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Abstract. Cardiorespiratory fitness (CRF) is a crucial indicator for assessing an individual's maximal oxygen uptake capacity.
Although numerous studies have investigated the effects of exercise on CRF, comparisons between high -intensity interval training
(HIIT) and moderate-intensity continuous training (MICT) in individuals aged 40 and above remain limited and fragmented. This
research employs a Systematic Literature Review (SLR) and meta-analysis to evaluate the effectiveness of HIIT and MICT in
improving VO,peak in individuals aged 40 and above. Data were collected from Scopus and WoS databases using the PRISMA
method. Articles that met the inclusion criteria were analyzed using RevMan 5.4 and JASP 0.18.3. The analysis revealed that
HIIT has a greater advantage in enhancing VO ..« compared to MICT in individuals aged 40 and above. Overall, HIIT increased
VO,pear With a z-value of 5.59 (p-value < 0.00001) and a 95% confidence interval of 0.35 [0.23, 0.48]. Conversely, MICT
showed a z-value of 1.84 (p-value = 0.07) and a 95% confidence interval of 0.11 [-0.01, 0.23]. Inter-study heterogeneity was
low to moderate, with an I? value of 25% and T2 of 0.03 for HIIT, and an I? value of 0% for MICT. HIIT tends to be more
effective than MICT in improving cardiorespiratory fitness in individuals aged 40 and above. However, the difference between
the two methods is not statistically significant. Further research with more homogeneous designs and longer intervention
durations is needed to confirm these findings and understand the underlying mechanisms of the differences in effectiveness
between HIIT and MICT.

Keywords: HIIT, MICT, VO,,.«, CRF, exercise

Resumen. La aptitud cardiorrespiratoria (ACR) es un indicador crucial para evaluar la capacidad maxima de consumo de
oxigeno de un individuo. Aunque numerosos estudios han investigado los efectos del ejercicio en la ACR, las comparaciones
entre el entrenamiento intervalico de alta intensidad (HIIT) y el entrenamiento continuo de intensidad moderada (MICT) en
individuos de 40 afios o mas siguen siendo limitadas y fragmentadas. Esta investigacion emplea una revision sistematica de la
literatura (SLR) y un meta-analisis para evaluar la eficacia del HIIT y el MICT en la mejora del VO2max en individuos de 40 afnos
o mas. Los datos se recopilaron de las bases de datos Scopus y WoS utilizando el método PRISMA. Los articulos que cumplieron
con los criterios de inclusion fueron analizados utilizando RevMan 5.4 y JASP 0.18.3. El analisis revel6 que el HIIT tiene una
mayor ventaja en la mejora del VO2peak en comparacion con el MICT en individuos de 40 anos o mas. En general, el HIIT
aument6 el VO2peak con un valor z de 5.59 (valor p < 0.00001) y un intervalo de confianza del 95% de 0.35 [0.23, 0.48]. Por
el contrario, el MICT mostro un valor z de 1.84 (valor p = 0.07) y un intervalo de confianza del 95% de 0.11[-0.01, 0.23]. La
heterogeneidad entre estudios fue de baja a moderada, con un valor de I? del 25% y T2 de 0.03 para HIIT, y un valor de 12 del
0% para MICT. El HIIT tiende a ser mas efectivo que el MICT en la mejora de la aptitud cardiorrespiratoria en individuos de 40
afios o mas. Sin embargo, la diferencia entre los dos métodos no es estadisticamente significativa. Se necesita mas investigacion
con disefios mas homogéneos y duraciones de intervencion mas largas para confirmar estos hallazgos y comprender los

mecanismos subyacentes de las diferencias en la eficacia entre HIIT y MICT.
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Introduction that may arise (Go etal., 2013)

While many observational studies on physical activity

A sedentary lifestyle is associated with a decline in
cardiorespiratory fitness (CRF), which can negatively
impact functional capacity (Prince et al., 2024). The
World Health Organization (WHO) acknowledges the
significant effects of exercise-based cardiac rehabilitation
on patients, highlighting that such programs can
influence their physical, emotional, and social well-being.
Cardiac rehabilitation has the potential to improve
overall quality of life and reduce the risk of complications
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have been conducted over several decades focusing on
long-term cognitive decline in older adults, intervention
studies typically last from a few weeks to 2 years (Ngandu
et al., 2015; Chaeroni et al., 2024; Gusril et al., 2022;
Gusril et al., 2024; Maidawilis et al., 2022; Chaeroni et
al., 2023 ). In recent years, there has been an increase in
the literature on the prevalence and popularity of high-
intensity interval training (HIIT) among young adults,
suggesting it is an attractive exercise modality and health
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promotion intervention with greater health benefits
(Cunningham et al., 2020; Germano et al., 2015; Lu et
al., 2022; Welis et al., 2022).

HIIT has the potential to significantly improve the
acrobic capacity of individuals with heart failure (HF)
and coronary artery disease (Spee et al., 2020; Van De
Heyning et al., 2018). However, among the various
training methods used for individuals with cardiovascular
diseases, moderate-intensity continuous training (MICT)
is the most commonly used, with an intensity of 50%—
60% peak oxygen uptake (VO,e) or 50%—75% peak
heart rate (HR peak) (Ito et al., 2016). MICT is
characterized by lower intensity, longer duration, and
higher safety levels (Wu et al., 2023).

randomized clinical trials (RCTs) have been conducted

Several

to explore whether HIIT is a better form of exercise than
MICT for fat reduction and improvement in CRF (Berge
et al., 2021; Dias et al., 2018; Zhang et al., 2017;
Chaeroni et al., 2024). HIIT has shown similar or better
effects on VO,peak (mL.min-1.kg-1) (Morales-Palomo
etal., 2020).

HIIT and MICT have different characteristics and
effects as two types of exercise, but there is not enough
published data to conclude which is more effective
(Grace etal., 2017). HIIT training shows greater positive
effects on CRF fitness compared to MICT training
(Calverley et al., 2020; Saniah et al., 2024). Previous
research reported that HIIT using specialized equipment
(e.g.,

produced similar or superior training effects compared

running treadmills and cycle ergometers)
to MICT, including improvements in cardiorespiratory
fitness, body fitness, body composition, and increased
insulin sensitivity (Batacan etal., 2017; Poon etal., 2020,
2021; Sawyer etal., 2016). In healthy adults, from young
to middle age, HIIT resulted in greater improvements in
cardiorespiratory fitness compared to MICT (Bacon et
al., 2013; Milanovi€ et al., 2015).

Although several systematic reviews suggest that the
effects of HIIT on CREF are better than those of MICT
(Garcia-Hermoso et al., 2016; Thivel et al., 2019), they
focus on child and adolescent populations (Cao et al.,
2019) and young to middle-aged adults (Guo et al.,
2023). The age group of 40 and above is still fragmented
and often combined with much younger age groups. This
study aims to investigate and compare the effectiveness
of the two types of exercise, namely HIIT and MICT, in

Table 1.

The inclusion and exclusion criteria

improving VO,peak (mL.min".kg") in individuals aged
40 and above. Through a Systematic Literature Review
(SLR) and meta-analysis approach, this study will
evaluate the available data to determine which exercise is
more effective in enhancing cardiorespiratory fitness in
this population.

The results of this study are expected to make a
significant contribution to the science of fitness and
health and serve as a guide for practitioners and
individuals aged 40 and above in choosing the optimal
type of exercise to improve their cardiorespiratory
fitness. Through the SLR and meta-analysis approach, this
research will filter, evaluate, and synthesize the results of
relevant studies to provide scientifically accountable
conclusions. Thus, the results of this study are expected
to form the basis for more accurate and effective exercise
recommendations to improve cardiorespiratory fitness in
individuals aged 40 and above, as well as contribute to
the enhancement of their quality of life.

Materials and Methods

This study employs the Systematic Literature Review
(SLR) method, an approach designed to find, assess, and
interpret all available and relevant information in the
literature to comprehensive]y answer research questions
(Snyder, 2019; Xiao & Watson, 2019). SLR helps provide
a summary of current knowledge or topics related to the
research question (Kurniati et al., 2022). It is a valuable
source of information where authors need to summarize
and evaluate credible scientific literature using a structured
method based on predetermined objectives, making it
useful for other (Gopalakrishnan &
Ganeshkumar, 2013).

The data sources for this study were obtained from

researchers

searches in the Scopus and WoS databases. The literature
review method chosen utilizes the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
approach (Page etal., 2021). Introduced in 2009 (Moher et
al., 2009), the PRISMA method is one of the best methods
to help authors conduct systematic reviews and meta-
analyses correctly, and it also assists authors in reviewing
structures like a roadmap. The PRISMA method is also the
most frequently used in literature review articles (Hutton
et al., 2016; Moher et al., 2016; Shamseer et al., 2015;
Stewart et al., 2015).

Inclusion criteria

Exclusion criteria

Participant age 240 years
Years 2019-2024

Document type: RCT studies from Scopus and WoS

Age below 40 years
Before the year 2019
Types of documents: books, book chapters, theses, short reports, conference
papers, literature reviews, and those not indexed in Scopus and WoS

Outcome includes cardiorespiratory (VO,peak) with consistent unit (mL.Kg'.min"") No cardiorespiratory outcome (VO,peak) with consistent unit (mL.Kg'.min"")

The search strategy used the query (cardiorespiratory
AND "HIIT" AND "MICT"), with article selection limited
to new publications within the last 5 years (Paul et al.,
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2021), specifically those published from 2019 to 2024.
Eligibility criteria were necessary to select appropriate
articles (Ahmadi et al., 2018). Articles were then screened

Retos, nimero 59, 2024 (octubre)



2024, Retos, 59, 608-622

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

based on inclusion and exclusion criteria as described in
Table 1.

The mean differences (MD) and standard deviations
from baseline to final results were extracted and entered
into a database for analysis of each group. Mean differences
(MD) and 95% confidence intervals (95% Cls) were used
to compare results. Analyses were performed using
RevMan 5.4 and JASP 0.18.3. Given the significant
variation in some experimental endpoints, we used a
random-effects model for all results. The heterogeneity
among the included studies was measured using the Q test
and the I? inconsistency test. I? values of 25%, 50%, and
75% indicated low, moderate, and high heterogeneity,
respectively (Higgins et al., 2003). Statistical significance
was determined at p < 0.05, and effect sizes and 95%
confidence intervals were graphically displayed using forest
plots. Additionally, Funnel plots, Rank Correlation Test,
and Egger's Test were used to evaluate the potential for
publication bias. Funnel plots help visualize the distribution
of effect sizes among studies, and asymmetry in these plots
may indicate publication bias. The Rank Correlation Test is
used to detect asymmetry in funnel plots by calculating the
correlation between effect sizes and standard errors.
Egger's Test provides additional statistical testing for
asymmetry in funnel plots, which may indicate publication
bias.

