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 Shuttle-Run Intermittent Training Prescribed from the Futsal 
Intermittent Endurance Test: Acute Physiological Responses  

from Three Different Protocols in Female and Male Futsal Players 

by 
Lorival José Carminatti 1, Ricardo Dantas de Lucas 2, Fernando Klitzke Borszcz 1,2, 

Leonardo de Lucca 1, Juliano Fernandes da Silva 2,3, Luiz  
Guilherme Antonacci Guglielmo 2, Anderson Santiago Teixeira 2,3,* 

This study aimed to compare the acute heart rate (HR), blood lactate concentration ([La]) and the rating of 
perceived exertion (RPE) responses between sexes during three different high-intensity intermittent (HIIE) shuttle-run 
training models prescribed from the peak speed of the Futsal Intermittent Endurance Test (PSFIET). Eleven female (19.1 ± 
1.7 years) and 11 male (22.1 ± 3.9 years) junior or professional futsal players firstly performed the FIET. Then, two HIIE 
models were performed by males and females in randomized order. Model 1 and 2 were sex-specific, while Model 3 was 
performed by both. HIIE models included shuttle-runs with short rest periods, followed by a 3-min rest interval between 
the sets. The intensity varied across models (92%, 89%, 86% PSFIET). HR (expressed as the percentage of the individual 
maximal HR), [La], and RPE values were acquired after each set and at the end of the session. All the comparisons were 
performed following a Bayesian approach. At the first set, cardiovascular strain (≈93.5% HRmax) was similar between 
sexes, but higher [La] was noticed in females (7.33;7.41 mmol/L) than in males (4.96;6.42 mmol/L). Females presented 
larger changes in the %HRmax (1.25;1.29 vs. 0.41;0.58 %) and [La] (0.56;1.26 vs. −0.25;0.63 mmol/L) than males for 
every additional set. Also, males presented lower RPE values than females in the same HIIE format (4.9 vs. 6.0 a.u), even 
though they performed one more set. In conclusion, female futsal players experienced greater perceptual and metabolic 
responses than male players during HIIE with more directional changes, suggesting sex specific responses to the addition 
of COD during HIIE.  
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Introduction 

Futsal is an intermittent indoor team 
sport characterized by stochastic activities 
performed at different intensities, in which players 
are required to perform various explosive, 
multidirectional, and high-intensity actions (e.g., 
accelerations, decelerations, and changes of 
direction [COD]) interspersed with recovery 
periods of lower intensity (Castagna et al., 2009; 
Chiu et al., 2024; Oliva-Lozano et al., 2023; Ribeiro 
et al., 2020, 2024; Serrano et al., 2020). It has been 
reported that during a futsal match, male and 

female players perform with an average heart rate 
(HR) close to ~86–90% and ~83% of their maximum 
HR (HRmax) during competitive and friendly 
games, respectively (Beato et al., 2017; Castagna et 
al., 2009; Rodrigues et al., 2011). Regarding the 
external match load, professional male players 
cover greater absolute (3.1 to 5.0 km vs. 2.7 to 3.2 
km) and relative total distance (91 to 121 m·min−1 
vs. 67 to 103 m·min−1), as well as higher total 
distance at a speed above 15.5 km·h−1 (~13–17% vs. 
~12%) (Castagna et al., 2009; De Oliveira Bueno et 
al., 2014; Makaje et al., 2012; Serrano et al., 2020) 
than their female counterparts (Beato et al., 2017;  
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Palucci Vieira et al., 2021). Furthermore, female 
players reduce their distances covered above 15.5 
km·h−1 over the second half of the match (Beato et 
al., 2017; Oliva-Lozano et al., 2023; Palucci Vieira et 
al., 2021), while this was not observed for male 
players (Ribeiro et al., 2020; Serrano et al., 2020). 
Therefore, one could suppose that there are 
different demands between female and male futsal 
players, and this should be considered when 
designing training aimed at enhancing their 
physical fitness (Beato et al., 2017; Palucci Vieira et 
al., 2021). 

The ability to perform fast change of 
direction (COD) has been considered a critical 
capacity in several court- and field-based team 
sports (Nygaard Falch et al., 2019). The inclusion of 
COD in training drills has become increasingly 
popular among coaches to increase training 
specificity to game demands (Akenhead et al., 
2015; Dellal et al., 2010; Fessi et al., 2018; Ortiz et 
al., 2024; Teixeira et al., 2019). It has been well 
demonstrated that shuttle-run protocols elicit 
greater acute responses (i.e., physiological and 
perceptual) compared to straight-line running 
(Akenhead et al., 2015; Dellal et al., 2010; Fessi et 
al., 2018). Shuttle-runs with different COD 
frequencies could elicit different responses in the 
HR, blood lactate concentration ([La]), and the 
rating of perceived exertion (RPE) due to the 
volume of decelerations and accelerations 
(Akenhead et al., 2015; Fessi et al., 2018). 

The effectiveness of high-intensity 
intermittent (HIIE) shuttle-run training models in 
female (Teixeira et al., 2018, 2019) and male 
(Campos et al., 2021) futsal players has been 
previously reported. Interestingly, those studies 
individualized the training intensity based on the 
peak speed reached during the Futsal Intermittent 
Endurance Test (FIET) (Castagna and Barbero 
Alvarez, 2010). Despite its relevance, none of those 
studies examined the effects of sex on acute 
responses to shuttle-run HIIE models prescribed 
from the peak speed of the FIET (PSFIET) and with 
different COD frequency. Indeed, sex-specific 
differences in acute responses during HIIE have 
been well-documented in the literature (Coe and 
Astorino, 2024; Laurent et al., 2014). However, the 
impact of varying the number of COD on 
physiological responses between the sexes has not 
been explored well. 

Of interest, female athletes can  
 

 
experience different physiological, perceptual and 
neuromuscular responses than male ones during 
HIIE, yet these observations have been limited to 
athletes from other team sports such as football 
and netball (Ashton and Twist, 2015; Dolci et al., 
2022; Mercer et al., 2003). Assuming that training 
needs and adaptations may vary depending on the 
sport and playing standard, caution should be 
exercised when extrapolating these results to futsal 
players. Understanding sex-specific responses to 
shuttle-run HIIE models with different COD 
patterns in futsal players will allow for more 
precise adjustment of training stimuli to the 
individual athlete's needs and sport-specific 
demands.  

The first aim of this study was to use the 
Bayesian approach to compare acute HR, [La], and 
RPE responses among three different HIIE models 
prescribed from the PSFIET. A second aim was to 
compare the acute responses during the same HIIE 
model performed at 86% PSFIET between the sexes. 
We hypothesized that female players would 
present greater physiological and perceptual 
responses than males during HIIE shuttle-run 
training sessions. 

