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ABSTRACT

It has been shown that combined physical exercise is an efficient non-pharmacological approach in the
context of public health, since it has demonstrated satisfactory results in the prevention, treatment and con-
trol of various morbidities. Therefore, it is essential to systematize current knowledge to enable professionals
involved in the prescription of physical exercise to do so based on evidence. Thus, the objective of this study
was to perform a systematic review of randomized clinical trials to verify changes in cardiometabolic risk factors
induced by high-intensity interval training (HIIT) and resistance training (RT) in adolescents. The systematic
search was performed in the following databases: Pubmed, ScienceDirect, Cochrane, LILACS and Scielo. Ini-
tially 933 studies were identified, then two researchers eliminated duplications and manuscripts that did not
meet the eligibility criteria. Thus, two articles were included that met these criteria: a randomized clinical trial
conducted with adolescents (10 to 19 years) of both sexes, an intervention lasting for at least four weeks, which
prescribed HIIT and RT in the same session or not, and evaluation of at least one cardiometabolic risk factor.
The results demonstrated that eight to 12 weeks of HIIT and RT without nutritional intervention were effective
in significantly reducing waist circumference and body fat percentage. However, data pertinent to the efficacy
of this combination on risk of developing type 2 diabetes mellitus and arterial hypertension are controversial.
In view of the above, it is ascertained from the included studies that the combination of HIIT and RT has the
potential to reduce cardiometabolic risk factors in adolescents; therefore, further studies should be conducted
to determine the effectiveness of this prescription of physical exercise. Level of Evidence II; Systematic review
of Level Il or Level | Studies with discrepant results.

Keywords: Exercise; High-intensity interval training; Adolescent health.

RESUMO

Tem sido evidenciado que o exercicio fisico combinado é uma abordagem néo farmacoldgica eficiente no dmbito
da satde publica, uma vez que tem demonstrado resultados satisfatdrios na prevengao, tratamento e controle de
diversas morbidades. Portanto, é essencial a sistematizagéo do conhecimento atual para que profissionais envolvidos
na prescricdo de exercicios fisicos possam fazé-lo baseados em evidéncias. Dessa forma, o objetivo do presente estudo
foirealizar uma revisdo sistemdtica de ensaios clinicos randomizados para verificar as alteragées dos fatores de risco
cardiometabdlicos induzidas pelo treinamento intervalado de alta intensidade (HIIT) e treinamento resistido (TR) em
adolescentes. A busca sistemditica foi realizada nas sequintes bases de dados: Pubmed, ScienceDirect, Cochrane, LILACS
e Scielo. Inicialmente foram identificados 933 estudos, em sequida, dois pesquisadores eliminaram as duplicacées e
0s manuscritos que ndo atenderam aos critérios de elegibilidade. Assim, foram incluidos dois artigos que atenderam
aos critérios de incluséo: ensaio clinico randomizado conduzido com adolescentes (10a 19 anos) de ambos 0s sexos,
intervencdo com duragéo de, pelo menos, quatro semanas, que prescreveu HIIT e TR na mesma sesséo ou ndo, e
avaliacdo de, pelo menos, um fator de risco cardiometabdlico. Os resultados demonstraram que oito a 12 semanas
de HIIT e TR, sem intervencdo nutricional, foram eficazes para reduzir significativamente a circunferéncia da cintura
e o percentual de gordura. Entretanto, os dados pertinentes a eficdcia dessa combinagdo sobre o risco de desenvolvi-
mento de diabetes mellitus tipo 2 e hipertensdo arterial séo controversos. Diante do exposto, verifica-se, a partir dos
estudos incluidos, que a combinagdo de HIIT e TR tem o potencial de reduzir fatores de risco cardiometabdlicos em
adolescentes, portanto, novos estudos devem ser realizados para determinar a efetividade dessa prescricdo de exercicios
fisicos. Nivel de Evidéncia Il; Reviséo sistemdtica de Estudos de Nivel ll ou Nivel | com resultados discrepantes.

Descritores: Exercicio; Treinamento intervalado de alta intensidade; Satide do adolescente.

