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BACKGROUND: Endothelial microparticles (EMPs) act as early biomarkers of endothelial activation and damage. No studies have
investigated EMPs in preterm-born individuals.
METHODS: Sixty-three preterm-born children and 52 children born full-term (controls) were studied. Circulating CD62E(+), CD144
(+), and CD31(+)/CD42b(−) EMPs were measured in preterm-born children compared to controls; possible associations with
cardiovascular risk factors and endothelial function parameters were also assessed.
RESULTS: Circulating CD62E(+), CD144(+), and CD31(+)/CD42b(−) EMPs were significantly higher in preterm-born children
compared to controls (p= 0.003, p < 0.001, and p < 0.001, respectively). Preterm birth was recognized as an independent predictor
of each EMP subpopulation studied; moreover, the mean pressure and velocity of pulmonary artery were independently correlated
with CD62E(+) (β= 0.20, p= 0.04) and CD144(+) EMPs (β= 0.22, p= 0.02), respectively, whereas age (β= 0.21, p= 0.03) and being
born SGA (β= 0.26, p= 0.01) correlated independently with CD31(+)/CD42b(−) EMPs in the study population. Furthermore,
diastolic blood pressure (β= 0.24, p= 0.04), being born SGA (β= 0.24, p= 0.04) and the hyperemic peak velocity of the brachial
artery (β=−0.65, p= 0.02) were independently associated with CD31(+)/CD42b(−) EMPs in the preterm-born group.
CONCLUSION: Circulating EMPs were higher in preterm-born children compared to children born full-term. Whether EMPs could
act, in clinical practice, as a complementary tool for non-invasive evaluation of endothelium in preterm-born children, remains
under investigation.
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IMPACT:

● Circulating endothelial microparticles (EMPs) are small membrane vesicles released from endothelial cells and they act as novel
biomarkers of endothelial activation and damage.

● No studies have investigated circulating EMPs in preterm-born individuals.
● Circulating EMPs were significantly higher in prepubertal preterm-born children compared to children born at term.
● In the preterm-born group, the hyperemic peak velocity of the brachial artery was independently associated with CD31

(+)/CD42b(−) EMPs.
● Whether assessment of circulating EMPs could act, in clinical practice, as a complementary tool for non-invasive evaluation of

endothelium in preterm-born children, remains to be defined in future investigations.

INTRODUCTION
Despite improvements in survival of preterm babies over the last
decades, the long-term outcomes of these infants remain of
serious concern. In addition to the increased risk for neurodeve-
lopmental impairment, prematurity is associated with cardio-
metabolic alterations and adverse cardiovascular health in later
life.1–5 Previous studies have shown that children and/or adults
born prematurely display elevated arterial blood pressure,6,7

increased serum insulin levels and glucose intolerance,6,8 dis-
turbances in lipid profile,9,10 higher total body fat mass and
increased risk for obesity,10 increased mean carotid (cIMT) and
abdominal aortic (aIMT) intima-media thickness,11–13 adverse

changes in heart shape and function,14,15 and also endothelial
injury,16,17 in comparison with individuals born after a full-term
pregnancy. Furthermore, prematurity predisposes to central
hypertension and dysregulation of the cross-talk between
microcirculation and macrocirculation in childhood;18 the retinal
arteriolar diameters were found to be smaller, but with higher
central systolic and mean arterial blood pressure and with greater
forward/backward wave amplitude. The mechanisms that link
prematurity with cardiovascular risk and impaired endothelial
function are still under investigation; excess generation of reactive
oxygen species (ROS) and/or increased intracellular oxidative
stress,2 abnormal inflammatory response,19 increased circulating
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endothelial progenitor cells (EPCs)20 or endothelial colony-forming
cells (ECFC) dysfunction21 in preterm-born individuals are
potential pathways.
Circulating endothelial microparticles (EMPs) are described as

small membrane vesicles, <1.0 μm in size, released from
endothelial cells in response to stimuli such as inflammatory
activation, apoptosis, or injury.22 EMPs act as early biomarkers of
endothelial activation and damage; elevated EMPs numbers
indicate endothelial dysfunction and they are related to a variety
of disease states, including metabolic syndrome,23 diabetes
mellitus type 2,24 acute coronary syndrome and cardiovascular
disease25 among others. However, increasing evidence suggests
that EMPs are more than simple markers of endothelial status;22

they interfere with coagulation pathways and vascular tone, they
have thrombogenic activity, and thus they have an evolving role
in the pathophysiology of endothelial dysfunction and athero-
sclerosis.22 To the best of our knowledge, there are no reported
studies that investigated circulating EMPs in preterm-born
individuals.
The aim of this study was to evaluate circulating EMPs levels in

prepubertal children born prematurely, and to assess possible
associations of EMPs with cardiovascular risk factors and
endothelial function parameters in our study population.

