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Abstract:

The purpose of the study was to evaluate the effects of two recovery types on the training parameters in high
intensity interval training (HIIT) sessions using body weight training, the recovery included active and passive.
Participating in this study, twenty male voluntaries performed two acute single sessions with a break between
sessions of 7 days, each training session, was composed by (20-min duration sessions of a HIIT whole body
training, consisting of 20 sets of 30 seconds at stimulus all-out of intensities of high-intensity interval training
using different types of recovery, the time of duration by recovery was 30 seconds. Each cycle of exercise
consisted of 30 seconds of "maximum intensity" stimulation followed by 30 seconds of recovery (active or
passive). The following parameters were evaluated: heart rate, perceived exertion, perceived recovery, lactate
concentration, feeling scale and number of movements in total. In the present study no differences were found in
relative heart rates, perceived exertion, and lactate concentrations between protocols. No differences (p>0.05)
were found on number total movements (Active: 695£52, Passive: 723+£56) between protocols. Additionally,
significant reductions (p<0.0001) on feeling scale were found after the exercise session using Active (Before:
4.35+0.58, After:0.85+1.22) and Passive (Before:4.30+0.80, After:1.00+1.45) recovery type, no differences were
found between protocols. There were no differences (p<0.05) found for the respective area under the curve for
rate of perceived recovery between protocols (Active:59.70+18.69, Passive: 64.58+14.89).
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Introduction

High intensity interval training (HIIT) is considered as a reliable method to increase parameters of
general physical fitness (Gist et al., 2015; Machado et al., 2018) due to its time-efficient nature. Differently from
traditional methods using ergometers (Gray et al., 2016), HIIT using body weight can be considered a facilitative
method due to its easy application and low cost encouraging more people to participate in regular physical
exercises useful to increment physical fitness (McRae et al., 2012; Machado et al., 2017; Bossmann et al.
2023).

According to a traditional study by Buchheit ¢ Laursen (2103), there are at least nine parameters that
can be used in the prescription of HIIT, these include: the intensity, stimulus duration, modality/type of exercise,
duration of recovery intervals and the types of recovery. Among these parameters, the type of recovery can
influence adaptive processes such as better resynthesis of PCr (Spencer etal., 2006), reduction of intramuscular
pH (Spencer et al., 2006), lactate removal, oxidative phosphorylatlon (Tokmakldls et al., 2011), provide greater
potential to achleve high percentages and spend greater time in high percentages of VO’  (Thevenet et al.,
2007), influence the energy demand, muscle fatigue etiology and voluntary time to exhaustion (Zafeiridis et al.,
2010). Influences that can change the characteristics and objective of the training session and that can also
influence the results achieved.

Smilios et al. (2018) demonstrated that active recovery intervals present a better potential to reach and
remain at a high percentage of VO?,,,, and maximal heart rate and a shorter time to return to these maximum
parameters. Connolly et al. (2003) showed that VO, kinetics is faster during sprints preceded by active
compared to passive recovery. Passive recovery may also induce greater restoration of intramuscular pH. This
will facilitate longer exercise time (Edge et al., 2013) and, consequently, a higher volume of O® consumed
(Spencer et al., 2006) with greater resynthesis of PCr (Buchheit et la., 2009) maintaining or improving exercise
performance. In contrast, Dourado et al. (2004) investigating active recovery intervals, observed an improvement
in sprint performance mediated by a significant increase in muscle and blood lactate removal due to increased
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blood flow. However, others (Spencer et al., 2006; McAinch et al, 2004) have shown that passive recoveries
allow maintenance or improvement of performance without any direct relationship with lactate kinetics.

