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Abstract — Interval training (HIIT / SIT) combined with resistance training (RT) has
been highlighted as a strategy for the improvement of health-related physical fitness mark-
ers (HRPF) in adults. Thus, the aim of this meta-analysis was to compare the efficacy of
combined training (HIIT / SIT + RT) with other exercise protocols on HRPF markers
in adults. A systematic search was performed in MEDLINE via PebMed, Cochrane-
CENTRAL, SPORTDiscus, LILACS, SCIELO and Scopus databases between Janu-
ary and March 2017, using the following keywords in English and Portuguese: physical
fitness, high-intensity interval training, sprint interval training, resistance training and
adults. The quality of studies was evaluated using the PEDro scale. After applying both
inclusion and exclusion criteria, nine articles were selected (n = 231). The extraction of
means and standard deviations from studies was performed independently by two authors
and the RevMan software was used to perform the meta-analysis. Combined training
interventions lasted from 6 to 12 weeks and generated greater increase in maximal oxygen
uptake than other forms of exercise. The combination of interval training and strength
training may be considered more effective to improve aerobic capacity levels in adults.

Key words: Adults; High-intensity interval training; Physical fitness; Resistance training;
Sprint interval training.

Resumo — O treinamento intervalado (HIIT/SIT) combinado com o treinamento de resis-

téncia (TR) tem se destacado como estratégia para a melhora de indicadores de aptidao fisica

relacionados & saide (AFRS) em adultos. Assim, o objetivo desta meta-andlise foi comparar

a efetividade do treinamento combinado (HIIT/SIT + TR) com outros protocolos de exercicio

sobre os indicadores de AFRS em adultos. Foi realizado a busca sistemdtica nas bases de dados 1 Federal University of Parana.
eletrénicas MEDLINE wvia PubMed, Cochrane-CENTRAL, SPORT Discus, LILACS, ~ Department of Physical Education.
SCIELO e Scopus, entre janeiro e margo de 2017, com a utilizagio dos seguintes descritores, em Post-G.raduate 'Plrogram In Physmal
inglés e portugués: physical fitness, hight-intensity interval training, sprint interval training, Education. Curitiba, PR. Brazil.

resistance training e adults. A qualidade dos estudos foi avaliada por meio da escala PEDro. 2 Federal University of Parand.

Apds a aplicagio dos critérios de inclusio e exclusio, nove artigos foram selecionados (n=231). A Department of Prevention and
extragdo das médias e desvios padraes dos estudos foi realizada de forma independente por dois Rehabilitation in Physical Therapy.
autores e utilizou-se o programa RevMan na condugio da meta-andlise. As intervengoes com Post-Graduate Program in Physical

treinamento combinado (HIIT/SIT + TR) tiveram duragio de 6 a 12 semanas e produziram Education. Curitiba, PR. Brazil.
maiores aumentos de absor¢do mdxima de oxigénio que outras formas de exercicio. A combina-
¢do do treinamento intervalado e treinamento de forca pode ser considerada mais eficaz para a
melhora dos niveis de capacidade aerobica em adultos.

Received: March 20, 2017
Accepted: October 09, 2017

de alta intensidade. Creative Commom

Palavras-chave: Adultos; Aptidao fisica; Treinamento de resisténcia; Treinamento intervalado @ ® Licenga -
BY




INTRODUCTION

Western lifestyle is characterized by changes in dietary intake, increases in
dietary energy supply, reductions in levels of physical activity and increases
in time spent in sedentary behaviors', and the adult population, due to its
social and economic relevance, deserves greater attention and policies aimed
at the maintenance and / or recovery of its physical and mental well-being?.

The maintenance of minimum performance indexes is necessary to
maintain adequate functional (strength / resistance and flexibility), motor
(cardiorespiratory fitness) and morphological levels (body composition)
of adequate health-related physical fitness (HRPF)?*. In addition, regular
physical activity at all ages is essential to minimize the risk of incubation
and early development of chronic-degenerative diseases, thus enabling
longevity with higher quality of life, reduction of risk factors, health
promotion and performance of daily tasks and leisure activities**. Thus,
different intervention protocols with physical exercises have been used to
promote improvements in HRPF indicators, mainly in the reduction of
visceral fat and cardiovascular risk factors®.

Among the various exercise protocols proposed for obesity manage-
ment today, interval training has been highlighted as an efficient strategy
to achieve innumerable health benefits”®. This method is characterized by
intense loads of exercise separated by a period of interval between series’,
with adaptive benefits superior to other types of training such as continuous
aerobic exercise, but with less training volume'. In addition, this training
protocol has helped to achieve greater adherence to exercise programs,
precisely because it presents an eflicient dose of time and reduces the health
risks associated with obesity''.

Among the methodologies observed in the various studies that use the
principles of interval training, sprint interval training (SIT) is defined as
sprints of short duration (8 to 30 seconds), with intensity greater than 100%
of VO, and interspersed with recovery periods®, while high-intensity
interval training (HIIT) is characterized by exercise sessions with intensi-
ties between 80% and 100% of maximum heart rate or aerobic capacity,
with duration between 60 and 240 seconds, which are within the aerobic
capacity of the individual (sub-maximum), but extremely intense’.

