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interval training on body composition,
cardiorespiratory fitness and cardiometabolic
markers in adolescent boys with obesity:

a randomized controlled trial
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Abstract

Background: With accumulating evidence suggesting that CVD has its origins in childhood obesity. The purpose of
this study was to determine the effect of a real-world school-based high-intensity interval training intervention on
body composition, cardiorespiratory fitness and cardiometabolic markers in obese boys aged 10 to 13 years.

Methods: Forty-five adolescent boys with obesity (age=11.240.7 years, BMl=24.2 + 1.0kg/m?), were randomized
to high-intensity interval training group (HIIT, n=15), moderate-intensity continuous training group (MICT, n=15), or
a control group (CON, n=15). The intervention groups performed three weekly exercise sessions over 12 weeks. HIIT
group performed two sets of eight bouts of 155 run at high-intensity [90~ 100% maximal aerobic speed (MAS)] sepa-
rated by eight bouts of 155 recovery run at low-intensity (50% MAS), MICT group performed 30 min run at moderate
intensity (60 ~70% MAS) and CON group were instructed to continue their normal behaviors. All participants had
indices of body composition, cardiorespiratory fitness (CRF) and cardiometabolic markers measured at baseline and
post-intervention. Statistical differences between and within groups were determined by use of two-way analysis of
variance (ANOVA) with repeated measures.

Results: Following the school-based training program, BMI and body fat mass decreased (BMI: — 1.8kg/m? vs. -

1.2 kg/mz, P<0.071; FM: —1.6kg, P <0.05 vs.-3.7kg, P <0.01) in HIIT and MICT group, but there was no significant differ-
ence between the two interventions; VOzpeak both increased significantly in two intervention groups, and the incre-
ment of HIIT group was significantly greater than that of MICT (6.1 mL/kg/min vs. 3.8 mL/kg/min, P <0.01), Visceral
adipose tissue was significant decrease in HIIT group (—53 g vs.-17g, P <0.01) whilst the MICT group experienced a
significant decrease in body fat percentage (— 3.1 4 1.0kg, P <0.01), but there were no significant difference between
the two interventions. Low-density lipoprotein cholesterol decreased only in HIIT group (— 17.2%, P <0.05). Significant
decrease in the usual index of insulin resistance (HOMA-IR) occurred in HIIT and MICT groups (— 27.3 and — 28.6%,
respectively; P<0.05).
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Conclusions: Our results demonstrated that high-intensity interval training based on running can be used to
improve the physical health of obese adolescents in school. Further investigations involving a larger cohort of partici-

pants, taken from different schools, is recommended.

Trial registration: title Effect of High Intensity Interval Training on Obese Children and Adolescents, time 16/12/2017,

ID ChiCTR-IOR-17013992, website http://www.chictr.org.cn

Background

Childhood obesity is one of the most serious health
challenges of the twenty-first century [1]. Compared to
1980, the worldwide prevalence of adolescents classi-
fied as obese in 2013 from developed countries increased
from 16.2 to 22.6%. In China, the national survey in
2018 showed that the obesity rate of adolescents reached
16.0% [2]. Since adolescents classified as obese have
higher morbidity and mortality risks compared to normal
weight counterparts and are of higher risk of becoming
adults with obesity, pediatric obesity is of foremost pub-
lic health concern [3]. Physical activity is one of the most
important interventions to reduce adolescent obesity,
WHO recommends that children and adolescents should
engage in an average of 60 min of moderate to high inten-
sity physical activity (MVPA) per day to obtain health
benefits [4]; however, more than 80% of adolescents fail
to reach the minimum recommended amount of physi-
cal activity [2]. Given that adolescents report difficulty
starting and adhering to traditional exercise prescription,
there is a need to explore and develop engaging alterna-
tives for youth to achieve the many health benefits related
to regular physical activity.

Exercise is a critical component in the management of
pediatric obesity. Traditionally, moderate-intensity con-
tinuous training (MICT) has been the most common
type of exercise recommended to improve body compo-
sition and cardiorespiratory fitness (CRF) [5, 6]. In recent
years, growing evidence under laboratory conditions
showed that HIIT is more time-efficient than MICT in
improving body composition or other health parameters
of obese children and adolescents [7—10]. Enjoyment of
children during and after HIIT is important, and conse-
quent long-term exercise adherence [11]. Previous study
suggested that the intensity of physical activity has been
found to be negatively associated with exercise adherence
in overweight children [12]. However, Malik and his col-
leagues suggested that affect responses during HIIT are
dependent on the intensity of the work-interval and are
not entirely negative (unpleasant feelings). The higher
intensity HIIT protocol (85% peak power) has similar
pleasure with the lower HIIT (70% peak power), and
only 85% HIIT elicits sufficient HR stimulus to facilitate
potential health benefits [13]. Schools are an ideal set-
ting to implement physical activity programs targeted at

youths’ learning and intellectual abilities, allow children
to obtain exercise methods through PA interventions car-
ried out in schools, allowing them to participate in PA
outside of school (such as community sports) [14]. There
are a few school-based HIIT intervention studies of nor-
mal weight and obese children [15-17]. The available evi-
dence suggested that HIIT programs could be carried out
in conjunction with physical education (PE) class activi-
ties or in specific periods during the school day [18].
Real-world effectiveness studies are required that trial
low-cost, accessible HIIT protocols over the long-term.
In this context, the use of high-intensity interval run-
ning requiring a small physical space in non-laboratory
environment and more suitable for school is an appealing
option.

Therefore, the aim of this study was to examine the
effects of 12 weeks of school-based HIIT and MICT pro-
tocol using a field approach on body composition, CRF
and cardiometabolic markers in obese boys.

Methods

Study design

A parallel groups design was adopted, with an exercise
intervention period lasting 12 weeks. Before the interven-
tion, the subjects were measured in three parts separated
by 1day. The first part involved blood sample collection.
Second, a graded exercise testing (GXT) until exhaustion
to determine peak oxygen uptake (Vngeak), and finally,
dual-energy x-ray absorptiometry (DXA) and anthro-
pometry was carried out. The post-test was conducted
three days after the training, and each subject was meas-
ured according to the pre-test order. DXA and blood
sample collection were measured in the hospital, graded
exercise test (GXT) was carried out in the laboratory, the
measurement of other parameters and exercise interven-
tion were completed in the school.