Methods 
Participants 

 To participate in the study, athletes must 
have had at least three years of futsal experience 
and they needed to compete at the national junior 
or professional level. Then, 11 female (mean ± 
standard deviation [SD]; age: 19.1 ± 1.7 years, body 
mass: 58.1 ± 7.1 kg, stature: 1.60 ± 0.06 m) and 11 
male (age: 22.1 ± 3.9 years, body mass: 71.6 ± 8.2 kg, 
stature: 1.75 ± 0.06 m) futsal players were recruited 
from three different teams for this study. At the 
time of the intervention, all players competed at 
the junior or the professional level in their 
respective teams. The current research proposal 
was approved by the ethics committee of the 
Federal University of Santa Catarina, 
Florianópolis, Brazil (protocol code: 
19398213.3.0000.0121; approval date: 22 September 
2013). The club manager and parents or legal 
guardians of the participants were informed about 
the nature of the study including objectives, 
protocols, and related risks, and participants 
provided informed written consent (≥18 years) 
before the commencement of this study. 
Participation was voluntary and players provided  
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assent (when they were at the age of <18 years) 
after being informed that they could withdraw 
from the study at any time. 

Experimental Procedures 

A randomized repeated measures design 
was used in this study. All players were required 
to complete three testing sessions on an official 
futsal court to compare the acute physiological 
responses between particular conditions. All 
testing sessions were carried out at the same time 
of the day and separated by at least 48 hours to 
minimize any residual fatigue. The first test 
consisted of performing the Futsal Intermittent 
Endurance Test (FIET) to determine the peak speed 
at the end of the test (PSFIET) and the HRmax. The 
following two testing sessions were dedicated to 
the completion of different shuttle-run HIIE 
models in randomized order, in which male 
players performed models 1 and 3 (M1M[92% PS] and 
M3M[86% PS], respectively), while female players 
performed models 2 and 3 (M2F[89% PS] and M3F[86% 

PS], respectively).  

Heart Rate 

The beat-to-beat HR was continuously 
recorded during all sessions using a chest belt via 
short-range radio telemetry (Polar Team Sport 
System, Polar Electro Oy, Kempele, Finland). HR 
data were reduced to 15-s mean values. The 
highest 15-s interval during the FIET was 
considered the HRmax. During the HIIE sessions, 
HR data were reduced to 5-s mean values, and the 
HR obtained in each shuttle-running set was 
considered the average of the last two min of the 
exercise (Floriano et al., 2016). HR responses for 
each running set (sets 1, 2, 3, 4 and 5 [only in 
M3M[86% PS]]) were expressed as relative percentages 
of the HRmax (%HRmax). 

Blood Lactate Concentration ([La]) 

Capillary blood samples (25 μL) were 
collected from the ear lobe. The analysis of [La] was 
performed using an electrochemical analyzer (YSI 
2700 STAT, Yellow Springs, OH, USA). Blood 
samples were collected immediately after the 
warm-up (i.e., before the 1st set), after each running 
set, and in the 3rd min of recovery (after HIIE 
sessions).   

Rating of Perceived Exertion (RPE) 

The RPE of each player was assessed using  
 

 
the CR-10 scale adapted by Foster et al. (2001). All 
players were familiar with this procedure. Players 
reported their RPE score 30 min after the 
completion of the shuttle-run HIIE session. 

FIET 

The FIET consisted of shuttle-run bouts of 
45 m (i.e., 3 × 15 m) performed at progressive speed 
until voluntary exhaustion (Castagna and Barbero 
Alvarez, 2010). Every 45 m, players were allowed 
to actively rest for 10 s. After each 8 × 45 m bout, 
players passively rested for 30 s. The initial speed 
was 9.0 km·h−1 with increments of 0.33 km·h−1 
during the first 9 × 45 m bouts. After 9 × 45 m bouts, 
the increment changed to 0.20 km·h−1 every 45 m 
until exhaustion. The speed was controlled by 
prerecorded audio cues (Speaker, Satellite, 
Taiwan). The test was finished when participants 
did not reach the front line in time with the beeps 
for two consecutive repetitions. Then, the peak 
speed (i.e., PSFIET) reached at the end of the test was 
used as the reference for the individualization of 
distance covered during HIIE sessions. 

Shuttle-Run HIIE Protocols 

Before each shuttle-run HIIE session, 
players completed a standardized warm-up. HIIE 
models named M1M[92% PS] and M2F[89% PS] consisted 
of shuttle-run intervals composed of 4 sets of 6- 
and 4-min bouts, respectively, interspersed with 3 
min of rest intervals between the sets. Model 
M1M[92% PS] was applied for male players, while 
model M2F[89% PS] was used for female players. 
Conversely, model M3[86% PS] was performed by 
both sexes and consisted of 4 (for females) and 5 
(for males) sets of 4-min bouts interspersed with 3-
min rest intervals between the sets. The target 
intensities during HIIE model M1M[92% PS], M2F[89% PS], 
and M3M/F[86% PS] were set at 92%, 89%, and 86% of 
PSFIET, respectively. These submaximal intensity 
thresholds were selected to allow players to sustain 
the longer set duration (i.e., 4 to 6 min) used in our 
study, since futsal players have demonstrated 
reaching exhaustion in less than 3 minutes at 100% 
PSFIET (with a time limit ranging from 1.00 to 4.42 
min) during HIIE models similar to ours (Dos 
Santos et al., 2024). Additionally, the selection of 
86% to 92% of PSFIET to individualize running 
distance during HIIE sessions has been shown to 
enhance several performance outcomes in futsal 
players (Campos et al., 2021; Teixeira et al., 2019), 
highlighting the practical relevance of submaximal  



x  Shuttle-run training based on FIET: Physiological Responses in Futsal Players 

Journal of Human Kinetics, volume xxx, xxxxxxxxx http://www.johk.pl 

 
shuttle-run intensities for HIIE programming 
(Akenhead et al., 2015). The 3% difference in 
intensity between M1M[92% PS] and M2F[89% PS] was 
designed to take into account differences between 
the sexes (e.g., age, anthropometric and 
performance features) during interval training, as 
previously demonstrated by Laurent et al. (2014). 
Finally, the intensity of M3M/F[86% PS] was lower than 
of the other two sex-specific models to account for 
the time necessary to perform a higher number of 
COD (Buchheit, 2008). The average running pace 
performed by players between the start and return 
lines was dictated by a prerecorded audio cue, 
emitting beeps every 3.75 s. The distance covered 
by each player during training sessions was 
individualized according to their respective PSFIET. 
M1M[92% PS] and M2F[89% PS] involved 7.5 s of the 
shuttle-run (with one direction change every 3.75 
s) followed by 10 s (for M1M[92% PS]) and 7.5 s (for 
M2F[89% PS]) of passive rest. In contrast, model M3[86% 

PS] comprised 15 s of the shuttle run (with one 
direction change every 3.75 s) and 15 s of passive 
rest. Thus, shuttle-run interval duration in M3[86% 

PS] was twofold longer compared to the other 
models, which resulted in a greater volume of 
COD performed per running bout (3 vs. 1 COD). 
The total volume of COD performed within each 
model was as follows: males (M1M[92% PS]: 84 COD; 
M3M[86% PS]: 135 COD; ratio M1M[92% PS] ÷ M3M[86% PS]: 
0.62) and females (M2F[89% PS]: 68 COD; M3F[86% PS]: 
108 COD; ratio M2F[89% PS] ÷ M3F[86% PS]: 0.63).  