Another protocol widely used in literature is resistance training, since it
is an important component for weight loss by promoting body fat reduction
increased lean mass and muscle strength”'2. In addition, this protocol pro-
duces the EPOC effect (excessive post-exercise oxygen consumption), and
through this system, brings long-term benefits to individuals by increasing
basal metabolic rate and caloric expenditure and improves lipid oxidation™.

Although there is consensus in literature about the benefits of interval
and resistance training alone, it is important to analyze the effectiveness of
the combination of these two protocols, since the sum of benefits brought
by both seems to be an interesting strategy to improve the physical fit-

ness indicators, weight management and health enrichment in adults'”.
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Therefore, the aim of this meta-analysis is to compare the effectiveness of
combined training (HIIT / SIT + RT) with other exercise protocols on
HRPF indicators in adults.

METHODOLOGICAL PROCEDURES

The systematic review was conducted between January and March 2017,
following the recommendations of the Preferred Reporting Items for Sys-
tematic Review and Meta-analyses: The PRISMA Statement', developed
in a methodical, explicit and reproducible manner with a clear question,
search strategy and well-defined inclusion and exclusion criteria, is aimed
at guiding future research and systematizing the knowledge produced *.

'The selection of descriptors used in the review process was done through
consultation with DECS (BIREME health sciences subject descriptors)
and MESH (Medical Subject Headings - controlled vocabulary used for
indexing articles for PubMed). The search was performed in six electronic
databases: MEDLINE (Medical Literature Analysis and Retrieval System
online) via PubMed, Cochrane-CENTRAL, SPORTDiscus, LILACS,
SCIELO (Scientific Electronic Library Online) and Scopus, using the
following language descriptors in English and Portuguese, respectively:
physical fitness (aptidio fisica), high-intensity interval training (treinamento
intervalado de alta intensidade), sprint interval training (treinamento in-
tervalado de Sprint), strength training (treinamento de forca), resistance
training (treinamento de resiténcia) and adults (adultos) using Boolean
operators AND and OR to combine descriptors. Searches were carried
out by two researchers (F.J.M.J) and (I.CJ), independently, who started
reading the titles and abstracts, following for analysis of the articles in full.
Disagreements among reviewers were resolved by consensus.

Initially, 685 articles were identified, to which the inclusion and
exclusion criteria specified in Figure 1 were applied. The following inclu-
sion criteria were adopted: 1) only original articles; it was decided not to
include chapters of books, theses, dissertations and monographs, since the
performance of a systematic search of these is logistically infeasible; 2) only
studies that presented abstract, which were initially read; 3) studies carried
out over the last 10 years (2007-2017); 4) studies using only human sam-
ples; 5) studies with minimum intervention of six weeks; 6) studies with
combined HII'T / SIT and resistance training intervention. After applying
the inclusion criteria, 43 articles were selected. The following exclusion
criteria were applied: 7) repeated articles; 8) studies with population of
athletes or aiming at sports performance; 9) articles without control group;
10) studies that did not evaluate health-related physical fitness variables;
11) articles that include samples of adolescents and / or elderly, resulting
in the selection of nine articles.

Then, the selected articles were analyzed for their methodological
quality, following the evaluation protocol based on the adapted PEDro"”
scale, composed of nine criteria judged to be important and susceptible of
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Publications identified in the databases with the following descriptors: physical fitness,
hight intensity interval training, sprint interval trianing, resistense training an aduts,
between January an March 2017 (n=685)

Inclusion criteria (4, 5 and 6)
Humans samples; duration of at least 6 weeks;
combinet protocol HIIT/SIT + TR (n=43)

Exclusion criteria (7,8 and 9)
Duplicate articles: 8; athletes samples: 5;
without control group: 1 (n=29)

Figure 1. Application of the inclusion and exclusion criteria.

being scored in the selected articles. The quality score was performed by
two investigators independently and the doubts were analyzed and decided
by a third evaluator for final decision.

Thus, the following aspects were evaluated: 1) Specified eligibility
criteria; 2) Randomization or random designation; 3) Secret allocation; 4)
Similar groups at the beginning; 5) Blind assessors; 6) Evaluations made
in at least 85% of the sample; 7) All evaluated subjects received interven-
tion according to allocation; 8) Results of intergroup comparisons were
described; 9) Study presents precision and variability measures for the re-
sults. The better the score, the better the quality of the article. Articles that
reached less than 6 points were considered of low methodological quality,
between 6 and 7, average quality and above 7, high methodological quality.

Data extraction was performed individually by two independent evalu-
ators, in which means and standard deviations (baseline) and post-inter-
ventions of health-related physical fitness indicators were obtained: body
composition (fat percentage), cardiorespiratory fitness (Relative VO, in
kg / ml/ min) and force (leg press and bench press, in kg). The RevMan
version 5.3 software was used to conduct the meta-analysis, for which the
standardized mean difference (SMD) and standard error (SE) of variables to
be analyzed between groups were calculated (combined HIIT / SIT + RT
training versus other training protocols): interval training (HIIT or SIT),
resistance training (RT) and continuous training combined with resistance
(CT + RT). In each study, the random effects model (DerSimonian-
Approach Laird)*¥was calculated and combined, since samples were taken
from populations under various pre-intervention conditions.

