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Introduction: This systematic critical review and meta-analysis aims to identify the most effective High-Intensity Interval

Training (HIIT) protocols for endurance athletes, focusing on enhancing aerobic and anaerobic capacities, performance,
perceptual responses, and metabolic parameters. Addressing a significant knowledge gap, the study investigates the dose-
response relationship between HIIT training loads and their adaptations.
Material and method: [t involved a comprehensive search across five databases—Web of Science, Scopus, PubMed, Cochrane
and PEDro, including an in-depth review of citations, references, Google Scholar and grey literature up to December 2022.The
emphasis was on studies assessing the impact of HIIT on aerobic parameters (like maximal and peak oxygen consumption,
respiratory exchange ratio, maximum and peak heart rates), performance, anaerobic capabilities (peak and mean power
output), perceptual responses, and metabolic indicators, particularly blood lactate levels.
Results: Out of 1950 studies, 10 were chosen, comparing 21 HIIT protocols. Results indicated that a 1:8 sprint interval training
significantly improves maximal oxygen consumption (VO,m.) within four weeks. Traditional-HIIT with 2:1, 1:1, and 1:9 work:
recovery ratios over 3,4,and 10-weeks, respectively, also effectively enhanced VO, ... A 2:1 HIIT protocol over four weeks showed
notable improvements in peak oxygen consumption (VO,pea). Additionally, the 1:8 sprint interval training was particularly
Key words:  effective inimproving power outputs, performance metrics, and blood lactate.
Sprint interval training. Repeated ~ Conclusions: The study highlights that different HIITs, when appropriately customized, can improve anaerobic capacity,
sprint training. Rate of perceived ~ performance, and metabolic parameters in athletes. It concludes that sprint interval training may offer more substantial
exertion. Blood lactate concentration.  anaerobic benefits compared to traditional-HIIT approaches.

HIIT 6ptimo para respuestas aerobicas, anaerdbicas, de rendimiento
y metabélicas: una revision critica sistematica y un metanalisis

Resumen

Introduccion: Esta revision critica sistematica y metaanalisis tiene como objetivo identificar los protocolos de entrenamiento en
intervalos de alta intensidad (HIIT) mas efectivos para atletas de resistencia, centrandose en mejorar las capacidades aerdbicas
y anaerdbicas, el rendimiento, las respuestas perceptivas y los pardmetros metabdlicos. Para abordar una importante brecha
de conocimiento, el estudio investiga la relacién dosis-respuesta entre las cargas de entrenamiento HIIT y sus adaptaciones.
Material y método: Implicé una busqueda exhaustiva en cinco bases de datos (Web of Science, Scopus, PubMed, Cochrane
y PEDro) ademas de Google Scholar, incluida una revisién en profundidad de citas, referencias y literatura gris hasta diciembre
de 2022. El énfasis fue en estudios que evaltan el impacto del HIIT en los pardmetros aerébicos (como el consumo méaximo
y méaximo de oxigeno, el indice de intercambio respiratorio, la frecuencia cardiaca maxima y méxima), el rendimiento, las ca-
pacidades anaerodbicas (produccion de potencia maximay media), las respuestas perceptuales y los indicadores metabdlicos,
particularmente sanguineos. niveles de lactato.
Resultados: De 1950 estudios, se eligieron 10, comparando 21 protocolos HIIT. Los resultados indicaron que un entrena-
miento de intervalos de sprint 1:8 mejora significativamente el consumo méximo de oxigeno (VO.ma.) en cuatro semanas. El
HIIT tradicional con relaciones de trabajo: recuperacion de 2:1, 1:1y 1:9 durante 3,4y 10 semanas, respectivamente, también
mejoro eficazmente el VO.m.. Un protocolo HIIT 2:1 durante cuatro semanas mostrd mejoras notables en el consumo maxi-
Palabras clave: MO de oxigeno (VOxio). Ademds, el entrenamiento en intervalos de sprint 1:8 fue particularmente efectivo para mejorar la
Entrenamiento intervélico de  Produccion de potencia, las métricas de rendimiento y el lactato en sangre.

sprint. Entrenamiento de sprint ~ Conclusiones: El estudio destaca que diferentes HIIT, cuando se personalizan adecuadamente, pueden mejorar la capacidad
repetido. Tasa de esfuerzo percibido.  anaerdbica, el rendimiento y los parametros metabdlicos en los atletas. Concluye que el entrenamiento a intervalos de sprint

Concentracion de lactato en sangre.  puede ofrecer beneficios anaerébicos més sustanciales en comparacion con los enfoques HIIT tradicionales.
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Introduction