Participants

A total of 45 adolescent boys (age=11.2+0.7years,
BMI=24.2+1.0) with obesity as defined by Cole et al.
[19] were enrolled into this randomized controlled trial
(ChiCTR-IOR-17013992) from Experimental School in
China, this trial was registered on 16/12/2017. Conveni-
ence sampling was employed based on our school-based
recruitment through local pediatrician consultations.
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To be included, participants had to: (1) be aged between
11 and 13years; (2) be between Tanner stage 1 to 3 [20]
(pubertal stage was evaluated according to the Tan-
ner classification by a trained pediatrician); (3) present
a BMI greater than or equal to the 95th percentile for
their gender and age; (4) be free of any medication that
could interact with the protocol (e.g., cardiac abnormali-
ties, hypertension, diabetes, orthopedic, neuromuscular,
or neurological disorders); (5) present no contraindica-
tion to physical activity; (6) self-report less than 2h of
physical activity per week (International Physical Activ-
ity Questionnaire — IPAQ). All participants and their
legal representatives received information sheets and
signed consent forms as requested by the local ethical
authorities. After the enrollment to the study, the par-
ticipants were randomized into 3 groups for 12weeks:
(1) high-intensity interval training (HIIT, n=15), (2)
moderate-intensity continuous training (MICT, n=15),
or (3) non-exercising control (CON, n=15). First, allo-
cation concealment was carried out. In this study, a sim-
ple randomization method was used to generate random
numbers by SPSS software. The person who determined
the random assignment table did not participate in the
inclusion of subjects. The random distribution form is
made in triplicate, one for each of the project leader, the
school principal and the statistician. The participants
and data Analyst were blinded after allocation. During
the intervention, participants in different exercise inter-
vention groups were trained respectively. The independ-
ent researcher is responsible for statistical analysis of the
data to ensure that he does not know the specific distri-
bution of interventions. The study protocol was approved
by the ethics review committee at the Shanghai Univer-
sity of Sport (Protocol ID: 2018019-2018) in accordance
with the Declaration of Helsinki.

Anthropometry, blood pressure, and body composition
measures

Body mass (BM) was measured using a TANITA scale
(Tanita BC-533, Tokyo, Japan), stature was measured in
centimeters without shoes, heels together, and the back
of the subject parallel to the stadiometer (RGZ-120-RT,
Shanghai, China). Body mass index (BMI) was calculated
from BMI=BM [kg] = Height®> [m?]. Waist circumfer-
ence (WC; in cm) was measured with a non-deformable
tape measure between the lower rib margin and the iliac
crest, at the end of normal expiration.

After relaxation in a seated position for approximately
over 5min, resting systolic and diastolic blood pressures
(SBP and DBP) were measured using an automatic BP
monitor (Omron BP652, Omron Healthcare Inc., Vernon
Hills, IL, USA).
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Total body fat mass (FM, kg), body fat percentage
(%BF), fat free mass (FFM, kg) and estimated visceral adi-
pose tissue mass (VAT, g) were obtained through whole-
body DXA scans (Lunar Prodigy, GE Healthcare, USA).
Before the daily measurement, research team member
with a teaching qualification will carry out quality and
calibration test, and conduct quality control body mold
correction after the machine is started. The phantom
scan measurement value is consistent with its stand-
ard value (£ 1%), which is regarded as a quality assur-
ance pass. The measurement method uses a whole-body
scan, and the specific operating steps follow the instru-
ment’s instruction manual. To reduce errors, fasting
measurement (10h fast) and all DXA measurements are
performed by the same trained professional. Before the
measurement, subject was in a supine position and kept
still during the measurement.

Cardiorespiratory fitness and maximal aerobic speed

Vozpea1< and maximal heart rate (HR,,,) were measured
using a continuous incremental exercise test to exhaus-
tion on a treadmill and computerized metabolic system
(MAX-IIa Metabolic System, AEI Technologies, USA).
Children commenced the test at 4km/h and walked at
that intensity for 1min. The treadmill speed was then
slowed to a stop (Okm/h) to allow a 1min recovery,
before being increased again to a speed of 6km/h for a
further minute of exercise. A 1 min recovery was imple-
mented following each minute of active exercise. Incre-
ments of 1km/h continued with this protocol until a
speed of 8km/h was accomplished. Thereafter, incre-
ments in running speeds of 0.5km/h occurred (8.5,
9.0km/h, etc.) until volitional exhaustion. Heart rate was
monitored using a heart rate monitor (Polar team Ohl,
Polar, Kemele, Finland). Exhaustion was verified based
on the following criteria: (1) a plateau in oxygen uptake,
(2) respiratory exchange ratio>1.1, (3) peak heart
rate £ b.p.m. of the predicted maximal heart rate (220 —
age), and (4) apparent voluntary exhaustion. At least two
of the four criteria were met or the test was repeated. In
order to ensure the safety of subjects, we will stop the test
immediately when heart rate close to 200 b.p.m. or they
gave up voluntarily, and VOZpeak was identified [21].

The 20-m shuttle run test (20-mSRT) was conducted
two days after the treadmill GXT. Maximal aerobic speed
(MAS) was measured using the 20-mSRT as previously
documented [22, 23]. The 20-mSRT has been validated
as a predictor of maximal aerobic capacity in young peo-
ple [24] and is familiar with all youth. Participants will be
instructed to run between two lines separated by 20-m,
while keeping pace with the audio signals emitted from
a MP3 produced by the National Coaching Foundation.
The test was terminated when the participant could no
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longer complete the 20m run within the allotted time
on two consecutive attempts. The speed at the last com-
pleted stage was considered as the MAS (km/h).

