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BACKGROUND AND OBJECTIVES: Endothelial dysfunction is the ﬁrst, although reversible, sign of
atherosclerosis and is present in obese adolescents. The primary end point of this study was to
investigate the inﬂuence of a multicomponent treatment on microvascular function. Additional
objectives and end points were a reduced BMI SD score, improvements in body composition,
exercise capacity, and cardiovascular risk factors, an increase in endothelial progenitor cells
(EPCs), and a decrease in endothelial microparticles (EMPs).

abstract

We used a quasi-randomized study with 2 cohorts of obese adolescents: an
intervention group (n = 33; 15.4 6 1.5 years, 24 girls and 9 boys) treated residentially with
supervised diet and exercise and a usual care group (n = 28; 15.1 6 1.2 years, 22 girls and
6 boys), treated ambulantly. Changes in body mass, body composition, cardiorespiratory
ﬁtness, microvascular endothelial function, and circulating EPCs and EMPs were evaluated
after 5 months and at the end of the 10-month program.

METHODS:

Residential intervention decreased BMI and body fat percentage, whereas it increased
exercise capacity (P , .001 after 5 and 10 months). Microvascular endothelial function also
improved in the intervention group (P = .04 at 10 months; + 0.59 6 0.20 compared with + 0.01 6
0.12 arbitrary units). Furthermore, intervention produced a signiﬁcant reduction in traditional
cardiovascular risk factors, including high-sensitivity C-reactive protein (P = .012 at 10 months).
EPCs were increased after 5 months (P = .01), and EMPs decreased after 10 months (P = .004).
RESULTS:

A treatment regimen consisting of supervised diet and exercise training was
effective in improving multiple adolescent obesity-related end points.

CONCLUSIONS:

a
Laboratory of Cellular and Molecular Cardiology and Departments of bPediatrics and fCardiology, University
Hospital Antwerp, Antwerp, Belgium; cCardiovascular Diseases and gPharmacology Research Groups, Department
of Translational Pathophysiological Research, dLaboratory of Experimental Medicine and Pediatrics, and
h
Department of Rehabilitation Sciences and Physiotherapy, University of Antwerp, Antwerp, Belgium; and
e
Zeepreventorium, De Haan, Belgium

†Deceased.

Dr Bruyndonckx was responsible for the conception and design of the study, the analysis and
interpretation of data, and the drafting of the manuscript, and he contributed to the acquisition of
data; Dr Hoymans contributed to the conception and design of the study, participated in the analysis
and interpretation of data, and reviewed and revised the manuscript; Drs De Guchtenaere and Van
Helvoirt contributed to the acquisition of data and the interpretation of results from data analyses
and reviewed and revised the manuscript; Dr Van Craenenbroeck, Mr Frederix, and Dr Katrien
Lemmens provided advice regarding study design, participated in the interpretation of results from
data analyses, and reviewed and revised the manuscript; Drs Vissers, Vrints, Ramet, and Conraads
supervised the study, including the conception and design, the acquisition of data, the analysis and
interpretation of data, as well as the review and revision of the manuscript; and all authors
approved the manuscript as submitted.

WHAT’S KNOWN ON THIS SUBJECT: Adolescent
obesity is characterized by endothelial
dysfunction at the macrovascular and
microvascular level; high endothelial
microparticle (EMP) and low endothelial
progenitor cell (EPC) counts contribute to these
processes. Although reversal of macrovascular
endothelial dysfunction is feasible, clinical
evidence regarding microvascular endothelial
dysfunction is scarce.
WHAT THIS STUDY ADDS: Ten months of diet and
exercise training improves microvascular
endothelial function (peak response) in obese
adolescents. EPC and EMP displayed a biphasic
response, with an increase in EPC at 5 months
and a decrease in EMP at the end of the
treatment.
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The rapidly rising prevalence of
childhood obesity poses a threat to
future health management because of
the increased risk of death from
cardiovascular disease in adulthood.1
Impaired endothelial function is a key
step in the pathogenesis of
atherosclerosis. Under physiologic
conditions, the endothelium creates an
antiatherosclerotic milieu, thereby
preventing leukocyte adhesion and
vascular smooth muscle proliferation.
Its main role, however, is to regulate
vascular smooth muscle tone, allowing
the adaptation of the arterial diameter
to suit blood ﬂow demands. Using ﬂowmediated dilation, brachial artery
diameter responses can be objectiﬁed,
thereby evaluating macrovascular
endothelial function. Recently, the
Endo-PAT device was developed to
assess microvascular endothelial
dysfunction. The Endo-PAT uses
pneumatic probes, placed on the index
ﬁngers, and measures changes in ﬁnger
arterial tone. By applying these
techniques, it was demonstrated that
the ﬂow-associated dilatory capacity of
the endothelium in obese adolescents
is reduced both at the macrovascular2
and microvascular level.3 Moreover,
microvascular endothelial dysfunction
appears to precede macrovascular
endothelial dysfunction,4 indicating
that these manifestations reﬂect
various early stages of vascular disease.
Endothelial function is negatively
affected by both traditional
cardiovascular risk factors, such as
hypertension and sedentary lifestyle,
and novel cardiovascular risk factors,
including inﬂammatory (eg, high
C-reactive protein) and antiinﬂammatory
markers (eg, low adiponectin).5
Macrovascular endothelial function in
obese adolescents, assessed using
ﬂow-mediated dilation, can be
improved by exercise training6 and
diet,7 and combining both induces the
greatest improvements.8 However,
whether lifestyle interventions are
also capable of reversing endothelial
dysfunction at the microvascular level
is currently not clear.9