High-Intensity Interval Training (HIIT) is characterized by brief,
high-intensity exercises interspersed with short periods of rest, either
active or passive. This training modality is defined by efforts that ap-
proach, meet, or exceed maximal capacity'. The specific prescription of
HIIT can vary significantly, influenced by several parameters including
the intensity and duration of work intervals, the nature and length of
recovery intervals, the number of repetitions and cycles, and the mode
of exercise. These factors collectively contribute to the physiological
adaptations elicited by HIIT. Notably, the intensity and duration of both
work and recovery intervals are pivotal in optimizing HIIT adaptations?.
Current research and training literature recognize three primary forms
of HIIT: traditional-HIIT, sprint interval training (SIT), and repeated sprint
training (RST). Traditional-HIIT encompasses exercises of varying dura-
tions (ranging from 6-sec to 8-min) performed at intensities exceeding
90% of an individual's maximal capacity, interspersed with rest periods
of similar durations. SIT typically involves vigorous exercises followed
by extended recovery intervals (lasting 60 to 300-sec)®. RST consists
of maximal or supra-maximal efforts (less than 10-sec) with brief rest
periods (approximately 60-sec)’. The evolving focus in this field is to
ascertain the most effective HIIT protocol for enhancing performance.

A substantial body of research corroborates the efficacy of HIIT in
improving athletic performance?. However, the sports conditioning
community faces challenges in understanding the dose-response
relationship between training load and the resultant changes in
physical capacities and performance, which often exhibit significant
inter-individual variability. This has spurred interest in characterizing
HIIT protocols based on theirimpact on various parameters, including
aerobic and anaerobic capacities, performance, perceptual responses,
and metabolic effects within the same population. The challenge lies
in the heterogeneity of HIIT protocols used in studies and the com-
mon practice of comparing HIIT with other training modalities, such
as moderate-intensity training. Numerous studies and reviews have
attempted to explore these effects, comparing traditional-HIIT with SIT
or RST, or HIIT with moderate-intensity exercises. However, there is a
lack of comprehensive reviews examining the impact of varying pres-
criptions of HIIT protocols within the same population over extended
training periods (exceeding four sessions). Therefore, this review and
meta-analysis critically examines the effects of different work interval
intensity and work-to-recovery ratio durations in HIIT, postulating that
physiological responses may vary significantly based on the specific
training program?®. This analysis is conducted by reviewing studies that
compare various HIIT protocols within the same population.

Materials and method

This systematic review aims to investigate and critically analyse the
effect of different protocols of HIIT on aerobic, anaerobic, performance,
perceptual and metabolic parameters. This systematic review and meta-
analysis are reported according to the Preferred Reporting Items for
Systematic reviews and Meta-analyses in Exercise, Rehabilitation, Sports
medicine and SporTs science (PRISMA PERSIST) guidelines®.

Information sources

The databases searched were Web of sciences, Scopus, Pubmed,
Cochrane, and PEDro and the other sources were Google scholar, cita-
tion search, reference search and grey literature search from inception
to December, 2022.

Search strategy

The search strategy was developed by two authors (AS, ZK) and
encompassed three term sets that were created using the PICO method
and were combined with BOOLEAN operators ‘OR'and'AND’. The term
sets included words for (P) ‘healthy (athletic) population, ‘endurance
athletes, ‘endurance players'‘recreational players; (I) ‘high-intensity in-
terval training”'sprint interval training'repeated sprint training’and (O)
‘effects on VO, kinetics parameters, heart rate parameters, time trials,
power output, rate of perceived exertion (RPE), blood lactate (BLa)
parameters'to ensure a sensitive search strategy.

Outcome parameter

The primary outcome parameters included the aerobic parame-
ters (VOomax, VOapesi, respiratory exchange ratio (RER), maximum heart
rate (HRma), peak HR (HRqea], performance parameters (time trials for
endurance performance) and anaerobic parameters [(peak power out-
put (PPO), mean power output (MPO)], while the secondary outcome
parameters were the perceptual parameter (rate of perceived exertion)
and metabolic parameter [blood lactate parameters (BLa)].

Eligibility criteria

This systematic review and meta-analysis are reported according to
the Preferred Reporting Items for Systematic reviews and Meta-analyses
in Exercise, Rehabilitation, Sports medicine and SporTs science (PRISMA
PERSIST) guidelines. Interventional parallel-group randomized trial
design studies comparing HIIT with different intensities or durations of
work and recovery intervals and reporting at least one outcome measure
were included in the review. The population targeted for the review
was adult, healthy and active (professional or recreational) endurance
players within the age spectrum of 18 to 28 years. Also, studies which
were not in the English language or not available in the full text were
excluded along with the studies giving polarized HIIT or having a cros-
sover design. Studies giving a combination of any other training with
HIIT or nutritional supplementation were also excluded. Studies were
screened out if they were based on the injured population (<6 months)
or diseased population (e.g fibromyalgia, multiple sclerosis, cancer) or
outside the targeted age spectrum.