RESUMEN

Se ha evidenciado que el ejercicio fisico combinado es un enfoque no farmacoldgico eficiente en el dmbito de
la salud publica, ya que ha demostrado resultados satisfactorios en la prevencion, tratamiento y control de diversas
morbilidades. Por lo tanto, es esencial la sistematizacion del conocimiento actual, para que los profesionales invo-
lucrados en la prescripcidn de ejercicios fisicos puedan hacerlo basdndose en evidencias. De esta forma, el objetivo
del presente estudio fue realizar una revisién sistemdtica de ensayos clinicos aleatorizados para verificar los cambios
de los factores de riesgo cardiometabdlicos inducidos por el entrenamiento en intervalos de alta intensidad (HIIT) y
entrenamiento resistido (ER) en adolescentes. La blsqueda sistemdtica se realizé en las siguientes bases de datos:
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Pubmed, ScienceDirect, Cochrane, LILACS y Scielo. Inicialmente se identificaron 933 estudios, luego dos investigadores
eliminaron las duplicaciones y los manuscritos que no cumplieron los criterios de elegibilidad. Asi, se incluyeron dos
articulos que cumplieron estos criterios de inclusion: ensayo clinico aleatorizado conducido con adolescentes (10 a
19 afios) de ambos sexos, intervencidn con una duracion de al menos cuatro semanas, que prescribio HIIT y ER en
la misma sesién o no, y evaluacion de al menos un factor de riesgo cardiometabdlico. Los resultados demostraron
que ocho a 12 semanas de HIIT y ER, sin intervencidn nutricional, fueron eficaces para reducir significativamente
la circunferencia de la cintura y el porcentaje de grasa. Sin embargo, los datos pertinentes sobre la eficacia de esta
combinacion sobre el riesgo de desarrollar diabetes mellitus tipo 2 e hipertension arterial son controvertidos. Delante
de lo expuesto se verifica, a partir de los estudios incluidos, que la combinacion de HIIT y ER tiene el potencial de re-
ducir factores de riesgo cardiometabdlicos en adolescentes, por lo tanto, deben ser realizados nuevos estudios para
determinar la efectividad de esa prescripcion de ejercicios fisicos. Nivel de evidencia lI; Revision sistemdtica de

Estudios de Nivel Il o Nivel | con resultados discrepantes.

Descriptores: Ejercicio; Entrenamiento de intervalos de alta intensidad, Salud del adolescente.
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INTRODUCTION

The increasing prevalence of overweight and obesity has become
one of the most serious health problems in the 21st century.' Studies
indicate that increased body fat distribution is strongly associated with
higher incidence of cardiometabolic risk factors, including insulin resis-
tance, hypertension, and dyslipidemia.'?

Evidence shows that physical exercise is a non-pharmacological
intervention that is effective for reducing the risk of cardiometabolic risk
factors.3 Traditionally, continuous aerobic exercise has been the most
commonly prescribed owing to its already demonstrated benefits for
cardiovascular health and weight control.* Considering that lack of time
is one of the main barriers to exercise among adolescents, in recent de-
cades, researchers have demonstrated that high-intensity interval training
(HIT) is an efficient method for the development of performance and
cardiometabolic health indicators in different populations 8’ besides its
lower exercise volume and session duration. Furthermore, the literature
suggests that HIIT presents similar results® or has an even greater effect®
on these indicators in relation to continuous training.

Another possible physical exercise that has been added to the cur-
rent recommendations with the aim of both prevention and treatment
of cardiometabolic risk factors in the pediatric population is resistance
training (RT).>'° Furthermore, the benefits resulting from the practice
of RT in this population can go beyond the improvement of the fac-
tors generally mentioned in the literature to include the development
of bone health and improvement of self-esteem." Thus, to achieve
greater benefits, the prescription of both types of training (aerobic and
resistance), within the same micro-cycle but not necessarily in the same
session, characterizing combined training, has been recommended.'>3

Researchers have discussed possible HIIT interference in the adap-
tations associated with RT.>1* In this sense, Pugh et al.”® analyzed the
acute effects of the combination of HIIT and RT on molecular responses
in untrained men. The results showed no acute interference in the sig-
naling of contractile proteins and mitochondrial biogenesis indicators,
which suggests that this combination may favor the optimization of
adaptation. However, in a recent randomized clinical trial,™ the effects
on strength indicators and cardiometabolic risk factors associated with 8
weeks of RT only and combined HIIT and RT in premenopausal women
were evaluated. The authors concluded that HIIT before RT did not cause
any interference effects on strength gains or induce significant changes
in body composition or blood pressure. Thus, these results suggest
that the adjustments caused by the combination of HIIT and RT on
cardiometabolic risk factors are not yet clear, especially in young people.
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Therefore, it is essential to systematize current knowledge from
randomized clinical trials so that professionals involved in prescribing
physical exercise can do so based on scientific evidence. Along these lines,
the goal of this study was to perform a systematic review of randomized
clinical trials to verify the changes in cardiometabolic risk factors induced
by HIIT and RT in adolescents.