In recent decades, novel insights have
been obtained into the mechanistic
basis for endothelial homeostasis.
First, endothelial progenitor cells
(EPCs) were recognized as important
contributors of endothelial repair10
because they are able to replace lost
endothelial cells. Second, endothelial
microparticles (EMPs), shed from
activated and apoptotic endothelial
cells, were identiﬁed as potent (dys)
regulators of endothelial function.11
In our previous work, we observed an
imbalance between endothelial
damage and repair in obese
adolescents.12 Obese adolescents had
higher EMP counts and lower EPC
numbers in their circulation
compared with age- and gendermatched normal-weight adolescents.
In multiple linear regression analysis,
systolic blood pressure and blood
counts of EMPs and EPCs were
identiﬁed as independent
determinants of microvascular
endothelial function.
The primary end point of this study
was the effect of a residential
treatment program combining diet
and exercise training on microvascular
function in obese adolescents (peak
response as measured with EndoPAT). BMI and exercise capacity were
used to evaluate the effectiveness of
therapy (secondary end points), and
numbers of circulating EMPs and EPCs
were reported to evaluate the balance
between endothelial damage and
repair.

METHODS
Study Population
Sixty-one obese adolescents aged
between 12 and 18 years were
recruited from the revalidation center
Zeepreventorium (De Haan, Belgium).
This is a secondary center specialized
in inpatient treatment of obese
children and adolescents. Inclusion
criteria were a BMI $97th age- and
gender-speciﬁc percentile for
adolescents younger than 16 years
and BMI $35 for adolescents older
than 16 years.

Exclusion criteria were an acute or
chronic inﬂammatory process, use of
nonsteroidal antiinﬂammatory or
immunosuppressive drugs, structural
heart disease or other cardiovascular
diseases, and active malignant
hematologic disease.

Ethical Approval
The protocol complied with the
Declaration of Helsinki, was approved
by the ethics committee of the
Antwerp University Hospital, and was
registered at ClinicalTrials.gov
(NCT01461226). All participants and
their parents gave their written
informed consent.

Study Design
Participants were recruited for this
quasi-randomized trial at the
beginning of a 10-month residential
treatment program (intervention
group) and from the waiting list of
the institution (usual care group)
(Fig 1). Participants were evaluated
at baseline and after 5 and
10 months.
Inpatient treatment included dietary
restriction (1500–1800 kcal/day),
physical activity, and psychological
support under medical supervision.13
Besides 2 hours of supervised play
and lifestyle activities each day,
adolescents engaged in 2 hours of
physical education per week at school
and 3 supervised training sessions
every week, with an effective training
time of 40 minutes each. One session
a week was spent in a ﬁtness area
focusing on cardio training (cycling or
running) and resistance training. In
addition, a swimming session was
organized focusing on swimming laps
and improving swimming technique.
The third session was preserved for
running, setting continuous running
for 30 minutes as the ﬁnal aim.
Qualiﬁed physiotherapists supervised
the participants during all training
sessions.
Participants on the waiting list were
treated by their general practitioner
or pediatrician, focusing on caloric
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Belgium) dual-energy radiograph
absorptiometry scanner, and SDS
values were computed.16

Cardiopulmonary Exercise Testing
Symptom-limited cardiopulmonary
exercise testing was performed on
a bicycle, and registration was done
with an Ergocard (Medisoft Belgium,
Sorinnes, Belgium). Peak oxygen
uptake (VO2peak) was determined as
the mean value of VO2 measurements
during the ﬁnal 50 seconds of
exercise and expressed in milliliter/
minute/kilogram fat-free mass.
Starting workload (30 or 50 watts)
was increased with 20 or 25 watts,
respectively, every 2 minutes, and the
same protocol was used for repeat
testing.

Arterial Stiffness and Endothelial
Function

FIGURE 1
Flow diagram of study design.

restriction and encouragement to
participate in sports activities.

Blood Sampling
After an overnight fast, serum
samples were taken for biochemical
analyses, and whole blood was
collected in an acid citrate dextrose
(ACD) tube (BD Biosciences,
Erembodegem, Belgium) for
quantiﬁcation of EMPs and EPCs.

Biochemical Analyses
Routine parameters were determined
at the Zeepreventorium medical
laboratory (Olympus AU 400,
Beckman Coulter) with the exception
of low-density lipoprotein (LDL)
cholesterol (Dimensions Vista,
Siemens Healthcare, Erlangen,
Germany) and insulin (Modular,
Roche, Basel, Switzerland), which
were measured at the department of

clinical chemistry, Antwerp University
Hospital. The homeostatic model
assessment of insulin resistance was
calculated by using glucose
concentration and insulin levels.14
The total adiponectin level in serum
was objectiﬁed using the Human
Total Adiponectin/Acrp30 Quantikine
ELISA Kit (R&D systems, Abingdon,
England) according to the
manufacturer’s instructions.

