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ARTICLE INFO ABSTRACT

Endothelium-aggressive factors are associated with the development of atherosclerosis. Exercise training can
either prevent or attenuate this process, but little is known about the effects of high-intensity interval training
(HIIT) in adolescents. Thus, we assessed the effects of HIIT on endothelial function, lipid profile, body com-
position and physical fitness in normal-weight and overweight-obese adolescents. Thirty-eight participants aged
14-17 years who were physically inactive (IPAq) were divided in two groups: normal weight (NW, n = 13) and
overweight-obese (OW, n = 25). Body composition, lipid profile, physical fitness and endothelial function (flow-
mediated dilation, FMD) were assessed before and after undergoing the study protocol consisting of 12-week
HIIT (~ 15 min) + sport activities (30 min, 3 X /week) + no diet. The differences were tested by GEE, Bonferroni
post-hoc, p < 0.05. There were no changes in body composition after training period, but the OW group showed
a reduction in waist (4.8 cm; p = 0.044) and abdominal circumference (3.7 cm; p = 0.049). We found improved
physical fitness (cardiorespiratory endurance, explosive strength, abdominal muscle endurance and flexibility)
in both groups. Lower endothelial function was found in the OW compared to NW (p = 0.042) at baseline. FMD
increased (p < 0.001) in both groups from baseline (NW A4.1%; Cohen's effect size 0.64; OW A4.5%; Cohen's
effect size 0.73) with no significant difference between the groups. In conclusion, a HIIT program even without
any dietary changes can improve physical fitness and endothelial function among adolescents. These findings are
clinically relevant because they support a reduction in endothelial damage that precedes the development of
atherosclerosis.
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1. Introduction

Cardiovascular events account for nearly 30% of deaths in Brazil
[1]. Primary prevention of major risk factors for cardiovascular diseases
including physical inactivity could mitigate this scenario [2]. There is
evidence showing an increase of 0.68 years in life expectancy when
physically inactive individuals engage in regular physical activities [3].
Furthermore, obesity is strongly associated with physical inactivity
[4-6] and it potentiates the harmful impact of other health conditions
including dyslipidemia, systemic arterial hypertension and diabetes
mellitus among others.

The endothelium plays a central role in the regulation of blood flow
and blood pressure through vascular tone modulation determined by a
balance between vasodilator and vasoconstrictor agents [7]. Persistent

* Corresponding author.
E-mail address: amlehnen@gmail.com (A.M. Lehnen).

https://doi.org/10.1016/j.physbeh.2019.112728

endothelial damage may lead to endothelial dysfunction and, when
there are high levels of low-density cholesterol (LDL), it may precede
the atherosclerotic process [8].

Prevention strategies such as physical exercise during childhood and
adolescence could reduce cardiovascular risk factors in adult life [9]. In
Brazil, however, only 38.6% of boys and 20.1% of girls show an ade-
quate level of physical activity [10]. Regular physical exercise bring
direct benefits on the endothelium either by preventing or even at-
tenuating endothelial dysfunction [11,12]. It is also associated with
lower obesity rates [13] and healthier lipid profile [14].

Several strategies have been devised to make physical exercise more
attractive; however, few training protocols have been effective to in-
crease adherence among adolescents [15]. Adolescents do not fre-
quently follow the recommended guidelines of regularly engaging in
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moderate-intensity training for 30-60 min a day [15-17]. Hence, of-
fering a training program with challenging attainable goals could be an
effective strategy to improve adherence and high-intensity interval
training (HIIT) has showed good adherence among adolescents [5,15].

HIIT has well-established beneficial effects on endothelial function
[18] and LDL levels [19]. However, most evidence was gathered from
studies with adults [20]. Thus, the primary objective of our study was
to compare the effects of HIIT on endothelial function among normal-
weight (NW) and overweight-obese (OW) adolescents. Our secondary
objective was to assess and compare body composition, lipid profile and
physical fitness in NW and OW participants in response to a HIIT pro-
gram.