Results

The literature search was completed on June 27,
2024, with an initial identification of 492 records in the
Scopus database and 141 records in the WoS database (see
Figure 1). During the initial screening stage, 409 records
from Scopus and WoS were removed because the search
query did not appear in the title or abstract.

Identification of studies via databases and registers
Record Identification From: Record removed before screening
Keyword: cardiorespiratory Records query without appearing in the abstract
AND "HIIT" AND "MICT" = (n=409)
g Scopus Database (n=491)
= WoS Database (n=141)
S
E I
= Record Identification Record removed before screening
(n=223) - Records document types are not articles (n=38)
Records mark as ineigible by automation tools [Year
2019-2024] (0=23)
Record Screened Records excluded
(n=141) (n=113)
al Reports soucht for retrieval Reports not retrieved
‘g | n=28) - (n=11)
g
: 1
Reports assessed for Reports excluded:
eligibility mmp| For Some Reason (n=0)
(n=1T)
- Studies included in review
g | (n=17)
= | Reports of included studies
S | (n=17)

Figure 1. PRISMA flow diagram showing the study identification and selection

I)I‘OCCSS.
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After further filtering, 223 records met the inclusion
criteria. In the advanced screening stage, 58 records were
removed because they were not empirical research
articles, and 23 records were deemed ineligible by
automation tools for the years 2019-2024. Thus, out of
the total 632 initial records identified, only 141 records
were eligible for further analysis. This screening process
is crucial to ensure that only relevant and high-quality
studies are analyzed, specifically focusing on the
differences between HIIT and MICT training on
cardiorespiratory parameter changes for individuals aged
40 and above.

Monitoring of articles was conducted by examining
titles, and abstracts, and ensuring they were not review
articles, based on the relevance of the articles to the
current topic. This process identified 109 articles as
irrelevant, placing them in the exclusion category.
Consequently, a total of 32 articles met the inclusion
criteria and were relevant to the aim of this literature
review. These articles were analyzed, and relevant
information ~was organized considering  several
classifications and criteria aligned with the information
needs (Table 1).

Data

evaluate, and summarize the articles that met the

extraction was structured to categorize,
predetermined criteria. Through the process of analyzing
the collected data, we could achieve recommendations
and results pertinent to the topic. The analysis of articles
that met the inclusion criteria revealed key findings,
indicating that there were no changes in the number of
inclusion criteria. At least 17 articles were found to be

suitable based on the analysis.

Study characteristics

Various studies, as summarized in Table 2, have
compared high-intensity interval training (HIIT) with
moderate-intensity continuous training (MICT) across
diverse populations with a wide age range, from
approximately 39 to 77 years old, and intervention
durations ranging from 2 months to 5 years. These
studies indicate that HIIT, typically performed 2-3 times
per week with session durations varying from 4 to 50
minutes, involves high intensity (85-100% of VO2peak
or HRmax, or 100% of PPO) and utilizes various types
of exercise such as treadmill, ergo cycle, fast walking, and
running.

Conversely, MICT is usually performed with higher
frequency, 3-5 times per week, and session durations
between 30 to 60 minutes at moderate intensity (50-70%
of VO2peak or HRmax). MICT exercise types include
walking, running, cycling, and circuit training. The
general findings from these studies indicate that HIIT
offers higher intensity but shorter training durations,
whereas MICT tends to have longer session durations and
more frequent training sessions.
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Table 2.
Characteristics of included studies
M/E A Durati HIIT MICT
Study &8¢ uratt Sample  Duration/ . Type of Sample  Duration X Type of
orT (Year) on A . Frequency Inten51ty . . . Frequency Intensity .
size session Exercise size /session / / Exercise
(Sokotowski ) . Twice a 85-95% X X Twice a 70% X
etal., 2021 54/52  70-77 5 years 87 30-40 min week HRmax Treadmill 87 50 min week HRmax Treadmill
'2 / 95% Th E 1
. sessions ree . rgocycle
(Lapointe et 69.2 = 6 . PPO & 20-40 ) 50% of
al., 2023) 33/19 107 months 19 20-40 min  month up 40% Ergocycle 16 min times a PPO and ho@e
to6 week exercise
PPO
months
Primaril Prlm:nly
L 90% 60%
(Isanejad et 45.13 12 Total 33 3 times/ Y Walking or Total 41 3 times/ VO,peak  Walking or
30 10 R VO,peak K 10 R K
al., 2023) +6.86 weeks min week 460% running min week and 50%- running
an o
60%
\4 k
Ospea VO,peak
Fast walking
(Pani et al., X Total £38 2 times/  85-95% Fast walking Total 50 2 times/ 70% S
2021) 53/52 7077 5 years 33 min week HRmax  or running 24 min week HRmax light Joggmg’
or cycling
38 min/ 3 times/
13 session week .
. . Walking,
(Ramos et 16 (4HIIT)  (4HIT), (4HIT),3 85-95%  Running or . 5 times/ 60-70% .
36 +54 . . . 10 30 min running,
al., 2020) weeks , 16 17min/  times/we HRpeak cycling week HR peak i
(IHIIT)  session ek cyeing
(IHIIT)  (IHIT)
20-22
min/ 3 days/
ession +  week + il +
(Marzolini 62t 24 by T anks , 2 60-80% T;“C‘i::l'd ,;  60min/  Sdays/  6080% o
ctal., 2023) 11 weeks Y VO,peak v session week VO,;peak
warm-up week system
and cool- MICT
down
t—x: ::11: 2 a}lzli?;g Fast walking,
w
(Pani et al., " . 90% o ’ X 2 times/ 70% cycling,
2022) 105 70-77 5 years 33 act{\ e times/ we HRmax cy L]l}’lg, 24 50 min week HRmax running, nd
rest/inter ek running, ’
i’ aerobics
val and aerobics
3 times/ 3 times/
(Mendelson 54 + 2 20 . 100% e 20 X ) o
ctal., 2022) 41/19 1 months  baseline 45min  weck for 2 PPO Cycling baseline 45min  week for 2 50% PPO Cycling
months months
38 min/
34 session . .
(Ramos et 16  (4HIT) (1HIT), 3 g5.050  bieyele 30 min/ > 60-70% Bicycle
99 55-58 . sessions/ ergometer 34 . sessions/ ergometer
al., 2021) weeks , 31 17 min/ HRpeak K session HRpeak K
R week or treadmill week or treadmill
(1HIIT)  session
(1HIIT)
2.8-3.3 Cycling, 2.8-3.3 Walki
@rildet 777/ oo gmin sesionsy | 85°95% swimming, oo T 0% B
al., 2022) 790 years min sessions HRmax fitness min  sessions HRmax  cycling,
week week fitness center
center
(Ballest 12-18
* e'a 2 67.8 18 1 hour/ 2 days/ Borg Circuit 1 hour/ 2 days/ 6-14 Borg Circuit
Garcia et 0/54 6.2 ecks 18 o 'lk cal traini 18 o Jk cal ints traini
al., 2020) . wee! session wee! sc'a e raining session wee scale points raining
points
16 min 32 min
(first 3 Cycling on (first 3 Cycling on
(Marillier et 4 8 week) - sessions/ 100% an week)- " 50% an
al., 2022) 14/6 48%8 weeks 10 22min  week for 8§ WRpeak ergometer 10 44 min sessions/ WRpeak ergometer
i week i
(last weeks bike (last bike
week) week)
(Rohmansya 16 Total 38 3 times/ 90-95%  Ergometer Total 47 3 times/ 70-75% Ergometer
hetal., 0/24  50-60 s 12 X week for HR, bik 12 X week for HR, bik
2023) wee! min 16 weeks max ike min 16 weeks max ike
85- 20-meter 20-meter
. . . . o
(Gripp et 22 39+5 8 11 25-30 min 3 times/ 100% shuttle run 11 40 ,50 3 times/ 60-75% shuttle run
al., 2021) weeks week min week Vshuttle
Vshuttle protocol protocol
(Besnier et 59 + +3.5 Total 16 5 days/ 100% . 30 min/ 5 days/ o .
al., 2019) 31 13 weeks te min week PPO Cycling 1 session week 60%PPO Cycling
(Sabag et 54.6 12 4 min/ 3 days/ 90% . 45 min/ 3 days/ 60% .
al., 2020) 19717 1.4 weeks 12 session week VO,peak Cycling 12 session week VO,peak Cycling
30 sec/
15 each  interval 100% Walking/ru Continuous
(1]
(Gentil et N 8 SHIIT for 20 2times/ nning long . 2 times/ 70% walking/run
al., 2023) 22/22 0 weeks and intervals week vWOma intervals on 1 14 min week vVO;max ning on
LHIT  (SHIIT), 2 * treadmill treadmill
min/inter
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Table 2.
Characteristics of included studies
. HIT MICT
M/F Age Durati - - -
Study Sample  Duration/ K Type of Sample  Duration i Type of
orT (Year) on A A Frequency Intensity . . . Frequency Intensity .
size session / / Exercise size /session / / Exercise
val for 5
intervals
(LHIIT)

M/F, Male/Female; T, Total; HIIT, High-Intensity Interval Training; MICT, Moderate-Intensity Continuous Training; HRmax, Maximum Heart Rate; PPO,
Peak Power Output; VO2peak, Peak Oxygen Uptake; HRpeak, Peak Heart Rate; WRpeak, Peak Work Rate; Vshuttle, Shuttle Velocity; vVO2max, Velocity at

VO2max; Borg scale, Borg Rating of Perceived Exertion Scale.

Longer studies, such as those by Sokolowski et al.
(2021) and Pani et al. (2021, 2022), highlight the long-
term commitment to exercise programs, while shorter
studies, like those by Lapointe et al. (2023) and Marillier
etal. (2022), demonstrate rapid adaptations and changes
in health parameters. With variations in sample sizes,
study designs, and methods used to measure exercise
intensity, conclusions drawn must consider consistent

Table 3.
Meta-Analysis for Fixed and Random Effects

comparative standards. This data shows that both HIIT
and MICT have specific advantages that can be tailored to
individual needs and can provide significant health
benefits, forming the basis for publication in reputable
international journals with a focus on methodology,
results, and practical applications of these exercise

interventions.