Additionally, active recovery may enhance lactate and H' elimination and potassium clearance
(Signorile et al., 1993; Bangsbo et la., 1994), and promote the resynthesis of PCr (Yoshida te al., 1996) and H'
transport from the muscle to the extracellular space (Bangsbo et la., 1994). Specifically, active recovery induces
acceleration in the restoration of ionic balance across the sarcolemma of fatigued fibers due to K™ and Na**
accumulation progressively in the external and internal side of the sarcolemma induced by repeated muscle
contractions at high intensity reducing muscle excitability and altering the propagation of the action potentials
(Bangsbo et la., 1992; Saltin et al., 1992). Active recovery could potentiate the activity of the Na* /K" pump,
leading to a faster recovery of hydro electrolytic balance across the sarcolemma (Sjogaard et al., 1990).

Although many studies have investigated the effects of active and passive recovery on the performance
of interval sprints (Edge et al., 2013), there are few studies (Buchheit et la., 2009; Germano et 1a.,2022) that
compared passive and active recoveries on intermittent exercises. However, of all the studies investigating the
influence of recovery type on traditional HIIT (cyclic exercise), to our knowledge there are no reports in the
literature about the influence of the interval type during HIIT exercise sessions using body weight. Therefore, the
purpose of the study was to evaluate the effects of the type of recovery following the training parameters during
HIIT sessions using body weight training parameters.

Material and methods
Participants

Following approval from the research ethics committee of the Federal University of Espirito Santo
(N°3.733.252/2019), 20 cross fit practitioner men active for at least 2 years (Age: 24 £ 2 years old, body mass:
74.13 + 12.48 kg; height: 1.71 + 0,07 m and body mass index: 25.10 + 3.04 kg/m?) voluntarily participated in the
study. The following parameters were used as exclusion criteria: positive clinical diagnosis of diabetes mellitus,
smoking, musculoskeletal complications, or cardiovascular alterations confirmed by medical evaluation and
lower than 150 min of physical active per week. All participants were assigned to an exercise condition routine
using a computerized random number generator. The randomization process was completed with six subjects
being assigned to different exercise sessions. Each session resulted in the allocation of three subjects to each
protocol, ensuring a recruitment balance of 1:1 throughout the study. Sample size was calculated by a priori
analysis G * Power software (v. 3.1.9.4).
Procedures

Two acute single sessions of high-intensity interval training using two different types of recovery
(active and passive) were evaluated based on full body exercises performed. Randomly, for active recovery, all
subjects were instructed to perform a stationary march at an intensity corresponding to 1 or 2 perceived exertion
rate (0-10 scale) and for the passive recovery the subjects were instructed to remain motionless. The training
session was perfored according to previos publications (Machado et al. 2018; Machado et al., 2019), consisted of
20 sets with 30 s of activity (TE) using “all-out” effort, followed by 30 s of passive recovery (TR). Five cycles
were performed for each of the four exercises and were performed in different orders. The exercises used
included jumping jack, burpee, mountain climber and squat jump. All participants underwent two sessions of
HIIT (active and passive recovery) at random with an interval of 7 days between sessions. The participants were
instructed to abstain from physical exercise for 48 h before all procedures and from consumption of caffeine and
alcohol for 24 h before the session. In addition, the subjects were instructed to maintain their usual meals for the
24 h prior to the interventions and to arrive at the laboratory well-fed in the afternoon and to consume 500 ml of
water every hour in the 2 h prior to the exercise sessions.
Parameter evaluated
Anthropometrics

Height was measured by a Cardiomed (WCS model) stadiometer, with an accuracy of 115/220 cm. The
measurements were performed with the cursor at an angle of 90° with the subject in a standing position, and feet
together in contact with the Stadiometer, arms loose along the body and the measurement was performed at the
end of a maximum inspiration. Total body mass was measured by a calibrated Filizola electronic scale (Personal
Line Model 150) with a 100g scale and a maximum capacity of 150 kg. The volunteers all male, were wearing
only shorts for the body mass measurement. Body mass index (BMI, kg/m2) was calculated using the equation
BMI = weight/height.
Number of movements

The total number of movements of the training session was obtained from the sum of the movements of
each exercise cycle proposed in the protocol, the total number of movements was used as an external load
(Machado et al., (2018).
Heart rate

