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Background: Although physical exercise is a crucial element in the management of childhood
obesity, the most effective training intensity and duration remain controversial. The primary
purpose of this study was to analyze the interaction effects of exercise intensity and duration on
cardiovascular risk profile, maximum oxygen uptake (VO, ), and rating of perceived exertion
(RPE) in obese children. -

Methods: Eighty obese children were allocated evenly to four groups (20 in each group): groups
I'and II performed 20 -minute and 40-minute constant-load treadmill training, respectively, with
the intensity set at running speed, corresponding to 100% of first ventilatory threshold (VT)), and
groups Il and IV performed 20 -minute and 40-minute training, respectively, with the intensity
set at running speed, corresponding to 80% of VT, . Training was conducted every other day for
eight consecutive weeks. Blood lipids, VO, , and RPE were assessed pre- and postintervention.
Results: Postintervention, significant bmea)t(ween-group differences regarding all outcome
measures (P<0.05) were indicated. Total cholesterol level had dropped significantly in
group II compared to the other groups (adjusted P<0.05), and low-density lipoprotein and
triglycerides had decreased significantly in group II compared to group III (adjusted P=0.003
and 0.007, respectively). VO,
I (adjusted P=0.008). RPE h;éx decreased significantly in group II in comparison to other
groups (adjusted P<0.05).

Conclusion: Intensity and duration are essential factors in aerobic-exercise prescription to

had increased significantly in group II compared to group

reduce cardiovascular risk factors, increase oxygen uptake, and improve perceived exertion in
obese children.
Keywords: childhood obesity, aerobic exercises, cholesterol, lipoproteins, oxygen consump-

tion, effort perception

Introduction

Pediatric obesity is a mounting global nutritional disorder that has a high morbidity
and mortality rate among children and adolescents and is consequently a supreme
public health concern.! Children are frequently becoming obese or overweight when
they inherit the traits of obesity from their parents, have bad nutritional behaviors,
particularly consume high-calorie diets and beverages, and/or when they engage in a
sedentary lifestyle with an extremely low level of physical activity.? Though current
trends in childhood obesity remained unchecked, the combination of many sources of
data indicates an increase in global prevalence of pediatric obesity of ~47.1% in the
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last few decades.* Additionally, international reports have
indicated comparable increasing rates worldwide.*

Pediatric obesity is a complex condition that has deleteri-
ous effects, and it is well recognized that the condition may
be associated with a plethora of cardiovascular hazards in
the short, intermediate, or long term.> Pediatric obesity is
consistently linked with hypertension, hypercholesterolemia,
abnormal lipoprotein, and triglyceride (TG) levels.® Also,
it has been clearly demonstrated that maximum oxygen
uptake (V02max) is significantly higher in overweight or obese
individuals compared to their normal-weight counterparts,
which becomes lower only when expressed proportionally
with body weight.” In addition, obese children usually
experience significantly higher exertion rates with a stan-
dard workload than their peers of normal weight.” With the
initial effort to raise the level of physical activities, obese
children may report an uncomfortable perception of exertion,
discouraging them from getting engaged in future physical
activities.®’

Various interventions have been proposed for combat-
ing this epidemic including dietary control or exercise pro-
grams.'®!! Despite physical activities being a crucial element
in the management of pediatric obesity, the ideal exercise
program to reduce body mass and thereby adiposity has yet
to be identified. Lately, an increasing number of research
studies have addressed the effectiveness of different exercise
modalities with variable intensities in the management of
childhood obesity. High intense aerobic interval exercise has
traditionally been indicated to improve lipid profile, adipo-
kine levels, and quality of life.!'2 Also, moderate-intensity
aerobic exercise has been shown to improve cardiometabolic
risk, VOzmaX,13 and lipoprotein levels.!* Aerobic exercise com-
bined with resistive training has been indicated to generate a
significant reduction in fattiness and improvement in vascular
dysfunction.!>1¢

Owing to the heterogeneity of physical training pro-
grams for pediatric obesity, to date, no decisive evidence
exists about optimal exercise intensity and duration or the
most appropriate combinations to maximize the benefits
of exercise intervention in the condition. To the best of the
research team’s knowledge, this is the first study to analyze
the interaction effects of exercise intensity and duration on
the cardiovascular risk profile, VOZmax’ and perceived exer-
tion ratings in obese children. We hypothesized that exercise
intensity would have a significant effect on cardiovascular
risk profile, Vozmax’ and perception of exertion in obese
children, and that this would interact significantly with
duration of exertion.