Anthropometry and Body
Composition
Weight was measured to the nearest
0.1 kg using a digital-balanced scale,
and height was measured to the
nearest 0.1 cm using a wall-mounted
stadiometer. Age- and gender-speciﬁc
SD scores (SDS) were calculated.15
Body composition was determined
using a Lunar Prodigy Advance Full
Size (GE Healthcare, Diegem,

Blood pressure and markers of
arterial stiffness were registered by
using the Arteriograph (Tensiomed,
Budapest, Hungary) according to
recent guidelines.17 The mean of
3 measurements was calculated for
systolic and diastolic blood pressure,
augmentation index, and pulse wave
velocity. Gender-, age-, and heightspeciﬁc percentiles for systolic and
diastolic blood pressures were
calculated.18
As previously described, pulse
amplitude tonometry (Endo-pat,
Itamar Medical, Caesarea, Israel) was
applied to assess microvascular
endothelial function.19 This apparatus
uses pneumatic probes that are
placed on both index ﬁngers and
measures the diameter of ﬁnger
arterioles. After a 5-minute baseline
assessment, a blood pressure cuff
around the upper arm is insufﬂated,
and the resulting dilation of ﬁnger
arterioles is measured for 5 minutes.
The Reactive Hyperemia Index (RHI)
is automatically calculated, which was
initially chosen as the primary end
point of the study. However, emerging
evidence demonstrated that the ﬁxed
time period of RHI generally misses
the maximal dilation (peak response)
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in adolescents.19 For that reason,
peak response, and not RHI, is
correlated with clinical parameters in
obese adolescents.12 Therefore, in
May 2013, before ending of the study
and data analysis, we decided to set
forth peak response as the primary
end point.

Flow Cytometry
For quantiﬁcation of EMPs, deﬁned as
CD31+/CD42b– particles ,1 mm, ACD
tubes were centrifuged for 20 minutes
at 1 525 g twice, to obtain platelet
poor plasma (PPP). Fifty microliters of
PPP was incubated with 3 mL of
CD31– phycoerythrin (cloneWM59)
and 4 mL of CD42b- FITC (clone HIP1;
BD Biosciences). Samples were
measured using a BD FACSCanto II
ﬂow cytometer as previously
published,20 allowing the calculation
of circulating EMPs per microliter PPP.
For quantiﬁcation of EPCs, deﬁned as
CD34+/KDR+/CD45dim/– cells, blood
collected in an ACD tube was ﬁxated by
using TransFix (Caltag Medsystems,
Buckingham, United Kingdom) and
processed 2 to 3 days after sampling.21
Fixated whole blood was lysed using
NH4Cl, centrifuged and supernatant
was decanted. FcR blocking reagent
(Miltenyi Biotec, Bergisch Gladbach,
Germany) was added to the pellet as
well as the following antibodies:
17.5 mL anti-CD3 PerCP, 10 mL anti-KDR
APC, 7.5 mL anti-CD34 phycoerythrin
Cy7 and 5 mL anti-CD45 APC H7
(BD Biosciences, except anti-KDR APC,
which was from R&D Systems). We
used Syto 13 (Invitrogen, Paisley,
United Kingdom) to gate on nucleated
cells. Measurements were performed
as recommended22 and analyzed by
using BD FACSDIVA software version
6.1.2 (BD Biosciences). EPCs were
expressed as cells per million
mononuclear cells.

Statistical Methods
Continuous data are expressed as
mean 6 SD or median and
interquartile range (25th and 75th
percentile). Continuous data of groups
were compared using the independent

samples t test or Mann–Whitney
U test, and the x2 test was used for
categorical data. Effects of the
intervention at 5 months and at
completion of the entire program were
compared between groups by using
linear mixed models analysis. A model
was set up with an autoregressive
type of repeated covariance, and
independent variables were the group
indicator variable and the visit
number. Reported P values for this
model are derived from the interaction
of group and visit number. Simple
regression analysis was performed to
identify baseline characteristics that
could affect primary outcome. All
analyses were performed by using
SPSS Statistics version 22.0 (SPSS Inc,
Chicago, IL).

RESULTS
Baseline Characteristics
See Table 1. Adolescents in the
intervention and usual care group
were of similar age (15.4 6 1.5 vs 15.1
6 1.2 years; P = .420) and gender
(24 girls and 9 boys vs 22 girls and
6 boys; P = .60). Both groups were
comparable for the majority of
baseline characteristics. However, the
homeostatic model assessment of
insulin resistance (P = .006) and
systolic and diastolic blood pressure
were signiﬁcantly higher in the usual
care group (P = .04 and P = .004,
respectively), and number of
circulating EMPs was lower as well
(P = .02). However, in simple linear
regression analysis, the baseline values
of these parameters did not explain the
signiﬁcant effects on peak response,
and therefore no post hoc correction
was applied to mixed models analysis.