The main differences between M1M[92% PS] 
and M2F[89% PS] in comparison to M3M[86% PS] and 
M3F[86% PS] were the intensity (i.e., %PSFIET) and the 
number of COD performed during each shuttle-
running bout (1 vs. 3 COD). The HR and [La] were 
assessed during HIIE, while the RPE was assessed 
at the end of each training session. 

Statistical Analysis 

Analyses were carried out following 
established Bayesian inference methods, using 
statistical software R (v4.0; R Core Team [2020], 
Vienna, Austria) and its graphical interface 
RStudio (v1.2.5). The package brms (Bürkner, 2017) 
allowing to fit Bayesian models using Stan 
(Gelman et al., 2015) was applied for analysis.  

Analysis of [La] and the %HRmax during 
HIIE sessions was performed using the linear 
multilevel modeling procedure (Equation 1). The 
HIIE models (M1M[92% PS], M2F[89% PS], M3M[86% PS], and  
 

 
M3F[86% PS]), sets (as continuous 1 to 4/5 adjusted to 
the intercept located at the first set, i.e., each set 
number was subtracted by −1 [after analysis the 
data were readjusted]), and the interaction model 
× sets were included as population-level (a.k.a., 
fixed) effects. Group-level (a.k.a., random) effects 
included varying intercepts for each jth subject (i.e., 
the identity of each participant to deal with 
repeated measures in different HIIEs) and varying 
intercepts and slopes of all predictors (i.e., model, 
sets, and interaction model × sets) for each kth 
observation derived from the interaction subject: 
model (i.e., each observation of each participant). 
Group levels were reported as standard deviations 
(SD - σbetween), therefore, they provide the 
variability (spread) of between-subjects responses 
at the first set and the following sets in each HIIE 
model. The residual (unexplained) SD (σwithin) was 
modeled for each HIIE model using a 
distributional model via log-transformation of 
residual SD estimates (to ensure positive values) 
(Bürkner, 2017). Note, that the σwithin is traditionally 
assumed constant among all predictors in 
statistical models, however, Bayesian modeling 
allows the fitting of σwithin with predictors (Bürkner, 
2017). Statistical modeling and the Bayesian priors 
utilized for [La] and %HRmax responses during the 
HIIE sessions are presented in Equation 1, as 
follows:  

     
Likelihood           𝑦௜~ 𝑁𝑜𝑟𝑚𝑎𝑙(𝜇, 𝑒𝑥𝑝(log (𝜎))) 
 
Variables 𝜇 =  𝛼௝[௜],௞[௜] + 𝛽ଵ௞[௜](𝑀2ி[଼ଽ% ௉ௌ]) + 𝛽ଶ௞[௜](𝑀3ெ[଼଺% ௉ௌ]) + 𝛽ଷ௞[௜](𝑀3ி[଼଺% ௉ௌ]) + 𝛽ସ௞[௜](𝑠𝑒𝑡) + 𝛽ହ௞[௜](𝑀2ி[଼ଽ% ௉ௌ] × 𝑠𝑒𝑡) +  𝛽ହ௞[௜](𝑀3ெ[଼଺% ௉ௌ] × 𝑠𝑒𝑡) + 𝛽଺௞[௜](𝑀3ி[଼଺% ௉ௌ] × 𝑠𝑒𝑡) 𝛼௝~𝑁𝑜𝑟𝑚𝑎𝑙(𝜇ఈೕ, 𝜎ఈೕଶ), 𝑓𝑜𝑟 𝑠𝑢𝑗𝑒𝑐𝑡 𝑗 =  1, . . . , 𝐽 
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Priors                𝛼௝ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఈ௝) 𝛼௞ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఈ௞) 𝛽ଵ௞ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఉଵ௞) 𝛽ଶ௞ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఉଶ௞) 𝛽ଷ௞ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఉଷ௞) 𝛽ସ௞ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఉସ௞) 𝛽ହ௞ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఉହ௞) 𝛽଺௞ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఉ଺௞) 
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 𝛼, 𝛽ଵ, 𝛽ଶ, 𝛽ଷ, 𝛽ସ, 𝛽ହ, 𝑎𝑛𝑑 𝛽଺ ~ 𝑆𝑡𝑢𝑑𝑒𝑛𝑡 − 𝑡(𝜇 =  0, 𝜎= 10, 𝑑𝑓 = 3) 𝜎ఈ௝, 𝜎ఈ௞, 𝜎ఉଵ௞, 𝜎ఉଶ௞, 𝜎ఉଷ௞, 𝜎ఉସ௞, 𝜎ఉହ௞, 𝑎𝑛𝑑 𝜎ఉ଺௞ ~ 𝑆𝑡𝑢𝑑𝑒𝑛𝑡 − 𝑡ା(𝜎= 10, 𝑑𝑓 = 3) 𝜌 =  𝐿𝐾𝐽𝑐𝑜𝑟𝑟(2) 𝜂଴, 𝜂ଵ, 𝜂ଶ, 𝑎𝑛𝑑 𝜂ଷ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(𝜇 =  𝑙𝑜𝑔(1), 𝜎 = 1)  (1) 
 
For analysis of [La] and the RPE at the end 

of HIIE sessions, the population-level effects 
included HIIE models (M1M[92% PS], M2F[89% PS], 
M3M[86% PS], and M3F[86% PS]), for both the mean (μ) 
and the residual SD (σwithin) estimates (i.e., each 
mean and SD of responses was modeled in each 
HIIE as a distributional model; Bürkner, 2017). 
Group levels for μ estimates included varying 
intercepts for each jth subject. Statistical modeling 
and the Bayesian priors utilized for [La] and the 
RPE at the end of HIIE sessions are presented in 
Equation 2, as follows:     

 
Likelihood   𝑦௜~ 𝑁𝑜𝑟𝑚𝑎𝑙(𝜇, 𝑒𝑥𝑝(log (𝜎))) 
 