Methods

Experimental design and subjects

Eighty obese children were recruited from seven local schools
at Al-Kharj, Saudi Arabia and volunteered to take part in the
present study. Their legal guardians were contacted by the
school administration after consent had been obtained from
the children. Details of the study were explained thoroughly
to the participants and their families. The study protocol
was approved by the Physical Therapy Research Ethics
Committee (RHPT2017/014) at Prince Sattam bin Abdu-
laziz University, Saudi Arabia. Procedures followed were in
accordance with the Declaration of Helsinki. Authorized-
guardian agreement was obtained by signing a consent form.
Participants were recruited if they were determined as obese
subjects (body-mass index [BMI] above the 95th percentile
for children of the same age and sex),'” aged 1016 years, did
not suffer from endocrinal or cardiovascular abnormalities,
were sedentary, had not participated in any regular exercise
programs in the past 6 months except school physical edu-
cation periods, and did not use any drugs or other therapies
for obesity. Participants were excluded if they had bronchial
asthma or other chronic obstructive pulmonary diseases, had
a history of a panic/anxiety attack, or if they were recovering
from a recent respiratory infection.

At entry, assessment of anthropometric characteristics and
measurement of the treadmill-training speed at the first ventila-
tory threshold (VT,) were carried out for each participant. VT,
was marked as the point at which the breathing rate increased
nonlinearly with the training time such that the subject was
hardly able to speak while exercising or the point at which the
ratio of ventilation to oxygen uptake was lowest.'®!1°

Participants were allocated in the order they were
recruited in the study sequentially to perform one of four
exercise protocols. They were allocated to two 20-minute and
two 40-minute fixed training loads with intensity adjusted at
a training speed corresponding to 100% VT, (20 minutes’
100% VT, [group I], 40 minutes’ 100% VT, [group II]) or
with intensity adjusted at a training speed corresponding
to 80% VT, (20 minutes’ 80% VT, [group III], 40 minutes’
80% VT, [group IV]). The number of participants in each
intervention group was kept at 20. When a participant was
excluded or withdrew from any group, an alternate participant
was allocated to that group.

Dependent outcome measures
Anthropometry including assessment of body weight on a
digital scale and height with a wall-mounted stadiometer.
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Next, BMI was calculated conventionally using the algorithm
provided by the Centers for Disease Control and Prevention
(weight/height?) at baseline and after 8 weeks at the end of
the intervention program.

Cardiovascular risk profile

As an indicator of the risk of cardiovascular disorders,
lipid profiles were assessed at entry and 8 weeks later fol-
lowing the intervention by collecting a blood sample from
the dorsal or the antecubital veins. Blood samples were
analyzed for total cholesterol (T-Cho), serum TGs, and
high-density lipoprotein (HDL). Low-density lipoprotein
(LDL) was calculated by the Friedewald formula (T-Cho
minus HDL minus TGs/5).2° All samples were collected in
the morning after an overnight fast of 12 hours. Children
were also refrained from performing vigorous activities
for 2 hours before sample collection. Procedures followed
recommendations of the Centers for Disease Control and
Prevention for standard laboratory investigation.?! The
measures of lipid profile are expressed in milligrams per
deciliter.