METHODS
Study design and population
In this cross-sectional study, 115 healthy children (51 males and 64
females) of prepubertal age (10.60 ± 1.85 years) born between January
2007 and December 2011 were enrolled. Of them, 63 children (25 males
and 38 females) were born prematurely (<37 weeks of gestational age),
whereas 52 children (26 males and 26 females) were born at term
(37–42 weeks of gestational age) and appropriate for gestational age
(AGA), thus consisting the control group; AGA was defined as birth weight
between 10th and 90th percentiles for gestational age.26 The preterm
group was described in a recent study investigating circulating EPCs in
association with cardiovascular risk factors and endothelial parameters in
prepubertal children born prematurely compared to prepubertal children
born at term.20 Eleven out of 63 preterm-born children were born small for
gestational age (SGA) (birth weight below 10th percentile).26

All children were hospitalized as neonates and randomly traced, by
simple random sampling technique, from lists from the neonatal follow-up
clinic which provides regular follow-up to all infants admitted. Medical and
family history was obtained, while perinatal and neonatal data were
collected from hospital medical records. Pregnancy complications and
neonatal morbidity were examined; bronchopulmonary dysplasia (BPD)
was defined as supplemental oxygen requirements at 36 weeks of
postmenstrual age.27

Exclusion criteria were personal or family history of cardiovascular
disease, congenital malformations, acute or chronic inflammatory process
or any disease, or obesity [body mass index (BMI) ≥ 95th percentile for
age]. The study protocol was approved by the local research and ethics
committee on research on humans and it conforms to the ethical
guidelines of the 1975 Declaration of Helsinki; all children included in this
study provided their assent, while written informed consent was also
obtained from their parents or legal guardians.

Clinical assessment
As described previously,20 participants attended the outpatient clinic at a
similar time of day (07.30–9.30 AM) after a 12-h overnight fast; all children
were free of physical exercise for at least 8–12 h before the examination.
Standing height and weight were measured to the nearest 0.1 cm and 0.1
kg, respectively, on bare foot and subjects wearing light clothing. Waist and
hip circumference were measured to the nearest 0.1 cm over an unclothed
abdomen and at minimal respiration. The waist-to-hip ratio (WHR) and the
BMI (kg/m2) were calculated. Neck circumference was measured with the
neck in a horizontal plane at the level of the thyroid cartilage. All
anthropometric measurements were performed twice; the mean was used
for analysis. Both systolic (SBP) and diastolic blood pressure (DBP) were
measured three times from the left brachial artery using an automatic
oscillometric blood pressure monitor after a 10-m rest in a sitting position;
the second and third measurements were averaged for analysis.

Blood biochemistry
Fasting serum glucose and insulin, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, and triglycerides were
measured in all participants. The homeostasis model assessment of insulin
resistance (HOMA-IR) index was calculated as insulin (μU/mL) × blood glucose
(mmol/L)/22.5; IR was defined as HOMA-IR > 2.5.28

Ultrasound studies
Measurements of cIMT and aIMT, measurement of FMD of the brachial
artery, and echocardiography with evaluation of several parameters
including left ventricular ejection fraction, shortening fraction, end-
diastolic interventricular septal thickness, left ventricular end-systolic,
end-diastolic internal diameters, end-diastolic left ventricular posterior wall
thickness, left ventricular mass and relative wall thickness, left ventricular
mass index, and mean pressure and velocity of the pulmonary artery were
performed by a single experienced vascular sonographer and a single
senior pediatric cardiologist, respectively, in all children studied according
to standardized protocols,29–32 as described in detail previously.20 For cIMT,
six measurements were performed on each side; the calculated mean
provided respectively the arithmetic mean left and right cIMT of each
subject. Mean aIMT was determined as the average reading of three
measurements for each subject. FMD of the brachial artery was calculated
using the formula: FMD= [(maximum dilatation diameter after deflation –
baseline diameter)/(baseline diameter)] × 100%.
Both the vascular sonographer and the pediatric cardiologist were

blinded to the gestational age of the subjects and unaware of the clinical
and laboratory characteristics of the study population.20