Study selection and risk of bias assessment

The search was executed by one author (first author) across all se-
lected databases from inception till December, 2022. Then, all retrieved
results were manually screened for eligibility criteria by two authors
(first and second author) using a staged process of reviewing titles and
abstracts, and eventually reviewing the remaining full texts. Results
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between the two authors were compared, and disagreements that were
raised between the two researchers were resolved by the third author.
Full texts that matched all inclusion criteria were assessed using the
Cochrane Risk of Bias assessment tool 2.0 (ROB-2.0)’ for methodological
quality according to the study design. Two authors (first and second
author) have independently assessed the quality of retrieved studies.
Any conflict was resolved by a third author (third author).

Data extraction and synthesis

For the articles included in this study, all the authors discussed how
the information should be organized regarding the characteristics of
the studies and the results of the assessed measurement properties.
Afterwards, two independent reviewers extracted the data which
included the study characteristics (like the title, authors'names, year of
publication, and type of study), participants'characteristics (i.e, number,
age and skill level), training protocol and outcome measure characte-
ristics (like the type of equipment used and training given) and effect
of the different HIIT prescription on the VO:may, VOpeak, RER, HRmax, HRpeax,
time trials, PPO, MPO, RPE and BLa. The statistical analysis was conducted
using RevMan software (version 5.4). To compare the outcomes reported
by the studies, we calculated the standardised mean difference (SMD)
over time and the corresponding 95% confidence interval (Cl) for the
continuous variables using the inverse square method. The estimated
SMD and the inconsistency index (I?) were interpreted as described by
Hopkins et al®.When the Q-test was significant (P <0.1) and/or the result

Figure 1. Flowchart depicting the PRISMA PERSIST protocols.

of > was >75%, there was heterogeneity among the studies, and the
random-effects model was conducted in the meta-analysis®.

Results

From the databases search, 81 files were found, to which 1869
more were added from Google scholar, citation, reference and grey
literature searches. These search results were then manually identified
and 459 duplicates were eliminated. The remaining 1491 files were
screened for relevance according to their titles and abstracts; through
this process, another 1449 articles were removed independently by
two reviewers (first and second author). 3 more articles were scree-
ned out as their full text could not be retrieved. After the full texts of
the remaining 39 articles were read, another four were excluded due
to a lack of relevance to the specific purpose of the current study
(one-time intervention executed). In the final step of the screening
procedure, another 25 articles were eliminated either because they
included another age group (n = 6), added another intervention or
nutritional supplementation (n = 2), different population (n = 3),
full text in another language than English (n = 3), cross over studies
(n = 10). After the entire screening process was complete, 10 stu-
dies were deemed acceptable for inclusion in the present review. A
schematic summary of this search is shown in flowchart Figure 1. The
important characteristics of the selected articles are shown in Table 1
and the summarized results are shown in Table 2.
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Table 1. Characteristics of the 10 included studies in the review.