Variables      𝜇 =  𝛼௝[௜] + 𝛽ଵ(𝑀2ி[଼ଽ% ௉ௌ]) + 𝛽ଶ(𝑀3ெ[଼଺% ௉ௌ]) + 𝛽ଷ(𝑀3ி[଼଺% ௉ௌ]) 𝛼௝~𝑁𝑜𝑟𝑚𝑎𝑙(𝜇ఈೕ, 𝜎ఈೕଶ), 𝑓𝑜𝑟 𝑠𝑢𝑗𝑒𝑐𝑡 𝑗 =  1, . . . , 𝐽 𝑙𝑜𝑔(𝜎) = 𝜂଴ + 𝜂ଵ(𝑀2ி[଼ଽ% ௉ௌ]) + 𝜂ଶ(𝑀3ெ[଼଺% ௉ௌ])+ 𝜂ଷ(𝑀3ி[଼଺% ௉ௌ])  

 
Priors                 𝛼௝ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఈ௝) 𝛼, 𝛽ଵ, 𝛽ଶ, 𝑎𝑛𝑑 𝛽ଷ ~ 𝑆𝑡𝑢𝑑𝑒𝑛𝑡 − 𝑡(𝜇 =  0, 𝜎 = 10, 𝑑𝑓= 3) 𝜎ఈ௝ ~ 𝑆𝑡𝑢𝑑𝑒𝑛𝑡 − 𝑡ା(𝜎 = 10, 𝑑𝑓 = 3) 𝜂଴, 𝜂ଵ, 𝜂ଶ, 𝑎𝑛𝑑 𝜂ଷ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(𝜇 = 𝑙𝑜𝑔(1), 𝜎 = 1)                                                              (2) 

 
For analysis of [La] before HIIE sessions, a 

model equal to [La] and RPE post-exercise was 
used, except that the data were analyzed using a 
log-normal likelihood model, to ensure positive 
values (Equation 3). After the analysis, the data 
were back-transformed to the original scale using 
an exponential function, therefore, σwithin was 
presented as times/divide form (×/÷), as presented 
in Equation 3: 

 
Likelihood     𝑦௜~ 𝑁𝑜𝑟𝑚𝑎𝑙(𝑙𝑜𝑔(𝜇, 𝜎)) 
 
Variables    𝑙𝑜𝑔(𝜇) =  𝛼௝[௜] + 𝛽ଵ(𝑀2ி[଼ଽ% ௉ௌ]) + 𝛽ଶ(𝑀3ெ[଼଺% ௉ௌ]) + 𝛽ଷ(𝑀3ி[଼଺% ௉ௌ]) 𝛼௝~𝑁𝑜𝑟𝑚𝑎𝑙(𝜇ఈೕ, 𝜎ఈೕଶ), 𝑓𝑜𝑟 𝑠𝑢𝑗𝑒𝑐𝑡 𝑗 =  1, . . . , 𝐽 𝑙𝑜𝑔(𝜎) = 𝜂଴ + 𝜂ଵ(𝑀2ி[଼ଽ% ௉ௌ]) + 𝜂ଶ(𝑀3ெ[଼଺% ௉ௌ])+ 𝜂ଷ(𝑀3ி[଼଺% ௉ௌ])  
 

 
Priors                   𝛼௝ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ఈ௝) 𝛼, 𝛽ଵ, 𝛽ଶ, 𝑎𝑛𝑑 𝛽ଷ ~ 𝑆𝑡𝑢𝑑𝑒𝑛𝑡 − 𝑡(𝜇 =  0, 𝜎 = 10, 𝑑𝑓= 3) 𝜎ఈ௝ ~ 𝑆𝑡𝑢𝑑𝑒𝑛𝑡 − 𝑡ା(𝜎 = 10, 𝑑𝑓 = 3) 𝜂଴, 𝜂ଵ, 𝜂ଶ, 𝑎𝑛𝑑 𝜂ଷ ~ 𝑁𝑜𝑟𝑚𝑎𝑙(𝜇 = 𝑙𝑜𝑔(1), 𝜎 = 1)                                                             (3) 

 
Model fitting was performed using 

Markov chain Monte Carlo (MCMC) methods, 
more specifically the No-U-Turn sampler (NUTS) 
implemented in Stan. Priors’ distributions were set 
to be weakly non-informative so that their 
influence on the estimates was relatively small 
(Gelman et al., 2008) (Equations 1 to 3). Unless 
otherwise stated all observed data are reported as 
means ± SD. The posterior data are presented as 
medians with equal-tailed 95% credible intervals 
(CrI), i.e., the interval that there is a probability of 
95% that the true population variable is contained 
(Morey et al., 2016). The probabilities of the effects 
being lower or higher than 0 or 1 were evaluated, 
depending on the comparison. Specifically, the 
proportion (%) of the posterior distribution located 
below or above 0 or 1 was assessed. Results in the 
figures also present the prediction intervals (PredI) 
of 95%, which provides the range that contains 95% 
of future individual responses.  

Results  
 The mean ± SD of PSFIET were 16.6 ± 0.8 
(males) and 15.7 ± 1.0 km·h−1 (females), and the 
HRmax was 191 ± 8 (males) and 197 ± 7 bpm 
(females). Comparisons of sex characteristics 
revealed that males were older (posterior median 
difference [95% CrI], 3.0 [0.5 to 5.0] years; 
probability of effect being higher than zero [P>0] = 
99.2%), heavier (13.6 [7.3 to 19.9] kg; P>0 = 100%), 
taller (15 [10 to 20] cm; P>0 = 100%), and had higher 
PSFIET (0.9 [0.2 to 1.6] km·h−1; P>0 = 100%) than 
females. Conversely, females had a higher HRmax 
(6.2 [−0.2 to 12.5] bpm; P>0 = 97.1%). 
 Table 1 presents the posterior estimates of 
the mean and SD of %HRmax and [La] responses at 
the first set and the changes in the following sets 
for each HIIE model, [La] responses before and 
after HIIE models, and the RPE after particular 
sessions. 

Figure 2 provides the observed values for 
each player, the posterior median (95% CrI), and 
the 95% IPred of the time course %HRmax responses 
in each HIIE model. HR responses in the first set  
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were very similar across all HIIE models. Changes 
in the %HRmax with each subsequent set were 
clearly lower in M1M[92% PS] than in M2F[89% PS] and 
M3F[86% PS] (probability to be lower [P<0] = 99.9% in 
both). The change within the sets in M3F[86% PS] was 
clearly higher than in M2F[89% PS] and M3M[86% PS] 
(probability to be higher [P>0] > 99%). In M3[86% PS], 
females showed a higher increase in the HR with 
each following set, even though they performed 
one set less than males. There were no clear 
differences among the models in the variability of 
responses or residual unexplained heterogeneity 
(i.e., σbetween and σwithin, respectively). The variables 
of comparison are detailed in Table 2. 