2. Methods

We conducted an evaluator-blinded clinical trial. The study fol-
lowed the Consolidated Standards of Reporting Trials (CONSORT)
Statement [20] as well as the Declaration of Helsinki ethical principles.
It was also approved by the Research Ethics Committee of Instituto de
Cardiologia do Rio Grande do Sul. All participants and/or their care-
givers signed a consent form agreeing to participate in the study.

2.1. Study participants

Participation in the study was voluntary and all participants were
recruited from a sports program for public school adolescents (Projeto
Forg¢as no Esporte, PROFESP) developed as a partnership between
Brazil's Ministry of Education and the Ministry of Defense Armed
Forces. A total of 100 adolescents were included in the sports program.
Of these, 62 adolescents said they were willing to participate in the
study's HIIT intervention protocol. We administered the International
Physical Activity Questionnaire (IPAQ) [21] to assess physical activity in
this population and they all were considered to be physically inactive.
These adolescents had undergone prior medical evaluation before en-
tering the public sports program and they did not have any history of
cardiovascular, endocrine or neuromuscular conditions or orthopedic
limitations or any other limitations that prevented physical exercise.

Of the 62 adolescents pre-selected, 10 dropped out of the sports
program due to personal issues and five did not meet the study's in-
clusion criteria. Thus, a total of 47 adolescents entered our HIIT pro-
tocol. During the study, seven participants were excluded due to fre-
quent no-shows and two dropped out, totaling 38 adolescents (girls,
n = 18 and boys, n = 20) who completed our intervention (Fig. 1).

In addition to the intervention protocol, they also engaged in sports
initiation activities (30-min sessions, three times a week) as part of the
public sports program. The study participants were advised not to make
any diet changes.

2.2. Body composition

We used a scientific plicometer (Cescorf, Porto Alegre, Brazil), a
pachymeter (Cescorf, Porto Alegre, Brazil) and a stadiometer (MedSize,
Porto Alegre, Brazil) for body measurements. Skinfold thicknesses
measurements (triceps, subscapular, biceps, iliac crest, supra spinale,
abdominal, front thigh, medial calf, axillary) were taken for body
composition by a single evaluator (GW) certified level III by the
International Society for the Advancement of Kinanthropometry (ISAK).
The body fat (%BF) was estimated by Slaughter equations [22], using
the sum of triceps and calf skinfolds (XDOC) (Boys: 0.610 x £DOC + 5.1
and Girls: 0.735 x ZDOC + 1.0). Also, the sum of skinfold thicknesses
measurements (in millimeters) was also used to express total body
adiposity and totaling 9 skinfold thicknesses.

2.3. Biochemical analyses

We collected blood samples (total cholesterol, triglycerides, HDL,
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LDL and fasting glycemia) from all participants and they were sent for
analysis in a conventional clinical laboratory. Blood samples were
drawn following a 12-h fasting, and post-test samples were collected
72 h after the last activity of the training protocol. Blood was taken
from an antecubital fossa vein in the forearm by a skilled nurse. An
enzymatic method was used for the analyses of the biological material.

2.4. Endothelial function

Flow-mediated dilation (FMD) was the noninvasive method used to
assess arterial endothelial function. The Philips LS-12 (4-12 MHz)
linear array transducer was used to capture longitudinal images of the
brachial artery walls. Images of arterial diameter were frozen along
with electrocardiographic tracing. The pressure cuff was placed around
the participant's arm and inflated to a pressure about 50 mmHg higher
the systolic pressure for 5 min. FMD in the brachial artery occurs
around 1 min and 20 s after cuff release. New images were then taken
for comparison against the baseline images. Offline imaging analyses
were carried out to measure the brachial artery diameter at the end of
diastole (at the peak of electrocardiographic R wave). Brachial artery
imaging was taken at three different sites (an average of 3 images for
pre- and post-reactive hyperemia). Flow-dependent vasodilation re-
sponses were expressed as a percent change in diameter [23]. All as-
sessments were carried out in a temperature-controlled environment
and participants received recommendations on sleep, use of stimulants
and physical exercise on the day preceding the test. Duplicate mea-
surements were taken by a single blinded evaluator (BE).