Flow cytometric analysis of circulating EMPs
Blood samples (3 mL) were collected in 3.2% sodium citrate tubes
following an overnight fast in an atraumatic fashion using a 21-gauge
needle; the first 5 mL of withdrawn blood were used for routine blood
tests, including blood biochemistry, in order to avoid contamination with
EMPs due to vascular injury.33 The citrated blood samples were processed
within 1–2 h after collection. Circulating EMPs were detected and
measured in platelet-poor plasma, after a two-step centrifugation protocol,
as previously described.33 EMPs in plasma samples were phenotyped and
quantified by flow cytometry; 50 μL of platelet-poor plasma were
incubated with fluorochrome labeled antibodies specific for CD31 [CD31-
FITC (ImmunoTools)], CD62E [CD62E-PE (Santa Cruz Biotechnology)],
CD144 [CD144-PerCP (Santa Cruz Biotechnology)], and CD42b [CD42b-
APC (ImmunoTools)], for 20 m at 4 °C in the dark. After staining, samples
were diluted with phosphate-buffered saline (PBS) and then they were
analyzed in a fluorescence activated cell sorter (FACS) Calibur flow
cytometer (BD FACSCaliburTM, BD Biosciences).34 The data obtained were
analyzed using the Flowing Software version 2.5.1.
Three EMPs subpopulations were identified as CD62E(+), CD144(+), or

CD31(+)/CD42b(−) events; values are reported as the percentage of each
EMP subpopulation among the total microparticle population. CD62E(+)
and CD144(+) EMP subpopulations are microparticles that express CD62E
and CD144 surface markers respectively. CD31(+)/CD42b(−) EMP sub-
population are microparticles that express CD31 surface marker, but they
do not express CD42b surface marker at the same time. As CD31 is present
not only on EMPs, but also on activated platelets and platelet
microparticles, CD42b was also used, as a platelet-specific marker to
distinguish CD31(+) EMPs from platelet-derived microparticles.35 All
samples were analyzed in triplicate with excellent repeatability for all
EMPs subpopulations [intraclass correlation coefficient (ICC) greater than
0.90 is indicative of excellent reliability]; ICC= 0.98 for CD62E(+), ICC=
0.92 for CD144(+), and ICC= 0.93 for CD31(+)/CD42b(−) EMPs. Measure-
ments were performed blinded to the gestational age of the subjects and
to the clinical, laboratory, and ultrasound characteristics of the study
population.

Sample size calculation
As our study was the first study to evaluate circulating EMPs levels in
prepubertal children born prematurely compared to children of same age
born at term, the a priori statistical power analysis was based on previous
studies that investigated potential differences of EMPs subpopulations in
several other groups of children. The effect size (ES) in the studies used
was medium to large for the three EMPs subpopulations studied using
Cohen’s (1988) criteria; ES= 0.77 for CD62E(+) EMPs,36 ES= 1.13 for CD144
(+) EMPs,37 and ES= 0.64 for CD31(+)/CD42b(−) EMPs34. With an alpha
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risk= 0.05 and a power= 0.80, the projected sample size needed with this
effect size (GPower 3.1.9.2 software) was estimated to be at least N= 41 for
each of the groups of children studied.