Fasting blood samples
Fasting blood draws (10h fast) were performed at least
48h after the final exercise session for the determination
of glucose, insulin and lipids. Blood samples for glucose
and lipids were processed in duplicate by a local Pediatric
hospital. Total cholesterol (TC), high-density cholesterol
(HDL) and triglyceride (TG) levels were measured by
enzymatic methods, and low-density cholesterol (LDL)
concentrations were derived using the Frielwald et al. for-
mula. Blood glucose concentrations were measured using
an automated device (AU2700, Olympus, France). Blood
insulin was assayed by an IRMA Insulin kit (Immuno-
tech, France). Insulin resistance was assessed using the
homeostatic model assessment for insulin resistance
(HOMA-IR) which has been computed as follows:
HOMA-IR =[Fasting insulin (pU/ml)] x Fasting glu-
cose (mmol/L)]/22.5.

Training interventions

Exercise training with HIIT or MICT was 3 separate
days per week (e.g., Monday, Wednesday and Friday) for
12weeks. All training sessions were carried out on an
outdoor track. Training sessions were always preceded by
a 5-min warm-up and cool-down at 55~60% HR ... The
warm-up session included moderate-intensity jogging
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(3min), dynamic stretching (1min), and acceleration
running (1 min).

For MICT, participants ran 30-min at 60% of MAS
during the first 4weeks, then the training intensity was
increased to 65% for weeks 5—8, 70% for weeks 9-12. For
HIIT protocol, participants ran at 90% of MAS for the
first 4weeks, and increased to 95% for weeks 5-8, 100%
for weeks 9-12. Training data for the two training groups
are outlined in Table 1. Participants were excluded from
the study if they were not able to make up a missed train-
ing session within the same week.

For the HIIT group, participants were placed in differ-
ent lanes of the tract according to the individual MAS,
performed two sets of eight 15-s bouts of high-intensity
run (90~100% MAS, about 80~90% HR,_,,) separated
by eight 15-s recovery bouts at low-intensity (50% MAS,
about 40~60% HR,,,), 3-min rest between two sets,
total duration time was 11-min. Participants maintained
the correct running speed by listening to pre-recorded
sounds throughout the training session. For example,
a subject who had a MAS 9.0km/h (2.5m/s), he had to
complete 37.5m in 15-s, (i.e., 100% of MAS), which was
followed by an active recovery to run over 18.8 m in 15-s,
ie, at 50% of MAS. After completion of this 15s:15s
bout, the subject turned around and ran back to repeat
the bout in the opposite way with the same intensity. Par-
ticipants in the MICT group were instructed to maintain
the correct running speed and distance by periodically
checking speed and distance data in the watch used
to record HR. All the HIIT and MICT sessions were

Table 1 Exercise training data for the two training groups (mean = SD)

Weeks 1-4
HIT (n=15)
Work:Rest interval duration, s 15:15
Work:Rest interval intensity 90:509% MAS
Number of repetitions 8
Number of sets 2
Rest between sets, s 180
MHR, b.p.m 163+ 16
9%HR 4 % 81+0
Duration, min 11
Attendance, % 91+£2
MICT (n=15)
Work intensity 60% MAS
MHR, b.p.m 137+ 11
96HR 40 % 7141
Duration, min 30
Attendance, % 8444

Weeks 5-8 Weeks 9-12

15:15 15:15

95:50% MAS 100:50% MAS

8 8

2 2

180 180

168+£13 165+ 14
80+0 81+1

Il 11

85+£11 9+7

659% MAS 70% MAS

142+13 141412
7041 70+0

30 30

85412 87+7

Data shown for participants who completed the intervention. MHR mean heart rate of training

*Training duration for HIIT includes 8 min exercise and 3 min resting interval, i.e., one 3-min breaks among 2 HIIT sets
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supervised by a teacher of the research team to ensure
that participants performed each training session appro-
priately. After 4 and 8 weeks of training, participants per-
formed a new 20m-SRT for the adjustment of the speed
of the training program. Participants in the control group
did not have any exercise training, but they maintained
their normal daily routine. All activities were performed
in the school setting, in activity class time, with a total of
36 sessions lasting 30—40 min each. All three groups con-
tinue to participate their regular physical education (PE)
classes scheduled by the school.

We required the subjects to run the correspond-
ing distance in 15s (according to their MAS). In the
first 4weeks, 3 to 5 subjects (20 ~30%) could not reach
the specified distance due to physical reasons in the
final stage of training session. After 4weeks of training,
with the improvement of subjects’ cardiorespiratory fit-
ness, even if we corrected the MAS (extended distance),
almost all subjects could complete 15-s of high-intensity
running per bout.

Dietary intake

Daily energy intake was estimated with a validated 24-h
dietary recalls (3 weekdays and 1 weekend day) [25], dur-
ing the initial and the end of the training program were
carried out by all participants with the help of their par-
ents and/or the investigators. Energy intake based on the
dietary records were calculated with a commercial soft-
ware (Boohee health software, Boohee Info Technology
Co., Shanghai, China), averaged and reported as kilocalo-
ries per day (kcal/day). Participants were asked to main-
tain their current diet throughout the duration of the
study.

Statistical analysis

The sample size calculation using G*Power 3.1 [26] was
based on previously reported data regarding Vngeak
in overweight and obese adolescents following mod-
erate and high intensity interval exercise. Tjonna et al.
[27] demonstrated a 9.2% difference in percent change
of Vozpeal< between the moderate and high intensity
groups from pre- to post-intervention. With a 2-sided,
0.05 significance level and \'/ozpeak as the primary vari-
able, 6 subjects in each group would allow us to detect
a significant difference between exercise groups at
80% power. Data analysis was performed using the
SPSS Statistical Software (v20.0; SPSS Inc., Chicago,
IL, USA). Shapiro-Wilk and Levene’s tests were car-
ried out to determine normality of the data distribu-
tion and homogeneity of variance, respectively, for all
outcome measures. Nonparametric Kruskal-Wallis test
was used when data was not normally distributed. All
data passed the normality and homogeneity tests. A

Page 5 of 11

two-way analysis of variance (ANOVA) with repeated
measures (HIIT vs. MICT vs. CON x 2 times: pre- vs.
post-intervention). Post-hoc test (with Bonferroni) was
applied if the main factor was significant. Analysis of
covariance (ANCOVA) was used to assess the role of
age and baseline value on the significant differences
within the group and between groups. In addition, post
hoc, effect size statistics (ES) for all the statistically
significant t ratios were also established. These calcu-
lations were based on Cohen’s classification and knowl-
edge of the ES enabled estimating the magnitude of
the difference (i.e., trivial: ES<0.2, small: 0.2 <ES<0.5,
moderate: 0.5 <ES<0.8, and large: ES>0.8). The level
of significance was set at P <0.05.