Heart rate (HR) was continuously monitored throughout the training session using HR monitors (Polar
Electro Oy S810i, Kempele, Finland). The HR data were recorded by an assessor at the end of each stimulus
period and at the end of each recovery period. To reduce HR recording error during training, all subjects were
asked to check their HR monitors before the session and after each set (~3 and 10 min). The maximal heart rate
was estimated using the Tanaka et al., (2004) equation.
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Blood lactate concentration

The assessment of blood lactate concentration was evaluated before and immediately after the HIIT
sessions using body weight. Capillary blood samples were taken from a sterile fingertip using a sterile lancet.
The first drop of blood was discarded, and free flowing blood was collected in glass capillary tubes. All blood
samples for lactate analysis were evaluated using an Accutrend® (Roche — Basel, Switzerland) as outlined in a
previous study (Machado et al., 2018).
Rate of perceived exertion and recovery
Perceived exertion (RPE, scale 1-10) was recorded at the end of each stimulus cycle throughout the training
session proposed in the present study, following the guidelines by Machado et al., (2017). The perception of
recovery (RPR, scale 1-10) was recorded at the end of each recovery cycle after the stimulus cycle (Machado et
al., 2017).
Affective response

The feeling scale (FS) is an 11-point bipolar scale ranging from +5 to -5, commonly used to measure the
affective response (pleasure/displeasure) during exercise. This scale presents the following verbal anchors: -5 =
very bad; -3 = bad; -1 = fairly bad; 0 = neutral; +1 fairly good; +3 = good; and +5 = very good. Previous studies
have used this scale to measure affective responses during exercise (Evangelista te al., 2017). The subjects
received standard instructions regarding the use of the FS in the initial screening and immediately before both
protocols. The subjects received standardized instructions regarding the use of the feeling scale in the initial
screening regarding the scale response procedure. The volunteers answered the feeling scale at two different time
points in each of the HIIT sessions using their body weight. The first measure was before starting the warm-up
and in the second measure was immediately at the end of the training session.
Statistical analysis

The D'Agostino—Pearson test was applied for Gaussian distribution analysis. Paired Student's t-test and
ANOVA repeated measurements followed by Kruskal-Wallis posthoc test were performed to compare
differences during the exercise sessions. An alpha of 0.05 was used to determine statistical significance. All data
were expressed as mean + standard deviation. All analyses were performed using using GraphPad Prism version
6.00 for Windows (GraphPad Software, La Jolla California, United States).

Results

The participants did not present any injuries because of the workout neither before nor after the sessions.
The values for heart rate, lactate concentration and perceived exertion are shown in figure 1. No differences were
found for HR between the sets (data not shown), however, statistical increases (p< 0.0001; F= 869.7) were found
in heart rate in active (Before: 81.90 + 14.13, After: 198 + 11.74; bpm) and passive (Before:76.95 £ 9.63, After:
187 + 12.48; bpm) rest intervention after exercise sessions. However, no differences were found between rest
protocols and % of heart rate (Active: 90 + 3, Passive: 91 £ 3; p= 0.1461; t= 1.516; 95%IC= -0.2522 to 1.576).
Similar responses (p< 0.0001; F= 318.1) were found for lactate concentrations for both active (Before: 1.15 +
0.34, After: 13.14 +2 .47; mMol/L) and passive (Before: 1.41 + 0.66, After: 14.54 + 2.88; mMol/L). No
difference (p= 0.8154; t= 0.236; 95%IC=-0.4921 to 0.3921) was found between rest intervention (Active: 9.35 £
0.74, Passive: 9.30 = 0.73) for rate of perceived exertion.
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Figure 1. Heart rate (Panel A), lactate concentrations (Panel B) and rate of perceived exertion (Panel C). Values expressed in
mean £ SD. *p< 0.05 vs before.