METHODS

This research was a systematic review. For this study, the recommenda-
tions of the PRISMA protocol'® were followed, and the review was recorded
in PROSPERO (CRD42018083542). The review included randomized clinical
trials, published or accepted for publication, conducted in adolescents (10 to
19years of age) of both sexes, with the intervention lasting at least 4 weeks,
with or without HIIT and RT in the same session and an evaluation of at
least one cardiometabolic risk factor. The exclusion criteria were as follows:
food restriction only for the intervention group, inclusion of patients with
physical or mental pathological conditions, and studies with duplication of
information in other investigations, monographs, dissertations, and theses.

Database and systematic search

Systematic searches were conducted in the following databases: PubMed
(1950 to December 2017), Science Direct (1997 to December 2017), Cochrane
(1993 to December 2017), LILACS (Latin American and Caribbean Literature
in Health Sciences; 1982 to December 2017), and Scielo (Online Scientific
Electronic Library; 1997 to December 2017). The final survey was conducted
on May 27,2018, without the use of a filter for publication date and language.

The PICO method was used to structure the systematic search: P
(population), adolescents; | (intervention), HIIT and TR; C (comparison),
no intervention or control group; and O (outcome), cardiometabolic risk
factors. Thus, the following descriptors were used in English, Spanish, and
Portuguese, combined according to the Boolean algebra: (adolescent
OR young OR teenager) AND (high-intensity interval training OR aerobic
interval training OR resistance training OR strength training) AND (cardio-
metabolic health OR cardiometabolic risk factors OR metabolic syndrome).

Selection of studies

A systematic search of the databases was conducted independently
by two researchers (WFF and FRM) who extracted the titles and abstracts.
Then, the studies were selected by reading the titles and abstracts blindly
(WFF and FRM). In the next step, the articles were read in full (WFF and
FRM). The references of full-text articles evaluated for eligibility were
manually analyzed to obtain more randomized clinical trials that were
not identified by the electronic search. Any disagreement between the
two researchers was referred to a third researcher (ASN).
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Data extraction

From the eligible studies, the following data were extracted: a)
authors, b) characteristics of the subjects, ¢) characteristics of the in-
tervention, d) outcome (measurement of cardiometabolic risk factors),
e) main results, and f) conclusion. The same data extraction form was
used by all the authors.

Risk assessment of bias and methodological quality of studies

To assess the risk of bias and methodological quality, each study was
blindly evaluated by two researchers (WFF and FRM). When there was
disagreement between the two researchers, a third researcher (ASN) was
consulted. The risk of bias was assessed on the basis of the recommen-
dations of the Cochrane Collaboration Handbook. The following aspects
were evaluated: generation of the randomization sequence, allocation
secrecy, blinding of participants and staff, blinding in the evaluation of
outcomes, incomplete outcome data, selective reporting of outcomes,
and other sources of bias.

To assess methodological quality, the PEDro scale was also used."”
This scale consists of 11 questions aimed at verifying the validity and
sufficiency of the statistical information of the studies. The first question,
which s related to external validity, was not scored. When each item met
the required criteria, it received one point, making it possible to classify
the quality of each study as follows: poor (<4), moderate (4 or 5), good
(6-8) and excellent (9 or 10). Studies with scores >6 were considered
of high quality.

Definitions

HIIT has been defined as repeated sequences of high-intensity effort
followed by various recovery times. It can be performed on treadmills,
cycle ergometers, or tracks, among others.”* Conversely, RT is a combi-
nation of static and dynamic contractions involving the contraction and
distension of skeletal muscles against an external resistance. It can be
performed with free weights (dumbbells and bars), body weight, elastic,
springs, or machines, among others.'® Cardiometabolic risk factors are a
set of risk factors of cardiovascular disease and type 2 diabetes mellitus?
For this study, the following factors were considered: fat percentage; waist
circumference; and levels of fasting glucose, fasting insulin, triglycerides,
and total cholesterol; and resting blood pressure.

RESULTS

Search results

The systematic database search identified 933 studies (Figure 1).
Initially, duplicate studies were excluded (87 studies), and then two
researchers eliminated by title and/or abstract the references that
were not in accordance with the inclusion criteria (808 studies). Sub-
sequently, the references of the selected manuscripts were screened
(38 studies); soon after, the articles were fully analyzed to verify if they
met the eligibility criteria. Two eligible manuscripts provided data for
qualitative analysis.>%

The reasons for study exclusion are described in Table 1. These studies
prescribed continuous training and RT (20 studies), sports activities only
(2 studies), continuous training only (3 studies), other combinations of
exercises (7 studies), and adult individuals as samples (4 studies).