2.5. Physical fitness assessment (Brazil's sports project [PROESP-BR]
indicators)

A 6-minute run test was used to assess cardiorespiratory fitness
(CRF) [25]. In brief, the participants were asked to run for 6 min around
a 400-meter track; the total distance covered was recorded. Explosive
strength of upper extremities was measured by medicine-ball throw
distance (using a 2-kg ball and a measuring line attached perpendicular
to a wall) [24]. In turn, explosive strength of lower extremities was
measured by horizontal jumps across a line on the ground (and using a
measuring line) [24]. A sit-and-reach test was used to assess muscle
flexibility (using an adhesive tape and a measuring line stretched out on
the floor). With their arms stretched and on top of each other, they
reached forward along the measuring line as far as possible; they made
two attempts and the farthest distance was recorded [24]. An abdom-
inal endurance test was performed with the participants in dorsal de-
cubitus, knees at 45° and arms crossed over their chest; they performed
repeated abdominal curls as much as possible in one minute [24].

2.6. Exercise training

The participants were allowed one week to get some practice of the
activities of the HIIT protocol. Total training duration was 12 weeks
with 3 sessions held per week. It consisted of 100-meter running sprints
interspersed with a variable period of active recovery time (Table 1).

2.7. Statistical analyses

The study results are described as means + standard deviation.
Levene's test was used to test for homogeneity and Shapiro-Wilk test
was used to check for normality. The generalized estimating equations
method followed by Bonferroni post-hoc was used for comparisons
between BMI (normal-weight and overweight-obese) and time point
(baseline and post-intervention), as well as their interactions. For
variables with different baseline values for girls and boys, Student's t-
test (independent samples) was conducted to assess gender differences.
Since the convenience sample, we calculated the power analysis for
FMD (primary outcome), resulting in 78%. Additionally, we calculated
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Volunteer adolescents willing to
participate in the study (n=62)

Excluded (n=15)

v

= Dropped out (n=10)
= Did not meet the inclusion criteria (n=5)

#1 Visit (n=47)

= Consent form;

= [PAq;

= Body composition;
= Blood pressure;

= Medical evaluation.

#2 Visit (n=47)

= Blood samples to total cholesterol, triglycerides, HDL,

LDL and fasting glycemia;

= Flow-mediated dilation to endothelial function

#3 and 4 Visits (n=47)

= Physical fitness assessment (6-minute run test, explosive
strength of upper and lower extremities, sit-and-reach test
and abdominal endurance test).

\4

Allocated according BMI

v

Normal-weight (n=17)

= HIIT (n=17)
= Nao receberam a intervengao (n=0)

v

* Dropped out (n=0)
= Excluded from the protocol due to frequent
no-shows (n=4)

v

13 normal-weight participants completed the
protocol training

= All did the final testing and analysis.

v

Overweight-obese (n=30)

= HIIT (n=30)
= Nao receberam a interveng¢do (n=0)

v

* Dropped out (n=3)
* Excluded from the protocol due to frequent
no-shows (n=2)

25 overweight-weight participants completed

the protocol training

= All did the final testing and analysis.

Fig. 1. Study design according CONSORT Statement.

Table 1

High-intensity interval training protocol.
Week 100-m sprints Recovery time Session duration
1 2 sprints Open 10 min
2 2 sprints 5 min 10 min
3 3 sprints 5 min 11 min
4 3 sprints 3 min 7 min
5 4 sprints 4 min 13 min 20 s
6 4 sprints 2 min 7 min 20 s
7 5 sprints 4 min 17 min 40 s
8 5 sprints 2 min 9 min 40 s
9 6 sprints 5 min 27 min
10 6 sprints 4 min 22 min
11 6 sprints 4 min 22 min
12 6 sprints 4 min 22 min

HIIT: high-intensity interval training.