As presented in figure 2A, no differences were found for total movements (Active: 695 + 52 n, Passive:
723 £ 56; p= 0.1355; t= 1.559; 95%CI= -9.313 to 63.71) between recovery type. Additionally, significant
statistical reductions (p< 0.0001; F= 80.62) on feeling scale (Figure 2B) were found after the exercise session for
Active (Before: 4.35 = 0.58, After: 0.85 = 1.22) and Passive (Before: 4.30 + 0.80, After: 1.00 + 1.45) recovery
type without any differences (p> 0.05) between recovery protocols.
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Figure 2. Total movements (Panel A) and affective response (Panel B). Values expressed in mean + SD. *p< 0.05 vs after.

The rate of perceived recovery (Figure 3) was lower (p< 0.05) from the third set compared to the first
and second sets. No differences were found on rate of perceived recovery (Panel A) and its respective area under
curve (Panel B) between protocols (Active: 59.70 + 18.69, Passive: 64.58 £+ 14.89; p=0.1162; t= 1.646; 95%IC=
-1.325to0 11.07).
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Figure 3. Rate of perceived recovery around sets (Panel A) and area under curve (Panel B). Values expressed in mean + SD.
*p<0.05 vs set 1.

Discussion

In the present study, we evaluated the influence of different types of intervals during HIIT sessions
using body weight. Furthermore, it was demonstrated that the type of interval did not promote alterations in
internal and external load parameters.

Recently, other studies have proposed to investigate acute responses to HIIT sessions using traditional
modalities (Gibala et al., 2012) as well as using bodyweight (Gist et al., 2015). There are studies in the literature
proposing to investigate changes in the rate of sweating (Machado et al., 2018a), heart rate response and lactate
concentration (Machado et al., 2018; Machado et la., 2018a), perception of exertion (Machado et al., 2018; Rica
et la., 2018), perception of body image (Rica et la., 2018) and mood (Evangelista et la., 2017).

The values presented in this study, regarding parameters such as percentage of heart rate, lactate
concentration, perception of effort and recovery, total movements (shown in figures 1, 2 and 3), were like other
studies reported by our group using HIIT and bodyweight (Machado et al., 2018; Machado et la., 2018a; Rica et
al., 2018). When comparing the results of lactate concentration after the training sessions in the present study, the
protocol with passive recovery (14.54 = 2.88 mMol/L) and the protocol with active recovery (13.14 + 2.47
mMol/L) compared to those obtained by Machado et al., (2018), who used the same protocol of the present study
with passive recovery (14.10 + 1.66 mMol/L) provided similar results. It was also observed that the lactate
concentration variation, which was recorded as the difference of the post training session measurement with the
pre training session measurement, was similar to the study by Machado et al., (2018), with a variation of 13.12
mMol /L with the results obtained in the present study, protocol with passive recovery (13.13 mMol/L) and
protocol with passive recovery, respectively (11.99 mMol/L).

This indicates reproducibility between studies regardless of the type of study. However, it should be
noted that the sample in the studies was essentially composed of young men, preventing generalizations to other
populations. Many studies have investigated the effects of active and passive recovery on the performance of
interval sprints (Spencer et al., 2006; Driller et al., 2009; Edge et la., 2013; Smilios et al., 2018). However, to
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the best of our knowledge, there are few studies (Connolly et al., 2003; Buchheit et al., 2009; Germano et al.,
2022) that compared passive and active recoveries using intermittent exercises. Moreover, considering body
weight, to our knowledge, even using "all out" intensity, all studies available in the literature have used passive
intervals (Evangelista et al., 2017; Machado et al., 2018; Machado et al., 2018a; Schaun et al., 2018;
Moghaddam et al., 2020).

The similarities in the percentage of heart rate, lactate concentration, effort perception, and recovery
between the different types of intervals in this study, suggests that the metabolic contribution may have been
similar, as suggested by Germano et al., (2022). This is particularly true when evaluating lactate concentrations
that indicate similarity in the contribution of anaerobic glycolysis regardless of recovery.