Figure 3 depicts the observed [La] values 
for each player, the posterior median (95% CrI), 
and the 95% IPred of the time course of [La] 
responses related to each HIIE model. M3M[86% PS] 
session elicited lower [La] in the first set compared 
to all other sessions (P<0 = 99.8% for all). Changes in 
[La] with each subsequent set were lower in 
M1M[92% PS] compared to all other models (P<0 > 
99.9%). Furthermore, the M3F[86% PS] session induced 
larger increases in [La] with each following set  
compared to all other models. For post-exercise 
[La], males exhibited lower values than females 
regardless of models (M1M[92% PS] and M3M[86% PS] < 
M2F[89% PS] and M3F[86% PS]). Additionally, it was 
observed that M1M[92% PS] also elicited lower [La] 
than M3M[86% PS]. Residual σwithin was lower in 
M3M[92% PS] than M2F[89% PS] and M3F[86% PS], indicating 
that men had more homogeneous [La] response 
(i.e., lower intra-individual variability) than 
women. 
 The post-warm-up and post-exercise [La] 
tended to be lower for males than females (M1M[92% 

PS] and M3M[86% PS] < M2F[89% PS] and M3F[86% PS], P>1 
>96.6%). In addition, post-exercise [La] was higher 
in M3M[86% PS] than M1M[92% PS] and in M3F[86% PS] than 
M2F[89% PS]. For post-exercise [La], the residual σwithin 
was lower in M3M[86% PS] than in M3F[86% PS] (Table 3).  

At the individual level, the posterior 
median (95% CrI) and the 95% IPred of RPE 
responses after each HIIE model are presented in 
Figure 4. A unique clear difference occurred 
between M2F[89% PS] and M3F[86% PS], with lower RPE 
values for the former. 

 
Discussion 

This study aimed to compare the acute 
responses of the HR, [La], and the RPE among 
three different HIIE models prescribed from PSFIET. 
Additionally, the study compared the acute 
responses during the same HIIE protocol (i.e., 
M3M[86% PS] and M3F[86% PS]) between sexes. The main 
finding of the present study was that female 
players experienced greater changes in the %HRmax 
and [La] than male players, according to the 
progression of sets during HIIE sessions, 
regardless of the number of directional changes. 
Furthermore, in comparison to its respective HIIE 
model with lower COD volume (i.e., M1M[92% PS] and 
M2F[89% PS] for males and females, respectively), 
female players perceived the HIIE session with 
more directional changes (i.e., M3[86% PS]) to be 
subjectively harder than male players, confirming 
our hypothesis. 

The mean %HRmax derived from HIIE 
sessions ranged from 92% to 98% in the current 
study. Comparing these values to those observed 
during futsal matches, they were higher than those 
reported in friendly matches for males (Dos-Santos 
et al., 2020) and females (Beato et al., 2017). 
Regarding [La] responses, M2F[89% PS] and M3F[86% PS] 
elicited much higher [La] compared to that 
reported previously in six Brazilian high-level 
female players during the first (6.3 ± 2.3 mmol/L) 
and the second (5.4 ± 1.3 mmol/L) half of a friendly 
game (Kassiano et al., 2019). In addition, [La] in 
M1M[92% PS] and M3M[86% PS] was similar to that 
reported by Castagna et al. (2009), but lower than 
that observed in another study in male futsal 
matches (Dos-Santos et al., 2020). These differences 
might be related to the fact that the intensity of 
effort, bout duration, and rest intervals between 
actions during a friendly/official futsal match may 
not be equivalent to those training stimuli 
prescribed within a standardized HIIE session. 
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Table 1. Posterior estimates of the mean (μ) and the between-subjects standard deviation 
(σbetween) of physiological responses in HIIE models at the first set (intercept), the change in the 
subsequent series sets (slopes), and the residual unexplained heterogeneity in each HIIE model 
(σwithin); the physiological and perceptual mean (μ) and standard deviation of responses (σwithin) 

during the warm-up and at post each HIIE model. 

Variables and effects  
Posterior median [95% CrI]

μ σbetween σwithin 
HIIE session

% HRmax 
 M1M[92% PS]    ± 1.06 [0.82, 1.40] 
  First set  93.6 [91.9, 95.4] ± 1.34 [0.12, 2.52]  
  Each subsequent set  0.41 [0.10, 0.73] ± 0.16 [0.01, 0.43]  
 M2F[89% PS]    ± 0.99 [0.78, 1.31] 
  First set  93.5 [91.8, 95.2] ± 0.95 [0.04, 2.82]  
  Each subsequent set  1.29 [0.94, 1.62] ± 0.23 [0.01, 0.65]  
 M3M[86% PS]    ± 0.83 [0.66, 1.10] 
  First set  93.2 [91.0, 95.3] ± 1.88 [0.13, 4.20]  
  Each subsequent set  0.58 [0.18, 0.98] ± 0.55 [0.13, 1.03]  
 M3F[86% PS]    ± 1.02 [0.79, 1.37] 
  First set  93.5 [91.5, 95.5] ± 1.49 [0.07, 3.95]  
  Each subsequent set  1.25 [0.90, 1.63] ± 0.24 [0.01, 0.73]  

[La] (mmol/L) 
 M1M[92% PS]    ± 0.69 [0.53, 0.89] 
  First set  6.42 [5.51, 7.34] ± 0.30 [0.01, 0.84]  
  Each subsequent set  −0.25 [−0.48, −0.02] ± 0.18 [0.01, 0.43]  
 M2F[89% PS]    ± 0.61 [0.46, 0.83] 
  First set  7.41 [6.46, 8.45] ± 0.47 [0.03, 1.34]  
  Each subsequent set  0.56 [0.15, 0.99] ± 0.58 [0.29, 1.09]  
 M3M[86% PS]    ± 0.43 [0.35, 0.57] 
  First set  4.96 [3.81, 6.15] ± 1.17 [0.29, 2.34]  
  Each subsequent set  0.63 [0.32, 0.94] ± 0.43 [0.07, 0.84]  
 M3F[86% PS]    ± 0.91 [0.72, 1.20] 
  First set  7.33 [6.37, 8.40] ± 0.41 [0.02, 1.27]  
  Each subsequent set  1.26 [0.89, 1.62] ± 0.37 [0.02, 0.84]  

Warm-up
[La] (mmol/L) 

 M1M[92% PS]  2.18 [1.77, 2.68]  ×/÷1.31 [1.13, 1.67] 
 M2F[89% PS]  3.02 [2.58, 3.53]  ×/÷1.19 [1.07, 1.40] 
 M3M[86% PS]  1.90 [1.48, 2.42]  ×/÷1.21 [1.08, 1.43] 
 M3F[86% PS]  2.77 [2.37, 3.25]  ×/÷1.40 [1.21, 1.84] 