Cohen's effect size to FMD measurements (pre versus post exercise
training); we considered that Cohen's effect from 0.20 to 0.49 are small,
between 0.50 and 0.79 are medium, and effect sizes above 0.80 are
large [25]. A 5% significance level was set for all statistical analyses.

3. Results

At the study entry, both normal-weight (NW) and overweight-obese
(OW) groups had similar age (15.0 = 0.9 years vs. 15.1 = 1.0 years;
p = 0.526) and height (166.2 = 9.2 cm vs. 1643 *= 7.6 cm;
p = 0.383). At baseline, total body mass was 55.9 * 8.2 kg and
76.7 = 14.7 kg in the NW and OW groups and BMI was 21.1 + 3.3
and 28.2 * 3.4 kg/m?, respectively (p < 0.001 for both comparisons).

Table 2 shows body composition of all participants during the study
and differences in body composition between boys and girls. As ex-
pected, in our sample, all baseline measures—body mass; sum of
skinfold thicknesses; fat ratio; waist circumference and abdominal
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Table 2
Body composition of participants.
Nw ow
Baseline Post-training Baseline Post-training
Body mass (kg), n = 38 55.9 + 8.2 57.1 £ 7.8 76.7 = 14.7* 76.5 = 14.2*
Girls (n = 18) 54.7 + 7.3 56.4 = 7.1 71.6 = 15.1* 71.1 = 15.4*
Boys (n = 20) 56.6 + 9.0 574 + 87 829 + 12.3% 83.1 + 10.7°
X 9 SF (mm), n = 38 83.7 = 35.9 84.4 + 38.1 236.0 = 69.8 231.9 = 74.7*
Girls (n = 18) 131.3 = 20.8 1339 = 249 229.7 = 74.1° 229.2 *+ 80.8*
Boys (n = 20) 63.4 = 13.6 63.3 = 14.7 243.6 + 67.8* 235.3 = 71.2%
% BF, n = 38 15.5 = 2.5 15.6 = 2.6 34.4 = 1.8* 33.2 + 1.9*
Girls (n = 18) 243 = 3.4 24.8 + 4.5 344 = 9.5 346 =
Boys (n = 20) 11.7 = 31 11.6 = 2.8 33.0 = 7.5* 31.4 =
WC (cm), n = 38 69.9 + 29 70.3 *+ 2.6 88.9 + 2.1 84.1 =
Girls (n = 18) 68.5 = 3.8 68.4 = 3.0 82.5 = 10.4* 78.7 x
Boys (n = 20) 70.5 = 3.8 71.0 = 3.0 92.2 = 9.5* 86.7 =
AC (cm), n = 38 74.3 = 3.1 742 *+ 3.2 96.2 + 2.2*% 92.5 +
Girls (n = 18) 77.2 = 3.7 769 * 3.3 93.2 + 12.5% 89.1 =
Boys (n = 20) 73.1 = 4.8 731 = 43 99.9 = 9.9% 94.2 =

NW: normal-weight group (girls, n = 7; boys, n = 6); OW: overweight-obese group (girls, n = 13; boys, n = 12). £ 9 SF: sum of 9 skinfold measurements (triceps,
subscapular, biceps, iliac crest, supra spinale, abdominal, front thigh, medial calf, axillary), % BF: body fat (%), WC: waist circumference. AC: abdominal cir-
cumference. The generalized estimating equation (GEE) method followed by Bonferroni's post-hoc was used.

* p < 0.05 vs. NW at the same time point.
** p < 0.05 vs. baseline within the same group.
*# p < 0.05 vs. girls.

circumference—were greater in the OW compared to the NW group (of
any gender). In response to HIIT training, body mass, sum of skinfold
thicknesses and fat ratio measures remained higher in the OW com-
pared to the NW group showing with no intragroup differences (base-
line vs. post-training). However, when compared to baseline, post-
training waist and abdominal circumference measures were reduced by
4.8 cm (p = 0.044) and 3.7 cm (p = 0.049), respectively.