To analyze the effects of the combined protocol (HIIT / SIT + RT)
versus other protocols, significance level of 5% and 95% confidence interval
(CI) were considered. The evaluation of the heterogeneity of the total vari-
ations in studies was analyzed by means of the Cochran Q statistic, where
12 value of <25%, 25-50% and> 50% were considered small, medium and
large quantities of inconsistency™.

Finally, sensitivity analysis'® was performed, excluding studies that
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presented high risk of bias, following the procedure in two moments in
order to verify changes in the results of the meta-analysis: 1) including
only studies that performed the concurrent training in the same session;
2) excluding studies classified with low methodological quality.

RESULTS

The final selection had nine articles, totaling 231 adults. Among the

selected studies, four performed interventions in samples with eutrophic

nutritional status?’23

and five in overweight populations**?®. Regarding
the origin of studies, we have identified researches carried out in Chile?,
Brazil®, Norway?®, United States?***, Denmark®, France*!, Canada® and
Greece #. Regarding the sex of subjects, there were studies with male
samples?"?*2¢, female?*?2%%” and both sexes®.

Among the HRPF indicators analyzed, six studies evaluated body

2124252728 seven muscle strength

)20-26

composition, specifically fat percentage

and seven
20,22,24-28

of lower limbs (leg press) and / or upper limbs (bench press
cardiorespiratory fitness, specifically VO, in kg /ml/ min.

In studies that used interval training, five used the combination of the
HIIT protocol with strength training?»#3->%% while four adopted the SIT
principles for combined training?®?226.27,

Regarding the methodological quality of studies, one was classified as
with low methodological quality®, six with medium quality*"***2¢28 and
two with high quality?>*.

Among the interventions used in the comparison with the combined
protocol (HII'T / SIT) + RT, three studies adopted HIIT / SI'T?*2"2 seven
RT20:21:23,242628 3 nd two CT + RT?*%. The HIIT / SIT + RT protocols
used in the studies showed significant variation among themselves, in-
cluding combined training interventions in the same week, but not in the

same session?628

, and the training frequency ranged from 2 to 5 times per
week. In relation to HII'T / SIT programs, exercises with running in the
terrestrial environment®-%%, in treadmill*>*+%28 in cycle ergometer* or
during aerobic rowing exercises** are observed.

'The majority of interventions lasted 12 weeks, with the exception of
studies with six weeks*?? and eight weeks?**. The intensities of the interval
exercise among studies ranged from 70 to 100% HR 25?728, 110 to 120%
VO, , 9-10 points of the subjective effort perception (Borg scale 0-10)
?2and 120 to 150% of the lactate threshold**. Regarding muscle strength
training, the load ranged from 9-10 points in the scale of subjective effort
perception of Borg* and from 40 to 87% of 1RM. Details of groups and
training protocols are highlighted in Table 1.

In the intergroup analysis, the standardized mean difference (SMD) for
the fat mass variable did not reach statistical significance, corresponding to
0.03 and with [95% CI: (-18 to 0.23) p = 0.79; I* = 0%] respectively (Figure
2A). The SMD in the relative VO, parameter was 0.24 ml / kg / min
[95% CI: (0.04 to 0.45) p = 0.02; I* = 0%] in favor of the combined group
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(HII'T/ SIT + RT) compared to the other training protocols (Figure 2B).
For muscle strength, both in the Leg Press and in the Bench Press, SMD
was not statistically significant (-0.57 [95% CI: (-1.71 to 0.57) p = 0.33, I?
=95%: (-0.29 to 0.27) p = 0.96, I* = 0%]) (Figure 3AB).