Post-exercise
[La] (mmol/L) 

 M1M[92% PS]  5.14 [4.07, 6.35]  ± 0.57 [0.19, 1.43] 
 M2F[89% PS]  8.04 [6.71, 9.27]  ± 1.09 [0.32, 1.86] 
 M3M[86% PS]  6.54 [5.06, 8.05]  ± 1.75 [1.07, 2.90] 
 M3F[86% PS]  10.10 [8.87, 11.20]  ± 0.35 [0.04, 1.33] 

RPE (arbitrary units) 
 M1M[92% PS]  4.93 [3.87, 6.07]  ± 0.41 [0.17, 1.17] 
 M2F[89% PS]  5.01 [4.08, 5.86]  ± 0.56 [0.07, 1.48] 
 M3M[86% PS]  5.17 [4.01, 6.33]  ± 0.34 [0.07, 1.06] 
 M3F[86% PS]  5.99 [4.94, 6.93]  ± 1.05 [0.25, 1.85] 

All data are shown as posterior medians [equal-tailed 95% credible intervals]; 
*  Times divide (×/÷) σ because the data were analyzed under a log-normal model to ensure positive values; 

HRmax: maximal heart rate; RPE: rating of perceived exertion; [La]: blood lactate concentration 
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Table 2. Posterior estimates of the comparisons between HIIE model variables mean (μ) and the between-
subjects standard deviation (σbetween) of physiological responses during HIIE models at the first set 

(intercept), the change in the subsequent series sets (slopes), and the residual unexplained heterogeneity in 
each HIIE model (σwithin). 

Contrast 

Comparison 

First set Each subsequent set 
σwithin, × 
(P>1)b μ, ± 

(P>0)a 
σbetween, × 

(P>1)b 
μ, ± 

(P>0)a 
σbetween, × 

(P>1)b 

% HRmax 

M1M[92% PS] – 
M2F[89% PS] 

+0.15 [−2.20, 2.67] 
(55.1%) 

×1.60 [0.14, 32.0] 
(69.7%) 

−0.88 [−1.32, −0.41] 
(0.1%) 

×0.73 [0.03, 20.2] 
(40.0%) 

×1.07 [0.74, 1.55] 
(63.7%) 

M1M[92% PS] – 
M3F[86% PS] 

+0.15 [−2.63, 2.74] 
(55.1%) 

×0.96 [0.06, 22.5] 
(48.4%) 

−0.84 [−1.33, −0.37] 
(0.1%) 

×0.71 [0.03, 15.4] 
(38.7%) 

×1.04 [0.71, 1.54] 
(58.5%) 

M1M[92% PS] – 
M3M[86% PS] 

+0.42 [−1.47, 2.32] 
(69.2%) 

×0.74 [0.04, 14.6] 
(38.3%) 

−0.17 [−0.67, 0.34] 
(24.5%) 

×0.25 [0.01, 2.46] 
(8.0%) 

×1.27 [0.87, 1.83] 
(89.6%) 

M2F[89% PS] – 
M3F[86% PS] 

−0.02 [−1.94, 1.89] 
(49.2%) 

×0.59 [0.03, 14.3] 
(32.6%) 

+0.03 [−0.47, 0.53] 
(56.1%) 

×0.93 [0.03, 20.6] 
(48.0%) 

×0.97 [0.66, 1.40] 
(43.8%) 

M2F[89% PS] – 
M3M[86% PS] 

+0.25 [−2.48, 2.98] 
(58.6%) 

×0.46 [0.02, 8.28] 
(23.8%) 

+0.70 [0.18, 1.24] 
(99.5%) 

×0.35 [0.01, 2.18] 
(12.1%) 

×1.19 [0.82, 1.69] 
(81.5%) 

M3M[86% PS] – 
M3F[86% PS] 

−0.27 [−3.36, 2.67] 
(42.4%) 

×1.34 [0.07, 23.2] 
(61.9%) 

−0.67 [−1.21, −0.14] 
(1.0%) 

×2.61 [0.44, 46.1] 
(87.2%) 

×0.82 [0.57, 1.19] 
(15.5%) 

HIIE [La] (mmol/L) 

M1M[92% PS] – 
M2F[89% PS] 

−1.00 [−2.44, 0.37] 
(7.4%) 

×0.66 [0.02, 13.5] 
(36.2%) 

−0.81 [−1.28, −0.33] 
(0.1%) 

×0.28 [0.01, 2.21] 
(7.4%) 

×1.13 [0.75, 1.66] 
(77.4%) 

M1M[92% PS] – 
M3F[86% PS] 

−0.93 [−2.39, 0.49] 
(9.4%) 

×0.75 [0.02, 17.4] 
(40.5%) 

−1.50 [−1.92, −1.07] 
(0%) 

×0.44 [0.02, 12.0] 
(24.6%) 

×0.75 [0.52, 1.09] 
(6.7%) 

M1M[92% PS] – 
M3M[86% PS] 

+1.44 [0.55, 2.39] 
(99.8%) 

×0.22 [0.01, 2.29] 
(7.6%) 

−0.87 [−1.27, −0.49] 
(0%) 

×0.36 [0.02, 4.93] 
(15.8%) 

×1.57 [1.08, 2.24] 
(99.1%) 

M2F[89% PS] – 
M3F[86% PS] 

+0.07 [−0.73, 0.85] 
(57.5%) 

×1.19 [0.06, 25.0] 
(55.2%) 

−0.70 [−1.26, −0.14] 
(1.0%) 

×1.60 [0.38, 26.0] 
(76.2%) 

×0.67 [0.46, 1.00] 
(2.6%) 

M2F[89% PS] – 
M3M[86% PS] 

+2.46 [0.89, 4.05] 
(99.8%) 

×0.34 [0.02, 2.51] 
(11.9%) 

−0.07 [−0.58, 0.45] 
(38.1%) 

×1.30 [0.39, 6.79] 
(70.3%) 

×1.40 [0.94, 2.07] 
(99.2%) 

M3M[86% PS] – 
M3F[86% PS] 

−2.39 [−4.03, −0.80] 
(0.2%) 

×3.39 [0.51, 73.9] 
(91.2%) 

−0.63 [−1.11, −0.15] 
(1.0%) 

×1.20 [0.20, 21.4] 
(59.7%) 

×0.48 [0.34, 0.68] 
(0%) 

Data are shown as posterior median [equal-tailed 95% credible interval] and probabilities of the effect are higher than 0 
or 1 depending on the variable. Values in bold indicate that the 95% CrI does not overlap 0 or 1. 

a: probability of the effect being higher than 0 (i.e., ± comparisons); b: probability of the effect being higher than 1 (i.e., × 
times comparisons) 

 
 
 
 
 
 
 



x  Shuttle-run training based on FIET: Physiological Responses in Futsal Players 

Journal of Human Kinetics, volume xxx, xxxxxxxxx http://www.johk.pl 

 
 
 
 
 
 

Table 3. Posterior estimates of the comparisons among HIIE models of the physiological and perceptual 
mean (μ) and standard deviation of responses (σwithin) during the warm-up and at post each HIIE model. 