Statistical analysis
Statistical analysis was performed using SPSS version 23.0 (SPSS Inc.,
Chicago, IL). In parameters with normal distribution, results are given as
mean ± SD; for parameters not normally distributed, results are expressed
as medians (25th–75th percentile). Groups were compared using
independent t-test or Mann–Whitney test, as appropriate, for continuous
variables and chi-square test for categorical variables. Univariate regression
analyses between variables of interest were calculated. Multiple linear
regression analyses were then applied, with each EMP subpopulation as a
dependent variable, in order to examine whether the associations
observed in univariate regression analyses remained significant; multiple
linear regression models were run in a stepwise method with a probability
of 0.05 to enter and 0.10 to remove. Due to skewed distribution, EMPs
values were log-transformed before applying regression analyses. Multiple
stepwise linear regression analysis was also used to investigate

independent determinants of the hyperemic peak velocity and the FMD
of the brachial artery, as parameters of endothelial function.
In multiple regression analyses, the model goodness-of-fit was evaluated

by both estimating R2 (multiple coefficient of determination) and
graphically by examining the residuals from the multiple regression
models. Multicollinearity was evaluated by assessing bivariate correlations
among independent variables; correlation coefficients had to be less than
0.80 in order to eliminate multicollinearity.
Given that a proportion (17.5%) of the preterm group was also born SGA,

sensitivity analyses were undertaken excluding SGA children from
comparisons between groups and also from the regression models to
assess the influence of prematurity per se on EMPs, endothelial function
parameters, and cardiovascular risk factors studied.
A p value ≤0.05 was considered statistically significant.

RESULTS
The baseline clinical, perinatal, and biochemical characteristics, as well
as the vascular assessment and echocardiography of the preterm-

Table 1. Clinical and perinatal characteristics, and blood biochemistry of preterm-born children and controls.

Variable Preterm-born children (n= 63) Controls (n= 52) p value

Age (years) 10.89 ± 1.86 10.25 ± 1.81 0.25

Males (%) 25 (39.7) 26 (50.0) 0.27

Maternal age at birth (years) 32.92 ± 4.81 32.63 ± 5.12 0.67

Maternal hypertension (%) 6 (11.5) 0 (0) 0.03

Maternal preeclampsia (%) 5 (9.6) 0 (0) 0.05

Maternal gestational diabetes (%) 7 (13.5) 7 (13.5) >0.99

Maternal smoking during pregnancy (%) 6 (12.0) 1 (1.9) 0.05

Cesarean delivery (%) 59 (93.7) 20 (38.5) <0.001

Gestational age (weeks) 31.80 ± 3.23 38.97 ± 1.00 <0.001

Birth weight (g) 1627.47 ± 539.49 3290.29 ± 392.67 <0.001

Bronchopulmonary dysplasia (BPD) (%) 11 (17.5) N/A N/A

Intraventricular hemorrhage (IVH) (%) 11 (17.5) N/A N/A

Retinopathy of prematurity (ROP) (%) 16 (25.4) N/A N/A

Weight (kg) 42.98 ± 11.72 38.17 ± 9.75 0.03

Weight z-score 0.25 ± 1.05 −0.19 ± 0.88 0.03

Height (cm) 146.21 ± 12.30 143.44 ± 13.29 0.25

Height z-score 0.10 ± 0.96 −0.12 ± 1.04 0.25

BMI (kg/m2) 19.58 ± 3.34 18.28 ± 2.62 0.03

BMI z-score 0.25 ± 1.10 −0.18 ± 0.87 0.03

Waist circumference (cm) 72.06 ± 9.85 67.89 ± 8.08 0.01

Hip circumference (cm) 80.40 ± 10.06 77.45 ± 8.88 0.10

WHR 0.90 ± 0.05 0.88 ± 0.04 0.04

Neck circumference (cm) 29.96 ± 2.51 29.04 ± 1.84 0.03

SBP (mmHg) 107.65 ± 11.77 101.86 ± 8.92 0.004

DBP (mmHg) 66.58 ± 7.38 63.14 ± 7.16 0.01

Glucose (mmol/l) 4.32 ± 0.51 4.44 ± 0.36 0.17

Insulin (pmol/l) 48.26 (35.56–70.14) 44.73 (39.34–56.95) 0.84

HOMA-IR 1.28 (0.94–2.01) 1.25 (1.00–1.59) 0.98

TC (mmol/l) 3.88 (3.49–4.55) 4.09 (3.76–4.33) 0.21

HDL-C (mmol/l) 1.63 ± 0.35 1.66 ± 0.37 0.75

LDL-C (mmol/l) 1.91 (1.55–2.46) 2.13 (1.81–2.49) 0.26

TG (mmol/l) 0.58 (0.45–0.77) 0.57 (0.41–0.75) 0.47

Data are presented as n (%), mean ± SD, or median (25th–75th percentile). BMI body mass index, WHR waist-to-hip ratio, SBP systolic blood pressure, DBP
diastolic blood pressure, HOMA-IR the homeostasis model assessment index, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, TG triglycerides, N/A not applicable.
Statistically significant p < 0.05 values are in bold.
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born children were reported previously20 and are summarized, along
with data in children born at term (controls), in Tables 1 and 2.
In preterm-born children, circulating CD62E(+) [8.71