Study Subject Study  HIIT protocol Duration Duration Mode Outcome
Characteristics Design measure
Jones etal’ 30 physically active RCT 1:8 SIT Two weeks; Cycle VOzmax,
(2017) males (minimum of five - 6-sec group completed 20x6 sec sprints with a 48-sec ~ Sessions- ergometer 10kmtt, PPO
hours week-1 in a range recovery thrice a week
of sports) divided into - 30-sec group completed 4x30 sec sprints with a
three groups four-min recovery to replicate commonly used SIT
protocols.
- Control group completed normal training
Leeetal® 38 recreationally RCT 1:2 traditional HIIT Four weeks;  Cycle VO:max, BLa,
(2017) active men, healthy, - Long duration high-intensity (8 x 60 sec at 85%-90%  Sessions- ergometer  RER, HRmay,
recreationally VO:max 120-sec recovery at 30% VOamax) thrice a week PPO, MPO,
active male university - Short-duration high-intensity (48 x 10 sec at 85%-90% RPE
students divided into VOzmax; 20-sec recovery at 30% VOamax)
three groups. - Control continued normal training
Jonesetal.® 36 male and RCT 1:8,1:10, 1:12 SIT Two weeks; Cycle 10 kmtt, PPO,
(2019) female subjects were - Training consisted of ten 6-sec “all-out” sprints Sessions- ergometer  MPO
randomly allocated to 1 with 48-sec, a 60-sec or a 72-sec recovery thrice a week
of three training groups - Control continued normal training
or a non-training
control group
Moghaddam 34 individuals, 16 males  RT 2:1 traditional HIIT Four weeks; Functional ~ VOamax, PPO,
etal?(2021) and 18 females divided - 10-5-HIIT was performed with 10 sec: 5 sec with one Sessions- training MPO
into two groups minute recovery between cycles -20-10-HIIT was thrice a week
performed with 20 sec:10 sec followed by a two
minute recovery.
Bayatietal.' 24 healthy young male  RCT 1:8and 1:4 SIT Four weeks;  Cycle VWO;max, Bla,
(2011) graduate students into - 30-sec all-out efforts: four min recovery; with three Sessions- ergometer PPO, MPO
three groups intervals in week one, progressing to five in week thrice a week
three followed by a reduction to four intervals in week
four.
- 30-sec all-out efforts with 125% Ppax: two min
recovery; with six intervals in week one, progressing
to 10 in week three followed by a reduction to eight
intervals in week four.
- Control group underwent no training.
Hazel etal. 48 young adults (26 RCT 1:8,1:24,1:12 SIT Two weeks; Cycle VOsmax,
(2010) kinesiology students, - 30 sec“all-out” efforts with four min of active recovery  Sessions- ergometer 5 kmtt,
19 ultimate Frisbee (unloaded cycling) thrice a week Relative
players, and three - 10 sec“all-out” efforts with four min of active recovery power output
other physically active (unloaded cycling).
individuals; 35 men and - 10 sec “all-out” with two min of active recovery
13 women) divided into (unloaded cycling).
four groups. - Control performed no training.
Zeltetal'® 36 healthy males RT 1:9,1:19SIT Four weeks; Cycle VOapeak, HRpeaks
(2014) volunteers divided into - 30-sec work intervals with 4.5 min of active recovery Sessions- ergometer BLa, LT, PPO,
three groups - 15-sec work intervals with 4.75 min of active recovery  thrice a week MPO
- Endurance training to one group
For SIT groups, four intervals per session for weeks one-
two, and increased to six intervals per session for weeks
third- four. For ET group was increased from 60 min per
session for weeks one-second to 75 min per session for
weeks three-four.
Esfarjani 17 moderately trained RCT 1:1, 1:9 traditional HIIT 10 weeks; Treadmill VOsmax, 3 kmtt
etal.’? (2007) male runners into three - Eight runs of 60% Of Trmax at VWVVOamax Sessions-
groups - 12 30-sec effort at 130% VVO,max With 4.5 min recovery  twice per
- Control having 60 min at 75% VVOamax week
(continued)
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Table 1. Characteristics of the 10 included studies in the review (continuation).

Study Subject Study  HIIT protocol duration Duration Mode Outcome
characteristics Design measure

Belfry etal.'” 14 healthy, male RT 2:1 Interval training Four weeks; Cycle VOapeak, RER,

(2020) athletes divided into - Interval training consisted of 120 repetitions of 10-sec  Sessions- ergometer PPO, MPO
two groups work at 50% of the difference between the VO, at VT thrice a week

and VOaeax followed by 5-sec of recovery at 60% of VT.
- This high-intensity continuous training was performed
at the highest PO sustainable for 30 min.

da Silva 23 healthy, RT T:1.5HIT Three weeks;  Cycle VOspeaks

Machado recreationally active - Eight 60-sec work bouts at the PPO in the maximal Sessions- ergometer %HRmax, RPE,

etal.'®(2019) divided into two incremental test, interspersed by 75-sec of thrice a week BLa, PPO,
groups. low-intensity (50 W) active recovery. Participants in MPO

this group performed eight, 10, and 12 work bouts in
the three sessions of the first, second, and third week
of training

- Group performed the same protocol, however, with
half the volume of work bouts of the low-volume
HIIT group (i.e., four, five, and six work bouts in the
three sessions of the first, second, and third week of
training)

HIIT: High intensity interval training; SIT: Sprint interval training; RST: repeated sprint training, ET: endurance training; RCT: randomized controlled trial; RT: randomized trial; BLa: blood lactate;
RER: respiratory exchange ratio; HRmax: heart rate maximum; PPO: peak power output; MPO: mean power output; RPE: rating of perceived exertion; %HRmac percentage of maximum heart rate;
HRpea: peak heart rate; LT: lactate threshold; kmtt: kilometre time trial; VO.: Oxygen consumption; W: watts; Tmax: time to exhaustion; VOuma: maximal oxygen consumption, vWOuma: Velocity at
VOamax; VO2peak: peak Oxygen consumption; VT: ventilatory threshold.

Table 2. Result of the included articles (n = 10).

Study Result

Jones et al.’® This study indicates that both 6 and 30 sec bouts of repeated sprint exercise, matched for total sprint duration, can improve athletic
(2017) performance.

Leeetal.” The higher incremental aerobic performance in HIIT 60 sec versus HIIT 10 sec reflected similar adaptations, but the higher repeated sprint
(2017) performance was observed only in responses to HIIT 60 sec, which may elicit greater anaerobic adaptations.

Jones et al." All training conditions resulted in significant improvements in performance, any of the three work to rest ratios would be appropriate for
(2019) use with athletes and allow some level of personal preference.