Table 3 shows hemoglobin, lipid profile and fasting glucose levels
among the study participants. Both NW and OW groups had similar
baseline levels of hemoglobin, total cholesterol, HDL, LDL and fasting
glucose. Only triglyceride levels were greater in the OW compared to
NW group (p = 0.004). In response to HIIT training, there was seen a
reduction in hematocrit from baseline in both NW and OW groups (A
4.3 % vs. A 2.5%; p < 0.001 for both comparisons). There was an in-
crease in triglyceride levels in both groups from baseline to post-
training (NW A 25.6 mg/dL, p < 0.001; OW A 29.5 mg/dL, p = 0.003).

Table 4 shows the results of physical fitness assessed by PROESP-BR
indicators. There were differences between boys and girls. Interestingly,
both NW and OW groups showed at baseline similar results in the
running test, explosive strength (upper and lower extremities) and
flexibility. Only in the one-minute abdominal endurance test the NW
group performed better than the OW group (36.0 vs. 26.8 repetitions,

p = 0.002). Post-training results for running, explosive strength (upper
and lower extremities) and flexibility similarly improved in both groups
(Table 4). In the abdominal endurance test, the participants in the OW
group improved their absolute performance compared to the NW group
(A 3.7 vs. A 5.0), but not enough to match NW performance.

Endothelial function assessed by FMD of the brachial artery was
lower in the OW compared to NW group at baseline (p = 0.042).
However, endothelial function improved after the 12-week HIIT in both
groups (NW A 4.1%, p < 0.001, Cohen's effect sizes 0.64; OW A 4.5%,
p < 0.001, Cohen's effect sizes 0.73). In addition, there was a slight
improvement in endothelial function in the OW compared to NW group,
which was enough to make it similar in both groups; that is, OW par-
ticipants showed lower FMD values at baseline, but post-training values
were similar in both groups.

4. Discussion

Excess weight among Brazilian adolescents is a concerning issue
because it is associated with several health conditions including en-
dothelial dysfunction, dyslipidemia, systemic arterial hypertension and
diabetes mellitus among others. It is well-known that only 38.6% of
boys and 20.1% of girls have an adequate level of physical activity [10],

Table 3
Biochemical parameters in the study participants.
NwW ow
Baseline Post-training Baseline Post-training
Red blood cells (million/uL) 50 = 0.3 48 + 0.2 48 + 05 47 += 0.5
Hemoglobin (g/dL) 146 = 1.2 14.0 = 0.8 137 = 1.1 13.6 = 1.2
Hematocrit (%) 445 = 3.1 40.2 = 2.01 42.2 + 3.3 39.7 = 3.2
White blood cells (cells/uL) 8338 = 2399 7483 = 2141 7616 = 1411 7807 = 1290
TC (mg/dL) 1499 + 245 156.7 + 28.4 143.2 + 154 163.4 = 31.0
TRG (mg/dL) 47.5 = 28.1 73.1 = 19.5 76.2 + 19.5% 105.7 = 44.5*
HDL (mg/dL) 53.5 = 11.0 48.3 = 10.5 444 + 128 424 = 85
LDL (mg/dL) 86.9 = 19.3 93.7 + 224 89.7 + 22.7 99.3 = 245
Fasting glucose (mg/dL) 941 * 5.0 91.2 * 6.3 95.1 * 7.5 93.6 + 5.8

NW: normal-weight group (girls, n = 7; boys, n = 6); OW: overweight-obese group (girls, n = 13; boys, n = 12). TC: total cholesterol; TRG: triglycerides; HDL: high-
density cholesterol; LDL: low-density cholesterol. The generalized estimating equation (GEE) method followed by Bonferroni's post-hoc was used.