(6.40–11.96)% vs. 6.70 (4.59–9.66)%, p= 0.003], CD144(+) [1.61
(0.62–4.38)% vs. 0.83 (0.42–1.45)%, p < 0.001] and CD31(+)/CD42b
(−) [24.35 (8.50–53.73)% vs. 7.1 (3.39–14.39)%, p < 0.001] EMPs were
significantly higher compared to controls (Fig. 1 and Supplementary
Fig. 1). No differences were found between males and females
regarding EMPs subpopulations studied.
In the total study population, circulating CD62E(+) EMPs

correlated significantly with preterm birth, gestational age, birth
weight, mean pressure, and velocity of pulmonary artery by
univariate regression analysis; circulating CD144(+) EMPs corre-
lated with preterm birth, gestational age, birth weight, SBP, mean
pressure, and velocity of pulmonary artery; circulating CD31
(+)/CD42b(−) EMPs correlated with age, preterm birth, being born
SGA, DBP, mean cIMT, mean pressure, and velocity of pulmonary
artery (Table 3 Supplementary Fig. 2). In multiple regression
analysis, preterm birth was recognized as an independent
predictor for each EMP subpopulation studied (Table 3). Moreover,
the mean pressure of pulmonary artery was independently
correlated with CD62E(+) EMPs, the mean velocity of pulmonary
artery was independently correlated with CD144(+) EMPs, while
age and being born SGA were independently correlated with
CD31(+)/CD42b(−) EMPs (Table 3).
In the preterm-born group, in univariate analysis, circulating

CD31(+)/CD42b(−) EMPs correlated significantly with gestational
age (β= 0.35, p= 0.005), birth weight (β= 0.29, p= 0.02), being
born SGA (β= 0.29, p= 0.02), and DBP (β= 0.28, p= 0.03). In
multiple regression analysis, with EMPs levels as a dependent

variable, gestational age (β= 0.36, p= 0.003), SGA (β= 0.24, p=
0.04), and DBP (β= 0.24, p= 0.04) were found to be independent
predictors of CD31(+)/CD42b(−) EMPs (R2 of model= 0.53, p <
0.001). Furthermore, following evaluation of the independent
associations between parameters of endothelial function (namely
FMD and hyperemic peak velocity of the brachial artery, as
dependent variables) and variables of interest, it was shown that
age (β=−0.38, p= 0.002) and the peak diameter of the brachial
artery (β= 0.54, p < 0.001) correlated independently with FMD (R2

of model= 0.45, p < 0.001), while age (β= 0.43, p= 0.001) and
CD31(+)/CD42b(−) EMPs (β=−0.65, p= 0.02) were indepen-
dently associated with the hyperemic peak velocity of brachial
artery (R2= 0.46, p < 0.001) in the preterm group.
The sensitivity analyses excluding preterm children born SGA

from comparisons between groups showed essentially same
results with those of the main analyses. In preterm-born AGA
children, circulating CD62E(+) [8.55 (6.46–11.71)%], CD144(+)
[1.57 (0.60–4.89)%], and CD31(+)/CD42b(−) [15.88 (5.32–50.22)%]
EMPs were significantly higher compared to controls (p= 0.01, p
= 0.001, and p= 0.01, respectively). Moreover, the associations
among variables of interest remained robust in sensitivity
analyses. The above associations remained also significant when
the impact of maternal and neonatal morbidity, including the days
of mechanical ventilation and the duration of hospitalization, were
assessed in multiple regression analysis.

DISCUSSION
In this study, circulating CD62E(+), CD144(+), and CD31(+)/CD42b
(−) EMPs were found to be significantly higher in prepubertal

Table 2. Vascular assessment and echocardiography in preterm-born children and controls.