Oxygen-uptake and ventilatory-threshold

measurement

In accordance with a protocol described in a previous
study,? a continuous graded incremental treadmill test was
performed using a motor-driven treadmill (Mercury Med;
and

max

VT, for each participant. After each participant had warmed

HP Cosmos, Nussdorf, Germany) to determine VO,

up, he/she then started the test protocol with a treadmill
speed of 2 km/h and progressively increased by 1 km/h
every 2 minutes with no inclination until he/she volitionally
reported exhaustion. Pulmonary exercise ventilation (V)
and VO, were continuously measured breath by breath using
a portable gas analyzer (Fitmate Pro; Cosmed, Rome, Italy).

VO,
this procedure one admmlstrator 1dent1ﬁed the VT, for each

was taken as baseline VO, (mL/kg/mm) Following
participant and subsequently the corresponding maximum
aerobic training speed once at entry by plotting V_/VO.,.
Oxygen consumption at which V_/VO, was lowest in the
plot was the VT ."” Heart rate (HR) was checked constantly
at 5-second intervals and HR at VT, recorded. The test was
repeated once again after 8 weeks to determine posttreat-
ment VO,
continuously about any adverse effects during the assess-

. Participants were observed closely and asked

ment. The test was promptly terminated if any effects were
reported or observed.

Perceived exertion

The assessment was performed using the children’s Omni
scale of perceived exertion for walking and running. The
Omni walk/run scale has been indicated as a valid and reliable
measure of perceived exertion over a wide range of intensity
of dynamic exercise training in children and adolescents.?***
It uses a 0—10 numeric rating with a pictorial descriptor that
represents a child at different exertion levels walking/running,
and exertion levels range from “not tired at all” to “very, very
tired”. Prior to undertaking the assessment, participants were
oriented to the perceived exertion definition and to the scaling
instructions of the Omni walk/run scale. Immediately after
the baseline stress test and completing the intervention ses-
sions, each participant rated the perceived exertion and how
he/she felt by the last minute of the stress test.

Exercise-training protocol

In four fixed-period treadmill training sessions, children
were generally warmed up through submaximal aerobic
and stretching activities almost for 10 minutes. The training
protocol started initially by walking up the treadmill, and the
speed progressively increased until reaching the target speed
for each participant. Following that, the training time count
commenced. The training speed was adjusted by group: 100%
VT, for 20 minutes in group I, 100% VT, for 40 minutes
in group II, 80% VT, for 20 minutes in group III, and 80%
VT, for 40 minutes in group IV. Training for all groups was
interspersed with 1 minute’s 50% VT, training intensity at
10-minute intervals. Throughout the training, the participant’s
HR was measured continuously at 5-second intervals with an
HR monitor (S810i; Polar, Kempele, Finland). Participants
in all intervention groups were trained three times a week
for 8 consecutive weeks under close supervision by four
rehabilitation experts. Before each session, participants were
instructed to avoid eating for at least 2 hours before exercise
and to avoid engagement in any strenuous activity.

Dietary control

A nutritional specialist held four meetings (biweekly) with
the participants and their families during the study period.
In the first meeting, participants were asked about the last
24-hour diet intake. Meetings were 30—45 minutes long and
dedicated to learning about factors that contribute to pediat-
ric obesity, getting feedback about food choices and dietary
habits, and motivating participants and their families to enroll
in the diet-control program. Subsequent meetings were ~30
minutes each and devoted basically to education about the
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food pyramid, appropriate food choices, food labels, healthy
eating habits, regular meals, and how they could control the
excessive-eating stimuli. Participants received a balanced
hypocaloric dietary plan consisted of 15% protein, 30% fats,
and 55% carbohydrates and fibers. Regular intervals of 4
hours were allowed between meals. Families were taught to
keep the daily caloric intake of their children to a minimum
of 900 calories and a maximum of 1,200 calories. This was
achieved using the Traffic Light diet, where the food was
categorized based on its calorie content into three colors:
green for low-calorie food, yellow for low-calorie food that
includes diet staples and provides basic nutrition, and red
for high-calorie food.” A list of foods according to color,
food group, and calorie content was provided as a reference
guide. In addition, a calorie-counting book was provided,
which was reviewed by the dietitian with each family to use
in calculation of calorie intake and monitoring adherence.
Families were instructed to decrease access to high-fat, low-
sugar products and increase access to high-fiber foods. They
were also asked to reinforce and praise targeted behaviors
of their children. Data about calorie intake was reported to
the dietitian daily.