Table 1. Main features of selected studies

References  Sample data Groups (n) Volume - Frequency Intensity - Load ULGELE)
(weeks)
Alvarezet @401 +11.4years ITb +RT (n=10)  (HIIT) 7x20sx2min, 3x/week + (RT) 5 >85% HRmax, MF 12
al.27 exercises, 3x1minx2min, 2x/week: total , PR
5x/week
ITh (n=12) 7x20sx2min, 3x/week >85% HRmax, PR
RT (n=8) 5 exercises, 3xIminx2min, 2x/week MF
Buckleyet @24.7+54years ITb +RTf(n=14) 6x1minx3min (20s of HIIT + 40s of RT) 9-10/10 EPR, PR 6
al.22 3 exercises, 4-10rep: 3x/week
ITh (n=14) 6x1minx3min, 3x/week 9-10 EPR; PR
Cantrellet & 25.6 +6.1years ITh + RT (n=7) (HIIT) 4-6x20sx4min + (RT) 6 exercises, 85% 1RM, ME 12
al.26 3x4-6repx2min: 2x/week each (total 4x/
week)
RT (n=7) 6 exercises, 3x4-6repx2min, 2x/week 85% 1RM
Fyfe et 4296 +5.5years  ITa+RT (n=8) (HIT) 6-11x2minx1min + (RT) 5 exer- 120-150% LL, 12
al.24 cises, 3-5x4-14rmx2-3min: 3x/week MF, PR
RT (n=8) 5 exercises, 3-5x4-14rmx2-3min, 3x/ MF .
week
CT+RT (n=7) 15-33min, 5 exercises, 3-5x4-14rmx2- ~ 80-100% LL
3min, 3x/week
Laird et ©20.3+1.7years  ITbT +RT (n=13) (HIIT) 8x20sx10s + (RT) AB, 4 exercises: 110-120% V02max, 8
al.20 3-5x3-10rep: 3x/week MF, 70-87%1RM
RT (n=13) 4 exercises, AB; 3-5x3-10rep, 3x/week.  MF; 70-87%1RM
Silva et ©229+141years I[Ta+RT (n=11) (HIT) 20-30minx1minx1min + (RT) 7 DP, VO2max 8
al.23 exercises, 2-3x8-18x2min: 2x/week
RT (n=12) 7 exercises, 2-3x8-18x2min, 2x/week, MF
CT+RT (n=10) 20-30min 95% vV02max
Stensvold @ £50.9+76years IT+RTa(n=10)  (HIT) 4x4minx3min, 2x/week + RT AB, 70-95% HRmax, 12
etal.28 7 exercises, 2-3x8-20rep x *min, 1x/ AR,
week: total 3x/week 40-80% 1RM
RT (n=11) AB, 7 exercises, 2-3x8-20repx *min, 3x/  40-80%1RM
week.
ITa (n=11) 4x4minx3min, 3x/week. 70-95% HRmax, AR
Tsitkanou & 21.8+0.6years  ITa+RT (n=11)  (HIIT) 10x1minx1min + (RT) 4 exercises: 85%RM, 100%MAP, 6
etal.21 4x Brep x PR
3-5min: 2x/week.
RT (n=11) 4 exercises; 4x6repx3-5min; 2x/week. 85% RM
Wens et 4 47 = 3 years ITa+RT (n=12)  (HIIT) 5x1-2minx1min + (RT) 6 exer- 80-100% HRmax,
al.25 cises, 1-2 x 10-20 rep x *min: 2x/week ~ ME 1

CT+RT (n=11)

6-20min, 6 exercises, 1-2x10-20repx
*min; 2x/week

80-90% HRmax, ME

IT - interval training; RT - resistance training; - high intensity interval training (HIIT); ® - sprint
intense training (SIT); CT - continuous aerobic training; MF - muscle fatigue; PR - passive rest;
AR - active rest; ME - maximum effort; MAP - maximum aerobic power; LL - lactate threshold;
HRmax - maximum heart rate; vV02max - maximum oxygen uptake speed; RPE - Rating of Perceived
Exertion (Borg scale); * - not specified by the authors; AB = two training divisions.
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Std. Mean Difference
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Std. Mean Difference

Study or Subgroup  Std. Mean Difference  SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
1.1.1 HIT+TR vs HIIT

Stensvold et al.28 0.14 03 11.9% 0.14 [-0.45, 0.73] 2010

Alvarez et al 27 0.01 03 11.9% 0.01[-0.58, 0.60] 2012

Subtotal (95% CI) 23.9% 0.08 [-0.34, 0.49]

Heterogeneity: Tau? = 0.00; Chi? = 0.09, df =1 (P = 0.76); I = 0%
Test for overall effect: Z = 0.35 (P = 0.72)

1.1.2 HIT+TRvs TR

Stensvold et al .28 013 03 11.9% 0.13[-0.46, 0.72] 2010
Alvarez et al 27 -0.12 0.32 10.5% -0.12[-0.75, 0.51] 2012
Cantrell et al.26 0.2 0.36 8.3% 0.20[-0.51,0.91] 2014
Fyfe et al.?* 0.05 035 8.8% 0.05[-0.64, 0.74] 2016
Laird et al.20 0.16 0.27 14.7% 0.16 [-0.37, 0.69] 2016
Subtotal (95% ClI) 54.2% 0.09 [-0.19, 0.36]

Heterogeneity: Tau? = 0.00; Chi? = 0.62, df =4 (P = 0.96); I = 0%
Test for overall effect: Z = 0.62 (P = 0.53)

1.1.3 HIT+TR vs TC+TR

Wens et al.2s -0.34 0.28 13.7% -0.34 [-0.89, 0.21] 2015
Fyfe et al.?* 0.11 0.36 8.3% 0.11[-0.60, 0.82] 2016
Subtotal (95% CI) 22.0% -0.17 [-0.60, 0.26]

Heterogeneity: Tau? = 0.00; Chi? = 0.97, df = 1 (P = 0.32); 1= 0%
Test for overall effect: Z = 0.77 (P = 0.44)

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 2.72, df = 8 (P = 0.95); 1= 0%
Test for overall effect: Z = 0.27 (P = 0.79)

Test for subgroup differences: Chi? = 1.03, df =2 (P = 0.60), I? = 0%

0.03 [-0.18, 0.23]

Std. Mean Difference

e
’-
i

?