Results

Of the 126 participants who entered the run-in phase, 45
(35.7%) were randomized. The other 81 participants were
not randomized because of not sign informed consent
(n=46) and no time (n=35). During the 12-week inter-
vention period no injuries were reported but nine par-
ticipants were unable to complete the training program
for personal reasons: 3 in the HIIT group, 4 in the MICT
group and 2 in the CON group, and their data are thus
excluded from all analyses. Therefore, 36 obese boys have
fully completed the current study (Fig. 1). They had simi-
lar daily caloric intakes in three group (2937 +271kcal,
3129+253kcal and 2989+183kcal, respectively,
P>0.05), although all of them had much higher than the
recommended daily calories (1800~2600 for boys) by
American Heart Association [28]. The values of all body
composition, CRF and cardiometabolic markers variables
and energy intake, measured before and after the inter-
vention period, are presented in Tables 2 and 3.

Body composition

The comparison of the three groups showed that their
anthropometric parameters and age before training are
matched. There was no significant difference in energy
intake among groups.

At the post-intervention, we noted a significant
decreased in the BMI and FM of HIIT group (P<0.01,
ES=0.81 and P<0.05, ES=0.62) and MICT group
(P<0.01, ES=0.48 and P<0.01, ES=0.92). %BF was sig-
nificantly decreased in MICT (—3.1+1.0kg, P<0.01,
ES=0.49) and VAT significantly decreased in HIIT
(—53+16g, P<0.05, ES=0.34). In the between groups’
comparison, %BF, FM and VAT in both intervention
groups were significantly different (P<0.05) from the
CON group, but there were no significant differences
between two interventions.
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Enrollment

Assessed for eligibility (n=1009)

\4

Excluded (n=964)

+ Not meeting inclusion criteria (n=883)
+ Declined to participate (n=46)

+ Other reasons (n=35)

Randomized (n=45)

I

Allocation i

)

Allocated to HIIT group (n=15)
+ Received allocated intervention (n=15)

+ Did not receive allocated intervention (n=0)

Allocated to MICT group (n=15)
+ Received allocated intervention (n=15)
+ Did not receive allocated intervention (n=0)

Allocated to non-training CON group (n=15)
+ Received allocated intervention (n=15)
+ Did not receive allocated intervention (n=0)

Follow-ubp

A4

A 4

Lost to follow-up (no time) (n=1)

Lost to follow-up (no time) (n=2)

Lost to follow-up (n=0)

Discontinued intervention (no post-test) (n=2)

Discontinued intervention (no post-test) (n=2)

Discontinued intervention (no post-test) (n=2)

Analvsis

Analysed (n=12)
" Excluded from analysis (n=3)

Analysed (n=11)

* Excluded from analysis (n=4)

Analysed (n=13)
+ Excluded from analysis (n=2)

Fig. 1 Flow chart of participant enrollment, randomized group allocation, and final analysis

Table 2 Baseline physical characteristics of three groups

(mean£SD)

HIT(h=12) MICT(h=11) CON(n=13)
Age (y) 114+£08 112+£07 11.0+£07
Height (m) 1488+ 7.8 1525+79 1510+ 63
Body mass (kg) 565+ 8.1 562+ 10.1 55357
BMI (kg/mz) 245+£1.1 244+£09 23.8+£08
%BF (%) 384 +40 39227 383+ 16
FM (kg) 217122 220+ 46 205+ 20
FFM (kg) 302 £36 302£54 287 £25
WC (cm) 838+74 79256 825+ 7.1
VOjpeak (ML/kg/min) 418417 421426 428413
SBP (mmHg) M5+£7 1M9+6 1M5£5
DBP (mmHg) 69 +5 71+£4 71£4
Energy intake (Kcal/day) 2937 £271 31294253 2989 + 183

9%BF body fat percentage; BMI body mass index; DBP diastolic blood pressure;
FFM fat free mass; FM total body fat mass; SBP systolic blood pressure; VO5peqk
peak oxygen uptake; WC waist circumference;

Cardiorespiratory fitness and blood pressure

After 12-week interventions, both HIIT and MICT pro-
gram significantly (P<0.01) increased Vngeak (ES=0.98
and 0.47, respectively) and decreased SBP (P<0.05,
ES=0.37 and 0.35, respectively), however, the increase of
VOzpeak in HIIT group was significantly higher than that

in MICT group (6.0%+1.5mL/kg/min vs. 3.8 £1.5mL/kg/
min, P <0.01). The DBP of the intervention groups did
not change significantly, but it was significantly lower
than that of the CON group (P<0.05). In addition, the
VOzpeal( were negatively and highly correlated (R>=0.67,
P<0.01) in all HIIT, MICT and CON groups with VAT
(Fig. 2).

Cardiometabolic markers

Table 3 showed that both the HIIT group (P<0.05,
ES=0.34) and MICT group (P<0.05, ES=0.34) experi-
enced significant positive modifications for HOMA-IR
compared to baseline value, and there was no significant
difference between the interventions. Moreover, the
LDL of HIIT group was significantly decreased (P<0.05,
ES=0.38). After training, there was no significant change
in other cardiometabolic markers.