Sample-size determination

To protect against the probability of type II error, a prelimi-
nary power analysis was conducted using power-analysis and
sample-size software (PASS15; NCSS Statistical Software).
A proportion of the total variance equal to 0.2 was calculated
from a small pilot study of eight children who received the
same treatment (two children for each exercise level) with
analysis of effects on VO, . The actual effect size was esti-
mated as 0.5, and ﬁxed—eft%agt ANOVA (0=0.05, power 0.9%)
was used. The analysis indicated that a minimum sample of
64 participants was needed (16 participants for each group).

However, we increased the sample size by 25% and recruited
up to 60 to account for dropout rates and retain study power.

Data analysis

Normal distribution of all dependent outcome measures was
verified by D’ Agostino—Pearson test. Subsequently, arithme-
tic log or square-root data transformation was applied when
necessary. ANOVA was used to compute differences among
intervention groups. Pairwise comparisons with Tukey’s post
hoc correction were applied whenever statistically significant
differences were verified. Paired-sample z-tests were used to
determine changes within each group. For perceived exer-
tion ratings, we used the Kruskal—Wallis test to compute the
differences between groups, Mann—Whitney U test pairwise
comparison, and Wilcoxon signed-rank test for determining
changes within each group. Data were assumed significant
at P<0.05. Data analysis was performed using SPSS for
Windows version 23.

Results

Participant characteristics

Participant demographic and anthropometric characteristics
at baseline are presented in Table 1. No significant differences
were recorded among the intervention groups with regard to
age, weight, height, BMI, or sex (P>0.05). The mean walk-
ing speed corresponding to VT, during the initial exercise
test and average exercise HR were comparable in the four
groups (P>0.05).

Adherence to exercise training and
dietary plan

The median exercise-training adherence was 85.42% (IQR
83.33%-90.63%) in group I, 91.67% (IQR 84.38%—94.79%)
in group II, 87.50% (IQR 83.33%%—-91.67%) in group III,

Table | Demographic and anthropometric characteristics of the intervention groups at baseline

Group I: 100% VT, Group 1I: 100% VT, Group lll: 80% VT, Group 1V: 80% P

20 minutes 40 minutes 20 minutes VT,, 40 minutes
Age, years 12.90+1.83 14.25+1.59 13.20£2.14 13.75£1.52 0.09:
Weight, kg 64.451£9.43 68.15+8.7 65.10+12.11 67.2018.66 0.60°
Height, m 1.39£0.12 1.43£0.10 1.41£0.13 1.41£0.09 0.75
BMI, kg/m? 32.96x1.41 33.051.71 32.08+1.50 33+1.47 0.15°
BMI percentile 99 (98-100) 99 (98-99) 99 (98-99) 99 (99-99) 0.17°
BMI Z-score 242 (2.11-2.62) 2.36 (2.03-2.55) 2.33 (1.99-2.57) 2.40 (2.17-2.49) 0.55°
Sex (boys/girls), n 12/8 15/5 11/9 13/7 0.59°
Speed, km/hr 8.17+1.45 8.29+1.62 9.05+1.80 9.23+1.63 0.10°
HR VT, beats/minute 122.85+13.05 126.1011.54 118.15+12.76 121.25+12.77 0.25°

Notes: "ANOVA test; *Kruskal-Wallis. BMI percentiles and Z-scores expressed as median (range). Age, weight, height, BMI, speed, and HR VT, expressed as means + SD.