Variable Preterm-born children (n= 63) Controls (n= 52) p value

Left cIMT (mm) 0.32 ± 0.05 0.29 ± 0.04 <0.001

Right cIMT (mm) 0.33 ± 0.05 0.28 ± 0.04 <0.001

Mean cIMT (mm) 0.33 ± 0.04 0.29 ± 0.03 <0.001

aIMT (mm) 0.44 ± 0.12 0.39 ± 0.07 0.004

Baseline diameter of brachial artery (mm) 2.88 ± 0.32 2.92 ± 0.30 0.50

Baseline velocity of brachial artery (cm/s) 71.78 ± 17.02 74.00 ± 19.22 0.53

Peak diameter of brachial artery (mm) 3.25 ± 0.38 3.30 ± 0.37 0.53

Time of peak diameter of brachial artery (s) 60.00 (45.00–75.00) 60.00 (45.00–75.00) 0.74

Peak velocity of brachial artery (cm/s) 106.92 ± 27.31 117.84 ± 20.72 0.02

FMD of brachial artery (%) 12.84 ± 7.84 12.85 ± 6.06 0.99

EF (%) 71.00 (68.30–75.00) 70.40 (67.69–74.00) 0.43

SF (%) 39.89 (38.00–43.18) 39.00 (36.74–42.00) 0.34

IVSd (mm) 7.65 ± 1.67 7.41 ± 1.55 0.42

LVIDs (mm) 22.33 ± 3.31 23.01 ± 4.24 0.35

LVIDd (mm) 37.26 ± 4.87 37.23 ± 5.00 0.98

LVPWd (mm) 6.17 ± 1.96 6.18 ± 1.59 0.96

LVM (g) 64.68 (51.42–85.76) 67.87 (51.97–79.34) 0.97

LVMI (g/m2) 54.00 ± 14.54 55.37 ± 11.11 0.42

RWT 0.37 (0.31–0.44) 0.38 (0.32–0.42) 0.88

Mean pressure of pulmonary artery (mmHg) 4.68 (3.65–6.26) 3.87 (3.33–5.30) 0.04

Mean velocity of pulmonary artery (m/s) 1.08 (0.95–1.27) 0.98 (0.91–1.15) 0.02

Data are presented as n (%), mean ± SD or median (25th−75th percentile). cIMT carotid intima-media thickness, aIMT abdominal aortic intima-media thickness,
FMD flow-mediated dilation of the brachial artery, EF ejection fraction, SF shortening fraction, IVSd end-diastolic interventricular septum thickness, LVIDs left
ventricular end-systolic internal diameter, LVIDd left ventricular end-diastolic internal diameter, LVPWd end-diastolic left ventricular posterior wall thickness,
LVM left ventricular mass, LVMI left ventricular mass index, RWT relative wall thickness.
Statistically significant p < 0.05 values are in bold.
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children born prematurely compared to children born at term.
Preterm birth was recognized as an independent predictor of all
EMPs subpopulations studied; moreover, the mean pressure of
pulmonary artery was independently correlated with CD62E(+),
the mean velocity of pulmonary artery correlated independently
with CD144(+) EMPs, whereas age and being born SGA correlated
independently with CD31(+)/CD42b(−) EMPs. Furthermore, DBP,
being born SGA and the hyperemic peak velocity of the brachial
artery were independently associated with CD31(+)/CD42b(−)
EMPs in the preterm-born group.
To the best of our knowledge, this is the first study investigating

circulating EMPs in preterm-born individuals. The study popula-
tion derived from the follow-up outpatient clinic of our Neonatal
Unit, whereas healthy prepubertal children born either prema-
turely or after a full-term pregnancy were enrolled; perinatal data
and medical records were reliably recorded and easily accessed.
Comparisons of EMPs between preterm AGA and full-term
children maintained significant; thus, the influence of prematurity
per se was highlighted. Several endothelial surface markers have
previously been used to detect circulating EMPs, including CD31,
CD51, CD54, CD62E, CD105, CD144, and CD146; nevertheless,
most of them are not restricted to endothelial cells.35 In our study,
we focused on three different subpopulations of EMPs—CD62E
(+), CD144(+), and CD31(+)/CD42b(−) EMPs—using surface
markers that are expressed only on endothelial cells and are
considered to be the most specific for the endothelium; all the
above consisted the main strengths of this study.
EMPs have been examined in a variety of diseases in children; they