05 0 05
Favours [HIIT+TR] Favours [Control group]

Std. Mean Difference

Study or Subgroup _ Std. Mean Difference SE Weight IV, Random, 95% CI Year 1V, Random, 95% CI

2.1.1 HIT+TR vs HIIT

Stensvold et al.28 -0.11 0.3 11.9% -0.11 [-0.70, 0.48] 2010 I R

Buckley et al.2 0.11 0.26 15.8% 0.11[-0.40, 0.62] 2015 I
Subtotal (95% CI) 27.7% 0.02 [-0.37, 0.40] >
Heterogeneity: Tau? = 0.00; Chi? = 0.31, df = 1 (P = 0.58); I> = 0%

Test for overall effect: Z=0.08 (P = 0.94)

2.1.2 HIIT+TR vs TR

Stensvold et al.8 0.21 029 12.7% 0.21[-0.36, 0.78] 2010 I B
Cantrell et al.26 0.35 0.33 9.8% 0.35[-0.30, 1.00] 2014 N
Laird et al.20 0.32 0.26 15.8% 0.32[-0.19, 0.83] 2016 T
Fyfe et al.2 0.2 0.33 9.8% 0.20 [-0.45, 0.85] 2016 I
Subtotal (95% Cl) 48.2% 0.27 [-0.02, 0.56] S
Heterogeneity: Tau? = 0.00; Chi? = 0.18, df = 3 (P = 0.98); 1> = 0%

Test for overall effect: Z=1.83 (P = 0.07)

2.1.3 HIIT+TR vs TC+TR

Wens et al.?s 0.72 0.26 15.8% 0.72[0.21, 1.23] 2015 I —
Fyfe et al.24 -0.07 0.36 8.3% -0.07 [-0.78, 0.64] 2016 I R
Subtotal (95% CI) 24.1% 0.36 [-0.41, 1.13] —_—
Heterogeneity: Tau? = 0.21; Chi? = 3.16, df =1 (P = 0.08); I = 68%

Test for overall effect: Z=0.93 (P = 0.35)

Total (95% Cl) 100.0% 0.24 [0.04, 0.45] L 2
Heterogeneity: Tau? = 0.00; Chiz = 5.99, df = 7 (P = 0.54); 1> = 0% =_2 1 S 1 2=

Test for overall effect: Z =2.36 (P = 0.02)
Test for subgroup differences: Chi? = 1.29, df = 2 (P = 0.52), 1= 0%

Favours [Control group] Favours [HIIT+TR]

Figure 2. Meta-analysis of the results of combined protocol (HIIT / SIT + RT) versus other exercise protocols in parameters fat mass
(A) and cardiorespiratory fitness (B), respectively. Cl - confidence interval, HIIT / SIT + RT - high intensity interval training or sprint
interval training combined with resistance training, IV - inverse variance, SD - standard deviation, total - number of participants in

each study group.

DISCUSSION

The aim of this meta-analysis was to analyze the effectiveness of combined

training (HIIT / SIT + RT) compared to other exercise protocols on the

HRPF indicators of adults. Our search indicates that interventions using

this combined training demonstrate more effective adaptations related to

o2+ (N




Std. Mean Difference
Study or Subgroup  Std. Mean Difference  SE Weight 1V, Random, 95% CI Year

Std. Mean Difference
IV, Random, 95% CI

3. 1.1 HIT+TRvs TR

Silva et al.? 013 029 20.1% 0.13 [-0.44, 0.70] 2012 ——
Tsitkanou et al." 261 027 202%  -2.61[-3.14,-2.08] 2016 —

Fyfe et al.2+ 0.74 032 19.9%  -0.74[-1.37,-0.11] 2016 —
Subtotal (95% Cl) 60.2%  -1.08 [-2.74, 0.58] e —

Heterogeneity: Tau? = 2.07; Chi? = 50.34, df = 2 (P < 0.00001); I*> = 96%
Test for overall effect: Z = 1.27 (P = 0.20)

3.1.2 HIIT+TR vs TC+TR

Silva et al.® 024 029 20.1%
Fyfe et al.24 0.16 0.35 19.7%
Subtotal (95% CI) 39.8%
Heterogeneity: Tau? = 0.00; Chi? = 0.03, df = 1 (P = 0.86); I> = 0%
Test for overall effect: Z =0.93 (P = 0.35)

0.24[-0.33, 0.81] 2012
0.16 [-0.53, 0.85] 2016
0.21 [-0.23, 0.65]

Total (95% ClI) 100.0% -0.57 [-1.71, 0.57]

Heterogeneity: Tau? = 1.61; Chi? = 74.75, df = 4 (P < 0.00001); I*> = 95% F

>
. |- .
-2 0

-4 2 4
Test for overall effegt: Z=098 (P_= 0.33) Favours [Control group] Favours [HIIT+TR]
Test for subgroup differences: Chi? = 2.15, df = 1 (P = 0.14), 1= 53.4%
Std. Mean Difference Std. Mean Difference
Study or Subgroup  Std. Mean Difference SE Weight IV, Random, 95% CI Year 1V, Random, 95% CI
4.1.1 HIT+TRvs TR
Silva et al.2 -0.06 0.29 24.1% -0.06 [-0.63, 0.51] 2012
Cantrell et al.26 0.05 0.3 225% 0.05 [-0.54, 0.64] 2014 -
Fyfe et al.2# -0.05 0.35 16.6% -0.05[-0.74, 0.64] 2016
Subtotal (95% CI) 63.2% -0.02 [-0.37, 0.33] ot
Heterogeneity: Tau? = 0.00; Chi? = 0.08, df = 2 (P = 0.96); I> = 0%
Test for overall effect: Z=0.10 (P = 0.92)
4.1.2 HIIT+TR vs TC+TR
Silva et al.2 -0.01 0.31 21.1% -0.01[-0.62, 0.60] 2012
Fyfe et al.2# 0.04 036 15.7% 0.04 [-0.67,0.75] 2016
Subtotal (95% CI) 36.8% 0.01 [-0.45, 0.47] e
Heterogeneity: Tau? = 0.00; Chi?=0.01, df = 1 (P = 0.92); I>= 0%
Test for overall effect: Z = 0.05 (P = 0.96)
Total (95% Cl) 100.0% -0.01 [-0.29, 0.27] ’
Hs 2 — . 2 = = = 12 = N9 I } } ']
Heterogeneity: Tau? = 0.00; Chi? = 0.10, df =4 (P = 1.00); I = 0% o _0-5 ('J 015 1T

Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Chiz = 0.01, df = 1 (P = 0.92), I? = 0%

Favours [Control group] Favours [HIIT+TR]

Figure 3. Meta-analysis of the results of combined protocol (HIIT / SIT + RT) versus other exercise protocols in parameter strength,
leg press, in kg (A) and bench press, in kg (B), respectively. CI - confidence interval, HIIT / SIT + RT - high intensity interval training or
sprint interval training combined with resistance training, IV - inverse variance, SD - standard deviation, total - number of participants

in each study group

cardiorespiratory fitness when compared to other intervention protocols.
Our findings are similar to those that reported increased maximal oxygen
uptake in patients with hypertension?’, overweight and obese adolescents™
and in patients with chronic heart failure®.

The present data suggest that combined training (HIIT / SIT + RT)
may promote higher VO,  benefits when compared to other training
methods, specifically when compared with the RT method, although
HIIT / SIT training as well as combined CT + RT training may also

2428 Our results corroborate with the findings

promote benefits in VO,
of a meta-analysis conducted in 2013 comparing interval training with
other exercise protocols, including HIIT / SIT + RT on cardiorespiratory
fitness in elderly patients with chronic heart failure, in which the authors
pointed out a greater effectiveness in results in protocols that combine in-
terval training and resistance training in cardiorespiratory fitness, provided
that with similar energy expenditure®.

In this sense, combining these two types of training, adaptations are
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expected in skeletal muscle mass, peripheral nervous tissue and other
tissues directly involved during training®. However, significant changes
related to muscle strength in the bench press and leg press exercises were
not observed, suggesting that the gains in these physical fitness variables
are similar between training methods. However, it is important to note
that few studies have equated volumes and / or weekly frequency between
HIIT / SIT + RT intervention and the other comparison groups, which
may underestimate the results of the other control groups, especially those
who performed HIIT and RT alone. On the other hand, intervention
protocols combining interval training and resistance training have some
distinct characteristics in the prescription characteristics, which can con-
tribute to the inconsistency in the improvement of these variables in favor
of this exercise method.

In addition, combining strength training with interval training has
been recommended for the maintenance of physical fitness and functional
capacity throughout adulthood*?, indicating increases in ribosomal activity,
mitochondrial function and gene expression of skeletal muscles, culminat-
ing in increases in cardiorespiratory fitness, strength, resistance and muscle
mass®. It is worth emphasizing the importance of maintaining physical
fitness throughout adult life as a relevant factor for the reduction of the
development of risk factors, which favor the development of chronic car-
diometabolic diseases®*; however, our results did not indicate a decrease in
the fat percentage in adults who performed the HIIT / SIT + RT training,.

However, an important bias risk was the fact that only one study
controlled the diet variable?”. Diet is a factor that has great influence in
manipulating morphological factors such as body composition. One study
showed that increased protein intake associated with caloric reduction may
provide greater fat mass decrease and lean mass increase when compared
to low protein intake in trained individuals®.

'The findings in literature are widely controversial regarding the com-
bination of exercises of distinct metabolic pathways in a single session,
suggesting that they exert a metabolic dispute called concurrent training®'.
It is assumed that in this method, residues from one exercise can influence
the metabolic adaptations of the other’®. Although data are still unclear,
based on the results presented this assumption may not apply, because both
concurrent or combined HII'T / SIT + RT training in the same week can
bring significant results in physical fitness, as well as HII'T and RT alone.

'The implementation of the combined program (HIIT / SIT + RT)
can minimize training time, a factor that has been predominant in the
choice of interventions®. These results may help in the elaboration of
new researches and identify the limitations in the studies to conduct new
interventions using this type of protocol in populations of varied ages.
In addition, the characteristics of this combined training protocol have
reinforced the growing interest in this type of exercise in recent years,
becoming an interesting strategy in increasing VO, and in maintaining
other health-related physical fitness indicators.

Menezes et al.




In this sense, it was observed that the HII'T / SIT + RT protocol can
be used in adults with different nutritional status, reinforcing the appli-
cability and versatility of this type of training. In addition, the HIIT /
SIT + RT method has been applied in different age groups, for example in
elderly patients with heart failure®, in adolescents®*, as well as in athletes
to improve physical fitness indicators related to sports performance®.