Effects of the Intervention
As shown in Table 1, the number of
dropouts was similar in both groups
(P = .78); 27 intervention group
participants (82%) and 21
adolescents from the usual care group
(75%) could be followed up until the
end of the program. Reasons for
dropout are summarized in Fig 1.

Five months of treatment led to
a mean weight loss of 18.9 6 6.9 kg in
the intervention group, reducing BMI
with 6.8 6 2.2 and 0.76 6 0.21 SDS
(Fig 2), whereas a weight gain of
3.4 6 5.0 kg was observed in the
usual care group, raising the BMI
with 1.0 6 1.6 and 0.04 6 0.15 SDS
(mixed models analysis for all
parameters, P , .001). Lipid proﬁle
changed with a signiﬁcant decrease
in LDL cholesterol of 7.5 6 15.3 mg/dL
in the intervention group versus + 17.0
6 24.2 mg/dL in the usual care group
(P , .001). Compared with this group,
adolescents in the intervention group
demonstrated improved exercise
capacity, as maximal workload
increased with 16.7 6 25.7 watts and
VO2peak with 3.5 6 6.0 mL/min/kg
fat free mass (vs – 5.7 6 19.1 watts
and – 2.6 6 6.2 mL/min/kg fat-free
mass; P , .001 for both). Despite no
clear improvements in microvascular
endothelial function + 0.40 6 0.16 vs
0.37 6 0.16 arbitrary units (P = .60),
a marked increase in circulating
EPC was noted (+ 9.3 6 3.2 vs – 6.8
6 3.5 per million mononuclear
cells P = .01; Fig 2).
At completion of the 10-month
program, adolescents in the
intervention group achieved a total
weight loss of 26.9 6 11.9 kg
compared with a weight gain of 7.4 6
7.5 kg for adolescents in the usual
care group. Accordingly, BMI was
reduced with 9.9 6 3.8 and 1.27 6
0.44 SDS in the intervention group
and increased with 1.7 6 2.3 and
0.05 6 0.19 SDS in the usual care
group (all Ps , .001). Body fat
percentage was reduced with 13.9%
6 8.4% in the intervention group,
compared with 0.6% 6 1.8% increase
in the usual care group (P , .001).
LDL cholesterol was lowered by 18.9
6 15.2 in the intervention group
versus 8.9 6 20.7 mg/dL in the usual
care group, and high-density
lipoprotein cholesterol increased to
5.0 6 9.0 in the intervention group
versus – 4.3 6 6.8 mg/dL in the
usual care group (P = .04 and .002,
respectively).

Downloaded from www.aappublications.org/news by guest on May 19, 2019
e656

BRUYNDONCKX et al

Downloaded from www.aappublications.org/news by guest on May 19, 2019
PEDIATRICS Volume 135, number 3, March 2015

e657

159.0 6 21.0
114.1 6 29.1
44.1 6 7.3
5.88 (4.28–9.84)
0.30 (0.12–0.64)
—
119 6 11
73 (51–84)
63 6 7
40 6 23
150 (130–170)
38.3 6 7.5

153.3 6 25.0
91.6 6 23.6
45.5 6 9.4
5.91 (2.79–7.25)a
0.25 (0.15–0.45)
9.8 6 4.4

126 6 12a
87 (70–98)
68 6 7a
55 6 24a

150 (130–170)
41.4 6 6.8

29.2 (3.4–46.2)
6.5 (6.0–8.1)
298.97 6 188.83
2.26 6 0.70
1.55 (1.40–2.19)
18.0 (10.0–26.9)
266.6 (173.0–343.5)

110.6 6 20.0
2.83 6 0.70
38.40 6 5.62
2.89 6 0.46
50 (49–54)
2.85 (2.66–3.07)

103.7 6 19.7
2.63 6 0.72
36.72 6 5.83
2.77 6 0.51
51 (48–53)
2.86 (2.75–3.01)

24.5 (4.9–32.7)
6.1 (5.4–7.2)
372.46 6 187.49
2.05 6 0.59
1.42 (1.24–1.84)
22.9 (8.7–33.0)
199.0 (170.7–268.9)a

21

28

5 mo

13.8 (4.6–47.3)
6.2 (5.7–6.9)
427.20 6 191.86
2.30 6 0.58
1.47 (1.25–1.70)
16.9 (12.2–23.1)
281.9 (205.6–362.2)

130 (130–170)
34.4 6 3.9

120 6 11
69 (52–92)
63 6 7
39 6 23

153.9 6 19.5
86.8 6 14.1
41.9 6 10.4
3.90 (3.06–5.02)
0.37 (0.22–0.64)
7.6 6 3.7

113.6 6 20.2
2.84 6 0.70
39.10 6 5.26
2.90 6 0.42
52 (49–54)
2.86 (2.71–3.01)

21

10 mo

13.3 (7.4–43.1)
5.9 (5.2–6.6)
375.07 6 195.12
2.24 6 0.74
1.48 (1.26–2.01)
15.6 (13.0–19.7)
304.3 (214.3–374.9)