Fixed and Random Effects

v Residual Het ity
Cocfficients (intercept) esidual Bleterogeneity

category Estimates
o RCSldL.Ial Estimate Std. Error z P 95% Cl I? (%) T
Q? df p Lower Upper
HIIT vs control/baseline 43.71 33 0.10 0.369 0.065 5.59 <0.001 0.23 0.48 25 0.039
MICT vs control/baseline 24.26 27 0.62 0.118 0.061 1.84 0.07 -0.01 0.238 0 0.000
(HIIT vs MICT)* 12.14 15 0.67 -0.084 0.078 -1,04 0,282 -0.237 0.069 0 0.000
(HIIT vs MICT)" 39.96 24 0.02 0.148 0.093 1.595 0.111 -0.034 0.329 40 0.087

a) baseline condition; b) post-intervention condition

data presented in Table 3 show several comparisons
between HIIT (High-Intensity Interval Training) and
MICT (Moderate-Intensity Continuous Training) against
control/baseline conditions and between HIIT and
MICT under two different conditions (a and b). The
comparison of HIIT with control/baseline shows
significant results with strong effects, as indicated by
statistically significant estimate values (p-value < 0.001).
the of MICT with
control/bascline does not show significant results (p-
value = 0.07), indicating that MICT does not have a
meaningful effect compared to the control condition. In
the comparison between HIIT and MICT, both in
condition a and condition b, no statistically significant

In  contrast, comparison

differences were found. However, in condition b, there is
an indication of a moderate effect with a moderate level
40%, T = 0.087), though it
remains non-significant (p-value = 0.111).

of heterogeneity (I?

This data provides an overview of the variation in
effectiveness the different
methods, HIIT and MICT. These findings are important

between two exercise

-612-

for the development of exercise and health programs and
can serve as a basis for further research. Additionally, this
data is worthy of consideration for publication in
reputable international journals, given the methodology
used and the relevance of the findings to the field of
health and fitness.

HIIT vs control and baseline

The forest plot presented in Figure 2 compares the
effects of High-Intensity Interval Training (HIIT) with
the control group (including baseline), using data from
multiple studies analyzed to provide an aggregate view of
the Standard Mean Difference (SMD) between the HIIT
and control groups. The heterogencity among the studies
is low to moderate, with a T? value of 0.03 and an I? value
of 25%, indicating minimal variation between studies. A
significant overall effect is indicated by a z-value of 5.59
(p-value < 0.00001) and a 95% CI for the SMD of 0.35
[0.23, 0.48], suggesting that HIIT is significantly more

effective in improving VOzpeak compared to the control.
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Std. Mean Difference
v, Random, 95% CI

Std. Mean Difference
I, Random, 95% CI

HIT Control and baseline
Study or Subgroup Mean SD_Total Mean sSD Total Weight
Arild et al. 2022a 30.4 6.9 33 303 6.5 48 4.8%
Arild et al. 2022k 30.5 6.1 33 301 7.6 48 4. 8%
Ballesta-Garcia et al. 2020a 261 563 18 26.8 517 18 2.8%
Ballesta-Garcia et al. 2020k 285 574 17 26 4. 86 12 2.2%
Ballesta-Garcia etal. 2020c 295 575 17 261 563 18 2 6%
Besnieretal. 2019 Z0.2 a8 16 17.2 4.9 16 2.9%
Gentil etal. 2023a Z8.6 6.3 14 22.4 8.6 14 2.3%
Gentil etal. 20230 231 3.7 14 19.7 31 14 2.2%
Isanejad et al. 2023a 2065 3.87 10 17.04 299 10 1.5%
Isanejad et al. 2023k 2065 3.87 10 16.72 1.96 10 1.4%
Lapointe et al. 20233 19.5 53 19 19.3 T3 17 2.8%
Lapointe et al. 20230 206 5.6 19 18 TH 17 2.7%
Lapointe et al. 2023c 21.9 6.1 19 187 =] 17 2.7%
Lapainte et al. 2023d 206 5.6 19 18.9 5.5 19 2.9%
Lapainte et al. 20232 21.9 6.1 19 189 8.5 19 2 8%
Marillier et al. 2022 26.7 5.8 10 232 5.4 10 1. 6%
Marzalini et al. 2023 Z4 2.1 Z4 18.2 o Z4 3.2%
Mendelson etal. 20224 Z4.9 5.4 Z0 23.3 3.1 Z0 3.0%
Mendelson etal. 2022k Z6.4 4 Z0 23.3 31 Z0 2.8%
Mendelson etal. 2022c 24.9 5.1 20 23.8 5.6 20 2.0%
Mendelson etal. 2022d 2B6.5 a5 20 23.8 5.6 20 2.0%
Pani et al. 2021 30.4 6.9 33 303 6.6 a8 4. 8%
Panietal. 2022a 2871 4492 33 29.31 684 a8 4. 8%
Fanietal 2022k 2a.81 58 29 28.48 G 85 35 4.2%
Ramos etal 2020a 5.7 4.7 13 23 0z 13 1.9%
Ramaos etal 2020k 249 22 16 priic) 0z 16 2 5%
Ramaos etal 2021a 278 6.2 14 24.4 4.1 14 2.2%
Ramos etal. 20210 279 69 14 257 6.1 14 2.3%
Ramos etal. 2021¢ 8.1 6.3 i) 28.1 6.3 i) 3.6%
Ramos etal. 2021d 8.8 6.7 i) 268.9 6.3 i) 3.6%
Rohmansyah etal. 20232 27.5 6.2 12 19.7 111 12 1.9%
Sahag et al. 2020 22 o.r 12 20.9 o.r 12 1.6%
Sokotowski etal. 2021a 201 6.2 24 302 6.6 ag 4.8%
Sokotowski etal. 20210 30.5 6.1 29 301 TH ar 4.3%
Total (95% CI) 683 761 100.0%

Heterageneity: Tau®= 0.03; Chi*= 4371, df= 33 (P = 0.10); I = 25%
Testfor overall effect: Z£=5.59 (F = 0.000013%

0.01 [0.43, 0.46]
0.06 [-0.38, 0.50] —_—t

-0.13 [F0.78, 0.53]
0.63 [0.13,1.39]
0.58 [0.09, 1.26]
0.56 [0.16, 1.27]
0.52 [0.21,1.25]
0.97 [0.21,1.73]
1.00 [0.06, 1.94]
1.23 [0.25, 2.20]
0.03 [F0.62, 0.69] —
0.38 [-0.28, 1.05] o
0.44 F0.22,1.11] -
0.30 [0.34, 0.94] —_
0.51 F0.14,1.15] -—
0.60 [0.30, 1.50] —
0.83 [0.24, 1.432]
0.36 [0.27, 0.98] -
0.85 [0.20, 1.50]
0.20 [0.42, 0.82] o
0.48 [0.15,1.11] -
0.01 [0.43, 0.46] —
-0.10 F0.54, 0.35] —
0.20 [0.28, 0.70] o
099 [017,1.81]
0.37 [0.33, 1.07] —_
0.63 F0.13,1.39] B
0.32 [0.42,1.07] —_—
0.00 [0.58, 0.55] — T
0.35 [0.20, 0.90] e
0.82 [0.02, 1.66]
1.52 [0.59, 2.44]
-0.02 [0.47, 0.41] —
0.06 [0.43, 0.54] —
0.35 [0.23, 0.48] >

-4 -2 o 2
Favours [Control and baseline] Favours [HIT]

Figure 2. HIIT vs Control and Baseline

Bascline characteristics (Arild et al., 2022%); follow-up
characteristics after five years (Arild etal., 2022°); baseline
characteristics (Ballesta-Garcia et al., 20207); post-training
and control conditions (Ballesta-Garcia et al., 2020°); post-
training and pre-training conditions (Ballesta-Garcia et al.,
2020°); L-HIT (Gentil etal., 2023?); S-HIIT (Gentil et al.,
2023%); post-training and pre-training conditions (Isanejad
etal., 2023%); post-training and control conditions (Isanejad
et al., 2023P); baseline characteristics (Lapointe et al.,
2023%); intervention T12 vs control conditions (Lapointe et
al., 2023%); intervention T6 vs control conditions (Lapointe
etal., 2023°); intervention T12 vs TO conditions (Lapointe
etal., 20239%); intervention T6 vs TO conditions (Lapointe
etal., 2023%); HIIT-RM T6 vs TO conditions (Mendelson et
al., 2022?); HIIT-RM T2 vs TO conditions (Mendelson et
al., 2022%); HIIT T6 vs TO conditions (Mendelson et al.,
2022°¢); HIT T2 vs TO conditions (Mendelson et al.,
20229); baseline characteristics (Pani et al., 2022%); follow-
up characteristics after five years (Pani et al., 2022°);
treatment 4HIIT conditions (Ramos et al., 2020%);
treatment 1HIT conditions (Ramos et al., 2020°); non-
T2D participants treatment 4HIIT conditions (Ramos etal.,
2021%); non-T2D participants treatment 1HIIT conditions
(Ramos et al., 2021°); all participants—changes treatment
4HIIT conditions (Ramos et al., 2021¢); all participants—
changes treatment THIIT conditions (Ramos et al., 20219).

Several studies show statistically significant results for
the SMD of HIIT, with 95% confidence intervals (CI) not
crossing the zero line (Lapoite et al. 2023¢%; Lapoite etal.
2023¢; Mendolson et al. 2022%; Pani et al. 2021; and Pani
et al. 2022%). On the other hand, other studies show
Cls
crossing the zero line (Arild et al. 2022?; Ballesta-Garcia
et al. 2020%; Ballesta-Garcia et al. 2020¢; Isanejad et al.

statistically non-significant results, with 95%

-613-

2023%; Mendolson et al. 2022¢; Ramos et al. 2020%;
Ramos et al. 2020°; and Ramos et al. 2020°). Overall,
this forest plot indicates that HIIT is more effective in
improving VOzpeak compared to the control. However,
the presence of several studies with non-significant or
negative results suggests variability in outcomes among
the studies. Therefore, although the general trend
supports HIIT as an effective intervention, factors
contributing to the variability of results should be
considered.

MICT vs control and baseline

Based on the data presented with the baseline sample
characteristics, a comparative analysis between the HIIT
and MICT methods on cardiorespiratory parameters
(VOzpeak) was conducted using a Forest Plot (see Figure
4).The forest plot presented in Figure 3 shows the results
of a meta-analysis comparing the effects of Moderate-
Intensity Continuous Training (MICT) with the control
or baseline group across various studies. This analysis
includes multiple studies, each presenting the mean,
standard deviation, and the number of participants in
both the MICT and control groups. The average standard
deviations and 95% confidence intervals (CI) of each
study are used to measure the differences between the
MICT and control groups.

Based on the results of the meta-analysis, there is no
significant heterogeneity among the studies included in
this analysis, with a T? value of 0.00, Q2 value of 24.26,
df of 27 (p-value = 0.62), and I? of 0%. This indicates
that the variation among these studies is quite consistent.
The overall results show that the effect of MICT
compared to the control or baseline is not statistically
significant at the 0.05 significance level, with a z-value of
1.84 (p-value = 0.07). The overall effect shown by the
diamond plot is 0.11 [-0.01, 0.23], meaning the
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is 0.11 with a 95%
confidence interval from -0.01 to 0.23, indicating a very

standardized mean difference

small effect that tends to be insignificant.