* p < 0.05 vs. NW at the same time point.
** p < 0.05 vs. baseline within the same group.
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Table 4
Physical fitness assessment.
NwW ow
Baseline Post-training Baseline Post-training
6-min run (m), n = 38 1022 + 316 1202 + 390 921 + 227 1037 + 326*
Girls (n = 18) 786 + 273 823 + 303 815 + 204 962 + 239
Boys (n = 20) 1136 + 289 1391 + 300 1055 =+ 186 1133 + 403
Exp S UE (cm), n = 38 290 + 100 349 + 120 310 = 100 360 + 110
Girls (n = 18) 246 * 62 267 = 72 261 = 73 291 += 89
Boys (n = 20) 319 = 112 383 = 120 376 = 83 429 + 87*%
Exp S LE (cm), n = 38 160 = 30 180 + 40 140 = 20 160 = 20
Girls (n = 18) 120 = 17 137 = 27 138 = 13 147 = 14
Boys (n = 20) 172 = 28 192 = 27 152 = 18 167 = 22
Abdominal endurance (n), n = 38 36.0 + 9.3 39.7 = 10.5 26.8 + 8.2% 31.8 + 10.4*
Girls (n = 18) 26.0 £ 5.3 29.3 = 6.7 234 = 7.7 29.5 + 9.9
Boys (n = 20) 39.6 = 84 44.8 = 9.5 31.1 = 6.8% 36.1 = 9.8%
Flex (cm), n = 38 43.2 + 8.1 46.5 + 9.2 43.2 + 6.8 50.0 + 8.2
Girls (n = 18) 423 * 7.6 43.0 = 11.8 46.1 * 6.2 531 = 7.0
Boys (n = 20) 43.4 = 8.7 47.6 = 8.7 39.6 = 5.9 43.7 = 6.7

NW: normal-weight group (girls, n = 7 e meninos, n = 6); OW: grupo sobrepeso (girls, n = 13 e meninos, n = 12). 6-min run: 6-minute running test; Exp S: explosive
strength; UE: upper extremities; LE: lower extremities; Flex: flexibility; Generalized estimating equations (GEE) followed by Bonferroni's post-hoc were used.

* p < 0.05 vs. NW at the same time point.
** p < 0.05 vs. baseline within the same group.
¥4 p < 0.05 vs. girls.

which further aggravates the impact of excess weight. Normal-weight
and overweight-obese adolescents followed our 12-week HIIT protocol.
The main finding of our study was consistent improvement of en-
dothelial function assessed by FMD in both NW and OW groups, but the
magnitude of improvement was greater in the latter group. Physical
fitness improved in both groups, but waist and abdominal cir-
cumference measures were reduced only among those with excess
weight. These are clinically relevant findings because they show car-
diovascular risk reduction and particularly improved endothelial
function at a young age.

The OW group showed at baseline reduced endothelial function
compared to NW participants. Excess weight is a likely explanation [26]
given that both groups were physically inactive with normal lipid
profiles and there were no other factors known to be associated with
endothelial dysfunction.

There has been considerable discussion in the literature about FMD
cutoff values for endothelial dysfunction. Corretti (2002) recommended
a cutoff of 8% as suggestive of endothelial dysfunction, i.e., FMD <8%
would indicate increased cardiovascular risk due to endothelial dys-
function in adults. However, there are no FMD cutoff values currently
defined for “normal endothelial function” in children or adults. Yet, our
findings are clinically relevant because endothelial function con-
sistently improved in both NW (A 4.1%) and OW participants (A 4.5%).
Moreover, it is worth noting that endothelial dysfunction precedes
atherosclerotic changes [27] and there is increased risk when asso-
ciated with excess body weight and/or sedentary lifestyle [28] as we
found among many participants in our sample. No matter at which
value the FMD cutoff is set, exercise training using HIIT improved en-
dothelium function and proved widely beneficial. Comparatively, a
study with a sample of obese Chinese adolescents found FMD values
around 10% after reactive hyperemia [29], which corroborates baseline
findings in our study. These authors demonstrated that BMI was
strongly associated with increased mean carotid intima-media thickness
(r = 0.58, p < 0.01) and reduced FMD (r = -0.42, p < 0.01). Fur-
thermore, a meta-analysis found that the pooled relative risk of cardi-
ovascular events per 1% increase in FMD, adjusted for confounding risk
factors, was 0.87 (95% CI 0.83-0.91) [30]. Though our sample con-
sisted of adolescents, our results are clinically significant.