Moghaddam Both 2:1 HIIT can induce performance adaptations to a similar extent. However, because of shorter time commitment, performing 2:1 HIIT
etal? (2021) at 10 sec:5 sec may offer a shorter and equally efficient interval.

Bayatietal." The results of the current study reported the better effectiveness of 30-s all-out training program to aerobic and anaerobic adaptations.
(2011)

Hazel et al.™* The study indicates that both, 10 sec (with either 2- or 4-min recovery) and 30 sec SIT bouts are effective for increasing anaerobic and
(2010) aerobic performance.

Zeltetal.® The results indicate that reducing SIT work-interval duration from 30 to 15 sec had no impact on training-induced increases in aerobic or
(2014) anaerobic power, or on increases in lactate threshold.

Belfry et al."” The results show that utilizing this novel short work: shorter rest (10 sec: 5 sec) interval training paradigm will elicit better performances in
(2020) moderate duration performances compared to continuous training of the same duration, effort, and frequency.

da Silva The 1:1.5 very-low-volume HIIT enhanced anaerobic capacity and was perceived as less strenuous and more pleasurable than 1:1.5
Machado low-volume HIIT

etal.'® (2019)

Esfarjani etal' The present study has shown that 3kmtt running performance, VO,m.x can be significantly enhanced using and may be more profound
(2007) using prolonged HIIT at intensities of vVVO,max with interval durations of 60% of Trmax

HIIT: High intensity interval training; SIT: Sprint interval training; Tmac time to exhaustion; VOuma: maximal oxygen consumption, vWOamac: Velocity at VOamax.

Cochrane risk of bias assessment quality of each of the 10 articles. Conflict at any stage during the process

This review entails 10 parallel group RT design studies. Two indepen- was resolved by consensus with the third reviewer (third author). The
dent reviewers (first and second author) assessed the methodological detailed judgement for the methodological quality is depicted in Table 3.
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Table 3. Risk of bias assessment of randomized parallel arm trials (n=10).

Study Risk of bias Risk of bias due Risk of bias dueto  Risk of bias in Risk of bias in Overall Risk of
arising from the to deviations missing outcome measurement of  selection of the Bias
randomization from the intended data the outcome reported result
process interventions

Jones etal.'®(2017) Low risk Low risk Low risk Low risk Low risk Low risk

Esfarjani et al.'? (2007) Some concern Low risk Low risk Low risk Low risk Some concern

Lee etal.’> (2017) Low risk Low risk Low risk Low risk Low risk Low risk

Jonesetal.”®(2019) Some concern Low risk Low risk Low risk Low risk Some concern

Moghaddam et al.® Low risk Low risk Low risk Low risk Low risk Low risk

(2021)

Bayatietal." (2011) Some concern Low risk Low risk Low risk Low risk Some concern

Hazel et al.**(2010) Some concern Low risk Low risk Low risk Low risk Some concern

Zelt et al.'® (2014) Low risk Low risk Low risk Low risk Low risk Low risk

Belfry et al.'” (2020) Some concern Some concern Low risk Low risk Low risk Some concern

da Silva Machado Some concern Low risk Low risk Low risk Low risk Some concern

etal.'® (2019)

Data organization

The result were clubbed for the metanalysis according to the
parameters and outcome measures used and then critically analy-
sed the effect of each protocol, according to the work:recovery
duration ratio.

Characteristics of the studies

Out of the 10 included studies, 6'%"> were RCTs and 4>'%'® were
randomized parallel arm multigroup trials. Jones et al.'®and Bayati et al."
used two SIT protocols and a control group. Esfarjani et al.'? and Lee et
al.” compared two traditional-HIIT and a control group, but in Esfarjani
etal.?, the control group got endurance training. Jones et al.”* and Hazel
etal* compared 3 SIT protocols and a control group. Moghaddam et al.®
compared the 2 traditional-HIIT protocols whereas Zelt et al.'® compa-
red two traditional-HIIT and an endurance training group. Belfry et al.””
compared traditional-HIIT with continuous training. da Silva Machado
etal.'® compared a low-volume HIIT to a very low-volume HIIT. In total,
there were 21 HIIT protocols involved in this review which were critically
analyzed for their effect on different parameters.

Measurement of the training effect

Out of the 10 articles included in the review, seven arti-
cles>10M1151718 gnalysed the treatment effect size (ES) on the outcome
measures by Cohen'’s d or eta square (n?). The other three articles'>'*®
analysed the effect of the change in mean and SD to analyse the effect
on outcome measures.

HIIT protocols and participants

Out of the 10 studies included in this review, five studies>'>!>171¢ ysed
traditional-HIIT while the other five studies'®'"'3*1¢ ysed SIT for training

the participants (details in Table 1). The total number of participants
included in the review were 296 (after four dropouts) out of which 253
were males and 43 were females (details in Table 1).