Sample characteristics and exercise details

The characteristics of the studies included in the systematic review
are described inTable 2. Logan et al.'® analyzed the effects of 8 weeks of
HIIT and RT on cardiometabolic risk factors in 26 male adolescents. The
participants were randomized into five groups (HIIT+ RT 1, HIT + RT 2,
HIIT 4+ RT 3, HIIT + RT 4, and HIIT + RT 5), with distinct volumes of HIIT.
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Articles identified in the
search database (n = 933)

Articles identified in other

sources (n = 0)

|

|

Articles after removal of duplicates

(n = 846)

[ Inclusion ][ Eligibility ][ Selection ][Identiﬁcation]

- Articles excluded
Articles scanned because of the title
(n = 846) and/or abstract
l (n = 808)

Articles in full texts
evaluated for eligibility
(n=38)

Articles in full texts
excluded
(n =36)

1
Articles included in the
qualitative synthesis
(n=2)

Figure 1. Flowchart of the strategic search.

Table 1. Characteristics of the excluded studies.

Author

Reason for exclusion

Earnest et al. (2014)?'
Forsell et al. (2015)%
Huffman et al. 2014)*
Ormsbee et al. (2015)*

The participants included in this systematic review
were adolescents. The studies in
this group analyzed adults.

Ackel-D'Elia et al. (2014)%
Alberga et al. 2012)%
Alberga et al. (2015)¥
Antunes et al. (2013)%8
Antunes et al. (2

Bell et al. (2007)®
Browning et al. (2015)%'

Bruyndonckx et al. (2015)*
Campos et al. (2014)**
Damaso et al. (2014)"?

Davis et al. (2011)**
Foschini et al. (2010)*
Gow et al. 2016)*
Inoue et al. (2015)%7
Mello et al. (2011)%

Mendelson et al. (2015)*°
Monteiro et al. (2015)*

013)
015)*

Piano et al. (2012)*!

Sigal et al. (2014)*

Son et al. (2017)*

The modalities of the physical exercises of interest
in this review were high-intensity interval training
(HIIT) and resistance training. The studies in this
group performed continuous aerobic exercise
in combination with resistance training.

Calcaterra et al. (2013)*

Reinehr et al. (2011)%

Prescription of sports activities only

Carrel et al. (2005)*

Fayh et al. 2013)¥
Giannaki et al. (2016)*

Gueugnon et al. (2012)*°

Huang et al. (2015)*°

Kamal & Ragy. (2012)°!

Kelishadi et al. (2008)°2

Knox et al. (2012)%

Mccormack et al. (2014)>*

Vrablik et al. (2014)*

Resistance training and sports activities
Continuous aerobic training only
Circuit-strength training only
HIIT and sports activities
Continuous aerobic training only
Continuous aerobic training only
Continuous aerobic training and sport activities
Walking and jogging training
Continuous aerobic training and exercises in Wii Fit
Combined training and sports activities

In a college facility, HIIT was prescribed twice a week in blocks as
follows: 4 sequences of 20 s (90-100% CF,,,,) interspersed with 10 s
of passive recovery, with a total of 11 minutes per session on average.
RT was performed once a week in all the groups in 3 sets, with 8 to
12 repetitions (70% of 1RM) of the exercises, including supine, seated
rowing, leg press, dumbbells, and squats, for a total of approximately
30 minutes per session.

Racil et al.? verified the effects of 12 weeks of HIIT and RT with plyo-
metric exercises on the metabolic health of 26 female adolescents with
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Table 2. Characteristics of the included studies.

Author

Subjects

Intervention

Outcome

Results (Mean
percentage [range])

Conclusion

Logan et al.
(2016)"°

- n =26 non-active male

adolescents who did not
participate in structured

physical activities
(16.0 £ 1.0 years)

- They were randomized
into five groups (HIIT +
TR, HIT + TR, HIIT + TR,
HIIT + TR, and HIIT + TR).

