adults with type 1 A CONGA ~0.1211 0271 ~0.083 0.564
. . A SD —-0.289 0.006 —-0.092 0.692
diabetes over a 2-year follow-up. Interestingly enough, the

decrease in MAGE was the only predictive factor explain-
ing the raised EPCs and CPCs number, suggesting that the
improvement of glucose variability may positively influ-
ence endothelial homeostasis in type 1 diabetes.

Our results are novel, as no previous studies evaluated
the change in circulating stem/progenitor cells over time in
a population of young adults with type 1 diabetes. The
contemporary increase of both CPCs and EPCs suggests
an improvement of both bone marrow-regenerative capa-
city and endothelial repair and angiogenesis. Interestingly,
the change in both CPCs and EPCs count was associated
with improvement in glucose variability (MAGE and SD),
but not with glycemic control estimated as HbAlc and
fasting glucose levels. Moreover, the increase in levels of
circulating stem cells seems to be driven by the change
observed in patients with CSII who expressed a more
pronounced reduction of glucose variability than those
treated with MDI. In a previous study of 156 type 1
diabetic children, Hortnhuber et al found a better glycemic

Notes: Correlations of EPCs cell count with change in clinical parameters were
assessed by Spearman’s coefficient (r;). Multiple regression analysis tested the
contribution of changes in clinical parameters (independent variables) to the change
of EPCs number (dependent variable)

Abbreviations: BMI|, body mass index; CONGA, continuous overall net glycemic
action; MAGE, mean amplitude glucose excursion; SD, standard deviation.

control associated with an increase in EPC numbers within
1 year,"? but the correlation with indices of glucose varia-
bility has not been tested.

Among the CPCs, CD34"CD133" cells were the solely
cellular elements which did not raise in our diabetic popu-
lation. A potential reason for this finding includes their
hematopoietic origin, as indicated by the expression of
CD133", that is selectively expressed on hematopoietic
stem and progenitor cells. Of note, the unchanged levels
of this cellular pool may reflect the rate of extra-medullary
hematopoiesis in the spleen, which could provide another
peripheral reservoir of hematopoietic stem cells.'”

Reduction in MAGE, expressing mean differences from
glycemic peaks to nadirs, predicted the increase in CD34"

782

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Longo et al

CPCs and CD34'KDR" EPCs in the overall population,
suggesting that glucose variability can adversely impact
on mechanisms of vascular repair. Among CPCs individual
phenotypes, CD34+ cells, together with CD34"CD133"
cells were most frequently associated with cardiovascular
outcomes and death.'® On the other hand, CD34'KDR"
cells alterations were thought to be as markers of end-
organ damage in diabetes.'® In addition, low circulating
levels of CD34"'KDR" EPCs predicted the occurrence of
cardiovascular events and death from cardiovascular causes
in patients at high cardiovascular risk."”

Evidence from both in vitro and in vivo studies confirmed
that oscillating glucose is more deleterious than chronic hyper-
glycemia in determining endothelial damage, via oxidative
stress.'™° Although its role in vascular complications of
type 1 diabetes is still being debated,*'*
results in the presence of excessive glycemic excursions and,

glucose variability

in turn, manifest the risk of hyperglycemia or hypoglycemia.

2324 or observational

Evidence from randomized trials (RCTs)
studies' "

reduced glucose variability in type 1 diabetes, as compared

reported that CSII therapy is associated with

with MDI. Interestingly, in a large observational study of
18,168 type 1 diabetic patients,”® a risk reduction of 45% for
fatal coronary heart disease, 42% for fatal cardiovascular
disease, and 27% for all-cause mortality was found in insulin
pump users as compared with patients on MDI, after a mean
follow-up of 6.8 years.

Due to the short follow-up period (2 years), we cannot
predict whether increased EPCs number in patients with
type 1 diabetes would result in a reduced risk of micro-
vascular and macrovascular complications. In the Joslin
Medalist study,?’ the highest EPCs levels were found in
Medalists (patients with duration of diabetes of 50 years or
longer) without cardiovascular diseases or diabetic micro-
vascular complications, and this was consistent with the
unusual survival of these individuals. Moreover,
a longitudinal study of 187 patients with type 2 diabetes
reported that a reduced baseline level of CD34" cells
predicted microvascular outcomes after a mean follow-up
of 3.9 year.?®

Major strengths of this study include the relatively
large number of subjects investigated, the long-term fol-
low-up, the contemporary assessment of CPCs and EPCs,
and the comparison between patients treated with MDI or
CSII therapy. Due to the observational nature of this study,
we cannot make inference regarding cause and effect.
Moreover, the potential for residual confounding by

uncontrolled co-variate is possible.

Conclusion

In conclusion, over a 2-year follow-up, young type 1
diabetic patients treated with intensive insulin regimen
showed an increase in circulating CPCs and EPCs levels,
which correlates with the improvement in glucose varia-
bility. Further studies with longer follow-up are needed in
order to elucidate whether change in circulating stem cells
levels may improve the cardiovascular profile of type 1
diabetic patients.
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