Contrast  Comparison  

μ, ± or ×   
(P>0 or 1)a 

σwithin, × or ±  
(P>1 or 0)b 

Warm-up [La] (mmol/L) 

M1M[92% PS] – M2F[89% PS] ×0.72 [0.56, 0.93] (0.8%) +0.10 [−0.11, 0.35] (83.7%) 

M1M[92% PS] – M3F[86% PS] ×0.79 [0.61, 1.02] (3.4%) +0.09 [−0.13, 0.33] (80.1%) 

M1M[92% PS] – M3M[86% PS] ×1.14 [0.86, 1.52] (84.8%) −0.07 [−0.37, 0.20] (29.0%) 

M2F[89% PS] – M3F[86% PS] ×1.09 [0.92, 1.29] (85.0%) −0.01 [−0.22, 0.18] (43.9%) 

M2F[89% PS] – M3M[86% PS] ×1.59 [1.20, 2.14] (99.9%) −0.17 [−0.45, 0.06] (6.3%) 

M3M[86% PS] – M3F[86% PS] ×0.68 [0.51, 0.91] (0.6%) +0.15 [−0.07, 0.44] (92.1%) 

Post-exercise [La] (mmol/L) 

M1M[92% PS] – M2F[89% PS] −2.88 [−4.19, −1.09] (0.2%) ×0.52 [0.16, 2.30] (15.0%) 

M1M[92% PS] – M3F[86% PS] −4.95 [−6.44, −3.22] (0%) ×1.69 [0.35, 10.9] (72.5%) 

M1M[92% PS] – M3M[86% PS] −1.39 [−2.53, −0.21] (1.3%) ×0.31 [0.01, 1.08] (3.1%) 

M2F[89% PS] – M3F[86% PS] −2.05 [−2.84, −1.29] (0%) ×3.39 [0.27, 27.9] (87.1%) 

M2F[89% PS] – M3M[86% PS] +1.48 [−0.51, 3.38] (92.9%) ×0.62 [0.18, 1.30] (9.4%) 

M3M[86% PS] – M3F[86% PS] −3.55 [−5.35, −1.60] (0.1%) ×5.17 [1.15, 42.0] (98.5%) 

RPE 

M1M[92% PS] – M2F[89% PS] −0.07 [−1.20, 1.11] (43.4%) ×0.82 [0.21, 5.84] (40.1%) 

M1M[92% PS] – M3F[86% PS] −1.05 [−2.18, 0.18] (4.8%) ×0.40 [0.14, 1.92] (9.1%) 

M1M[92% PS] – M3M[86% PS] −0.24 [−0.77, 0.43] (18.8%) ×1.23 [0.32, 7.20] (61.2%) 

M2F[89% PS] – M3F[86% PS] −0.99 [−1.74, −0.18] (1.0%) ×0.50 [0.06, 5.03] (22.9%) 

M2F[89% PS] – M3M[86% PS] −0.16 [−1.41, 1.01] (40.4%) ×1.58 [0.14, 10.4] (66.7%) 

M3M[86% PS] – M3F[86% PS] −0.83 [−2.06, 0.46] (10.2%) ×0.34 [0.06, 1.73] (7.5%) 

Data are shown as posterior median [equal-tailed 95% credible interval] and probabilities of the effect are higher than 0 
or 1 depending on the variable. Values in bold indicate that the 95% CrI does not overlap 0 or 1. 

a: probability of the effect being higher than 0 for post-exercise [La], and the RPE (i.e., ± comparisons), and to be higher 
than 1 for warm-up [La] (i.e., × times comparisons); b: probability of the effect being higher than 1 for post-exercise [La], 

and RPE (i.e., × times comparisons), and to be higher than 0 for warm-up [La] (i.e., ± comparisons) 
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Figure 1. High intensity intermittent exercise protocol design. 

 
 
 

 

 
Figure 2. Heart rate (% of the maximal heart rate) responses after each exercise set  

during different HIIE protocols. 
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Figure 3. Blood lactate concentration responses after the warm-up, each exercise set  

and 3 min post exercise during different HIIE protocols. 
 
 
 
 
 
 

 

 
Figure 4. Rating of perceived exertion of the session following different HIIE protocols. 
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An important finding of this study was 

that the perceptual response in function of HIIE 
sets progression increased more in women (0.99 
[0.18 to 1.74] a.u.) than in men (0.24 [−0.43 to 0.77] 
a.u.) as the COD volume increased (Table 3). The 
greater number of directional changes can increase 
the task complexity of shuttle-running (Ashton 
and Twist, 2015). Although a concomitant increase 
in perceived exertion is expected as exercise task 
complexity increases (De Morree et al., 2012), our 
data suggest that female players might respond 
differently than male players to more complex 
shuttle-running tasks. It could be partly related to 
differences noticed between the sexes such as the 
body composition profile (greater fat content in 
women) (Barbero-Alvarez et al., 2015; Floriano et 
al., 2016; Teixeira et al., 2019), the cardiovascular 
function (Wheatley et al., 2014) and lower-limb 
biomechanical features (Barnes et al., 2014) during 
running, as well as training and match external 
loads (e.g., discrepancies in acceleration and 
deceleration demands) (Oliva-Lozano et al., 2023; 
Ribeiro et al., 2020). Considering the greater fat 
mass observed in women (e.g., at the breast and 
hip) one would suppose that carrying fat as 
‘deadweight’ could increase the muscular work 
during the decelerations and accelerations inherent 
to shuttle-run performances.  

Aligned with RPE responses, changes in 
the %HRmax and [La] across the sets during HIIE 
models with different directional changes were 
also sex-dependent in the present study, with 
female players exhibiting larger changes in the 
%HRmax and [La] with every additional set than 
their male peers. This also resulted in greater post-
exercise [La] in females than in males, regardless of 
the HIIE model (M1M[92% PS] and M3M[86% PS] < M2F[89% 

PS] and M3F[86% PS]). Therefore, the increased 
perceptual response observed following M3F[86% PS] 
in women can also be underlined by the greater 
cardiovascular and metabolic demand during this 
HIIE model, since RPE values are largely related 
with the HR and lactate response (Coutts et al., 
2009). 