- 8 weeks of high-intensity interval
training and endurance training

- HIIT 2 times per week/RT 1 time per week
with 48-h intervals between the sessions

- HIIT prescription
The HIIT was prescribed in the premises of
a college. All groups performed 3 min of
heating and final recovery (50-60% HR,,,)

HIIT + RT 1: 4 sequences X 20
s (90-100% CF,,,,) interspersed
with 10-s passive recovery
HIIT + RT 2: 2 blocks X 2 sequences
% 205 (90-100% FC,,,) interspersed
with 10-s passive recovery
HIIT + RT 3: 3 blocks X 3 sequences
% 20 s (90-100% FC,,,,) interspersed
with 10-s passive recovery
HIIT + RT 4: 4 blocks X 4 sequences
% 20’5 (90-100% FC,,,) interspersed
with 10-s passive recovery
HIIT + RT 5: 5 blocks x 5 sequences
% 205 (90-100% FC,,,) interspersed
with 10-s passive recovery

At each block of 4 sequences an interval of
2 min of passive recovery was performed.

- RT prescription
RT for all groups: 3 sets, 8-12 repetitions
(70% of 1RM) in exercises: supine, seated
paddling, leg press, dumbbells, and squats.

- Percentage of
fat estimated with
radiological densitometry
of double energy (DXA)

- Waist circumference:
in the erect position
at expiration, the
waist circumference
was measured with
a measuring tape at
the point of greatest
protuberance between
the iliac crest and the
last floating rib

- Glucose and insulin:
Blood was collected
after 12 hours of fasting.
Analysis of glucose and
insulin were performed
with specific tests
(Roche Modular E170)

- Blood pressure at rest:
after 5 minutes in the
sitting position, blood

pressure was checked with|
an automatic monitor

- Fat percentage (p < 0,05)
HIT+RT 1: =09 -4.0 to —2.3)
HIIT + RT 2. —4.3 8.1 to —0.4)
HIIT + RT 3: -6.2 (-9.1 to —4.2)
HIT + RT 4: =1.7 (-4.5 t0 2.0)
HIT+TR 5:-5.5 (-10.0 to -0.3)

- Waist circumference (p < 0.05)
IIT+RT 1: =22 (-4.2 to —0.6)
HIIT + RT 2: =3.0 (-84 to —1.0)
HIIT + RT 3: -33 (-49to -1,7)
HIIT + RT 4: =0.9 (8.0 t0 4.6)
HIIT + RT 5: =2.6 (6.6 to —0.7)

- Fasting glucose (p = 0.837)
HIIT + RT 1: 8.2 (4.0-15.5);
HIIT + RT 2: 1.4 (9.5 to 14.5);
HIIT + RT 3:9.9 (-5.3to 34.5)
HIIT + RT 4: =124 (=189 to —84)
HIIT + RT 5:4.3 (=10.0 to 23.2)

- Fasting insulin (p = 0.716)
HIIT + RT 1: =11.8 (=334 t0 8.5)
HIIT 4+ RT 2: 21.1 (=19.5 to 70.6)
HIIT + RT 3: =7.1 (=294 t0 22.8)
HIIT + RT 4: 53.2 (-32,6 to 167.6)

HIIT + RT 5:81.13 (=22.0 to 196.7)

- Systolic blood pressure (p = 0.183)
HIIT+RT 1: -6.3 (-9.5 t0 —3.1)
HIIT + RT 2: =5.7 (-19.1t0 7.7)

HIIT + TR 3:4.5 (0.6 to 4.9)
HIIT + RT 4: =43 (=113 t0 3.5)
HIIT + RT 5: -2.8 (-7.0t0 0.3)

- Diastolic blood pressure (p < 0.05)
HIT+RT 1: 0.8 (=54 t0 6.7)
HIIT + RT 2: =2.7 (-104 to 3.5)
HIIT +RT 3:26 (-4.8to 11.0)
HIT + RT 4: —=13.1 (=214 to —4.4)
HIIT + RT 5: =9.9 (-13.1 to —6.5)

Eight weeks of HIIT
and weight training
induced significant
reductions in fat
percentage, waist
circumference, and
diastolic blood
pressure. Execution
of additional HIIT
sequences promoted
small improvements
in male adolescents

Racil et al.
(2016)20

-HIT+RT1:n=5
-HIT+RT2n=5
-HIT+RT3:n=6
-HIT+RT4:n=5
-HIT+RT5n=5
-n =68 obese

female adolescents
(16.6 £ 1.3 years)

- They were randomized
into three groups (HIIT
+ RT, HIIT, and control)

-HIT+RT:n=26
-HIT:n=23
- Control:n =19

- 12 weeks of high-intensity interval
training and endurance training on
the same day, 3 times per week with a
48-hour interval between sessions.