Effect of training

VO, kinetics parameters

The metanalysis of 3 studies'"'*"> comparing 6 different pro-
tocols against a control group stated the SMD = 1.04 ml/kg/min
(Cl1 95% = 0.63-1.46; P <0.001), the test for overall effect Z = 4.89 with
12 = 0% (Figure 2A). 2 articles®" reported VOges. The result of the
meta-analysis of these studies'®'” analysing 3 HIIT protocols stated
the SMD was -0.04 I/min (C1 95% = 0.54 — 0.46; P=0.87), Z = 0.17 with
12=0% (Figure 2B). Only 2 articles™"” reported RER with no improvement
in RER in any of their training groups and so as the metanalysis of the
3 HIIT protocols (Figure 2C).

HR parameters

In the study by Lee et al.”*, the SMD between two HIIT was calcu-
lated to be -0.63 (C1 95% = -1.20 to -0.07; P= 0.03), Z was 2.20 with > of
0% (Figure 3A). Zelt et al.'® also reported no improvement in the HReax
in both the SIT groups (190 + 7 to 186 £ 8; 192 + 8 to 190 + 10). The
result of the meta-analysis calculated the SMD between two HIIT to be
041 (C195% =-0.16 - 0.99; P=0.16), Z = 1.42 with I = 0% (Figure 3B).

Peak power

Only Bayati et al"" had data in comparison to a control group.
The SMD for 2 traditional-HIIT protocols was evaluated to be 1.39
(C1'95% = 0.59 - 2.19; P >0.01), Z = 3.41 with 1> of 0% (Figure 4A).
For Zelt et al'® and Moghaddam et al?, the result of meta-analysis®'®
of pre-post readings of 4 HIIT protocols stated the SMD was -0.37
(C195% =-0.74-0.00; P=0.05), Z = 1.97 with I> = 0% (Figure 4B).
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Figure 2. Metanalysis of VO, uptake parameters.

A
HIT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95%Cl IV, Random, 95%Cl
Bayati (b) 2011 48.9 35 8 44.7 4.2 8 15.5% 1.03 [-0.04, 2.09] +—
Bayati 2011 48.6 33 8 44.7 4.2 8 15.7% 0.98 [-0.08, 2.03] ——
Esfarjani (b) 2007 56 14 6 529 1.5 5 7.1% 1.96 [0.39, 3.53] _
Esfarjani 2007 54.9 2.1 6 529 1.5 5 10.5% 0.98 [-0.31, 2.28] —_
Lee (b) 2016 61.4 12.2 13 524 6.5 13 26.5% 0.89[0.08, 1.70] —
Lee 2016 61 9.6 12 524 6.5 13 24.6% 1.02[0.18,1.87] —a—
Total (95%Cl) 53 52 100.0% 1.04[0.63, 1.46] 2 2
Heterogeneity: Tau? = 0.00; Chi> = 1.48, df =5 (P = 0.92); I = 0% } } } }
Test for overall effect: Z = 4.89 (P <0.00001) -2 -1 0 1 2
Favours Control Favours HIIT
B
SIT ET Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95%Cl 1V, Random, 95%(Cl
Belfry 2020 4.06 0.63 7 4.09 0.52 7 -0.05 [-1.10, 1.00] i
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While Lee et al.”®, showed no significant interaction effects for group
training repeated sprints in PPO (P = 0.59). The SMD of 2 HIIT protocols
was 0.30 (C195%=-0.30-0.90; P= 0.32),Z=0.99 with I’=14% (Figure 4C).

Jones et al.”}, reported there was a significant time main effect
for PPO, becoming more consistent over the training period. Belfry et
al’ reported a significant difference in pre-post PPO from 341+ 63 to
370+48 (p=0.03). The result of meta-analysis'*"” of pre-post comparison
of 4 HIIT protocols stated the SMD was -29.72 (CI95% = -83.78 — 24.33;
P=0.28),Z=1.08 with I>= 0% (Figure 4D). The result of meta-analysis'®'/
of pre-post comparison between 3 SIT protocols and endurance training
stated the SMD was 0.16 (C1 95% =-0.35 - 0.67; P=0.63), Z = 0.62 with
12=0% (Figure 4E).

Mean power output

In Bayati et al.'!, the MPO increased significantly in one group
compared with pre-testing (p = 0.02) and the control group (P = 0.01).

MPO in another group did not change significantly with the training
(P=0.06).The SMD of 2 HIIT protocols was evaluated to be 1.11 (C1 95% =
0.35-1.88; P >0.01), Z = 2.85 with I> of 0%. Jones et al.”” reported there
was a significant time effect on MPO within sessions becoming more
consistent over the training period. The range of MPO decreased 14.1%,
39.1%, and 25.2% forthe 1:8, 1:10,and 1:12 groups, respectively, between
sessions 1 and 6 and SMD for the mean power output of 3 protocols was
evaluated to be-0.15 (-0.69-0.38; P=0.57) at 95%, Z = 0.56 with I of 0%.