150 (130–170)
39.0 6 6.0

120 6 9
75 (66–91)
63 6 6
40 6 21

150.5 6 21.8
88.3 6 19.0
42.5 6 10.1
3.32 (2.32–4.05)
0.27 (0.15–0.60)
7.9 6 4.9

102.7 6 18.2
2.58 6 0.65
36.44 6 4.82
2.76 6 0.36
51 (49–54)
2.91 (2.71–3.05)

33

Baseline

16.4 (4.1–31.2)
5.4 (5.0–5.7)
267.08 6 166.97
2.15 6 0.54
2.01 (1.58–2.50)
25.4 (18.0–38.7)
291.5 (207.6–372.5)

170 (130–210)
43.0 6 6.7

108 6 9
26 (13–56)
59 6 4
27 6 13

133.5 6 31.0
80.9 6 15.8
41.7 6 10.2
2.60 (1.80–3.55)
0.18 (0.06–0.26)
—

84.4 6 14.2
1.73 6 0.71
30.07 6 3.85
2.04 6 0.45
43 (39–47)
2.42 (2.01–2.57)

29

5 mo

Intervention Group

10.4 (1.1–13.1)
5.2 (5.0–5.7)
277.25 6 227.96
2.45 6 0.85
1.94 (1.53–3.00)
17.4 (14.2–26.1)
229.0 (191.1–280.2)

170 (150–210)
44.4 6 7.2

108 6 6
26 (18–43)
60 6 4
29 6 14

140.4 6 19.9
71.1 6 12.9
48.3 6 10.1
2.46 (1.70–3.04)
0.13 (0.03–0.36)
14.6 6 6.4

78.3 6 12.6
1.17 6 0.77
27.39 6 3.57
1.55 6 0.53
39 (31–43)
1.93 (1.50–2.23)

27

10 mo

.77
.17
.96
.28
.64
.09
.006

.56
.150

.04
.08
.004
.01

.65
.55
.24
.006
.94
.29

.84
.76
.84
.90
.83
.94

Baseline
Characteristics P

.45
.003
.41
.23
.60
.01
.13

.001
,.001

.07
.002
.73
.93

.003
,.001
.64
.14
.27
—

,.001
,.001
,.001
,.001
,.001
.001

Effects After 5 Mo
Treatment P

.04
.08
.05
.73
.04
.12
.004

,.001
,.001

.04
.002
.29
.45

.12
.04
.002
.15
.01
,.001

,.001
,.001
,.001
,.001
,.001
,.001

Effects of Entire
Intervention P

Results are shown as mean 6 SD or median (interquartile range). AU, arbitrary units; AIX, augmentation index; FFM, fat-free mass; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostatic model assessment of
insulin resistance; MNCs, mononuclear cells, PWV, pulse wave velocity.
a Signiﬁcant baseline difference for usual care versus intervention group.

Participants, n
Anthropometry
Wt, kg
Wt, SDS
BMI
BMI, SDS
Body fat, %
Fat %, SDS
Laboratory parameters
Cholesterol, mg/dL
Total
LDL
HDL
HOMA-IR
hsCRP, mg/dL
Adiponectin, ng/mL
Blood pressure
Systolic, mm Hg
Systolic, percentile
Diastolic, mm Hg
Diastolic, percentile
Exercise capacity
Maximal load, W
VO2peak/FFM,
mL/min/kg
Endothelial function
AIX, %
PWV, m/s
Baseline PWA, AU
RHI, AU
Peak response, AU
EPC, #/10e6 MNC
EMP, #/mL

Baseline

Usual Care Group

TABLE 1 Baseline Characteristics and Effects of the Interventional Program Among Participants

At the end of the treatment program,
adolescents in intervention group
achieved a signiﬁcant amelioration of
peak response of + 0.59 6 0.20
arbitrary units compared with + 0.01
6 0.12 arbitrary units in the
ambulatory treated group (P = .04).
There was a signiﬁcant reduction in
the number of circulating EMPs of
49.3 6 122.5 in the intervention
group versus a rise of 61.64 6 114.54
EMPs per microliter in usual care
adolescents (P = .004).

DISCUSSION
In this report, the effects of
a residential treatment program
compared with those of an ambulant
usual care treatment in obese
adolescents are described. The main
inferences of the current study are
the following:
1. A 10-month residential multidisciplinary therapeutic program,
consisting of a supervised diet and
exercise training, restored impaired microvascular endothelial
function (ie, peak response)
through signiﬁcant reductions in
BMI, improved exercise capacity,
and reduction in multiple cardiovascular risk factors such as hypertension, adverse lipid proﬁle,
low-grade inﬂammation, and low
adiponectin values.
FIGURE 2
Changes in BMI, blood pressure, exercise capacity, and markers of endothelial function after 5 and
10 months in children: obese usual care group (white bars) and obese intervention group (black
bars). A, BMI was expressed as SDS values; B, systolic blood pressure is expressed as mm Hg; and C,
maximal load as watts. Data are shown as mean 6 SD. D, Microvascular endothelial function was
measured as the peak response in arbitrary units; E, EPCs are expressed as cells per million
mononuclear cells; and F, EMPs as particles per microliter of PPP. Data are shown as median and
interquartile range. P values are given for mixed models analyses at 5 months (in gray, *) and for
the entire intervention period (in black, #). * or # P , .05; ** or ## P , .01. NS, no statistical
signiﬁcance.