- HIIT Prescription
10 min of heating and recovery
(50% VO,5e5)- HIIT was prescribed
on a 200-m runway.

2 blocks x 6 to 8 sequences X 30 s
(100% VO e interspersed with 30
s of active recovery (50% VO,.y).

At each block from 6 to 8
sequences, a 4-min passive recovery
interval was performed.

- RT prescription
first to fourth week: 2 blocks x 4
sequences X 15 s in exercises: jumping
with both legs, throwing the medicine
ball above the head, and diving in
the medicine ball with one leg
fifth to eighth week: 2 blocks x 4
sequences X 15 s of exercises, including
jumps with obstacles, zigzag jumps, and
throwing a medicine ball on one’s back.
ninth to 12th week without: 2 blocks
x 4 sequences X 15 s of exercises,
including jumping over the cone with
one leg, zig-zag with one leg, and
throwing a medicine ball to a partner.

For each new block or fiscal year, an
interval of 1.5 min was executed.

Inspection: Lack of training.

- Fat percentage:
estimated by
bioimpedance (TBF-300)

- Waist circumference:
in the erect position,
the waist circumference
was measured with
a measuring tape at
the point of greatest
protuberance between
the iliac crest and the
last floating rib.

- Fasting glucose: blood
was collected after
12 hours of fasting.

Blood glucose analysis
was performed using
an automatic device

(Architect c8000)

- Fasting insulin: blood
was collected after
a 12-h fast. Insulin
analysis was performed
using the method (RIA)
(Immunotech A)

- Fat percentage
HIIT + RT: =7.2 + 1.8 (p < 0.05)
Control: 0.6 £ 0.9

- Waist circumference
HIIT + RT: =4.0 £ 1.0 (p < 0.05)
Control: 0.6 + 0.6

- Fasting glucose level
HIT + RT: =11.0 + 4,7 (p < 0.05)
Control: 1.3 £ 35

- Fasting insulin level
HIIT + RT: =29.5 £ 5.6 (p < 0,05)
Control: =32 + 3.2

Twelve weeks of
HIIT and resistance
training through
plyometric exercises
induced significant
reductions in the
percentage of fat,
waist circumference,
glucose and insulin
concentrations
in adolescents
with obesity

HIIT, High-intensity interval training; RT, Resistance training; HR,.,,, Maximum heart rate; VO, Peak oxygen consumption.
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obesity. The exercise sessions were performed three times a week, with a
48-hourinterval. On a 200-m track, HIIT was performed in two blocks of
6 to 8 sequences with a duration of 30's (100% VO, interspersed with
30 s of active recovery (50% VO, The RT was composed of plyometric
exercises, including two blocks of 4 sequences executed by 15 s with
90-s intervals between the sequences. Every 4 weeks, the complexity of
the exercises of the lower and upper limbs was increased. The total time
of the HIIT and RT sessions were 40 and 10 min, respectively.

Regarding the comparison or control group, only the study by Racil
et al?% included a control group with 19 adolescents. This group was
instructed to maintain the practice of usual physical activities and not
to change dietary habits. Both studies provided specialized supervision
in conducting the training sessions. As for participation in the sessions,
the included studies reported a frequency of >85%.

Cardiometabolic risk factors

Fat percentage and waist circumference

Male adolescents who completed an 8-week intervention, including
HIIT and RT, had significant reductions in their fat percentages and waist
circumferences.' Similarly, in the adolescents with obesity, 12 weeks of
HIIT and RT without nutritional intervention were sufficient to reduce
fat percentage and waist circumference.?

Glycemic and lipid profiles

Significant reductions in fasting insulin and blood glucose concentra-
tions induced by physical training were found in girls with obesity who
participated in 12 weeks of plyometric and HIIT exercise.?’ By contrast,
the combination of resistance exercise with HIIT did not modify fasting
insulin and blood glucose levels in inactive adolescents.”® The studies
included in this review did not analyze the concentrations of triglycerides
and total cholesterol.

Resting blood pressure

Only the study by Logan et al.” evaluated resting systolic and dias-
tolic blood pressures in response to HIIT and RT in adolescents. After 8
weeks of intervention, a significant decrease in diastolic blood pressure
but no significant changes in systolic blood pressure were observed.

Risk of bias and methodological quality

The risk of bias is presented in Table 3.The studies included'?° did not
employ confidentiality in the allocation of participants, characterizing a
high risk of bias in this domain. In addition, these studies did not provide
sufficient information regarding the blinding of the participants, team,
and outcome evaluation. The agreement between the researchers in the
evaluation of risk of bias was considered good (Kappa = 0.76).