Performance parameter -Time trial

Esfarjani et al.'? reported improvement in 3kmtt of 50 sec in one
group (—7.3%, P <0.05) and 23-sec in another group (—3.4%, P=0.27) but
not different significantly from control. The SMD for 3kmtt of 2 protocols
was evaluated to be 6.63 (P <0.01) at 95%, and the test for overall effect,
Zis 5.0 with 12 of 0%. Jones et al.'® and Jones et al."* evaluated the effect
oftraining in 10kmtt. Jones et al.'®improved significantly in both training

302

Arch Med Deporte 2025;42(6):296-306



Optimal HIIT for aerobic, anaerobic, performance and metabolic responses: a systematic critical review and meta-analysis

Figure 3. Metanalysis of HR parameters.

A
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Total (95%Cl) 25 26 100.0%  -0.63[-1.20,-0.07] <O
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Test for overall effect: Z = 1.42 (P=0.16) -1 0.5 0 0.5 1
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groups, statistically significantly by 5.1% (d = 0.31) and by 6.2% in the
long-duration group (d =0.47). Jones et al.”® reported that the time trial
performance significantly improved by 13.8%, 11.4%, and 13.9% in all
SIT groups. There were no significant differences between treatment
groups and the SMD for 3 protocols which was evaluated to be -0.51
(C195% =-1.06-0.04; P=0.07), Z was 1.82 with I? of 14%.

Blood lactate

Inthe study by Bayati et al."" maximal BLa (3rd min) was significantly
higher in one group compared with pre-testing from 13.5 + 1.3 mmol/I
to 15.6 £ 1.6 mmol/l and both were significantly different compared
with the control group. However, there was no effect reported on BLa in
the study by Lee et al.’® The result of meta-analysis''> with 4 protocols
stated the mean SMD to be 0.76 (Cl 95% = 0.15 -1.38; P = 0.01) and
7 =244 with 1> =42%.

Perceived exertion

Lee et al.”®, showed no improvement in any of the HIIT groups or
the control group but the SMD for 2 protocols was 0.30 (Cl 95% =-0.30
-0.90; P=0.32), Z=0.99 with I> of 14% (Figure 4).

Discussion

The present study was proposed to discuss this systematic critical
review and meta-analysis concerning the effect of different HIIT pres-
criptions on aerobic and anaerobic performance parameters as well as
the metabolic and perceptual parameters of endurance athletes.

Effect of different parameters

We have analysed the effect of the different HIIT prescriptions on the
outcome parameters but to find out the best possible HIIT prescription
for a particular parameter it is indeed important to consider the type
of HIIT, the volume of training and the duration of the given training. In
the upcoming section, we have critically analysed the above-mentioned
result according to these considerations.

VO; kinetics parameters (VOzmax, VOzpeaks RER)

HIIT has emerged as a superior method for improving VO, kinetics,
outperforming the continuous and aerobic training approaches. This
conclusion is drawn from the analysis of 16 varied HIIT protocols. Jones
etal® applied a 1:8 SIT ratio over two weeks on a cycle ergometer, ob-
serving no significant VO, changes. In contrast, Bayatiet al.'? reported
VO,maxincreases of 9.6% and 9.7% in 1:8 and 1:4 SIT groups, respectively,
after four weeks. These findings suggest the 1:8 SIT ratio's potential in
enhancing VO,na within a month. Bogdanis et al.'® noted that aerobic
contribution to sprint exercise increases with successive sprints, depen-
ding on recovery intervals. Short recovery periods in these protocols
likely demanded significant aerobic metabolism for ATP resynthesis
in later sprints, possibly explaining the VO,q, improvements. Lee et
al.> implemented a 2:1 traditional-HIIT protocol on a treadmill for four
weeks, resulting in VOumaimprovements of 18.4% and 17.9% for short
(10-sec) and extended (60-sec) efforts, respectively. Moghaddam et al®
also observed positive outcomes from a 2:1 traditional-HIIT regimen
over three weeks, using functional exercises. Esfarjani et al.'? reported
VOomax increases of 9.1% and 6.2% in 1:1 and 1:9 HIIT groups, respecti-
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Figure 4. Metanalysis of Peak power.
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vely, after a 10-week program on a treadmill. These studies collectively
indicate the efficacy of three to ten-week HIIT programs in enhancing
VO, potentially due to increased stroke volume and improved oxygen
utilization by muscles®*%,

Regarding VOspea, Zelt et al.’® observed 4% and 8% increases in two
SIT groups with 1:9 and 1:19 ratios, respectively, over four weeks. Belfry
et al'” documented an 8.8% VO, increase following a 2:1 interval
training regimen over four weeks. These results imply that a 2:1 interval
training protocol may be more effective for VO, enhancement. The
improvements in VO are linked to increased activation of Type 2a
and 2x muscle fibres during HIIT*?¢ and to training intensities of 83%
to 94% of VOspea, Which maximize cytochrome ¢ content in various
muscle fibres and elevate PGC-1a levels, a marker of enhanced oxidative
phosphorylation?’.