Abbreviations: BMI, body-mass index; VT, ventilatory threshold; HR, heart rate.
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and 91.67% (IQR 87.50%-95.83%%) in group IV, with no
significant difference among the groups (P=0.149). Also, no
significant between-group difference was observed in mean
calorie intake reported over the study period (P=0.124).
From baseline to week 8, the mean calorie intake was
1,064.45+65.86 in group I, 1,028.50+73.79 in group II,
1,073.35+£70.54 in group 111, and 1069.40+48.65 in group IV.

Evaluation of intervention effects

The evolution of weight loss from baseline to 8 weeks’
exercise training is shown in Figure 1. Although a significant
reduction in body weight was indicated within all groups
(P<0.05), the analysis revealed that all training groups had
the same trends for weight loss from inception until week 8,
and no detectable between-group differences were recorded
(P>0.05) after they had completed the training period. BMI
from pre- to postintervention reduced significantly in all
groups (P<0.05). Also, between-group analysis revealed a
significant postintervention difference (P=0.035, Figure 2).

84 —@= Groupl

Weight loss (kg)
»
L

-~ Group Il
104 == Grouplll

=B~ Group IV
12

0 1 2 3 4 5 6 7 8
Treatment (weeks)

Figure | Changes in body weight from baseline to 8 weeks in exercise training in
all groups.

31+
30+
= 294
m
284
271 ® Mean BMI
I 95%cl
26 T T L) )
Group | Group Il Group Il Group IV

BMI postintervention

Figure 2 Postintervention body-mass index (BMI) for the study groups.

Pairwise comparison indicated that participants in group II
had a tendency for lower BMI compared to those in group
IV (adjusted P=0.049), with no other differences among the
study groups (adjusted P>0.05).

Cardiovascular risk indicators are shown in Table 2. At
baseline, groups were homogeneous as regards data on T-Cho,
HDL, LDL, and TGs (P>0.05). After 8 weeks in training,
T-Cho, HDL, LDL, and TGs had changed significantly in
groups I, II, and III (P<0.05) compared to preintervention
values, whereas no detectable changes were indicated within
group IV (P>0.05). Noticeably, T-Cho, HDL, LDL, and TGs
varied significantly among the intervention groups postint-
ervention (P<0.05). Pairwise analysis (Figure 3A) revealed
a significant reduction in T-Cho in group II when compared
to group I (adjusted P=0.006), group III (adjusted P=0.008),
and group IV (adjusted P=0.015). Changes in T-Cho among
groups I, III, and IV were not significant when comparing
every pair together (adjusted P>0.05). Analysis of HDL levels
(Figure 3B) demonstrated that there was no significance for
any of the groups over others (adjusted P>0.05). Except for
the significant reduction in LDL and TGs in group II when
compared to group III (adjusted P=0.003 and 0.007, respec-
tively). No other differences were indicated between groups
(adjusted P>0.05, Figure 3C and D).

Changes in VO, are displayed in Table 3. There was
no significant betwn:én-group difference preintervention

_had
increased significantly postintervention in groups I, nIMI)i and
IV (P<0.05), but not in group III (P>0.05). A significant
between-group difference was detected postintervention

(P>0.05). Compared to preintervention values, VO,

(P<0.05); pairwise analysis indicated a significant difference
only between group I and group II, favoring the latter over
the former (adjusted P=0.008); and no perceptible differ-
ences were indicated when comparing other pairs (adjusted
P>0.05).