Additionally, the larger changes in the 
%HRmax over the sets in female players may 
suggest that greater cardiac output is needed in 
women to meet the same relative physical work 
demand (Wheatley et al., 2014), especially due to 
the sex-related differences in cardiac structure and 
function during submaximal and maximal effort  

(Ogawa et al., 1992). It should also be highlighted 
that the greater reliance on the anaerobic energy 
system (inferred by the increased [La]) noticed in 
women may be a consequence of their lower fitness 
level (e.g., PSFIET) in comparison to men in the 
current sample of futsal players. Indeed, female 
athletes have shown lower V̇O2max when compared 
male athletes of the same performance level 
(Barbero-Álvarez et al., 2009; Palucci Vieira et al., 
2021). It has been shown that lower levels of V̇O2max 
are associated with higher energy cost of running 
(Bunc and Heller, 1989), which in turn, may 
suggest that our less physically fit female athletes 
(i.e., inferred from PSFIET) would expend more 
energy than their male counterparts during 
shuttle-running HIIE. However, a recent study did 
not support this assumption (Dolci et al., 2022). 
Those authors (Dolci et al., 2022) showed that 
female soccer players had lower energetic cost than 
males during a 10-m shuttle-running protocol 
performed at average speed of 8.4 km·h–1, but 
similar energetic cost while performing shuttle-
running over 20 m. However, it should be noted 
that our study employed higher absolute running 
speeds (13.5 to 15.0 km·h–1) than those reported by 
Dolci et al. (2022). Therefore, further studies 
investigating sex-related differences in the 
energetic cost of shuttle-running at higher speeds 
are warranted to better elucidate this topic.   

For the within-sex responses, our data 
showed similar %HRmax values at the first and 
along the sets between the two distinct models 
performed in male (M1M[92% PS] M3M[86% PS]) and 
female players (M3F[86% PS] and M2F[89% PS]). It 
indicates that performing three CODs per running 
bout did not result in an increased cardiovascular 
response in comparison to one COD per running 
bout in both sexes. This finding agrees with that 
reported by Dellal et al. (2010) who showed similar 
%HRmax values during 15–15-s and 10–10-s 
intermittent exercise models performed in shuttle 
vs. in-line running, but it contrasts with that the 
finding of Da Silva et al. (2015) which showed 
higher %HRmax values in the HIIE shuttle-run 
model compared to in-line running. The similar 
HR response observed among the models within 
each sex could be related to the almost equal 
exercise volume between M3M[86% PS] and M1M[92% PS] 
(22.5 and 24.5 min), as well as M3F[86% PS] and M2F[89% 

PS] (18 and 17 min). Additionally, it may also be a 
consequence of a similar training stimulus evoked  
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by the counterbalance in the amount of COD and 
average running speed in M3M[86% PS] and M3F[86% PS] 
in relation to M1M[92% PS] and M2F[89% PS]. While 
M3M[86% PS] and M3F[86% PS] demanded more 
directional changes at a lower intensity, M1M[92% PS] 

and M2F[89% PS] required less COD at a slightly 
higher relative intensity.  

With regard to [La], our data agree with 
findings published elsewhere (Ashton and Twist, 
2015; Dellal et al., 2010), showing greater reliance 
on glycolytic metabolism in HIIE models with 
more directional changes (i.e., M3[86% PS]) in 
comparison to those with a lesser number of turns 
(i.e., M1M[92% PS] and M2F[89% PS]) for both sexes. This 
greater metabolic demand can be potentially 
related to the longer time spent accelerating and 
decelerating during the multiple turns executed in 
M3[86% PS] in comparison to M1M[92% PS] and M2F[89% PS] 
protocols (Akenhead et al., 2015; Hatamoto et al., 
2013). This implies an increased proportion of 
eccentric contractions during decelerations 
coupled with sporadic increases in running speed 
to offset the slowing caused by multiple COD, 
which in turn would elicit greater recruitment of 
type II fibers (Enoka, 1996) and neuromuscular 
overloading (Mero and Komi, 1986). 

The relatively small sample size (i.e., n = 11 
for males and n = 11 for females) is a limitation of 
this study, although it is typical for futsal teams. 
However, Bayesian analysis, with its reliance on 
MCMC methods, is less sensitive to sample size 
constraints compared to traditional frequentist 
methods (Gelman et al., 2008; Morey et al., 2016). 
Nevertheless, caution is needed when 
extrapolating the results to other team sport 
athletes.   

Practical Implications 

 Current results provide guidance for 
strength and conditioning professionals in 
designing sex-specific HIIE programs for futsal 
settings. Regardless of the HIIE model selected by 
coaches and practitioners, most female and male 
players undergoing HIIE sessions prescribed from 
the FIET reached the desired target cardiovascular 
(> 90% HRmax) and metabolic (5 to 7 mmol/L) loads 
to elicit positive physiological and performance 
adaptations. During the first weeks of the pre-
season phase, the application of M1M[92% PS] and 
M2F[89% PS] is recommended due to their lower 
perceptual and metabolic demand post-exercise.  
 

 
As the pre-season progresses, HIIE models with 
more directional changes (e.g., M3M/F[86% PS]) can be 
introduced to vary the training stimulus and 
increase the internal load and neuromuscular 
demand of HIIE training sessions in both male and 
female players.  

Another key point of this study is the sex-
specific response to the addition of COD during 
HIIE programming, with women perceiving their 
efforts as subjectively harder than men as the 
number of directional changes increases. It has also 
been demonstrated that increasing the number of 
turns during shuttle-run drills is likely to 
exacerbate the force loss in muscles around the 
knee joint (e.g., knee flexors) in female team sport 
athletes (Ashton et al., 2005). These findings 
together have implications for the effective 
conditioning and injury prevention of female futsal 
athletes. For example, caution is warranted when 
providing female players with the same training 
volume in terms of COD as given to men, as this 
may magnify the overload and, if done regularly, 
could lead to nonfunctional overreaching if 
suboptimal recovery is afforded between sessions. 
It might also compromise knee joint integrity and, 
in turn, increase the female athlete’s risk of injury 
to this site. A practical alternative used in this 
study to minimize this risk was to decrease the 
training volume for females (four sets of 4 min) 
compared to males (five sets of 4 min) in M3M/F[86% 

PS]. In this sense, female athletes warrant unique 
considerations compared to male athletes 
regarding training prescription and the 
implementation of COD maneuvers, particularly 
in players returning from injury.  

Conclusions 
In conclusion, female futsal players 

performing FIET-based HIIE with more directional 
changes experienced greater perceptual, 
physiological, and metabolic responses compared 
to males at similar relative running intensities and 
the number of turns. HIIE with directional changes 
induces different physiological responses 
depending on the number of turns, sex, and 
relative speed. Therefore, these results are of 
interest for coaches and sports scientists, since it is 
possible to foster the common demands of futsal 
match play and individualize the high-intensity 
intermittent training models using the same audio 
cue for a group of athletes.  
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