Discussion

The main objective of this study was to compare the
effects of school-based HIIT versus MICT on health-
related parameters in obese boys. The present results
demonstrated that school-based interventions as a main
form of running were effective in improving body com-
position and cardiorespiratory fitness of obese boys.
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Table 3 Cardiometabolic and fitness variables at baseline and post-interventions (mean £ SD)

Variable HIT (n=12) MICT (n=11) CON (n=13) Time  Group Time x Group
Baseline Post Baseline Post Baseline Post
Energy intake (Kcal/day) 2937 £271 3061 £ 163 31294253 31054177 29894183 30524176 0267 0.128 0490
Body composition
BMI (kg/m?) 245+ 1.1 27+10% 244409 232407% 238408 248410° 0003 0029 0000
%BF (%) 384440  362+39fF  375+£20 344+15%% 383416 395421 0033 0119 0022
FM (kg) 217422 193+£17"F 220+46 183+£34%F 205420 233426 0107 0085 0001
FFM (kg) 302436 321445 30254 294 +43 287425 305430 0327 0335 0450
WC (cm) 838+74 788461 792456 785475 8254 7.1 849472 049 0061 0.164
VAT (9) 348 £ 55 2954+52%F 313486 296 + 81 F 355 4 68 394 4 71 0425 0003 0063
Cardiorespiratory fitness
VO3peak(mLr/kg/min) 418417  4794+26"F 426416 456+21%F 428413 426429 0000 0014  0.000
SBP (mmHg) 1547 110£5"% 11946 1M4+7" 11545 11644 0029 0058  0.090
DBP (mmHg) 69+5 67 +3F 71+4 68+4* 7144 71437 0087 0022 0342
Cardiometabolic markers
Glucose (mmol/L) 49403 474+03F 50403 494+04% 52404 54404 0709 0000 0.146
Insulin (ulU/mL) 102+£49  75+28% 96443 68+30°F 106 £33 123+£24 0142 0007 0049
HOMA-IR 22411 16406 21+10 15406 24407 29406 0.164 0001 0012
TC (mmol/L) 40406 40405 42408 39405 40405 42406 0943 0825 0378
TG (mmol/L) 16404 14403 14407 13405 13405 15406 0974 0520 0347
HDL (mmol/L) 13403 15402% 14403 14402 12402 13402 0.112 0034 0606
LDL (mmol/L) 23402 19403" 23404 20402 21£05 22405 0034 0954 0.107

%BF body fat percentage; BMI body mass index; DBP diastolic blood pressure; FFM fat free mass; FM total body fat mass; HDL high-density lipoprotein cholesterol;
HOMA-IR homeostatic model assessment for insulin resistance; LDL low-density lipoprotein cholesterol; SBP systolic blood pressure; TC total cholesterol; TG
triglyceride; VAT visceral adipose tissue; VOZpeak peak oxygen uptake; WC waist circumference;

Significantly different within each group before vs after program: * P<0.05, #P < 0.01

Significantly different from the other groups: * P<0.05
Significantly different from control: £ P<0.05

Moreover, there is no significant difference between HIIT
and MICT.

Physical activity increases energy expenditure,
which has been proved to be one of the most sus-
tainable and beneficial approaches to prevent and/or
counteract childhood obesity [29]. The present study
demonstrated that both HIIT and MICT interven-
tions for 12-week effectively improved body compo-
sition, reduced BMI and FM in obese boys. Although
there were no significant differences in reducing BMI
and FM between two training interventions observed
in the present study, an interesting finding was that
HIIT seems to have a more pronounced tendency to
reduce visceral fat (VAT decreases ~17%), while MICT
tends to decrease the body fat (%BF decreased ~10%),
Fig. 3 showed the percentage change. Obesity is an
abnormal accumulation or excess of fat that can have
adverse health effects, especially VAT, which is strongly
associated with cardiovascular disease risk [30]. Previ-
ously, Racil et al. [21] compared the effect of moderate-
intensity interval training (MIIT) vs HIIT (3 sessions a
week for 12 weeks) on obese adolescent girls and found

that reduced BMI and central adiposity (measured by
WC) were more significant following HIIT than MIIT,
moreover, the authors considered that HIIT may acti-
vates the preferential oxidation of VAT. Recent stud-
ies suggested that the mobilization of IL-6 and irisin,
myokines secreted after high-intensity exercise but not
MICT, may be the potential reasons for reducing VAT
[31, 32]. Excess post-exercise metabolism may also be
responsible for HIIT induced reduction in central adi-
posity, since HIIT seems to increase the obese chil-
dren’s resting metabolic rate (RMR) [7], however, this
inference is controversial, no significant changes were
observed after three weeks HIIT intervention in RMR
[33]. Islam et al. [34] demonstrated that acute exer-
cise augmented post-exercise oxygen consumption
(EPOC) and fat utilization, which showed an intensity-
dependent manner, with a greater impact following
SIT (4 x 30s “all-out” sprints with 4 min of rest) than
MICT (30 min running at 65% VO3 max). However, con-
sidering the higher intensity of SIT, whether HIIT has a
similar effect needs to be further studied. Lee et al. [35]
reported that HIIT showed more favorable effect than
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increases the risk of developing cardiovascular diseases
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A :“é'g; reduce the risk of cardiovascular diseases and premature

S - mortality [37]. The present study confirmed that CRF
= A A ap (i.e., VOgpeak) in obese boys was significantly increased
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P <0.01 study from Silva [40] and Bogataj [41], school-based
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. . overweight/obese students. In addition to the different
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present study, we showed that in a real-world scenario,
HIIT can use less time (11 min vs. 30min) to achieved
similar effects with MICT in improving body composi-

MICT for decreasing post-prandial insulin and triglyc-
eride levels, and increasing fat oxidation in the next
morning.

Overweight and obese children have been shown to
possess lower CRF than normal weight children, which

tion and CRE.

Fasting insulin and HOMA-IR are indicators of insu-
lin resistance. After training, fasting insulin decreased
in intervention groups but were not statistically signifi-
cant (P=0.06). However, HOMA-IR was significantly
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decreased. To date, few studies have shown improve-
ments in glucose homeostasis of obese children follow-
ing HIIT [26, 27, 39], others demonstrated that HIIT has
no effect on blood glucose and insulin [38]. However, due
to the relatively few studies and inconsistent results, it is
difficult to confidently make conclusions on the impact
of HIIT compared to MICT on glucose regulation. Well-
powered randomized controlled trials should be con-
ducted to address these gaps in the future.