Perceived exertion rates are shown in Figure 4. Preinter-
vention, participants in all groups reported similar exertion
rates (P=0.07). Rates reduced significantly in all intervention
groups (P=0.001 for group I, <0.001 for group II, 0.004 for
group 111, and 0.002 for group IV). The terminal rating of per-
ceived exertion postintervention varied significantly among
the training groups (P=0.003). A wider range of differences
was demonstrated by pairwise comparisons postintervention.
Participants in group II had significantly lower exertion rates
than group I (adjusted P=0.019), group III (adjusted P=0.04),
and group IV (adjusted P=0.046), whereas groups I and III
were not different when compared with group I or with each
other (adjusted P>0.05).
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Table 2 Lipid-profile measures among and within all intervention groups

Group I: 100% VT, Group Il: 100% Group lll: 80% Group IV: 80% VT, P
20 minutes VT,, 40 minutes VT,, 20 minutes 40 minutes
Total cholesterol
Pre- 196.60+22.48 184.40+£27.23 190.85+26.16 191.45£21.93 0.48
Post- 179.95£12.78 156.95+£26.22 184.20+21.01 177.85£23.52 0.006°
Percentage change 8.47% 14.89% 3.48% 7.10%
P 0.007® 0.001° 0.06 0.005*
High-density lipoprotein
Pre- 45.15£9.16 46.95+7.13 47.15+8.95 44.40+7.53 0.65
Post- 50.35+8.43 56.10+7.08 49.65+9.14 50.05+6.40 0.034°
Percentage change 11.52% 19.49% 5.30% 12.73%
P 0.024° 0.003° 0.28 0.006°
Low-density lipoprotein
Pre- 132.45+22.58 126.70£27.26 135.35+26.77 130.85+26.39 0.76
Post- 118.70+24.98 103.10£16.82 126.75+20.88 113.15+18.81 0.005*
Percentage change 10.38% 18.62% 6.35% 13.53%
P 0.047° 0.006° 0.12 0.039*
Triglycerides
Pre- 151.25+£27.56 159.95+£36.48 154.70£29.22 147.05+£30.84 0.61
Post- 138.20+£22.23 121.25£18.57 144.85+24.51 135.45£21.56 0.012°
Percentage change 8.63% 24.19% 6.37% 7.89%
P 0.033° 0.001° 0.17 0.014°
Notes: “Significant between-group difference (one-way ANOVA); *significant within-group difference (paired-sample t-test).
Abbreviation: VT, ventilatory threshold.
A
[[VE ———i [[EVE ——
-1V ——i: -1V —e——1
111114 —— 111111 |—0—|
-V ——— mva ————
=111 1 —e— 1114 ————
|11 4 —— -1l '_.—"
T T T T T 1 T T T 1
-60 40 -20 0 20 40 60 -20 -10 0 10 20
Mean differences and 95% CI (T-cho) Mean differences and 95% CI (HDL)
® Column mean difference ® Column mean difference
C
-1V 4 _— (SVE ——————
-1V ———i [SYE ——— i
11111 4 —e— [=IE ——
-1V 4 |—a—0—| -V |—-—o—|
=1 —e—— 111 —e———
111 F———— 11 —
L) T L] L] 1 T T T T 1
—60 —40 -20 0 20 40 —60 —40 -20 0 20 40

Mean differences and 95% CI (LDL)
® Column mean difference

Figure 3 Lipid profile pairwise comparisons among intervention groups.
Notes: T-cho, Total cholesterol (A); HDL, high-density lipoprotein (B); LDL, low-density lipoprotein (C); TGs, triglycerides (D).
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Table 3 Changes in maximum oxygen uptake (VO2 ) in the intervention groups
ax
Group I: 100% Group Il: 100% Group IlI: 80% Group 1V: 80% P
VT,, 20 minutes VT,, 40 minutes VT, 20 minutes VT, 40 minutes
Pre- 28.78+5.32 30.57+4.60 31.25+4.46 29.35+5.23 0.38
Post- 30.85+3.76 34.99+4.37 32.06+3.95 31.93+3.77 0.0l°
Change 2.07 4.42 0.8l 2.58
Percentage change 7.19% 14.56% 2.59% 8.79%
P 0.006° <0.001® 0.15 0.025°

Notes: Significant between-group difference (Kruskal-Wallis test); ®significant within-group difference (Wilcoxon).

Abbreviations: VT, ventilatory threshold.