Both normal-weight and overweight-obese participants who com-
pleted our training protocol showed significantly improved endothelial
function, which is a finding of major clinical relevance. A beneficial

impact on endothelial function is directly associated with endothelial
damage prevention. Several mechanisms may explain the effects of
physical exercise on the endothelium, but the most likely one is in-
creased blood flow during exercise with consequent increase in shear
stress [31] and greater bioavailability of nitric oxide (NO), which is a
major endothelial vasodilator, due to increased synthesis of an NO
precursor—NO endothelial synthase (eNOS). Another likely explana-
tion is a reduction of oxidative stress [32]. Although these mechanisms
have been described in studies of continuous training [33, 34], HIIT
benefits seems to be superior to those seen in response to continuous
aerobic training [35]. In a meta-analysis, Ramos (2015) compared the
effects of HIIT (four rounds of a 4-minute exercise series at 85-95% of
maximal heart rate interspersed with 3 min of recovery at 60-70% of
maximal heart rate, three times a week for 12-16 weeks) with con-
tinuous moderate training on FMD of the brachial artery. They found a
superiority of HIIT of 2.26 (95% CI 0.92-3.59) over continuous
training. Although a comparison between HIIT and continuous training
was out of the scope of our study, the HIIT protocol described in the
meta-analysis was very similar to ours, which reinforces the positive
impact of this modality of training on endothelial function.

Studies of training protocols with less than 2 weeks of duration did
not show satisfactory effects on the endothelium. Bond (2015) assessed
13 adolescents undergoing a 2-week HIIT (8-10 series of 1-minute cy-
cling, 90% VO,max) and found no endothelial function changes.
Another study carried out with postmenopausal women following a 2-
week HIIT protocol did not find any positive effects on endothelial
function [36]. Thus, our findings are in agreement with those reported
in the literature and they may be dependent on total duration of HIIT (3
times a week for 12 weeks).

The effectiveness of our HIIT protocol is evidenced by improved
physical fitness (cardiorespiratory capacity, upper and lower extremity
strength, abdominal endurance and muscle flexibility) among study
participants. At baseline all adolescents were considered physically
inactive and thus they had a risk factor for cardiovascular diseases in
adult life [37,38]. Our exercise protocol lead to improved cardior-
espiratory fitness in both NW and OW groups (A 180 m vs. A 116 m),
being more effective among normal-weight participants. In their sys-
tematic review with meta-analysis, Costigan (2015) demonstrated that,
compared to conventional moderate-intensity training, HIIT was more
effective for improving cardiorespiratory fitness. The PROESP-BR sports
project recommends the following 'critical" cut-off values for the
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running test: <995 m for girls and <1120 m for boys [24]. Among
normal-weight participants, the girls were below average (823 m) and
the boys improved their performance from "fairly good" (1136 m) to
"very good" (1391 m). Among those with excess weight, both girls and
boys improved their performance from "weak" to "fairly good."

With regard to explosive strength of upper and lower extremities,
we found a similar improvement in both groups; and this improvement
has a direct impact on functional capacity and daily activities [39]. As
for upper extremity strength, normal-weight participants remained at
the "critical" cut-off level for their age group both at baseline and post-
training (<400 cm and < 300 cm for boys and girls, respectively) [24].
The OW group started at a "critical" level (376 cm) and reached a “fairly
good” performance post-training (429 cm). As for lower extremity
strength, the NW group showed greater improvement (A 20 cm) from
baseline with their performance improving from "weak" to "fairly good";
however, this response was seen among boys only (Table 4). Abdominal
muscle exercises are widely used in training programs. Both NW and
OW groups showed a fairly good performance in the abdominal en-
durance test based on the PROESP-BR recommended cut-off values
[24], i.e., 23 (girls) and 35 (boys) repetitions for in a continuous 1-min
timed effort. Strengthening of abdominal muscles reduces inter-
vertebral disk and lumbar pressure and may reduce the risk of degen-
erative diseases in the lumbar spine [40]. The American College of
Sports Medicine recommends including flexibility exercises as a com-
ponent of health-related physical fitness programs [41]. Muscle flex-
ibility can be defined as the physiologically normal range of motion in a
joint [42] and without adequate flexibility daily activities become more
difficult to perform. In addition, reduced flexibility may cause muscu-
loskeletal damage [43]. Thus, maintaining (or increasing) flexibility is
crucial as it allows adequate joint motion reducing the risk of injury
[44]. In our study, although the training protocol did not focus on
flexibility, both groups showed improved flexibility with direct bene-
ficial effects in population of adolescents.