HIIT significantly decreased LDL levels is another
meaningful finding of this study. Decreases in LDL is
important as this decreases the risk of cardiovascular dis-
eases [42]. This is consistent with the results of previous
HIIT intervention studies on overweight/obese young
men [43], while others showed no significant effect [27,
38]. The discrepancies could be related to differences in
subject characteristics (ethnicity, diet, and previous phys-
ical activity), training intensity and duration.

Hypertension causes organ damage in obese chil-
dren, such as left ventricular hypertrophy and endothe-
lial dysfunction [44]. In the present study, we found that
12-week HIIT intervention could significantly decrease
SBP (~4%). Overweight/obese children have a higher
prevalence of hypertension. Development of obesity
increases the likelihood of hypertension in childhood
leading to future hypertension [45]. Although the sub-
jects in this study were not hypertensive, but they were
partly prehypertensive (SBP between 120~129mmHg
and/or DBP between 80~89mmHg). Evidence dem-
onstrated that above 4mmHg SBP reduction which is
expected to decrease CVD mortality by 5~20% [46].
Considering that blood pressure is closely related to car-
diovascular health, HIIT has significance in reducing SBP
in obese children. In addition, WC is positively associated
with SBP in children with obesity [47], which consistent
with the results observed in the present study, both WC
(~6%) and SBP (~4%) decreased in HIIT group. Whether
reductions in WC and VAT might be another reason for
SBP decline remains to be investigated.

In the present study, the total required weekly training
time for HIIT was 33min (11 min/session x 3 sessions/
week), which was much more efficient in comparison
with MICT (30min/session x 3 sessions/week). With
shorter exercise duration and similar/better positive
improvement, our data confirmed that HIIT could be
applied as a more attractive and convenient exercise regi-
men for obese children. For school-age children, shorter
duration time means better exercise adherence and wider
application in schools [41, 48, 49].

The strength of this study was the school-based out-
door HIIT running protocol, which requires the least
equipment. The ability to use 20m-SRT and maximal
aerobic speed (% MAS) to evaluate training intensity also
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contributes to the design and wider application of on-
field running programs. The present study also has limi-
tations. First, the number of subjects studied is relatively
small, and some subjects refused to join the study at the
beginning, which may lead to selection bias in the results
of the study. In the future, larger sample size of school-
based studies is needed to verify the intervention role
of HIIT in children and adolescents. Second, only boys
were included in this study, which could not better exam-
ine the gender differences in the effect of exercise inter-
vention. Quality of the study could be further improved
if daily physical activity level of each participant was
recorded by a diary or questionnaire with accelerometer.
Furthermore, participants’ running intensity was difficult
to measure and monitor with training on the track. The
use of MAS to evaluated the running intensities in both
groups may have resulted in heterogenous response to
the training [50]. The maturity of boys during the inter-
vention may also have a certain impact on the results of
the study. Exercise prescription based on heart rate, RPE,
lactate and ventilation threshold may be a better choice.

Conclusions

In conclusion, the present study shows that 12-week
school-based running HIIT protocol was highly effec-
tive in increasing cardiorespiratory fitness when com-
pared with MICT, and have a similar effect on improving
body composition of obese boys. In addition, HIIT also
effectively reduced visceral adipose tissue, which is more
time-efficient than MICT. In recent, there are some
school-based studies with large sample size [17, 51], and
the role of health indicators for obese children should be
further observed in the future.

Abbreviations

20-mSRT: 20 Meters shuttle run test; %BF: Body fat percentage; BMI: Body mass
index; CRF: Cardiorespiratory fitness; DBP: Diastolic blood pressure; ES: Effect
size; FFM: Fat free mass; FM: Total body fat mass; HDL: High-density lipoprotein
cholesterol; HIIT: High-intensity interval training; HOMA-IR: Homeostatic
model assessment for insulin resistance; LDL: Low-density lipoprotein cho-
lesterol; MAS: Maximal aerobic speed; MICT: Moderate-intensity continuous
training; SBP: Systolic blood pressure; TC: Total cholesterol; TG: Triglyceride;
VAT: Visceral adipose tissue; VOZpeak: Peak oxygen uptake; WC: Waist
circumference;.

Acknowledgments

The present study was supported by Shanghai University of Sport, Shenzhen
University and Hangzhou Gaoxin Experimental School. The authors are grate-
ful to all of the children and their parents for their cooperation.

Authors’ contributions

M.C. led the overall process, collected all of the measures and designed the
study. S.L and Y.Z. assisted with the data collection. M.C. and S.L. participated
in the design of the study and performed the statistical analysis. Y.C.T. partici-
pated in the coordination of the study and helped to draft the manuscript. Y.Z.
assisted with the design of the study and helped to draft the manuscript. All
authors read and approved the manuscript.



Meng et al. BMC Pediatrics (2022) 22:112

Funding

This study was funded by Guangdong Planning Office of Philosophy and
Social Science (ID: GD20YTY02), Humanities and Social Science Fund of Min-
istry of Education of China (ID: 16YJC890021) and Shenzhen stability support
plan (ID: 20200810135056001).

Availability of data and materials
The datasets used or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of Shanghai University of
Sport (2018019-2018). Informed written parental and participant consent was
gained for each participant.

Consent for publication
Written informed consent for publication was obtained from all participants.

Competing interests
The authors declare that they have no competing interests.

Author details

'Institute of Physical Education, Normal College, Shenzhen University, 3688
Nan Hai Road, Nan Shan district, Shenzhen 518061, China. “Institute of KEEP
Collaborative Innovation, Shenzhen 518061, China. *College of Education,
Zhejiang University, Zhejiang 310058, China.

Received: 17 March 2021 Accepted: 17 December 2021
Published online: 01 March 2022

References

1. Scott B, Bolton KA, Strugnell C, Allender S, Marks J. Weight status and
obesity-related dietary behaviours among culturally and linguistically
diverse (CALD) children in Victoria, Australia. BMC Pediatr. 2019;19(1):511.