Furthermore, the results of each study were analyzed
to assess their statistical significance. The significant
studies are those whose confidence intervals did not cross
zero (Ballesta-Garcia et al. 2020%; Gentil et al. 2023 with
0.74 (0.14, 1.34); Lapointe et al. 2023?; Lapointe et al.
2023% Lapointe et al. 2023¢; Marzolini et al. 2023;
Ramos et al. 2020). These studies indicate a significant
positive effect of MICT.

On the other hand, the majority of the studies show
non—significant results, where their confidence intervals
crossed zero (Arild et al. 20222, Arild et al. 2022Y,

Ballesta-Garcia et al. 2020°, Ballesta-Garcia et al. 2021¢,
Besnier et al. 2019, Isanejad et al. 20232, Isancjad et al.
2023% Lapointe et al. 2023¢, Marillier et al. 2022,
Mendelson et al. 20222, Mendelson et al. 2022°, Pani et
al. 2021, Pani et al. 20222, Pani et al. 2022° Ramos et al.
20212, Ramos et al. 2021°, Rohmansyah et al. 2023,
Sabag et al. 2020, Sokokowski et al. 2021?, and
Sokokowski et al. 2021%). In conclusion, while some
studies show significant results and positive effects of
MICT, the majority of the studies show non-significant
results. The overall effect from this meta-analysis
indicates a very small and statistically non-significant
standardized mean difference.

MICT Control and baseline Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arild et al. 2022a 30 ar 24 303 6.5 45 6.0% -0.05 [-0.54, 0.44] T
Arild et al. 2022k 286 43 24 304 7.6 48 B6.0% -0.21 071, 0.28] I —
Ballesta-Garcia et al. 2020a 25 857 18 26.8 517 18 3.3% -0.33 [0.99, 0.33] —
Ballesta-Garcia et al. 2020h 269 472 17 26 4.86 12 2.6% 0.18[-0.56, 0.92]  —
Ballesta-Garcia et al. 2021¢ 269 472 12 5 5.57 18 27% 0.35[-0.38, 1.09] —
Besnier etal. 2019 157 &1 15 15 46 15 28% 0.14 [-0.58, 0.86] [ n—
Gentil et al. 2023 234 107 14 226 8.9 14 2.6% 0.08 [-0.66, 0.82]  —
Isanejad et al. 20234 17.37 395 10 16.62 3 10 1.9% 0.20 [-0.67, 1.08] —
Isanejad et al. 2023k 17.37 3.9 10 1672 1.96 10 1.9% 0.20 [-0.68, 1.08] —
Lapointe et al. 2023a 204 47 16 18.3 T3 17 31% 017 [0.51, 0.86] I
Lapointe et al. 2023h 193 7.3 16 18 7.6 17 31% 0.17 [-0.51, 0.89] [ —
Lapointe et al. 2023¢ 241 49 16 187 g 17 2.9% 0.79[0.08, 1.50]
Lapaointe et al. 2023d 2248 &3 16 211 445 16 3.0% 0.28 042 0.497]  E—
Lapointe et al. 2023e 241 489 16 1.1 45 16 2.9% 0.62 [-0.08, 1.33] b
Marillier et al. 2022 247 789 10 226 8.2 10 1.9% 0.25[-0.63,1.13] —
Marzolini et al. 2023 19.8 6.9 23 17.4 42 23 4.1% 0.41 047, 1.00] e —
Mendelson et al. 2022a 24 B 20 232 6.1 0 38% 0.13[-0.48,0.79] I —
Mendelson et al. 2022b 244 58 20 232 6.1 0 38% 0.20[-0.42, 0.82] o a—
Pani etal. 2021 a0 a7 24 303 6.6 48 6.0% -0.05 [0.54, 0.44] I —
Panietal. 2022a 2721 584 21283 £.84 48 5.5% -0.32 [0.83, 0.200 I
Pani etal. 2022k 29.07 682 21 2848 5.85 35 50% 0.08 [-0.48, 0.63] o
Ramaos etal. 2020 27 149 10 23 0.z 10 1.9% 0.28 [-0.60, 1.17] —
Ramaos etal. 20214 308 B3 17 29 7.8 17 3.1% 0.18 [-0.48, 0.56] I —
Ramaos etal. 2021h 254 3 26 76 74 26 4.9% 016 [-0.38, 0.71] -
Rohmansyah etal. 2023 244 76 12 216 11.4 12 2.1% 0.28 [-0.53,1.08] —
Sabag etal. 2020 238 15 12 216 1.7 12 1.8% 1.39[0.48, 2.29]
Sokotowski etal. 2021a 298 468 24 30.3 6.6 483 B.0% -0.08 [0.57, 0.41] —r
Sokotowski etal. 2021k 286 5.3 21 304 7.6 T 80% -0.22 [0.75, 0.32] ——
Total (95% Cl) 485 642 100.0% 0.11[-0.01, 0.23] l.

Heterogeneity, Taw®= 0.00; Chi®= 24,26, df=27 (P = 0.62); F=0%
Testfor overall effiect £=1.84 (F=0.07)

) A 0 1 2
Favours [Control and baseline] Favours [MICT]

Figure 3. MICT vs Control and Baseline
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In the condition Baseline characteristics (Arild et al.,
2022%); Karakteristik tindak lanjut setelah lima tahun (Arild
et al., 2022%); in the condition Baseline characteristics
2020%);
Fraksionalisasi condition post training and control (Ballesta-

(Ballesta-Garcia et al., after intervention
Garcia et al., 2020P); after intervention Fraksionalisasi
condition post training and pre training (Ballesta-Garcia et
al., 2020°); condition post training and pre training
(Isanejad et al., 2023%); condition post training and control
(Isanejad etal., 2023%); Baseline characteristics (Lapointe et
al., 2023%);

(Lapointe et al., 2023P); intervention condition T6 vs

intervention condition T12 vs control
control (Lapointe etal., 2023¢); intervention condition T12
vs TO (Lapointe etal., 2023¢%); intervention condition T6 vs
TO (Lapointe etal., 2023°); condition T6 vs TO (Mendelson
et al., 2022%); condition T2 vs TO (Mendelson et al.,
2022%); Baseline characteristics (Pani et al., 20222);
Karakteristik tindak lanjut setelah lima tahun (Pani et al.,
2022%); condition Non-T2D participants (Ramos et al.,
2021%); condition All participants—changes (Ramos et al.,
2021b);

HIIT vs MICT (baseline characteristics)

The analysis results show (see figure 5) a total Standard
Mean Difference (SMD) of -0.08 with a 95% confidence
interval (CI) from -0.23 to 0.07, and a z-value of 1.04 (p-
value 0.30). The p-value greater than 0.05 indicates that
there is no significant difference between HIIT and MICT
in improving VOzpeak. Additionally, the heterogeneity
analysis using a Q? value of 12.14 (p-value 0.67) with df =
15 shows that there is no significant heterogeneity among
the studies (I* = 0%). This indicates that the variation
among studies can be considered homogeneous, allowing

the results to be generalized.

Figure 4. Funnel Plot HIIT vs. MICT (Baseline)
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The Funnel Plot analysis in Figure 4, used to evaluate
publication bias, does not show significant asymmetry,
indicating a low likelihood of publication bias. However,

0
0.1
S
w 0.2-
B
4]
8
= - .
S . * .
»n 0.3-
0.4 -
g T T —
-1.0 -0.5 00 0.5 1.0
Effect Size

in Table 4, the results of the Rank Correlation Test with
Kendall's T of -0.378 (p-value 0.042) and Egger's Test
with a z-value of -1.971 (p-value 0.049) suggest a slight
indication of publication bias. Nevertheless, the
asymmetry indicated is not significant enough to
influence the overall conclusions.

Therefore, the results for HIIT vs. MICT baseline
sample characteristics show no significant difference in
improving VO2zpeak, which is expected as these are

The

strengthens the consistency of these results across the

baseline  characteristics. low  heterogeneity
various studies analyzed. Although there is an indication
of publication bias based on Egger's Test, the overall
analysis shows that this bias is not strong enough to affect

the final conclusion.
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Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

I, Random, 95% CI

0.06 [-0.46, 0.59]
0.19 [-0.46, 0.84]
-0.15 [1.03, 0.73]
-0.42 [1.10, 0.25]
-0.17 [0.64, 0.49]
0.19 [-0.28, 0.76]
0.02 [-0.50, 0.54]
0.0 -0.52,0.72]
0.06 [-0.46, 0.59]
0.28 [-0.25, 0.81]
-0.44 [0.99, 0.1 7]
-0.15 [0.70, 0.39]
-0.70 [1.43, 0.03]
-0.45 [-1.17, 0.26]
-0.52 [1.34, 0.30]
0.05 [-0.48, 0.57]

HMHHM

HIT MICT
Study or Subgroup Mean SD Total Mean SD Total Weight
Arild et al. 2022 04 69 KK] o a7 24 85%
Ballesta-Garcia et al. 2020 261 563 18 25 557 18 55%
Isanejad etal 2023 232 049 10 24 043 1m  30%
Lapointe etal 20232 188 4545 19 211 45 16 53%
Lapointe etal. 2023h 195 453 19 204 47 18 53%
Marzalini etal. 2023 183 ] 24 174 42 23 T1%
Mendelson et al. 2022a 233 3 0 232 61 20 61%
Mendelson et al. 20220 238 56 a0 232 61 20 B1%
Panietal 2021 ngd 69 33 o a7 24 85%
Panietal 2022 2871 482 33 27 588 24 84%
Ramos etal 2021a 246 453 2% ITE T8 6 TE%
Ramosetal 2021h 265 B3 28 ITE T8 28 T.H%
Ramos etal. 2021¢ 244 41 14 29 7.8 17 44%
Ramos etal 2021d 257 61 14 9 78 17 45%
Sahag etal. 2020 209 07 12 216 1.7 12 35%
Sokotowski etal, 2021 a1 68 34 298 a8 24 BE%
Total (95% Cl) 354 317 100.0%

Heterogeneity, Taw®=0.00; Chif=1214, df=15 (P=067; F=0%
Testfor overall effect Z2=1.04 (P=0.30)

-0.08 [-0.23, 0.07]

-2 -1 1 i
Favours [MICT] Favours [HIIT]

.

Figure 5. Forest Plot HIIT vs. MICT (Baseline)

Bascline characteristics (Lapointe et al., 2023%);
intervention condition TO (Lapointe et al., 2023%);
condition HIIT-RM (TO) vs. MICT (T0O) (Mendelson et
al., 2022%); condition HIT (T0) vs. MICT (TO)
(Mendelson et al., 2022%); condition All participants—
changes treatment MICT vs. 4HIIT (Ramos et al.,
2021%); condition All participants—changes treatment
MICT vs. 1HIIT (Ramos et al., 2021?); condition Non-
T2D participants treatment MICT vs. 4HIIT (Ramos et
al., 2021¢); condition Non-T2D participants treatment
MICT vs. THIIT (Ramos et al., 20219).