101

ITIT
6-J_J_J_

Perceived exertion

Group | Group Il Group il Group IV

Pre-intervention

Figure 4 Perceived exertion rating in the study groups before intervention.
Notes: Data shown as median (IQR), and the error bar represents min-max score.

Discussion

Physical activity is a crucial element in combating pediatric
obesity. Recently, a considerable number of studies have
investigated how effective exercise is the management of
pediatric obesity.!?1626 Although these studies provided evi-
dence on the effectiveness of exercise in the management of
pediatric obesity, most analyzed only the effect of exercise
intensity independently of exercise duration. The intention
behind this study was to analyze how exercise intensity would
interact with exercise duration in the treatment of pediatric
obesity within the framework of cardiovascular risk profile,
oxygen uptake, and perceived exertion rates.

The principal findings of the present study were that
augmentation of exercise intensity has the potential to pro-
duce an improvement in blood lipids and lipoproteins, to
increase oxygen uptake, and to reduce perceived exertion
rates. Additionally, these positive effects were enhanced by
elongation of exercise duration. Nevertheless, the effect of
moderate exercise intensity over a long duration (40 minutes’
80% VT,) cannot be disregarded, as it produced a significant
improvement in all outcomes, but to a lesser extent than
high-intensity exercise, while moderate exercise over a short
duration (20 minutes’ 80% VT, ) was found ineffective, except
for improvement in perceived exertion.

: I
10 I

2_J_lLJ_

Percieved exertion

Group | Group Il Group il Group IV
Post-interevention

Besides the high-intensity training, the significant changes
in T-Cho, LDL, TGs, and VO,  observed in group II might
also be attributed to the extendn:a exercise duration. Changes
in serum lipids, lipoproteins, and oxygen uptake could be pos-
tulated as a result of the increased body and skeletal muscle
capacity for oxidation of fatty acids.?’ Indeed, it could be
presumed that reduced body mass assisted the skeletal muscle
to exert greater effort that allowed the improvement in VO,
as lately established after high-intensity training.?®? It has
commonly been observed that high-intensity aerobic train-
ing (70%-170% VO, ) for 30-60 minutes over 67 weeks
can simultaneously increase oxidation of fats and increase
aerobic capacity.*® However, the results coincided with those
reported by Gutin et al, who demonstrated that significant
changes in body fat and cardiovascular fitness in obese ado-
lescents are obtainable when they exercise as energetically as
they can sustain.>! Heydari et al investigated the effect of 20
minutes’ high-intensity aerobic training applied three times
per week for 12 consecutive weeks, and reported significant
improvement in oxygen uptake and reduction in total body
fat without any noticeable changes in serum lipids.** Racil
et al also demonstrated that a 12-session progressive high-
intensity aerobic training with an intensity of 100%—110% of
maximum aerobic speed can preferably produce significant
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changes in T-Cho, HDL, LDL, and TGs in comparison with
moderate-intensity exercise in obese young females.?* More
recently, Racil et al examined the effect of high- (100%
maximum aerobic speed) vs moderate-intensity (80% maxi-
mal aerobic speed) in obese adolescent girls (aged 14.2+1.2
years). They collected data related to body mass, VO,
perceived exertion, and glucose levels after thrice-weeﬁ;/
training through a 12-week program, and the findings sug-
gested that high-intensity exercise training produced a more
positive impact on body mass and other health determinants
in comparison with moderate-intensity exercise training.>