2. CaiY, Zhu X, Wu X. Overweight, obesity, and screen-time viewing among
Chinese school-aged children: national prevalence estimates from the
2016 physical activity and fitness in China — the youth study. J Sport
Health Sci. 2017,6(4):404-9.

3. Weihrauch-Bluher S, Schwarz P, Klusmann JH. Childhood obesity:
increased risk for cardiometabolic disease and cancer in adulthood.
Metab Clin Exp. 2019;92:147-52.

4. Martin A, Booth JN, Laird Y, Sproule J, Reilly JJ, Saunders DH. Physical
activity, diet and other behavioural interventions for improving cognition
and school achievement in children and adolescents with obesity or
overweight. Cochrane Database Syst Rev. 2018;3:CD009728.

5. Donnelly JE, Blair SN, Jakicic JM, et al. American College of Sports Medi-
cine Position Stand. Appropriate physical activity intervention strategies
for weight loss and prevention of weight regain for adults. Med Sci Sports
Exerc. 2009;41(2):459-71.

6. Reilly JJ, Kelly J. Long-term impact of overweight and obesity in child-
hood and adolescence on morbidity and premature mortality in adult-
hood: systematic review. Int J Obes. 2011,35(7):891-8.

7. Chuensiri N, Suksom D, Tanaka H. Effects of high-intensity intermittent
training on vascular function in obese preadolescent boys. Child Obes.
2018;14(1):41-9.

8. Starkoff BE, Eneli IU, Bonny AE, Hoffman RP, Devor ST. Estimated aerobic
capacity changes in adolescents with obesity following high intensity
interval exercise. Int J Kinesiol Sportsence. 2014;2(3):2202-946.

9. Weston KS, Wisloff U, Coombes JS. High-intensity interval training in
patients with lifestyle-induced cardiometabolic disease: a systematic
review and meta-analysis. Br J Sports Med. 2014,48(16):1227-34.

10. Dias KA, Coombes JS, Green DJ, Gomersall SR, Keating SE, Tjonna AE, et al.
Effects of exercise intensity and nutrition advice on myocardial function
in obese children and adolescents: a multicentre randomised controlled
trial study protocol. BMJ Open. 2016;6(4):e010929.

22.

23.

24.

25.

26.

27.

28.

29.

31

Page 10 of 11

. Malik AA, Williams CA, Weston KL, et al. Perceptual responses to high-

and moderate-intensity interval exercise in adolescents. Med Sci
Sports Exerc. 2018;50(5):1021-30.

Bourdeaudhuij ID. How to make overweight children exercise and fol-
low the recommendations. Pediatric obesity. 2011;6(51):35-41.

Malik AA, Williams CA, Weston KL, et al. Perceptual and cardiorespira-
tory responses to high-intensity interval exercise in adolescents: does
work intensity matter? J Sports Sci Med. 2019;18(1):1-12.

Mura G, Vellante M, Nardi AE, et al. Effects of school-based physical
activity interventions on cognition and academic achievement: a
systematic review. CNS Neurol Disord Drug Targ. 2015;14(9):1194-208.
Costigan SA, Eather N, Plotnikoff RC, et al. Preliminary efficacy and
feasibility of embedding high intensity interval training into the school
day: a pilot randomized controlled trial. Prev Med Rep. 2015;2:973-9.
Floody DP, Romén LP, Mayorga JD, et al. Feasibility of incorporating-
high-intensity interval training into physical education programsto
improve body composition and cardiorespiratory capacity ofo-
verweight and obese children: a systematic review. J Exerc Sci Fit.
2018;17(2):35-40.

Lubans DR, Smith JJ, Eather N, et al. Time-efficient intervention to
improve older adolescents’ cardiorespiratory fitness: findings from

the ‘Burn 2 Learn’ cluster randomised controlled trial. Br J Sports Med.
2020;55(13):751-8.

Gray SR, Ferguson C, Birch K, Forrest LJ, Gill JM. High-intensity interval
training: key data needed to bridge the gap from laboratory to public
health policy. Br J Sports Med. 2016;50(20):1231-2.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard defini-
tion for child overweight and obesity worldwide: international survey.
Bmj. 2000;320(7244):1240-3.

Tanner JM. Growth and maturation during adolescence. Nutr Rev.
1981;39(2):43-55.

. Racil G, Ounis OB, Hammouda O, Kallel A, Zouhal H, Chamari K, et al.

Effects of high vs. moderate exercise intensity during interval training
on lipids and adiponectin levels in obese young females. Eur J Appl
Physiol. 2013;113(10):2531-40.

Buchan DS, Ollis S, Thomas NE, Baker JS. The influence of a high
intensity physical activity intervention on a selection of health related
outcomes: an ecological approach. BMC Public Health. 2010;10(1):8.
Léger LA, Mercier D, Lambert CG, J. The multistage 20 metre shuttle
run test for aerobic fitness. J Sports Sci. 1988;6(2):93.

Boreham CA, Paliczka VJ, Nichols AK. A comparison of the PWC170 and
20-MST tests of aerobic fitness in adolescent schoolchildren. J Sports
Med Phys Fitness. 1990;30(1):19-23.

Wong JE, Parnell WR, Black KE, Skidmore PM. Reliability and relative
validity of a food frequency questionnaire to assess food group intakes
in New Zealand adolescents. Nutr J. 2012;11:65.

Racil G, Coquart JB, ElImontassar W, Haddad M, Goebel R, Chaouachi A,
et al. Greater effects of high- compared with moderate-intensity inter-
val training on cardio-metabolic variables, blood leptin concentration
and ratings of perceived exertion in obese adolescent females. Biol
Sport. 2016;33(2):145-52.

Tjenna AE, Stelen TO, Bye A, Volden M, Slgrdahl SA, @degard R, et al.
Aerobic interval training reduces cardiovascular risk factors more

than a multitreatment approach in overweight adolescents. Clin Sci.
2009;116(4):317-26.

Gidding SS, Dennison BA, Birch LL, Daniels SR, Gillman MW, Lichten-
stein AH, et al. Dietary recommendations for children and adolescents:
a guide for practitioners: consensus statement from the American
Heart Association. Circulation. 2005;112(13):2061-75.