Residential treatment signiﬁcantly
improved low-grade inﬂammation,
reﬂected in a decline of high-sensitivity
C-reactive protein (P = .01) and a rise in
adiponectin (P , .001) in the
intervention compared with the usual
care group. Exercise capacity was better
in the intervention compared with the
usual care group in that we observed an
increase in VO2peak/fat free mass of

5.7 6 6.5 mL/min/kg fat free mass
(P , .001) and + 25.0 6 22.3 watts
(P , .001) maximal workload. Systolic
blood pressure dropped with a mean of
11 6 2 versus 7 6 2 mm Hg (P = .04),
and the augmentation index was
signiﬁcantly reduced to 12.3% 6 3.7%
in the intervention group compared
with – 1.6 6 3.7% in the usual care
group (P = .04).

2. This process occurred along with
a biphasic response in circulating
EPCs and EMPs.
Endothelial dysfunction is considered
as the primum movens of
atherosclerosis and is present in
obese adolescents.2,23 However,
endothelial dysfunction occurs
differently in macro- versus
microvascular beds.23 Our results
demonstrate for the ﬁrst time that
microvascular endothelial
dysfunction in obese adolescents can
be improved to values comparable in
normal-weight adolescents12 by
participation in a combined diet plus
exercise regimen. This improvement
in microvascular endothelial function
could only be achieved after
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successful completion of the entire
10-month residential program,
supporting the need for sustained
therapy as an approach to improve
microvascular dysfunction in obese
adolescents. The cost of such
programs may imply that such
treatment modality is to be reserved
for a minority of motivated severely
obese children and adolescents.
Circulating numbers of EPCs were
signiﬁcantly increased after 5 months
of therapy. A signiﬁcant rise in EPCs
had been observed previously in
obese adolescents after 12 weeks of
exercise training.24 The EPC
phenotype, however, differed from
what is currently accepted.22 In
accordance with the latest
recommendations, Walther et al
demonstrated that 1 year of
additional exercise during school time
is an effective means to markedly
increase the number of circulating
CD45low/CD34+/KDR+ EPC.25
However, only 13% of the adolescents
in that study were overweight or
obese.
Intriguingly, our residential treatment
program induced a biphasic response
in EPC with an increase at 5 months
and a decrease at completion of the
10-month program. Initially, elevated
numbers of EPCs might have been
released from bone marrow into the
circulation to contribute to
vasculoprotection. We postulate that
these EPCs were incorporated in the
endothelium, based on previous
ﬁndings in young healthy men in
which an increase in EPCs was noted
up to 24 hours after maximal bicycle

ergometry.26 Later, due to long-term
healing of endothelium by exercise,
the amount of EPCs may decrease
again.
The number of EMPs declined
signiﬁcantly after 10 months of
residential treatment. To our
knowledge, the effect of a diet plus
exercise treatment on the number of
circulating EMPs in obese adolescents
has not been described. Exerciseinduced increases in blood ﬂow
across the endothelium27 may well
explain lowered EMP levels because
in vitro ﬁndings proved that high
shear stress conditions limit EMP
release.28 In future studies,
quantifying numbers of EMPs and
EPCs, in addition to endothelial
function assessment, could be useful
for further improvement of exercise
training protocols.
A limitation of this study is that we
did not use a randomized controlled
trial design because we considered it
unethical to deny adolescents
a treatment based on a randomization
process. To solve this problem, we
recruited patients from the
institution’s waiting list as a control
group. The treatment in a residential
setting is a clear beneﬁt of this study,
allowing intensive follow-up of
participants and leading to overall
better results than ambulatory
follow-up. As is often inherent with
clinical studies, not all baseline
parameters were comparable
between the 2 obese groups.
However, the primary purpose of this
study was to consider how
(endothelial) parameters changed

over time in response to treatment,
for which the mixed-models analysis
was highly appropriate. Finally, the
number of participants was limited,
although comparable to landmark
papers on this matter.29,30 The results
from the current study are to be
conﬁrmed in larger cohort studies.

CONCLUSIONS
A 10-month residential treatment
program for obese adolescents,
consisting of moderate diet and
exercise training, signiﬁcantly
improved microvascular endothelial
function, and known and novel
cardiovascular risk factors were
managed concomitantly. In addition,
EPCs and EMPs displayed a biphasic
response with an initial signiﬁcant
increase in circulating EPCs at
5 months followed by a marked
reduction in EMP numbers after
completion of the treatment
program.

ACKNOWLEDGMENTS
We thank Eddy Basslé, Greet De
Graef, Julie Elleboudt, and Dominique
Kind (medical laboratory,
Zeepreventorium) for sample taking
and anthropomorphic measurements.
We thank Ann Tanghe and Stephanie
Deroo (psychological department,
Zeepreventorium) for their kind
cooperation in this study.
Unfortunately, Professor Conraads is
deceased, but we honor her
contribution by retaining her name in
respect of her work and dedicate this
article to her memory.