HIIT vs. MICT post-intervention

The forest plot presented in Figure 7 illustrates the
results of 27 individual studies comparing the effects of
High-Intensity Interval Training (HIIT) and Moderate-
(MICT) on the

cardiorespiratory parameter, VOzpeak. Each study lists

Intensity ~ Continuous Training
the mean values (Mean), standard deviations (SD),
sample sizes (Total), and weights (Weight) for each
group. The column “Std. Mean Difference” shows the
standardized mean difference between HIIT and MICT
with 95% confidence intervals (95% CI).

Overall, the total sample size included in the analysis
is 445 for the HIIT group and 407 for the MICT group.
The overall effect size is 0.15 with a confidence interval
ranging from -0.03 to 0.32. The heterogeneity index
indicates a T2 value of 0.08, a Q? value of 39.96 with
degrees of freedom (df) of 24 (p-value 0.02), and an 12
of 40%, indicating a
heterogeneity among the studies.

value moderate level of
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Figure 6. Funnel Plot of HIIT vs MICT (Post-Intervention)

These results indicate that HIIT tends to have a small
advantage over MICT in improving VOzpeak; however,
this difference is not statistically significant (z-value 1.59,
p-value 0.11) at the 0.05 significance level because the
confidence interval includes zero. Specifically, out of the
25 studies analyzed, only 2 studies showed significant
results. The study by Marzolini et al. (2023) showed a
statistically significant standardized mean difference of
1.11 [0.50, 1.73], while the study by Ramos et al.
(2020c) showed a statistically significant standardized
mean difference of -1.57 [-2.50, -0.63]. In contrast, 23
other studies (Arild et al. 2022; Ballesta-Garcia et al.
2020; Besnier et al. 2019; Gentil et al. 20232 and 2023P;
Gripp et al. 2021; Isanejad et al. 2023; Lapointe et al.
20232 and 2023°; Marillier et al. 2022; Mendelson et al.
20222, 2022% and 2022¢; Pani et al. 2022; Ramos et al.
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20200, 2020, 20212, 2021°, 2021¢, and 20214
Rohmansyah et al. 2023; Sabag et al. 2020; and
Sokokowski et al. 2021) mostly showed positive
differences favoring HIIT, although some studies favored
MICT or showed no significant difference.

The funnel plot displayed in Figure 7 is used to detect
publication bias by showing the distribution of effect sizes
from each study against their standard errors. This plot
shows slight asymmetry, which could indicate the
possibility of publication bias; however, these results are
not statistically significant. In Table 4, the Rank
Correlation Test produced a Kendall’s T value of 0.047
with a p-value of 0.764, indicating no strong correlation

between effect size and standard error. The results of
Egger's Test were also not significant (z-value -0.755, p-
0.450),
publication bias.

These findings imply that both HIIT and MICT are
effective in

value indicating no strong evidence of

improving cardiorespiratory capacity
(VOzpeak), with a tendency for HIIT to be slightly more
advantageous. However, the non-significant difference
suggests that the choice of training method can be
tailored to individual preferences and health conditions
without significant concern about the effectiveness of

either method.

HIT MICT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI I, Random, 95% CI
Arild etal. 2022 30.5 6.1 33 286 53 24 5.4% 0.32 [-0.21, 0.89] T
Ballesta-Garcia et al. 2020 295 575 17 2649 472 12 3.7% 0.47 [-0.28, 1.22] T
Besnieretal 2019 20.2 5.8 16 15.7 5.1 15 3.8% 0.80 [0.06, 1.54] S
Gentil et al. 2023a 2596 6.3 15 234 107 14 3.8% 0.25 [-0.449, 0.98] T
Gentil et al. 2023b 231 3.7 15 234 107 14 3.8% -0.04 [-0.77, 0.69] T
Gripp etal. 2021 4616 31 11 4501 412 11 31% 0.30 [-0.54, 1.19] I
Isanejad et al. 2023 232 0.3 10 229 057 10 3.0% 0.06 [-0.81, 0.94] e —
Lapaointe et al. 2023 24.9 a1 16 24 6 16 4.0% 0.16 [-0.54, 0.849] b pa—
Lapointe et al. 2023a 20.6 5.6 19 224 5.3 16 4.2% -0.34 [-1.01, 0.33] .
Lapointe et al. 20230 21.9 6.1 19 241 4.9 16 4.2% -0.38 [-1.06, 0.29] T
Marillier et al. 2022 26.7 5.8 10 247 7.9 10 2.9% 0.28 [-0.61, 1.16] B
Marzalini et al. 2023 a.7 31 24 2.4 2.7 23 4 6% 111 [0.50,1.73] —
Mendelson etal. 2022a 26.4 4 16 24.4 5.8 19 4.2% 0.39 [-0.29, 1.06] b —
Mendelson etal. 2022k 26.5 5.5 18 24.4 5.8 19 4.4% 0.36 [-0.29, 1.01] i m—
Mendelson et al. 2022c 24.9 5.4 16 24 6 16 4.0% 0.145 [-0.54, 0.849] b pa—
Pani et al. 2022 20.81 5.8 29 28.07 B.82 21 5.1% 012 [-0.45, 0.63] T
Ramos etal. 20201 2.9 2.2 16 2.7 1.9 10 3.4% 0.09 [-0.70, 0.283] T
Ramos etal. 20200 a.7 4.7 13 2.7 1.9 10 3.0% 0.77 [-0.09, 1.63] b
Ramos etal. 20213 28.8 6.7 26 28.9 =) 26 5.3% -0.01 [-0.56, 0.53] T
Ramos etal. 20210 27.9 6.9 14 305 8.3 17 3.9% -0.33 [-1.04, 0.38] T
Ramos etal. 2021¢ 281 6.8 25 28.9 =) 26 5.2% -0.11 [-0.66, 0.44] T
Ramos etal. 2021d 27.8 6.2 14 305 8.3 17 3.9% -0.35 [-1.07, 0.326] 1
Rohmansyah et al. 2023 27.5 6.8 12 24.4 TG 12 3.3% 0.42 [-0.40,1.23] T
Sabag et al. 2020 22 0.7 12 239 1.5 12 2.7% -1.87 [[2.50, -0.63] I
Sokobowski et al. 2021 30.5 E.1 29 28.6 5.3 21 5.1% 0.32 [-0.24, 0.89] T
Total {(95% CI) 445 407 100.0% 0.15 [-0.03, 0.32] »

Heterogeneity: Tau®= 0.08; Chi®= 39.96, df= 24 (P = 0.02); "= 40%
Testfor overall effect: Z=1.58(F=0.11}

-2 o 2
Favours [MICT] Favours [HIT]
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Figure 7. Forest Plot of HII'T vs MICT (Post-Intervention)

Table 4.
Rank Correlation Test for Funnel Plot Asymmetry and Regression Test for Funnel

Plot Asymmetry

Kendall's Egger's test
Category
T P z P
(HIIT vs MICT)* -0.378 0.042 -1.971 0.049
(HIIT vs MICT)" 0.047 0.764 -0.755 0.450

L-HIT (Gentil et al., 2023%); S-HIIT (Gentil et al.,
2023%); intervention condition T12 (Lapointe et al.,
2023%); intervention condition T6 (Lapointe et al., 2023%);
condition T2 HIIT-RM vs MICT (Mendelson et al., 2022%);
condition T2 HIT vs MICT (Mendelson et al., 2022%);
condition T6 HIIT-RM vs MICT (Mendelson et al., 2022¢);
treatment condition MICT vs THIIT (Ramos et al., 2020%);
treatment condition MICT vs 4HIIT (Ramos et al., 2020°);
condition All participants—changes treatment MICT vs

IHIT (Ramos et al., 2021?); Non-T2D
participants treatment MICT vs 1HIT (Ramos et al.,

condition

2021); condition All participants—changes treatment

MICT vs 4HIIT (Ramos et al., 2021°); condition Non-T2D
participants treatment MICT vs 4HIIT (Ramos et al.,

20219,
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Discussion

The objective of this research is to investigate and
compare the effectiveness of two types of exercise, High-
Intensity Interval Training (HIIT) and Moderate-Intensity
Continuous Training (MICT), in improving VOzpeak in
individuals aged 40 and above. Based on a systematic
literature review and meta-analysis, we evaluated the
available data to determine which exercise is more effective
in enhancing cardiorespiratory fitness in this population.
The analysis results indicate that HIIT has a greater
advantage in improving VOzpeak compared to MICT in
individuals aged 40 and above. However, the difference
between the two exercise methods is not statistically
significant, both at baseline and after the intervention.
These findings suggest that both exercise methods can be
effective in improving cardiorespiratory capacity, with a
tendency for HIIT to be slightly more advantageous. The
low heterogeneity in this analysis reinforces the consistency
of the results, indicating that the variation among studies
can be considered homogeneous, and the results can be
generalized. Although there are indications of publication
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bias, the overall analysis shows that this bias is not strong
enough to affect the final conclusion.

The difference in effectiveness between HIIT and MICT
on VOzpeak can be observed from the obtained results,
where HIIT shows a significant increase in VOzpeak
compared to the control group. A z-value of 5.59 (p-value
< 0.00001) and a 95% confidence interval that does not
include zero indicate that HIIT is consistently more
effective in improving cardiorespiratory fitness compared
to the control. Conversely, MICT does not show a
significant difference compared to the control (z-value
1.84, p-value 0.07), indicating that MICT does not have a
meaningful effect in this context.

These results align with several previous studies stating
that the high intensity offered by HIIT is more effective in
stimulating increases in aerobic capacity compared to the
moderate intensity of MICT (Bacon et al., 2013; Milanovi¢
etal., 2015). The study by Grace et al. (2017) showed that
HIT has a greater effect on cardiorespiratory fitness
compared to MICT in older populations. Another study by
Calverley et al. (2020) confirmed these findings by
demonstrating that HIIT significantly increases VOzpeak
more than MICT. Additionally, the research by Wu et al.
(2023) found that while MICT is safer and has a longer
duration, its effect on increasing VOzpeak is not as strong
as HIIT. Reviews by Garcia-Hermoso et al. (2016) and
Thivel et al. (2019) also support the superiority of HIIT in
improving aerobic capacity compared to MICT across
various age populations.

The results of this meta-analysis show that High-
Intensity Interval Training (HIIT) is significantly more
effective in improving VOzpeak compared to the control
group. This is evidenced by a z-value of 5.59 (p-value <
0.00001) and a 95% confidence interval that does not
include zero, indicating that HIIT has a strong and
consistent effect on increasing cardiorespiratory capacity.
In contrast, Moderate-Intensity Continuous Training
(MICT) does not show a significant difference compared to
the control, with a z-value of 1.84 and a p-value of 0.07,
indicating that MICT does not have a meaningful effect in
the context of VO2zpeak improvement.