Lazzer S, Tringali G, Caccavale M, Micheli RD, Abbruzzese L, Sartorio A.
Effects of high-intensity interval training on physical capacities and
substrate oxidation rate in obese adolescents. J Endocrinol Investig.
2016;40(2):217-26.

Millard HR, Musani SK, Dibaba DT, Talegawkar SA, Taylor HA, Tucker KL,
et al. Dietary choline and betaine; associations with subclinical markers
of cardiovascular disease risk and incidence of CVD, coronary heart dis-
ease and stroke: the Jackson heart study. Eur J Nutr. 2018;57(1):51-60.
Wedell-Neergaard AS, Lang Lehrskov L, Christensen RH, Legaard GE,
Dorph E, Larsen MK, et al. Exercise-induced changes in visceral adipose
tissue mass are regulated by IL-6 signaling: a randomized controlled trial.
Cell Metab. 2019,29(4):844-855 e843.



Meng et al. BMC Pediatrics

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

(2022) 22:112

Dunnwald T, Melmer A, Gatterer H, Salzmann K, Ebenbichler C, Burtscher
M, et al. Supervised short-term high-intensity training on plasma

Irisin concentrations in type 2 diabetic patients. Int J Sports Med.
2019;40(3):158-64.

Lazzer S, Tringali G, Caccavale M. Effects of high-intensity interval training
on physical capacities and substrate oxidation rate in obese adolescents.
JEndocrinol Investig. 2017,40(2):217-26.

Islam H, Townsend LK, Hazell TJ. Excess Postexercise oxygen consumption
and fat utilization following submaximal continuous and supramaximal
interval running. Res Q Exerc Sport. 2018;89(4):450-6.

Lee S, Spector J, Reilly S. High-intensity interval training programme

for obese YOUTH (HIP4YOUTH): a pilot feasibility study. J Sports Sci.
2017;35(18):1-5.

Suriano K, Curran J, Byrne SM, Jones TW, Davis EA. Fatness, fit-

ness, and increased cardiovascular risk in young children. J Pediatr.
2010;157(4):552-8.

Lee IM, Skerrett PJ. Physical activity and all-cause mortality: what is the
dose-response relation? Med Sci Sports Exerc. 2001;33(6 Suppl):5459-71
discussion $493-454.

Dias KA, Ingul CB, Tjgnna AE, Keating SE, Gomersall SR, Follestad T, et al.
Effect of high-intensity interval training on fitness, fat mass and Cardio-
metabolic biomarkers in children with obesity: a randomised controlled
trial. Sports Med. 2017;48(3):733-46.

Ac CDA, Roschel H, Picango AR. Do Prado DM, Villares SM, Al DSP, Gualano
B: similar health benefits of endurance and high-intensity interval train-
ing in obese children. PLoS One. 2012;7(8):e42747.

Silva EM, Roman PL, Montilla JP, et al. Response of obese schoolchildren
to high-intensity interval training applied in the school context. Endo-
crinol Diabetes Nutr (Engl Ed). 2019;66(10):611-9.

Bogataj S, Trajkovi¢ N, Sanchez C, et al. Effects of school-based exercise
and nutrition intervention on body composition and physical fitness in
overweight adolescent girls. Nutrients. 2021;13(1):238.

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al.
2016 European guidelines on cardiovascular disease prevention in clinical
practice. Rev Esp Cardiol (Engl Ed). 2016;69(10):939.

Ouerghi N, Fradj MKB, Bezrati I, Khammassi M, Feki M, Kaabachi N, et al.
Effects of high-intensity interval training on body composition, aerobic
and anaerobic performance and plasma lipids in overweight/obese and
normal-weight young men. Biol Sport. 2017;34(4):385-92.

Feber J, Ahmed M. Hypertension in children: new trends and challenges.
Clinical science (London, England : 1979). 2010;119(4):151-61.

Bundy JD, Li C, Stuchlik P, Bu X, Kelly TN, Mills KT, et al. Systolic blood pres-
sure reduction and risk of cardiovascular disease and mortality: a system-
atic review and network Meta-analysis. JAMA Cardiol. 2017;2(7):775-81.
Taylor RS, Ashton KE, Moxham T, Hooper L, Ebrahim S. Reduced dietary
salt for the prevention of cardiovascular disease. The Cochrane database
of systematic reviews. 2011,;7:CD009217.

Zampetti S, Campagna G, Leto G, Lucantoni F, D'Onofrio L, Marandola L,
et al. Relation between wrist circumference and left ventricular structure
in overweight children. Am J Cardiol. 2018;121(12):1624-8.

Zhaowei Kong 1, Xitao fan 1, Shengyan sun, et al.. comparison of high-
intensity interval training and moderate-to-vigorous continuous training
for Cardiometabolic health and exercise enjoyment in obese young
women: a randomized controlled trial. PLoS One. 2016;11(7):e0158589.
Racil G, Coquart JB, Elmontassar W, et al. Greater effects of high- com-
pared with moderate-intensity interval training on cardio-metabolic
variables, blood leptin concentration and ratings of perceived exertion in
obese adolescent females. Biol Sport. 2016;33(2):145-52.
Scharhag-Rosenberger F, Meyer T, Gassler N, Faude O, Kindermann W.
Exercise at given percentages of VO2max: heterogeneous metabolic
responses between individuals. J Sci Med Sport. 2010;13(1):74-9.

Nejst LM, Malta NC, Christina, et al.: Fitness effects of 10-month frequent
low-volume ball game training or interval running for 8-10-year-old
school children. Biomed Res Int 2017. 2017:2719752.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Effects of school-based high-intensity interval training on body composition, cardiorespiratory fitness and cardiometabolic markers in adolescent boys with obesity: a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study design
	Participants
	Anthropometry, blood pressure, and body composition measures
	Cardiorespiratory fitness and maximal aerobic speed
	Fasting blood samples
	Training interventions
	Dietary intake
	Statistical analysis

	Results
	Body composition
	Cardiorespiratory fitness and blood pressure
	Cardiometabolic markers

	Discussion
	Conclusions
	Acknowledgments
	References