'The present study has limitations that deserve to be pointed out. The
small number of individuals in each study selected as well as samples in
different health conditions are factors that may interfere with the analyses,
because although training with athletes has been excluded, the subjects’
initial condition may be a relevant bias. Due to the great variety of weekly
frequency, load and duration among HII'T / SIT + RT protocols studied,
tuture studies should focus on analyzing which protocols make better
control of total volume and caloric expenditure of training sessions, as
well as diet control, so that distortions can be minimized and satisfactory
results can be better elucidated and disseminated to the general population.

CONCLUSION

In conclusion, the studies found suggest that the use of interval training
(HIIT / SIT) combined with strength training in adults may be more
efficient for improving cardiorespiratory fitness when compared to other
exercise protocols. However, our results are insufficient and new analyses
should be conducted for a better understanding of the optimization of effects
and greater knowledge of metabolic adaptations of this protocol in adults.

REFERENCES

1. Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, et al. Amount
of time spent in sedentary behaviors and cause-specific mortality in US adults 1 - 3.
Am J Clin Nutr 2012;95(2):437-45.

2. Noronha DD, Martins AMEBL, Dias DS, Silveira MF, Paula AMB, Haikal
DSA. Qualidade de vida relacionada a sadde entre adultos e fatores associados: um
estudo de base populacional. Cien Saude Colet 2016;21(2):463-74.

3. Glaner MF. The importance of health-related physical fitness. Rev Bras Cinean-
tropometria e Desempenho Hum 2003;5(2):75-85.

4. American College of Sports Medicine. ACSM’s health-related physical fitness
assessment manual. Lippincott: Williams & Wilkins, 2013.

5. Finley CE, LaMonte MJ, Waslien CI, Barlow CE, Blair SN, Nichaman MZ.
Cardiorespiratory Fitness, Macronutrient Intake, and the Metabolic Syndrome:
The Aerobics Center Longitudinal Study. ] Am Diet Assoc 2006;106(5):673-9.

6. Shaw K, Gennat H, O’Rourke P, Del Mar C. Exercise for overweight or obesity.
Cochrane Database Syst Rev 2006;4:CD003817.

7. Nikseresht M, Hafezi Ahmadi MR, Hedayati M. Detraining-induced altera-
tions in adipokines and cardiometabolic risk factors after nonlinear periodized
resistance and aerobic interval training in obese men. Appl Physiol Nutr Metab
2016;41(10):1018-25.

8. Weston M, Taylor KL, Batterham AM, Hopkins WG. Effects of low-volume
high-intensity interval training (HIT) on fitness in adults: A meta-analysis of
controlled and non-controlled trials. Sport Med 2014;44(7):1005-17.

Rev Bras Cineantropom Desempenho Hum 2017, 19(5):618-629




Interval and resistance training Menezes et al.

9. Gibala MJ, Little JP, MacDonald MJ, Hawley JA. Physiological adaptations
to low-volume, high-intensity interval training in health and disease. ] Physiol
2012;590(5):1077-84.

10. Garcia-Hermoso A, Cerrillo-Urbina AJ, Herrera-Valenzuela T, Cristi-Montero
C, Saavedra JM, Martinez-Vizcaino V. Is high-intensity interval training more
effective on improving cardiometabolic risk and aerobic capacity than other
forms of exercise in overweight and obese youth? A meta-analysis. Obes Rev
2016;17(6):531-40.

11. Eaton M, Granata C, Barry ], Safdar A, Bishop D, Little JP. Impact of a single
bout of high-intensity interval exercise and short-term interval training on inter-
leukin-6, FNDCS5, and METRNL mRNA expression in human skeletal muscle.
J Sport Health Sci in press.

12. Da Rocha PECP, Da Silva VS, Camacho LAB, Vasconcelos AGG. Efeitos de
longo prazo do treinamento resistido nos indicadores de obesidade: Uma revisdo
sistemdtica. Rev Bras Cineantropometria e Desempenho Hum 2015;17(5):621-34.

13. Nikseresht M, Agha-Alinejad H, Azarbayjani MA, Ebrahim K. Effects of non-
linear resistance and aerobic interval training on cytokines and insulin resistance
in sedentary men who are obese. ] Strength Cond Res 2014;28(9):2560-8.

14. Foureaux G, Pinto KMDC, Damaso A. Efeito do consumo excessivo de oxigénio
ap6s exercicio e da taxa metabdélica de repouso no gasto energético. Rev Bras Med
Esporte 2006;12(6):393-8.

15. Moher D, Liberati A, Tetzlaff ], Altman DG, Altman D, Antes G, et al. Preferred
reporting items for systematic reviews and meta-analyses: The PRISM A statement.
PL0S Med 2009;6(7): ¢1000097.

16. Clarke M, Horton R. Bringing it all together: Lancet-Cochrane collaborate on
systematic reviews. Lancet 2001;357(9270):1728.

17. de Morton NA. The PEDro scale is a valid measure of the methodological qual-
ity of clinical trials: a demographic study. Aust ] Physiother 2009;55(2):129-33.

18. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction to meta-
analysis. John Wiley & Sons Ltd: Chichester, UK.; 2009.

19. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21(11):1539-58.

20. Laird RH, Elmer DJ, Barberio MD, Salom LP, Lee KA, Pascoe DD. Evalua-
tion of Performance Improvements After Either Resistance Training or Sprint
Interval-Based Concurrent Training. ] Strength Cond Res 2016;30(11):3057-65.