Heart rate parameters

HIIT has shown potential in improving autonomic HR response
compared to control or endurance training. A study by da Silva Machado
etal.®involved three weeks of 1:1.5 traditional-HIIT on a cycle ergometer,
revealing lower %HRq. in the very-low-volume HIIT group, possibly due
to less metabolic stress. Lee et al.'* observed no significant difference
in HR response with a 2:1 HIIT ratio on a treadmill. Zelt et al.'® reported
improvements in 1:9 and 1:19 SIT groups, but these were compared to
endurance training, not a control group. The diverse training volumes
and modes contribute to the inconclusiveness of the optimal HIIT
prescription for HR improvement.

Peak power output

HIIT has been effective in improving PPO. Bayati et al'' and Zelt
et al'® showed improvements in SIT groups on a cycle ergometer,
with the former indicating better results in a 1:8 work-recovery ratio.
Moghaddam et al.® observed a 9.2% and 5.7% increase in PPO with two
different 2:1 HIIT protocols. Jones et al.®reported a 9% to 20% increase
in PPO across different sprint durations. Belfry et al.'” and Jones et al.™*
also noted significant improvements in PPO with various SIT protocols.
Lee etal.”” found marked improvements in PPO with a 60-sec effort HIIT
program. These findings align with previous research suggesting that
maximal-effort sprint bouts enhance muscle protein content, GLUT-4,
and neuromuscular training adaptations?*='.

Mean power output

The analysis reveals significant improvements in MPO following
various HIIT protocols. Bayati et al.'' observed a 17.1% increase in MPO
with a 1:8 SIT regimen. Lee et al.”” reported MPO enhancements in both
60-sec and 10-sec HIIT programs, with notable improvements in the
60-sec group. Moghaddam et al.> documented MPQ increases of 12.9%
and 8% in their study groups. However, da Silva Machado et al."®found
no significant differences in MPO between training groups. Jones et al.®
reported improvements ranging from 14.1% to 39.1% across different
SIT protocols. Belfry et al.”” also noted MPO improvements following a
2:1interval training program.The observed increase in VO, over the first
60-sec of the 3-min performance was mirrored either by the expected

concomitant temporal increase in metabolic VCO, or improved venti-
latory buffering®.

Performance parameter-Time Trial

The studies indicate enhanced endurance performance post-HIIT.
Hazel et al."* reported improvements in 5kmtt across various SIT proto-
cols. Esfarjani et al.’? observed a 7.3% improvement in 3kmtt following
traditional-HIIT on a treadmill. Jones et al.'® and Jones et al.” found sig-
nificant enhancements in 10kmtt with various SIT prescriptions. These
improvements may be linked to increased activity of glycolytic enzymes
and enhanced phosphocreatine resynthesis during recovery?2.

Blood lactate

SIT protocols were found to increase Bla levels. Zelt et al.'® and
Bayati et al."! reported significant increases in BLa in various SIT groups,
suggesting enhanced glycolytic output.

Perceived exertion

The studies on RPE present mixed results. da Silva Machado et al.'®
observed lower RPE in very-low-volume HIIT programs, indicating a
potential correlation between RPE and affective response. However,
Lee et al.””found no significant improvements in RPE following HIIT.
Thus, from a practical point of view, the RPE should be considered
a valuable tool in the prescription and monitoring of the exercise
intensity*.

Any inferences made in the present review have some limitations,
such as the low number of studies, the use of distinct protocols and the
lack of female athletes'data which results in its lack of generalisability. Fu-
ture studies can also analyse the effect of different exercise prescriptions
on fatigue thresholds like critical power, use of whole-body vibration in
the recovery of HIIT, effect on affective responses and neuromuscular
parameters like electromyography.

Conclusions

HIIT in a variety of forms, is today one of the most effective means
of improving cardiorespiratory and metabolic function and, in turn, the
physical performance of athletes. Importantly, considerable variability
exists between parameters and outcome measures and also between
the HIIT protocols, therefore precise recommendations are difficult to
offer. Most HIIT formats, if properly manipulated, can enable athletes
to improve the aerobic, anaerobic and performance parameters with
various HIIT session prescriptions. However, SIT can provide better
anaerobic adaptations than traditional-HIIT.
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