have been found significantly elevated in obese and overweight
children,34 in children with Kawasaki disease,38 Henoch–Scholein

purpura,39 and pulmonary hypertension,40 among others. Normal
values of EMPs in children have not been determined yet; however,
levels of EMPs observed in controls in the studies mentioned above
are similar to EMPs levels of the controls in our study.
The potential mechanisms that may link prematurity with

cardiovascular risk are not well defined;2–4 diminished nitric oxide
generation, excess generation of reactive oxygen species (ROS) and/or
increased intracellular oxidative stress, impaired cytokine release
which exaggerates the inflammatory response, as well as increased
plasma renin and angiotensin II levels, and smooth muscle cell
proliferation and migration to the intima causing intima-media
thickness, are potential pathways.2 The abnormal inflammatory
response, the vascular hyper-activity and potential endothelial
dysfunction, as well as genetic factors, epigenetic modifications, and
gut microbiome abnormalities may also increase the cardiovascular
risk of preterm-born individuals in later life.2 Besides, there is evidence
that EMPs possess a negative impact on cardiovascular health in a
similar way; studies conducted in adult rats showed that EMPs
contribute to endothelial dysfunction by reducing acetylcholine-
induced vascular relaxation and by decreasing nitric oxide generation
and increasing the release of ROS.41 Furthermore, EMPs stimulate the
release of cytokines, IL-6 and IL-8, and they promote endothelial and
vascular inflammation.22 The significant associations between EMPs
and cardiovascular risk factors examined in our study population may
highlight the impact of endothelial dysfunction on future cardiovas-
cular morbidity of individuals born prematurely.
Ultrasound measurement of flow-mediated dilation (FMD) of

the brachial artery is commonly used as a non-invasive measure of
conduit artery endothelial dysfunction. In our study population,
we did not find any significant difference in FMD measurements

1.00
A

C

B

0.95
L

o
g

C
D

62
E

(+
) 

E
M

P
s 

(%
)

0.90

0.85

0.80

0.75

Preterm Controls Preterm Controls

0.40

0.30

L
o

g
C

D
14

4(
+)

 E
M

P
s 

(%
)

0.20

0.10

0.00

-0.10

-0.20

Preterm Controls

1.40

1.20

L
o

g
C

D
31

(+
)/

C
D

42
b

(–
) 

E
M

P
s 

(%
)

1.00

0.80

Fig. 1 Log-transformed circulating CD62E(+), CD144(+) and CD31(+)/CD42b(−) endothelial microparticles (EMPs) in preterm-born
children compared to controls. Mean values of log-CD62E(+) (A), log-CD144(+) (B), and log-CD31(+)/42b(−) EMPs (C) in children born
prematurely and controls. Error bars represent standard errors.

P. Markopoulou et al.

1758

Pediatric Research (2022) 91:1754 – 1761



between preterm-born children and controls. This is consistent
with similar studies in children42 and can possibly be explained by
the fact that we enrolled healthy children of young age. Age-
related endothelial dysfunction has been already demonstrated in
previous studies in adults,43,44 whereas in our preterm-born group,
a negative correlation between FMD and age was observed.
Regular follow-up of the above population is needed in order to
identify possible adverse FMD alterations that may become
apparent in later life.
In contrast with FMD, the hyperemic peak velocity of the

brachial artery differed significantly between preterm and full-
term group in our study. Besides, CD31(+)/CD42b(−) EMPs were
found to be independent predictors of hyperemic peak velocity of
the brachial artery in preterm-born children. Hyperemic peak
velocity, the maximal velocity of blood flow after cuff deflation,
generates the brachial artery shear stress that is responsible for
FMD.45 However, these two indices of brachial artery reactivity are
mediated by different mechanisms,46 while hyperemic peak
velocity better reflects microvascular dysfunction.45 Interestingly,
hyperemic peak velocity was reported to be more strongly related
to traditional cardiovascular risk factors than was FMD and also
more sensitive to the early stages of atherosclerosis.47 Thus, the
significantly lower hyperemic peak velocity of the brachial artery
in preterm-born children of our study may indicate a dysregula-
tion of microvascular function and an early stage of endothelial
dysfunction, while EMPs levels might be helpful for identifying
high-risk preterm-born individuals.
The independent associations between pulmonary hemody-