21. Tsitkanou S, Spengos K, Stasinaki A-N, Zaras N, Bogdanis G, Papadimas G, et
al. Effects of high-intensity interval cycling performed after resistance training on
muscle strength and hypertrophy. Scand ] Med Sci Sports in press.

22. Buckley S, Knapp K, Lackie A, Lewry C, Horvey K, Benko C, et al. Multimodal
high-intensity interval training increases muscle function and metabolic perfor-
mance in females. Appl Physiol Nutr Metab 2015;40(11):1157-62.

23. Silva RF, Cadore EL, Kothe G, Guedes M, Alberton CL, Pinto SS, et al.
Concurrent Training with Different Aerobic Exercises. Int J Sports Med
2012;33(8):627-34.

24. Fyte]], Bartlett JD, Hanson ED, Stepto NK, Bishop DJ. Endurance training in-
tensity does not mediate interference to maximal lower-body strength gain during
short-term concurrent training. Front Physiol 2016;7(487):1-16.

25. Wens I, Dalgas U, Vandenabeele F, Grevendonk L, Verboven K, Hansen D, et al.
High intensity exercise in multiple sclerosis: Effects on muscle contractile character-
istics and exercise capacity, a randomised controlled trial. Plos One 2015;10(9):1-13.

26. Cantrell GS, Schilling BK, Paquette MR, Murlasits Z. Maximal strength, power,
and aerobic endurance adaptations to concurrent strength and sprint interval train-
ing. Eur J Appl Physiol 2014;114(4):763-71.

27. Alvarez C, Ramirez R, Flores M, Zufiga C, Celis-Morales CA. Effect of sprint
interval training and resistance exercise on metabolic markers in overweight women.
Rev Med Chil 2012;140(10):1289-96.




28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Stensvold D, Tjonna AE, Skaug E-A, Aspenes S, Stolen T, Wisloff U, et al.
Strength training versus aerobic interval training to modify risk factors of metabolic
syndrome. ] Appl Physiol 2010;108(4):804-10.

Giannaki CD, Aphamis G, Sakkis P, Hadjicharalambous M. Eight weeks of a
combination of high intensity interval training and conventional training reduce
visceral adiposity and improve physical fitness: a group-based intervention. ] Sports
Med Phys Fitness 2016;56(4):483-90.

Smart NA, Dieberg G, Giallauria F. Intermittent versus continuous exercise train-
ing in chronic heart failure: A meta-analysis. Int ] Cardiol 2013;166(2):352-8.
Coffey VG, Hawley JA. Concurrent exercise training: do opposites distract? J
Physiol 2017;595(9):2883-96.

American College of Sports Medicine. American College of Sports Medicine
position stand. Progression models in resistance training for healthy adults. Med
Sci Sports Exerc 2009;41(3):687-708.

Robinson MM, Dasari S, Konopka AR, Carter RE, Lanza IR, Robinson MM,
et al. Enhanced Protein Translation Underlies Improved Metabolic and Physical
Adaptations to Different Exercise Training Modes in Young and Old Humans
Clinical and Translational Report Enhanced Protein Translation Underlies Im-
proved Metabolic and Physical Adapta. Cell Metab 2017;25(3):581-92.

Logan GRM, Harris N, Duncan S, Plank LD, Merien F, Schofield G. Low-Active
Male Adolescents: A Dose Response to High-Intensity Interval Training. Med
Sci Sports Exerc 2016;48(3):481-90.

Longland TM, Oikawa SY, Mitchell CJ, DeVries MC, Phillips SM.. Higher com-
pared with lower dietary protein during an energy deficit combined with intense
exercise promotes greater lean mass gain and fat mass loss: A randomized trial.
Am ] Clin Nutr 2016;103(3):738—46.

Kanitz AC, Delevatti RS, Reichert T, Liedtke GV, Ferrari R, Almada BP, et al.
Effects of two deep water training programs on cardiorespiratory and muscular
strength responses in older adults. Exp Gerontol 2015; 64:55-61.

Foster C, Farl C V., Guidotti F, Harbin M, Roberts B, Schuette J, et al. The effects
of high intensity interval training vs steady state training on aerobic and anaerobic
capacity. ] Sport Sci Med 2015;14(4):747-55.

Chrysohoou C, Angelis A, Tsitsinakis G, Spetsioti S, Nasis I, Tsiachris D, et al.
Cardiovascular effects of high-intensity interval aerobic training combined with
strength exercise in patients with chronic heart failure: A randomized phase III
clinical trial. Int J Cardiol 2015;179:269-274.

Aspenes S, Kjendlie PL, Hoff J, Helgerud J. Combined strength and endurance
training in competitive swimmers. ] Sport Sci Med 2009;8(3):357-65.

Rev Bras Cineantropom Desempenho Hum 2017, 19(5):618-629

CORRESPONDING AUTHOR

Francisco José de Menezes Junior
Universidade Federal do Parana
Departamento de Educagdo Fisica,
Programa de Pds-Graduagdo em
Educacdo Fisica, Curitiba, PR,
Brasil.

Email: franciscomenezes@ufpr.br

629