Improvement of endothelial function in the study participants seems
more likely to have resulted from physiological adaptations to exercise
rather than a reduction of correlated factors such as obesity and in-
adequate lipid profile among others because body mass, sum of skinfold
thicknesses and body fat ratio did not change in response to HIIT in
both groups studied. However, the OW group showed a reduction in
waist and abdominal circumferences. Buchan (2012) evaluated 41 fe-
male and male adolescents divided into an HIIT group (maximum 20-
meter sprints interspersed with 20-30 s of recovery) and a control
group. These authors did not find any favorable changes in body
composition and waist circumference in the intervention group.
Kargarfard (2016) investigated 30 normal-weight and obese adoles-
cents undergoing an 8-week HIIT (4 min at 70% VO,max, followed by
2 min at 40% VO.max for recovery) or continuous running training
compared to a control group. They also did not report any changes in
body composition. Both studies claimed that the lack of effect on body
composition was due to short training period (duration of 7 and 8
weeks). We, on the other hand, believe that this result can be attributed
to unchanged diet rather than total duration of training. Similarly, there
were no consistent changes in lipid profile and fasting glucose in both
NW and OW groups. Our findings are in agreement with those reported
in the literature. Bond (2015) found similar results after evaluating a
HIIT protocol. Buchan (2011) also tested a HIIT protocol in 47 boys and
10 girls and compared it against a continuous moderate-intensity
training program and a control group. They did not report any changes
in the levels of LDL, HDL and triglycerides. Yet, another study con-
ducted by the same group of authors reported that participants un-
dergoing a HIIT intervention without any diet changes even showed an
increase in LDL and total cholesterol [45].

4.1. Study limitations

Our study has some limitations. The main limitation is that our
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study lacks a control group. For our study we recruited at-risk adoles-
cents from a social program and we do not think it would be ethically
justified to select (though randomly) a different set of adolescents for a
non-intervention group. Comparing pre- vs. post-intervention results
and differences between overweight vs. obese groups can provide
strong consistent evidence even in the absence of a control group,
which are also supported by Cohen's effect size. Also, the study parti-
cipants did not keep a food journal and they were offered two meals
consisting of ultra-processed foods with unrestricted portion sizes as
part of the PROFESP sports program. Another potential limitation is
that most participants of the study were male, and it is reasonable to
believe that boys engage more in high-intensity physical activities than
girls and are more likely to show greater physical resistance in more
vigorous activities than girls. Finally, the sample size has sufficient
power to detect the primary outcome (FMD). Bearing in mind there
may be changes in body mass, a larger sample size would be necessary
for an acceptable statistical power. Moreover, a longer intervention
(over 12 weeks of training) would allow to detect these changes.
However, we stress that, for the primary outcome (FMD), a 12-week
intervention is sufficient to promote beneficial effects on endothelial
function as reported in the literature [46-49] and by our results.

5. Conclusions

Our study showed that a HIIT protocol as part of routine physical
activities of normal-weight and overweight-obese adolescents can help
improve overall physical fitness and endothelial function. These are
clinically relevant findings because this exercise intervention may re-
duce endothelial damage preceding the atherosclerotic process. The
finding of no changes in body composition and lipid profile of partici-
pants can be due unchanged diet. Further research should investigate
HIIT protocols together with diet changes (Fig. 2).
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