Regarding the methodological quality of the studies, the stu-
dies by Logan et al.” and Racil et al.? reached 6 points on the
PEDro scale because they did not report blinding of participants,
professionals, and evaluators. Thus, it can be stated that the studies
included presented good methodological quality. In relation to
the agreement among the researchers, the Kappa index showed
perfect agreement. Details on the methodological quality are
described in Table 4.

Table 3. Risk of bias of the studies included in the systematic review.

Table 4. Methodological quality of the studies included in the systematic review,
assessed on the PEDro scale.

Author
. Logan et al.| Racil et al.
Questions (2016) 2016)

1. The eligibility criteria have been specified®. Yes Yes
2. The subjects were randomly distributed into groups. Yes Yes
3. The distribution of participants was blind. No No

4. Initially, the groups were similar in terms of
: o Yes Yes

the most important prognostic indicators.
5. All the subjects participated blindly in the study. No No
6. All the professionals who administered No No
the intervention did so blindly.
7. All evaluators who measured at least

No No

one key outcome did so blindly.

8. Measurements of at least one key outcome
were obtained from >85% of the subjects Yes Yes
initially assigned to the groups.

9. All the subjects from whom measurements of
results were taken were either treated or controlled
according to distribution, or where this was not Yes Yes
the case, the data were analyzed for at least one
of the key results by “intended treatment”

10. The results of intergroup statistical comparisons

. Yes Yes
have been described for at least one key outcome.
11. The study presents both precision and variability Yes Ves
measures for at least one key outcome.
Total score 6 6

*Question 1 does not contribute to the total score

DISCUSSION

Physical exercise has been demonstrated to be an efficient non-phar-
macological approach in public health, as it is important in the prevention,
treatment, and control of various morbidities*!" However, the type and
dose of exercise required to induce benefits to cardiometabolic health is
still a controversial issue, especially in adolescents>#!" On the basis of the
results presented in the eligible articles in this review, the combination
of HIIT and RT has the potential to reduce cardiometabolic risk factors in
the pediatric population. However, only little convincing evidence has
been found to support the efficacy of this combination for all outcomes.

The increased prevalence rates of overweight and obesity in chil-
dhood and adolescence are considered a public health problem of
concern because these morbidities have been associated with health
risks.! In adolescents of both sexes, 8 to 12 weeks of HIIT and RT without
nutritional intervention were effective in significantly reducing waist
circumference and fat percentage.'®?°

When we analyzed the isolated effects of each of these training me-
thods, we observed in the literature that HIIT has been shown to be
efficient in reducing the percentage of fat in the pediatric population.5/°
Likewise, RT promotes a reduction in the percentage of fat, but at a lower
magnitude than HIIT does.’®™ In this sense, the combination of these
training methods for 8 to 12 weeks induced a significant loss of body fat,
including anincrease in lean mass,'*? characterizing a greater number of

Risk of bias
Author Randomization Allocation | Blinding of participants BI|r'\d|ng in the Incomplete Selective reporting | Other .sources
secrecy and team evaluation of outcomes outcome data of outcomes of biases
Logan et al. (2016) Low High High Uncertain Low Low Low
Racil et al. (2016) Low High High Uncertain Low Low Low
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important adaptations than with only one type of exercise. These results
can be explained by negative energy balance, increased mitochondrial
biogenesis, and neural and structural adaptations of the skeletal muscle.!>*’

High fasting glucose and insulin concentrations can be considered
warning signs for the development of diabetes mellitus type 2 and other
related metabolic changes.®® Available data from systematic reviews and
randomized clinical trials showed that HIIT674%% and RT'%4648 performed
alone have the potential to reduce the risk of diabetes mellitus type 2
in the pediatric population.

Considering the studies included in this review, the combination of
HIIT and RT promoted significant reductions in plasma concentrations
of fasting glucose and insulin levels in female adolescents with obesity,
but no changes in these concentrations were found in male adolescents.

Although both studies adopted similar procedures in the analy-
sis of fasting glucose and insulin levels, the sample size and specific
characteristics of the volunteers, such as sex, nutritional status, and
glucose profile, may have contributed to the discrepant results. Thus,
the absence of responses in glycemic metabolism in the study con-
ducted with male adolescents can be explained by the small sample
size of each group and by the normal levels of fasting glucose and
insulin at baseline.*” In this context, the efficacy of the combination
of HIIT and RT for the development of morbidities related to glycemic
metabolism is not yet clear.