These findings are consistent with previous research
suggesting that the high intensity of HIIT is more effective
in stimulating aerobic capacity increases compared to the
moderate intensity used in MICT (Bacon et al., 2013;
Milanovi€ et al., 2015; Calverley et al., 2020; Wu et al.,
2023). For example, a study by Morales-Palomo et al.
(2020) demonstrated that HIIT has a similar or better
impact on VO2zpeak compared to MICT. Similarly, research
by Grace et al. (2017) and Poon et al. (2020, 2021) found
that HIIT is more effective in improving cardiorespiratory
fitness and body composition compared to MICT.

After the intervention period, the results show that
High-Intensity Interval Training (HIIT) tends to have a
slight advantage over Moderate-Intensity Continuous

Training (MICT) in improving VOzpeak. However, this

-618-

difference is not statistically significant, with a z-value of
1.59 and a p-value of 0.11. Nevertheless, some individual
studies, such as those conducted by Marzolini et al. (2023)
and Ramos et al. (2020°), show significant results,
supporting HIIT as a more effective method for improving
cardiorespiratory capacity. These findings are also
consistent with previous research by Milanovi€ etal. (2015)
and Bacon et al. (2013), which state that HIIT is more
effective than MICT in increasing VOzpeak in adult
populations. Additionally, studies by Batacan et al. (2017)
and Sawyer et al. (2016) also support that HIIT has greater
benefits for cardiorespiratory fitness compared to MICT.
The moderate level of heterogeneity (I? of 40%) indicates
variation in results among the studies, which may be due to
differences in study design, sample populations, and
intervention duration. This variation suggests that while
overall HIIT is slightly superior, the relative effectiveness of
these two training methods can be influenced by various
contextual and individual factors. Further research is
needed to confirm these findings and explore the
under]ying mechanisms behind the
effectiveness between HIIT and MICT.
The clinical and practical implications of this study
provide evidence that both HIIT and MICT can be used to
improve cardiorespiratory capacity in individuals aged 40

differences in

and above. HIIT tends to be more effective, especially in
the short term, as the high intensity offered can provide a
greater stimulus for increasing VOzpeak. However, MICT
remains a valid option for individuals who may not be able
to perform high-intensity exercises due to various reasons,
such as health conditions, personal preferences, or a lower
risk of injury. These findings can guide health and fitness
practitioners in designing exercise programs that meet the
needs and conditions of individuals, considering the
advantages and limitations of each training method. This
personalized approach is essential for maximizing health and
fitness benefits and ensuring sustainability and comfort in
long-term exercise programs.

The limitations of this study include variations in study
design, sample populations, and measurement methods
used in the analyzed studies. The variations in study design
encompass differences in intervention duration, exercise
intensity, and tools and procedures used to measure
VOzpeak, which can influence the obtained results.
Additionally,

differences in age, gender, and baseline health conditions of

diverse sample populations, such as
the participants, can also affect the effectiveness of HIIT and
MICT in improving cardiorespiratory fitness. The varying
measurement methods, such as the use of different
measurement tools or inconsistent procedures, can
introduce bias into the research results.

Therefore, further research is needed to confirm these
findings and explore the mechanisms underlying the
differences in effectiveness between HIIT and MICT.
Studies with more homogeneous designs, stricter controls,
and longer intervention durations will help provide a

clearer picture of the relative benefits of these two training
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methods. Future research should also consider using larger

and more representative sample populations and
standardized and consistent measurement methods to
ensure the reliability and validity of the results.
Additionally, in-depth analysis of individual factors such as
genetics, physiological adaptations, and participant
adherence to the exercise programs can provide deeper
insights into how and why HIIT and MICT differently affect
cardiorespiratory fitness. This will aid in designing more
effective  and interventions  to

specific improve

cardiorespiratory health across various populations.
Conclusion

This study investigates and compares the effectiveness
of High—lntcnsity Interval Training (HIIT) and Moderate-
Intensity Continuous Training (MICT) in improving
VOzpeak in individuals aged 40 and above. Results from a
systematic literature review and meta-analysis indicate that
HIIT has an advantage in increasing VOzpeak compared to
MICT, although this difference is not statistically
significant. Both exercise methods are effective in
enhancing cardiorespiratory capacity, with HIIT showing a
tendency for better outcomes. The heterogeneity of results
among the studies is low to moderate, indicating good
consistency. Although there is an indication of publication
bias, it is not strong enough to affect the overall
conclusions. The practical implications of this research
suggest that both HIIT and MICT can be utilized according
to individual preferences and conditions, with HIIT being a
more effective choice in the short term. Further research
with more homogeneous designs and longer intervention
durations is needed to reinforce these findings and
understand the mechanisms underlying the differences in
effectiveness between HIIT and MICT.

Acknowledgements

Our thanks go to Universitas Negeri Padang (LPPM),
the Research sample, and the participants.

References

Ahmadi, H., Gholamzadeh, M., Shahmoradi, L., Nilashi,
M., & Rashvand, P. (2018). Discases diagnosis using
fuzzy logic methods: A systematic and meta-analysis
review. In Computer Methods and Programs in Biomedicine,
161, 145-172.
https://doi.org/10.1016/j.cmpb.2018.04.013

Arild, A., Vangberg, T., Nikkels, H., Lydersen, S.,
Wisloft, U., Stensvold, D., & Haberg, A. K. (2022).
Five years of exercise intervention at different

of white
hyperintensities in community dwelling older adults, a
Generation 100 sub-study. Aging, 14(2), 596—622.
https://doi.org/ 10.18632/ aging.203843

Bacon, A. P., Carter, R. E., Ogle, E. A., & Joyner, M. ].

intensities and  development matter

-619-

(2013). VO2max Trainability and High Intensity
Interval Training in Humans: A Meta—Analysis. PLoS
ONE, 8(9).
https://doi.org/10.1371/journal.pone.0073182
Ballesta-Garcia, 1., Martinez-Gonzalez-Moro, 1., Ramos-
Campo, D. J., & Carrasco-Poyatos, M. (2020). High-
intensity interval circuit training versus moderate-
intensity continuous training on cardiorespiratory
fitness in middle-aged and older women: A randomized
controlled trial. International Journal qf Environmental
Research and Public Health, 17(5).
https://doi.org/10.3390/ijerph17051805
Batacan, R. B., Duncan, M. ., Dalbo, V. J., Tucker, P. S.,
& Fenning, A. S. (2017). Effects of high-intensity
health: A
systematic review and meta-analysis of intervention
studies. In British Journal of Sports Medicine, 51(6), 494—
503. https://doi.org/10.1136/bjsports-2015-095841
Berge, J., Hjelmesath, J., Hertel, J. K., Gjevestad, E.,
Sméstuen, M. C., Johnson, L. K., Martins, C.,
Andersen, E., Helgerud, J., & Steren, @., (2021),
Effect of Aerobic Exercise Intensity on Energy

interval training on cardiometabolic

Expenditure and Weight Loss in Severe Obesity—A
Randomized Controlled Trial. Obesity, 29(2), 359—369.
https://doi.org/10.1002/ oby.23078

Besnier, F., Labrunée, M., Richard, L., Faggianelli, F.,
Kerros, H., Soukari¢, L., Bousquet, M., Garcia, J. L.,
Pathak, A., Gales, C., Guiraud, T., & Sénard, J. M.
(2019). Short-term effects of a 3-week interval training
program on heart rate variability in chronic heart
failure. A randomised controlled trial. Annals of Physical
and  Rehabilitation =~ Medicine,  62(5), 321-326.
https://doi.org/10.1016/j.rehab.2019.06.013

Calverley, T. A., Ogoh, S., Marley, C. J., Steggall, M.,
Marchi, N., Brassard, P., Lucas, S. J. E., Cotter, J. D.,
Roig, M., Ainslie, P. N., Wisloff, U., & Bailey, D. M.
(2020). HIITing the brain with exercise: mechanisms,
consequences and practical recommendations. In Journal
of Physiology, 598(13), 2513-2530.
https://doi.org/10.1113/]P275021

Cao, M., Quan, M., & Zhuang, J. (2019). Effect of high-
intensity interval training versus moderate—intensity
continuous training on cardiorespiratory fitness in
children and
International Journal of Environmental Research and Public
Health, 16(9).
https://doi.org/10.3390/ijerph16091533

Chaeroni , A. ., Widya Pranoto, N., Talib, K., Ahmed, M.,
Khishe, M., Okilanda, A., & Nizam Lani, . M. (2024).
Efectos de la Actividad Fisica en la Salud Fisica, el

Comportamiento y la Personalidad segﬁn el Estatus

adolescents: A meta-analysis. In

Social de Nifios Urbanos y Rurales: Una revision
sistematica (Effects of Physical Activity on Physical
Health, Behavior and Personality by Social Status of
Urban and Rural Children: A Systematic Review).
Retos, 56, 1148-1160.
https://doi.org/10.47197/retos.v56.104519

Retos, nimero 59, 2024 (octubre)


https://doi.org/10.1002/
https://doi.org/10.3390/ijerph16091533

2024, Retos, 59, 608-622

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

Chaeroni, A., Husain, I., Ahmed, M., Singh, A. P., Sayed,
M. A., Okilanda, A. ., Thsan, N., Padli, P., Kumbara,
H., Haryanto, ]., & Febrian, M. (2024). Analisis
biomecanicos de la pala en el hockey sobre césped
(Biomechanical Analyses of Scoop in Field Hockey).
Retos, 55, 499-503.
https://doi.org/10.47197 /retos.v55.104402

Chaeroni, A., Pranoto, N. W., Tohidin, D., Gusril.,
Sepriadi., (2023). Promotion of Physical Activity
Programs Outside School Hours to Support the Great
Design of Indonesian National Sports. International
Journal of Human Movement and Sports Sciences, 11(1), 193
-200. DOI: 10.13189/52j.2023.110123.