namic parameters studied (mean pressure and velocity of
pulmonary artery) and EMPs subpopulations may result from
shear stress of pulmonary vessels, but also enhance the suggested
role of EMPs in the pathophysiology of pulmonary

hypertension,47,48 as well as the impact of prematurity on
dysregulation of the cross-talk between microcirculation and
macrocirculation in childhood.18 Moreover, the independent
correlation between DBP and CD31(+)/CD42b(−) EMPs in our
preterm-born children is possibly in line with the results of
previous studies showing that DBP is an independent predictor of
adverse cardiovascular events and contributes significantly to
cardiovascular risk.49 Interestingly, in the original Framingham
Heart Study (FHS),33 EMPs were significantly correlated with DBP
but not with SBP, which is in concordance with our findings.
Regarding the independent influence of being born SGA on CD31
(+)/CD42b(−) EMPs in preterm-born children of our study, the
interaction of fetal growth restriction and/or low birth weight with
cardiovascular risk has been widely investigated.50 SGA has been
emerged as a potential risk factor for endothelial function
alterations and cardiovascular disease in later life.51

The limitations of our study are the following; first, our study
population has an adequate number of preterm-born children in
order to assure statistically significant results for primary out-
comes, but a greater number would be more appropriate in order
to reveal possible correlations between EMPs and neonatal
morbidity related to prematurity, such as BPD, intraventricular
hemorrhage, retinopathy of prematurity, etc. Secondly, the
present study has a cross-sectional design, which does not allow
determination of causal relationships.
In conclusion, circulating levels of EMPs are increased in

prepubertal children born prematurely in comparison with their
peers born at term. Whether assessment of circulating EMPs is
warranted in individuals born prematurely, in clinical practice, as a
complementary tool for non-invasive evaluation of endothelium
and risk stratification, or as a target for novel therapeutic options,
remains to be defined in future investigations.

Table 3. Significant associations between EMPs and variables studied in the total study population.

Univariate regression analysis Multiple regression analysis

Regression coefficient p value Regression coefficient p value

CD62E(+) EMPs

Prematurity 0.28 0.003 0.27 0.01

Gestational age (weeks) −0.24 0.01 0.08 0.63

Birth weight (g) −0.22 0.01 0.18 0.35

Mean pressure of pulmonary artery (mmHg) 0.24 0.01 0.20 0.04

Mean velocity of pulmonary artery (m/s) 0.25 0.01 0.08 0.72

CD144(+) EMPs

Prematurity 0.38 <0.001 0.40 <0.001

Gestational age (weeks) −0.29 0.001 0.23 0.14

Birth weight (g) −0.29 0.002 0.33 0.06

SBP (mmHg) 0.25 0.01 0.09 0.34

Mean pressure of pulmonary artery (mmHg) 0.26 0.01 −0.12 0.57

Mean velocity of pulmonary artery (m/s) 0.32 0.001 0.22 0.02

CD31(+)/CD42b(−) EMPs

Age (years) 0.25 0.01 0.21 0.03

Prematurity 0.34 <0.001 0.21 0.04

SGA 0.30 0.001 0.26 0.01

DBP (mmHg) 0.21 0.02 0.05 0.42

Mean cIMT (mm) 0.23 0.01 0.07 0.52

Mean pressure of pulmonary artery (mmHg) 0.21 0.03 0.12 0.24

Mean velocity of pulmonary artery (m/s) 0.20 0.05 0.08 0.42

EMPs endothelial microparticles, SBP systolic blood pressure, DBP diastolic blood pressure, SGA small for gestational age, cIMT carotid intima-media thickness.
R2 of model: for CD62E(+) 0.36, p= 0.001; for CD144(+) 0.49, p < 0.001; for CD31(+)/CD42b(−) 0.46, p < 0.001. EMPs values are reported as the percentage of
each EMP subpopulation among the total microparticle population; they were log-transformed before applying regression analyses.
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