This trial has been registered at www.clinicaltrials.gov (identiﬁer NCT01461226).
www.pediatrics.org/cgi/doi/10.1542/peds.2014-1577
DOI: 10.1542/peds.2014-1577
Accepted for publication Dec 2, 2014
Address correspondence to Luc Bruyndonckx, MD, PhD, Laboratory of Cellular and Molecular Cardiology, Antwerp University Hospital, Wilrijkstraat 10, 2650 Edegem,
Belgium. E-mail: luc.bruyndonckx@uantwerpen.be
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2015 by the American Academy of Pediatrics

Downloaded from www.aappublications.org/news by guest on May 19, 2019
PEDIATRICS Volume 135, number 3, March 2015

e659

FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: Supported by the University Research Fund (BOF-ID) of the University of Antwerp to Drs Conraads, Vrints, Ramet, Vissers, and Bruyndonckx (grant 24585)
and by the Belgian Hypertension Committee Award 2010.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.

REFERENCES
1. Franks PW, Hanson RL, Knowler WC,
Sievers ML, Bennett PH, Looker HC.
Childhood obesity, other cardiovascular
risk factors, and premature death.
N Engl J Med. 2010;362(6):485–493
2. Tounian P, Aggoun Y, Dubern B, et al.
Presence of increased stiffness of the
common carotid artery and endothelial
dysfunction in severely obese children:
a prospective study. Lancet. 2001;
358(9291):1400–1404
3. Mahmud FH, Hill DJ, Cuerden MS,
Clarson CL. Impaired vascular function in
obese adolescents with insulin
resistance. J Pediatr. 2009;155(5):
678–682
4. Montero D, Walther G, Perez-Martin A,
Roche E, Vinet A. Endothelial dysfunction,
inﬂammation, and oxidative stress in
obese children and adolescents:
markers and effect of lifestyle
intervention. Obes Rev. 2012;13(5):
441–455
5. Bruyndonckx L, Hoymans VY, Van
Craenenbroeck AH, et al. Assessment of
endothelial dysfunction in childhood
obesity and clinical use. Oxid Med Cell
Longev. 2013:174782. Available at: http://
www.hindawi.com/journals/omcl/2013/
174782. Accessed December 27, 2014
6. Meyer AA, Kundt G, Lenschow U, SchuffWerner P, Kienast W. Improvement of
early vascular changes and
cardiovascular risk factors in obese
children after a six-month exercise
program. J Am Coll Cardiol. 2006;48(9):
1865–1870
7. Kaufman CL, Kaiser DR, Kelly AS, Dengel
JL, Steinberger J, Dengel DR. Diet
revision in overweight children: effect on
autonomic and vascular function. Clin
Auton Res. 2008;18(2):105–108
8. Woo KS, Chook P, Yu CW, et al. Effects of
diet and exercise on obesity-related
vascular dysfunction in children.
Circulation. 2004;109(16):1981–1986
9. Montero D, Walther G, Perez-Martin A,
et al. Effects of a lifestyle program on
vascular reactivity in macro- and

microcirculation in severely obese
adolescents. J Clin Endocrinol Metab.
2014;99(3):1019–1026
10. Asahara T, Murohara T, Sullivan A, et al.
Isolation of putative progenitor
endothelial cells for angiogenesis.
Science. 1997;275(5302):964–967
11. Dignat-George F, Boulanger CM. The
many faces of endothelial
microparticles. Arterioscler Thromb
Vasc Biol. 2011;31(1):27–33
12. Bruyndonckx L, Hoymans VY, Frederix G,
et al. Endothelial progenitor cells and
endothelial microparticles are
independent predictors of endothelial
function. J Pediatr. 2014;165(2):300–305
13. Braet C, Tanghe A, Bode PD, Franckx H,
Winckel MV. Inpatient treatment of obese
children: a multicomponent programme
without stringent calorie restriction. Eur
J Pediatr. 2003;162(6):391–396
14. Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin
resistance and b-cell function from
fasting plasma glucose and insulin
concentrations in man. Diabetologia.
1985;28(7):412–419
15. Hauspie R, Roelants M. Growth Charts,
Flanders, 2004. Brussels, Belgium:
Department of Anthropogenetics, Vrije
Universiteit; 2004
16. van der Sluis IM, de Ridder MA, Boot AM,
Krenning EP, de Muinck Keizer-Schrama
SM. Reference data for bone density and
body composition measured with dual
energy x ray absorptiometry in white
children and young adults. Arch Dis
Child. 2002;87(4):341–347
17. Van Bortel LM, Laurent S, Boutouyrie P,
et al; Artery Society; European Society of
Hypertension Working Group on Vascular
Structure and Function; European
Network for Noninvasive Investigation of
Large Arteries. Expert consensus
document on the measurement of aortic
stiffness in daily practice using carotidfemoral pulse wave velocity. J Hypertens.
2012;30(3):445–448