Cunningham, C., O’ Sullivan, R., Caserotti, P., & Tully,
M. A. (2020). Consequences of physical inactivity in
older adults: A systematic review of reviews and meta-
analyses. In Scandinavian Journal of Medicine and Science in
Sports, 30(5), 816-827.
https://doi.org/10.1111/sms.13616

Dias, K. A., Ingul, C. B., Tjonna, A. E., Keating, S. E.,
Gomersall, S. R., Follestad, T., Hosseini, M. S.,
Hollekim-Strand, S. M., Ro, T. B., Haram, M., Huuse,
E. M., Davies, P. S. W, Cain, P. A., Leong, G. M., &
Coombes, J. S. (2018). Effect of High-Intensity Interval
Training on Fitness, Fat Mass and Cardiometabolic
Biomarkers in Children with Obesity: A Randomised
Controlled Trial. Sports Medicine, 48(3), 733—746.
https://doi.org/10.1007/540279-017-0777-0

Garcia-Hermoso, A., Cerrillo-Urbina, A. J., Herrera-
Valenzuela, T., Cristi-Montero, C., Saavedra, J]. M., &
Martinez-Vizcaino, V. (2016). 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. Obesity
Reviews, 17(6), 531-540.
https://doi.org/10.1111/0br.12395

Gentil, P., Silva, L. R. B. e., Antunes, D. E., Carneiro, L.
B., de Lira, C. A. B., Batista, G., Oliveira, J. C. M. de,
Cardoso, J. S., Souza, D. C. C., & Rebelo, A. C. S.
(2023). The effects of three different low-volume
acrobic  training protocols on  cardiometabolic
parameters of type 2 diabetes patients: A randomized
clinical ~ trial.  Frontiers in  Endocrinology,  14.
https://doi.org/10.3389/fendo.2023.985404

Germano, M. D., Antdnio, M., Sindorf, G., Elisa Da Silva,
C., Lopes Evangelista, A., Bocalini, D. S., & Lopes, C.
R. (2015). High

Cardiorespiratory

Intensity  Interval =~ Training:
Metabolic  and
Performance. International Journal of Sports Science, 5(6),
240-247.
https://doi.org/10.5923/j.sports.20150506.04

Go, A. S., Mozaffarian, D., Roger, V. L., Benjamin, E. J.,
Berry, J. D., Borden, W. B., Bravata, D. M., Dai, S.,
Ford, E. S., Fox, C. S., Franco, S., Fullerton, H. J.,
Gillespie, C., Hailpern, S. M., Heit, J. A., Howard, V.
J., Huffman, M. D., Kissela, B. M., Kittner, S. J., ...
Turner, M. B. (2013). Heart discase and stroke

Adaptations,

-620-

statistics-2013 update: A Report from the American
Heart  Association. In  Circulation, 127(1).
https://doi.org/10.1161/CIR.0b013¢31828124ad

Gopalakrishnan, S., & Ganeshkumar, P. (2013). Systematic
reviews and meta-analysis: Understanding the best
evidence in primary healthcare. Journal of Family
Medicine and Primary Care, 2(1), 9.
https://doi.org/10.4103/2249-4863.109934

Grace, A., Chan, E., Giallauria, F., Graham, P. L., &
Smart, N. A. (2017). Clinical outcomes and glycaemic
responses to different aerobic exercise training
intensities in type II diabetes: A systematic review and
meta-analysis.  Cardiovascular ~ Diabetology, — 16(1).
https://doi.org/10.1186/512933-017-0518-6

Gripp, F., Nava, R. C., Cassilhas, R. C., Esteves, E. A,
Magalhdes, C. O. D., Dias-Peixoto, M. F., de Castro
Magalhdes, F., & Amorim, F. T. (2021). HIT is
superior than MICT on cardiometabolic health during
training and dctraining. European Journal of Applied
Physiology, 121(1), 159-172.
https://doi.org/10.1007/s00421-020-04502-6

Gusril., Rasyid, W., Komaini, A., Chaeroni, A., Kalsum,
U. (2022). The Effect of Physical Activity-Based
Physica] Education Learning Model in the Form of
Games. International Journal of Human Movement and
Sports Sciences, 10(5), 906 - 912. Doi:
10.13189/52j.2022.100506

Gusril., Rasyid, W., Mariati, S., Chaeroni, A., Arrasyih,
F., Lopes, V. P.,Talib, K., Hong, F. (2024). Physical
Activity in the Form of Children's Games and Motor
Ability in a Group of Indigenous People in Indonesia.
International Journal of Human Movement and Sports
Sciences, 12(2), 345 - 355. DOI:
10.13189/52j.2024.120209

Guo, Z., Li, M., Cai, ]., Gong, W., Liu, Y., & Liu, Z.
(2023). Effect of High-Intensity Interval Training vs.
Moderate-Intensity Continuous Training on Fat Loss
and Cardiorespiratory Fitness in the Young and Middle-
Aged a Systematic Review and Meta-Analysis. In
International Journal of Environmental Research and Public
Health, 20(6).
https://doi.org/10.3390/ijerph20064741

Higgins, J. P. T., Thompson, S. G., Decks, . J., & Altman,
D. G. (2003). Measuring inconsistency in meta-
analyses. In British Medical Journal, 327(7414), 557-560.
https://doi.org/10.1136/bm;j.327.7414.557

Hutton, B., Catala-Lopez, F., & Moher, D. (2016). The
PRISMA statement extension for systematic reviews
incorporating network meta-analysis: PRISMA-NMA.
Medicina Clinica (English Edition), 147(6), 262-266.
https://doi.org/10.1016/j.medcle.2016. 10.003

Isanejad, A., Nazari, S., Gharib, B., & Motlagh, A. G.
(2023). Comparison of the effects of high-intensity
interval and moderate-intensity continuous training on
inflammatory markers, cardiorespiratory fitness, and
quality of life in breast cancer patients. Journal of Sport
and Health 12(6), 674-689.

Science,

Retos, nimero 59, 2024 (octubre)


https://doi.org/10.47197/retos.v55.104402
https://doi.org/10.5923/j.sports.20150506.04
https://doi.org/10.1007/s00421-020-04502-6
https://doi.org/10.1016/j.medcle.2016

2024, Retos, 59, 608-622

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

https://doi.org/10.1016/j.jshs.2023.07.001

Ito, S., Mizoguchi, T., & Sacki, T. (2016). Review of high-
intensity interval training in cardiac rehabilitation. In
Internal Medicine, 55(17), 2329-2336. https://doi.org/
10.2169/internalmedicine.55.6068

Kurniati, E., Suwono, H., Ibrohim, I., Suryadi, A., & Saefi,
M. (2022). International Scientific Collaboration and
Research Topics on STEM Education: A Systematic
Review. Eurasia Journal of Mathematics, Science and
Technology Education, 18(4).
https://doi.org/10.29333/ejmste/11903

Lapointe, T., Houle, J., Sia, Y. T., Payette, M., &
Trudeau, F. (2023). Addition of high-intensity interval
training to a moderate intensity continuous training
cardiovascular rehabilitation program after ischemic
cerebrovascular disease: A randomized controlled trial.
Frontiers in Neurology, 13.
https://doi.org/10.3389/fneur.2022.963950

Lu, Y., Wiltshire, H. D., Baker, J. S., & Wang, Q. (2022).
Effects of Low-Volume High—lntensity Interval Exercise
on 24 h Movement Behaviors in Inactive Female

Students. Journal  of
Environmental Research and Public Health, 19(12).
https://doi.org/10.3390/ijerph19127177

Maidawilis., Dewi, S., Welis, W., Alimuddin, Chaeroni,
A. (2022). The Effect of Endhorpin Massage and
Physical Activity on Reducing Back Pain Intensity of

University International

Pregnant Women. International Journal of Human
Movement and Sports Sciences, 10(4), 633 - 637. DOI:
10.13189/5aj.2022.100401
Marillier, M., Borowik, A., Chacaroun, S., Baillieul, S.,
Doutreleau, S., Guinot, M., Wuyam, B., Tamisier, R.,
Pépin, J. L., Esteve, F., Verges, S., Tessier, D., &
Flore, P. (2022). High-intensity interval training to
promote cerebral oxygenation and affective valence
during exercise in individuals with obesity. journal of
Sports Sciences, 40(13).
https://doi.org/10.1080/02640414.2022.2086658
Marzolini, S., Robertson, A. D., Macintosh, B. J., Corbett,
D., Anderson, N. D., Brooks, D., Koblinsky, N., &
Oh, P. (2023). Effect of High-Intensity Interval
Training and Moderate-Intensity Continuous Training
in People With Poststroke Gait Dysfunction: A
Randomized Clinical Trial. Journal of the American Heart
Association, 12(22).
https://doi.org/10.1161/JAHA.123.031532
Mendelson, M., Chacaroun, S., Baillieul, S., Doutreleau,
S., Guinot, M., Wuyam, B., Tamisier, R., Pépin, J. L.,
Esteve, F., Tessier, D., Verges, S., & Flore, P. (2022).
Effects of high intensity interval training on sustained
reduction in cardiometabolic risk associated with
overweight/obesity. A randomized trial. Journal of
Exercise Science and Fitness, 20(2).
https://doi.org/10.1016/j.jesf.2022.03.001
Milanovi€¢, Z., Spori§, G., & Weston, M. (2015).
Effectiveness of High-Intensity Interval Training (HIT)
and Continuous Endurance Training for VO2max

-621-

Improvements: A Systematic Review and Meta-Analysis
of Controlled Trials. In Sports Medicine (Vol. 45, Issue
10). https://doi.org/10.1007/540279-015-0365-0
Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G.
(2009). Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement.
Journal of Clinical Epidemiology, 62(10).
https://doi.org/10.1016/j.jclinepi.2009.06.005
Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati,
A., Petticrew, M., Shekelle, P., Stewart, L. A., Estarli,
M., Barrera, E. S. A., Martinez-Rodriguez, R., Baladia,
E., Agiiero, S. D., Camacho, S., Buhring, K., Herrero-
Lopez, A., Gil-Gonzalez, D. M., Altman, D. G,
Booth, A., ... Whitlock, E. (2016). Preferred reporting
items for systematic review and meta-analysis protocols
(PRISMA-P) 2015
Nutricion Humana y Dietetica,
https://doi.org/10.1186/2046-4053-4-1
Morales-Palomo, F., Ramirez-Jimenez, M., Orteg, J. F.,
Moreno-Cabafias, A., & Mora-Rodriguez, R. (2020).
Exercise training adaptations in metabolic syndrome

statement. Revista Espanola de

20(2).

individuals on chronic statin treatment. Journal of
Clinical ~ Endocrinology ~ and ~ Metabolism, — 105(4).
https://doi.org/10.1210/clinem/dgz304

Ngandu, T., Lehtisalo, J., Solomon, A., Levilahti, E.,
Ahtiluoto, S., Antikainen, R., Backman, L., Hanninen,
T., Jula, A., Laatikainen, T., Lindstrém, J.,
Mangialasche, F., Paajanen, T., Pajala, S., Peltonen,
M., Rauramaa, R., Stigsdotter-Neely, A., Strandberg,
T., Tuomilehto, J., ... Kivipelto, M. (2015). A 2 year
multidomain intervention of diet, exercise, cognitive
training, and vascular risk monitoring versus control to
prevent cognitive decline in at-risk elderly people
(FINGER): A randomised controlled trial. The Lancet,
385(9984). https://doi.org/10.1016/50140-
6736(15)60461-5