High blood pressure is considered the most important risk factor of
cardiovascular disease, contributing to half of all cases of heart disease
and about two thirds of all cases of cerebrovascular disease.*® The litera-
ture has shown that HIIT promotes a considerable hypotensive effect in
hypertensive adolescents with high BP®” However, data on the efficacy
of RT for altered blood pressure in this population are limited.'048

With regard to the studies included in this review, only one analyzed
resting systolic and diastolic blood pressures, which were measured with
an automatic device.' The results were a significant decrease in diastolic
blood pressure, and a low-magnitude reduction in systolic blood pressure
(p > 0.05) after 8 weeks of HIIT and RT in male adolescents.

The available evidence in the literature suggests that the hypotensive
effect of physical exercise is greater in hypertensive individuals than in
normotensive individuals®; thus, the low-magnitude reduction in blood
pressure induced by the combined exercise intervention is relevant be-
cause it potentially promoted better regulation of blood pressure in the
volunteers due to neurohumoral, vascular, and structural adjustments
of the cardiac muscle.®° It is important to highlight that these data are
limited, in view of the fact that they come from only one study, which
highlights the need for further research on this topic.

In analyzing systematic reviews and randomized clinical trials that
examined the effects of combined training (continuous aerobic and
resistance) on cardiometabolic risk factors in adolescents, we observed
that this type of training promoted improvement in body composition,
metabolic profile and inflammatory status.'>*43643>7 The results of this
review present promising evidence; however, they were based on only
two studies, limiting the comparability of the results, as this investigation
could not perform a more robust analysis of the data. Therefore, the evi-
dence on the type and dose of combined exercise required to promote
cardiometabolic health benefits is not fully understood at this time.

The studies included in this systematic review presented a consi-
derable risk of bias due to the insufficient description of blinding in the

evaluation of outcomes and allocation of participants. Although the
investigations analyzed reached 6 points on the PEDro scale, the sample
size was small in both studies, and the a priori calculation of the sample
size was not performed. It should be pointed out that all studies were
classified as having a high risk of bias in the domain “blinding of parti-
cipants and team."Considering that it is practically impossible to“blind”
participants in interventions with physical exercises, the risk of bias and
methodological quality may have been underestimated.

Regarding the limitations of this investigation, the systematic search
was performed only in journals indexed in the electronic databases
PubMed, Science Direct, Cochrane, LILACS, and Scielo. Therefore, it is
possible that some manuscripts on this topic have not been found.
However, the databases used in this review are the most consulted for
bibliographical research on manuscripts in Portuguese, English, and
Spanish. In addition, a complete search was conducted in the referen-
ces of the 38 articles evaluated for eligibility to find more studies. The
investigation was conducted using only descriptors in Portuguese,
English, and Spanish; therefore, existing studies in other languages
were not included.

CONCLUSION
Implications for practice

Considering the results demonstrated by the articles included in this
review, the combination of HIIT and RT has the potential to reduce cardio-
metabolic risk factors in adolescents. Relevant aspects of the combined
exercise program refer to exercise tolerance in adolescents with eutrophy
and obesity, participation in >85% of the physical training sessions, easy
application given that the interventions can be performed in school
facilities, and relatively shorter total session time than those in traditional
combined programs. However, HIIT and RT could not be recommended
because of the small number of available studies on the subject.

Implications for future research

The influences of sex, nutritional status, ethnicity, and biological
maturation on cardiometabolic health is not fully understood.>#!" There-
fore, the discrepancies in cardiometabolic responses induced by HIIT
and RT in adolescents may be due to the physiological characteristics
of the population and/or limitations of the study design of the avail-
able investigations that met the inclusion criteria. Given that currently,
no strong evidence has been found to determine the effectiveness
of the combination of HIIT and RT on cardiometabolic risk factors, we
recommend that further investigations be conducted with adolescents,
following the guidelines of the Consort Statement.

From this perspective, the standardization of the measurement
of cardiometabolic risk factors is necessary to minimize confounding
factors such as choice of outcomes, instruments, and procedures of
analysis. In addition, the manipulation of exercise prescription compo-
nents (intensity, duration, frequency, and type) should be detailed and
be in accordance with the guidelines of the American College of Sports
Medicine*'®. This will facilitate comparability between studies and the
development of future programs for prevention, treatment, and control
of cardiometabolic risk factors.
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