In the same regard, two meta-analyses analyzed car-
diovascular risk factors in response to high-intensity vs
moderate-intensity aerobic exercise, and suggested that
high-intensity exercise seems to convey greater improve-
ment in cardioprotective risk factors (blood pressure, T-Cho,
HDL, LDL, TGs, glucose level, and insulin sensitivity) and
improve aerobic capacity than moderate-intensity training.*
Just recently, a review evaluated the effectiveness of high-
intensity aerobic exercise on VO2max and cardiovascular risk
in comparison with other forms of exercise, and showed that
high-intensity aerobic training generated a greater increase
in Vozmax’ induced better cardiovascular adaptations, and
produced a preferable improvement in other health indices.*
By contrast, a parallel-arm randomized clinical trial on
sedentary obese or overweight young males (aging 20+1.5
years) compared the effect of high- vs moderate-intensity
exercise over 6 weeks and indicated similar results regarding
blood lipids, specifically concentration of HDL and LDL.
The trial further indicated a significant improvement in
VOzmax after both exercise regimens, with a clear advantage
for moderate-intensity training.>” Also, Kong et al studied the
effect of 5 weeks of high-intensity exercise training in obese
young women, and the findings showed comparable results to
moderate-intensity training as regards VOzmaX, T-Cho, HDL,
LDL, and TGs, while high-intensity training achieved lower
rates of perceived exertion.*®

Exactly how exercise works in improving blood lipids is
still not totally clear. It has been suggested that 8—12 weeks
of exercise may reduce cholesterol absorption from the
small intestine to the bloodstream.>® Also, exercise has been
proven to change the size of lipoprotein particles. This leads
to a reduction in small LDL, which is associated with high
cardiovascular risks of up to 17%, and an increase in the size
of LDL, which reduced those risks.*’ In vivo studies on mice
have shown that exercises can reverse cholesterol transmis-
sion and enhance cholesterol transport from the bloodstream
to the liver, where it eventually filters out of the body.* The

changes in V02max associated with high-intensity exercises
might be explained by the increased oxygen availability
associated with higher levels of cardiac output and total
hemoglobin,* improved mitochondrial enzyme activities, and
increased oxidative capacity of the skeletal muscles, which
leads to peripheral adaptation with an improvement in ability
to extract and use oxygen.* In addition, all groups perceived
the stress test as being less difficult postintervention, regard-
less of the training protocol. These results seem to be mainly
linked to the significant within-subject changes in BMI.

While exercise is established as an essential element of
obesity management, there is limited evidence about the
impact of exercise intensity and duration on different health-
related factors in obese children. The findings of this study
have a significant implication independently of the efficacy
of various exercise paradigms on weight reduction. The
results suggest that all levels of exercise training that were
prescribed (with the exception of short-duration moderate
exercise) resulted in significant improvement in blood lip-
ids, VOZmax’ and perceived exertion. Further, long-duration
high-intensity exercise produced greater effects on many
health-related factors.

The present study had some limitations. First, the lack
of a diet-only control group limits the ability to identify
the effect of exercise intensity and duration vs nonexercise
intervention. Second, lacking follow-up, the authors of this
work are not sure if the high-intensity training efficacy will
be sustained in the long term. Therefore, further studies
should consider evaluating effect sustainability. Third,
even though the present study proved that the effect of
high-intensity exercise was preferable, some questions still
need to be explored: “Is high-intensity training safe?”’;
To what extent is it preferred by obese children?”’; “Do
energy cost—matched exercises of different modes produce
similar results?” To answer these questions, additional
research with large and varied cohorts will be necessary.
Fourth, the sample was not recruited to be representative
of a specific sex, and there were no sex differences among
the intervention groups. However, the authors’ clinical
impression is that boys and girls may respond differently
to the intervention, and future research should involve
subgroups based on sex distribution to provide a clear
conclusion about the findings. Lastly, this study did not
assess the pubertal status of the participants, which may
affect BMI and change metabolic health. Therefore, the
results should be interpreted with caution, and future stud-
ies should evaluate the effect of exercise in obese children
while controlling for pubertal status.
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Conclusion

The findings of the present study suggest that exercise inten-
sity and duration are essential factors in exercise prescription
for obese children. Also, exercise intensity and duration
can interactively elicit pronounced responses. Furthermore,
high-intensity aerobic exercises are likely more effective than
moderate-intensity aerobic exercises to improve blood lipids,
increase oxygen uptake, and reduce exertion, particularly
when sustained for a long duration.
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