Page, M. ]., McKenzie, J. E., Bossuyt, P. M., Boutron, 1.,
Hoffmann, T. C., Mulrow, C. D., Shamseer, L.,
Tetzlaff, ]. M., & Moher, D. (2021). Updating guidance
for reporting systematic reviews: development of the
PRISMA 2020 of  Clinical
Epidemiology, 134.
https://doi.org/10.1016/j.jclinepi.2021.02.003

Pani, J., Eikenes, L., Reitlo, L. S., Stensvold, D., Wisloff,
U., & Haberg, A. K. (2022). Effects of a 5-Year
Exercise Intervention on White Matter Microstructural
Organization in Older Adults. A Generation 100
Substudy.  Frontiers in Aging  Neuroscience, 14.
https://doi.org/10.3389/fnagi.2022.859383

Pani, ]., Reitlo, L. S., Evensmoen, H. R., Lydersen, S.,
Wisloff, U., Stensvold, D., & Haberg, A. K. (2021).
Effect of 5 years of exercise intervention at different

statement.  Journal

intensities on brain structure in older adults from the
general population: A generation 100 substudy. Clinical
Interventions in Aging, 16.
https://doi.org/10.2147/CIA.S318679

Paul, J., Lim, W. M., O’Cass, A., Hao, A. W., &

Retos, nimero 59, 2024 (octubre)


https://doi.org/
https://doi.org/10.3390/ijerph19127177

2024, Retos, 59, 608-622

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

Bresciani, S. (2021).
rationales for systematic literature reviews (SPAR-4-
SLR). International ~ Journal —of Consumer Studies.
https://doi.org/10.1111/ijcs. 12695

Poon, E. T. C., Little, J. P., Sit, C. H. P., & Wong, S. H.
S. (2020). The effect of low-volume high-intensity

interval training on cardiometabolic health and

Scientific procedures and

psychological responses in overweight/obese middle-
aged men. Journal of Sports Sciences, 38(17).
https://doi.org/10.1080/02640414.2020.1766178
Prince, S. A., Dempsey, P. C., Reed, J. L., Rubin, L.,
Saunders, T. ., Ta, J., Tomkinson, G. R., Merucci, K.,
& Lang, J. J. (2024). The Effect of Sedentary Behaviour
on Cardiorcspiratory Fitness: A Systematic Review and
Meta-Analysis. In Sports Medicine (Vol. 54, Issue 4).
https://doi.org/10.1007/540279-023-01986-y
Poon, E. T. C., Wongpipit, W., Ho, R. 5. T., & Wong, S.
H. S. (2021). Interval training versus moderate-
intensity continuous training for cardiorcspiratory
fitness improvements in middle-aged and older adults:
a systematic review and meta-analysis. Journal of Sports
Sciences, 39(17).
https://doi.org/10.1080/02640414.2021.1912453
Ramos, J. S., Dalleck, L. C., Fennell, M., Martini, A.,
Welmans, T., Stennett, R., Keating, S. E., Fassett, R.
G., & Coombes, J. S. (2021). Exercise Training
Intensity and the Fitness-Fatness Index in Adults with
Metabolic Syndrome: A Randomized Trial. Sports
Medicine - Open, 7(1).
https://doi.org/10.1186/5s40798-021-00395-7
Ramos, . S., Dalleck, L. C., Stennett, R. C., Mielke, G.
I., Keating, S. E., Murray, L., Hasnain, S. Z., Fassett,
R. G., McGuckin, M., Croci, 1., & Coombes, ]. S.
(2020). Effect of different volumes of interval training
and continuous exercise on interleukin-22 in adults with
metabolic syndrome: A randomized trial. Diabetes,
Metabolic Syndrome and Obesity, 13.
https://doi.org/10.2147/DMSO.5251567
Rohmansyah, N. A., Ka Praja, R., Phanpheng, Y., &
Hiruntrakul, A. (2023).
Training  Versus Moderate-Intensity ~ Continuous

High-Intensity Interval
Training for Improving Physical Health in Elderly
Women. Inquiry (United States), 60.
https://doi.org/10.1177/00469580231172870

Sabag, A., Way, K. L., Sultana, R. N., Keating, S. E.,
Gerofi, J. A., Chuter, V. H., Byrne, N. M., Baker, M.
K., George, ]., Caterson, I. D., Twigg, S. M., &
Johnson, N. A. (2020). The effect of a novel low-
volume aerobic exercise intervention on liver fat in type
2 diabetes: A randomized controlled trial. Diabetes Care,
43(10). https://doi.org/10.2337/dc19-2523

Saniah, S., Sukamti, E. R. ., Chaeroni, A., Prayoga, H. D.
., Prabowo, T. A., Suganda, M. A., Suryadi, D. .,
Abdullah, N. M. B. ., Gogoi, H. ., Poralan, P. S,
Maulana, A. ., Habibie, M. ., Amalia, B. ., Kasanrawali,
A. ., & Abdhi, M. I. . (2024). Un analisis de los

estudiantes indonesios de boxeo ;Qué efecto tiene la

-622-

ansiedad ante la competicién en la autoeficacia? (An
analysis of Indonesian student-level boxing athletes:
What Effect Does Competition Anxiety Have on Self-
Efficacy?). Retos, 55, 1030-1037.
https://doi.org/10.47197/retos.v55.106784

Sawyer, B. J., Tucker, W. J., Bhammar, D. M., Ryder, J.
R., Sweazea, K. L., & Gaesser, G. A. (2016). Effects of
high-intensity interval training and moderate-intensity
continuous training on endothelial function and
cardiometabolic risk markers in obese adults. Journal of
Applied Physiology, 121(1), 279-288. https://doi.org/
10.1152/ japplphysiol.00024.2016

Shamseer, L., Moher, D., Clarke, M., Ghersi, D., Liberati,
A., Petticrew, M., Shekelle, P., Stewart, L. A,
Altman, D. G., Booth, A., Chan, A. W., Chang, S.,
Clifford, T., Dickersin, K., Egger, M., Gotzsche, P. C.,
Grimshaw, ]J. M., Groves, T., Helfand, M.,
Whitlock, E. (2015). Preferred reporting items for
systematic review and meta-analysis protocols (prisma-
p) 2015: Elaboration and explanation. In BMJ (Online),
349. https://doi.org/10.1136/bmj.g7647

Snyder, H.
methodology: An overview and guidelines. Journal of
Business Research, 104, 333—339. https://doi.org/
10.1016/j.jbusres.2019.07.039

Sokotowski, D. R., Hansen, T. L., Rise, H. H., Reitlo, L.
S., Wisleff, U., Stensvold, D., & Haberg, A. K. (2021).

5 Years of Exercise Intervention Did Not Benefit

(2019). Literature review as a research

Cognition Compared to the Physical Activity Guidelines
in Older Adults, but Higher Cardiorespiratory Fitness
Did. A Generation 100 Substudy. Frontiers in Aging
Neuroscience, 13.
https://doi.org/10.3389/fnagi.2021.742587

Spee, R. F., Niemeijer, V. M., Schoots, T., Tuinenburg,
A., Houthuizen, P., Wijn, P. F., Doevendans, P. A., &
Kemps, H. M. (2020). High intensity interval training
after cardiac resynchronization therapy: An explorative
randomized controlled trial. International Journal of
Cardiology, 299, 169—174.
https://doi.org/10.1016/j.ijcard.2019.07.023

Stewart, L. A., Clarke, M., Rovers, M., Riley, R. D.,
Simmonds, M., Stewart, G., & Tierney, J. F. (2015).
Preferred reporting items for a systematic review and
meta-analysis of individual participant data: The
PRISMA-IPD statement. In JAMA - Journal of the
American Medical Association, 313(16), 1657—1665.
https://doi.org/10.1001/jama.2015.3656

Thivel, D., Masurier, J., Baquet, G., Timmons, B. W,
Pereira, B., Berthoin, S., Duclos, M., & Aucouturier,
J. (2019). High-intensity interval training in overweight
and obese children and adolescents: Systematic review
and meta-analysis. In Journal of Sports Medicine and
Physical Fitness, 310-324.
https://doi.org/10.23736/50022-4707.18.08075-1

Van De Heyning, C. M., De Maeyer, C., Pattyn, N.,
Beckers, P. J., Cornelissen, V. A., Goetschalckx, K.,
Possemiers, N., Van Craenenbroeck, E. M., Voigt, ].

Retos, nimero 59, 2024 (octubre)


https://doi.org/10.2337/dc19-2523
https://doi.org/
https://doi.org/

2024,

Retos, 59, 608-622

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

U., Vanhees, L., & Shivalkar, B. (2018). Impact of
acrobic interval training and continuous training on left
ventricular geometry and function: a SAINTEX-CAD
substudy. International Journal of Cardiology, 257, 193—
198. https:/ /doi.org/ 10.1016/j.ijcard.2017.11.053

Welis, W., Darni., Khairuddin., Rifki, M.S., Chaeroni, A.

(2022). “Effect of Stunting Handling and Physical
Activity on Motor Ability and Concentration of School
Children. International Journal of Human Movement and
Sports Sciences, 10(5), 1040-1046, DOI:
10.13189/5aj.2022.10052

Wu, Q., Niu, X., Zhang, Y., Song, J., & Chi, A. (2023).

A Comparative Study of Inhibition Function between
High—lntcnsity Interval Training and Modcratc—lntcnsity

Datos de los/as autores/as y traductor/a:

Continuous Training in Healthy People: A Systematic
Review with Meta-Analysis. In International Journal of
Environmental ~Research and Public Health, 20(4).
https://doi.org/10.3390/ijerph20042859

Xiao, Y., & Watson, M. (2019). Guidance on Conducting

a Systematic Literature Review. In journal of Planning
Education and Research, 39(1), 93-112.
https://doi.org/10.1177/0739456X17723971

Zhang, H., Tong, T. K., Qiu, W., Zhang, X., Zhou, S.,

Liu, Y., & He, Y. (2017). Comparable Effects of High-
Intensity Interval Training and Prolonged Continuous
Exercise Training on Abdominal Visceral Fat Reduction
in Obese Young Women. journal of Diabetes Research,
2017. https://doi.org/10.1155/2017/5071740

Ahmad Chaeroni ahmad. chaeroni@fik.unp.ac.id Autor/a
Hasbi Taobah Ramdani hasbiners@gmail.com Autor/a
Bekir Erhan Orhan bekirerhanorhan@aydin.edu.tr Autor/a
Mohammad Khishe khishe@gmail.com Autor/a
Karuppasamy Govindasamy gk1305@srmist.edu.in Autor/a
Deby Tri Mario debytrimario@unp.ac.id Autor/a
ITham ITham ilhamf(@fik.unp.ac.id Autor/a
Shamsudin Yassin mathsproofread @gmail.com Traductor/a

-623-

Retos, nimero 59, 2024 (octubre)


https://doi.org/%2010.1016/j.ijcard.2017.11.053