18. Urbina E, Alpert B, Flynn J, et al;
American Heart Association
Atherosclerosis, Hypertension, and
Obesity in Youth Committee. Ambulatory
blood pressure monitoring in children
and adolescents: recommendations for
standard assessment: a scientiﬁc
statement from the American Heart
Association Atherosclerosis,
Hypertension, and Obesity in Youth
Committee of the council on
cardiovascular disease in the young and
the council for high blood pressure
research. Hypertension. 2008;52(3):
433–451
19. Bruyndonckx L, Radtke T, Eser P, et al.
Methodological considerations and
practical recommendations for the
application of peripheral arterial
tonometry in children and adolescents.
Int J Cardiol. 2013;168(4):3183–3190
20. van Ierssel SH, Hoymans VY, Van
Craenenbroeck EM, et al. Endothelial
microparticles (EMP) for the
assessment of endothelial function: an
in vitro and in vivo study on possible
interference of plasma lipids. PLoS ONE.
2012;7(2):e31496
21. Hoymans VY, Van Craenenbroeck AH,
Bruyndonckx L, et al. TransFix® for
delayed ﬂow cytometry of endothelial
progenitor cells and angiogenic T cells.
Microvasc Res. 2012;84(3):384–386
22. Van Craenenbroeck EM, Van
Craenenbroeck AH, van Ierssel S, et al.
Quantiﬁcation of circulating CD34+/KDR+/
CD45dim endothelial progenitor cells:
analytical considerations. Int J Cardiol.
2013;167(5):1688–1695
23. Hamburg NM, Palmisano J, Larson MG,
et al. Relation of brachial and digital
measures of vascular function in the
community: the Framingham heart study.
Hypertension. 2011;57(3):390–396
24. Park JH, Miyashita M, Kwon YC, et al.
A 12-week after-school physical activity
programme improves endothelial cell
function in overweight and obese
children: a randomised controlled study.
BMC Pediatr. 2012;12:111

Downloaded from www.aappublications.org/news by guest on May 19, 2019
e660

BRUYNDONCKX et al

25. Walther C, Gaede L, Adams V, et al. Effect
of increased exercise in school children
on physical ﬁtness and endothelial
progenitor cells: a prospective
randomized trial. Circulation. 2009;
120(22):2251–2259
26. Van Craenenbroeck EM, Bruyndonckx L,
Van Berckelaer C, Hoymans VY, Vrints CJ,
Conraads VM. The effect of acute
exercise on endothelial progenitor cells
is attenuated in chronic heart failure.

Eur J Appl Physiol. 2011;111(9):
2375–2379
27. Tinken TM, Thijssen DH, Hopkins N,
Dawson EA, Cable NT, Green DJ. Shear
stress mediates endothelial adaptations
to exercise training in humans.
Hypertension. 2010;55(2):312–318
28. Vion A-C, Ramkhelawon B, Loyer X, et al.
Shear stress regulates endothelial
microparticle release. Circ Res. 2013;
112(10):1323–1333

29. Farpour-Lambert NJ, Aggoun Y,
Marchand LM, Martin XE, Herrmann FR,
Beghetti M. Physical activity reduces
systemic blood pressure and improves
early markers of atherosclerosis in prepubertal obese children. J Am Coll
Cardiol. 2009;54(25):2396–2406
30. Woo KS, Chook P, Yu CW, et al. Overweight
in children is associated with arterial
endothelial dysfunction and intimamedia thickening. Int J Obes Relat Metab
Disord. 2004;28(7):852–857

Downloaded from www.aappublications.org/news by guest on May 19, 2019
PEDIATRICS Volume 135, number 3, March 2015

e661

Diet, Exercise, and Endothelial Function in Obese Adolescents
Luc Bruyndonckx, Vicky Y. Hoymans, Ann De Guchtenaere, Maria Van Helvoirt,
Emeline M. Van Craenenbroeck, Geert Frederix, Katrien Lemmens, Dirk K. Vissers,
Christiaan J. Vrints, José Ramet and Viviane M. Conraads
Pediatrics 2015;135;e653
DOI: 10.1542/peds.2014-1577 originally published online February 9, 2015;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/135/3/e653

References

This article cites 28 articles, 9 of which you can access for free at:
http://pediatrics.aappublications.org/content/135/3/e653#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Cardiology
http://www.aappublications.org/cgi/collection/cardiology_sub
Cardiovascular Disorders
http://www.aappublications.org/cgi/collection/cardiovascular_disord
ers_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on May 19, 2019

Diet, Exercise, and Endothelial Function in Obese Adolescents
Luc Bruyndonckx, Vicky Y. Hoymans, Ann De Guchtenaere, Maria Van Helvoirt,
Emeline M. Van Craenenbroeck, Geert Frederix, Katrien Lemmens, Dirk K. Vissers,
Christiaan J. Vrints, José Ramet and Viviane M. Conraads
Pediatrics 2015;135;e653
DOI: 10.1542/peds.2014-1577 originally published online February 9, 2015;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/135/3/e653

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2015 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on May 19, 2019