A further important point related to performance in the session was the equality between the values of
the total number of movements between the different sessions. Connolly et al., (2003) observed improved
performance with protocols using active recovery. However, it is important to highlight that both studies used a
cycle ergometer and recovery periods longer than the stimulus time (1:5). Therefore, based on this information, it
is possible to consider that relationships between stimulation time and recovery as well as type/modality may
induce different responses in the training session.

Dourado et al., (2004) also using a cycle ergometer, showed greater performance during high-intensity
intermittent exercise using active recovery at 20% of VO2,,, than with resting recovery or just performing
stretching exercises. The improvement in performance with active recovery was achieved by an increase in
aerobic energy yield combined with a higher fractional contribution of aerobic metabolism to total energy
turnover with similar anaerobic energy production. Buchheit & Laursen (2013) showed a decrease in running
velocity and in the frequency of steps, when active recovery was applied in sports players to 6x4 seconds on a
non-motorized treadmill, with an active recovery of over 21 seconds of 45% corresponding to VO2max.
Thevenet et al., (2007) analyzing the effects of recovery mode on time spent at a high percentage of maximal
oxygen uptake in endurance-trained male adolescents, suggested that active recovery allows a shorter time with
proportionally longer t90VO2,,,, and t95VO2,,.,; whereas passive rest allows a longer running time for similar
t90VO2,,, and t95VO2,,.«, with both efficient to solicit the aerobic system during an intermittent exercise. The
results suggest that the choice of recovery could be associated with exercise objectives. In this way, if the
training session aims to improve VO2max, active recovery (at 50% of MAV) should be chosen. Conversely, a
passive recovery should be chosen to improve VO2max and induce muscular adaptations.

Like the results in this study, Germano et al., (2022) investigated the type (passive and active) and
duration (short and long) of recovery between maximum sprints in healthy male subjects demonstrating no
significant differences in blood lactate concentration between any of the recoveries during the exercise period.
However, the long duration associated with active recovery presented significantly lower blood lactate for the
post-exercise period compared to a long period and passive recovery. Additionally, although the long period and
passive recovery had shown higher O volume consumed in detriment to the active protocol, the passive
recoveries showed a significantly higher effort time compared with the active recoveries. Thus, as well as the
suggestion of Germano et al., (2022), in this study, it is also possible to assume that active recoveries have no
superiority to the removal of blood lactate during exercise compared to passive recoveries. Additionally, our data
agree with previous studies that verified the effect of different recoveries on performance and blood lactate
(Toubekis et al., 2006; Kostoulas et la., 2018).

Considering that that interval had been considered an important strategy to organization on HIIT whole
body design session our data indicate that passive or active interval recovery do not promote influence. Thus, the
choice of subjects may be an alternative way to promote autonomy during exercise sessions compared to other
organization models. The findings of the present study are useful for fitness professionals, allowing the
development of different training strategies, by alternating the type of recovery during exercise session design.
This will allow professionals who work with high-intensity interval training using body weight to plan efficiently
and safely with variations of their training sessions.

Additionally, some important limitations are present in this study. The sample was limited to healthy
individuals who had no experience with HIIT whole body sessions. The findings reported here cannot be
generalized for other individuals. The maximal test should also be applied to confirm the % HR kinetics during
the exercise session. In the present study, it was not possible to measure the kinetics of O, an important
parameter used to determine metabolic parameters during exertion and during the recovery period. Additionally,
there is a large variety of HIIT applications on programs and exercise regimes, and the results from this study
cannot be applied to other forms of exercise or session designs, so in combination these points limit the
generalization of the results.

In summary, even if some studies (Thevenet et al., 2007; Germano et la., 2022) point to the superiority
of passive recovery compared to active following traditional HIIT, our findings using body weight suggest no
causality between all parameters and types of recovery, which indicates that the type of recovery in HIIT
sessions with body weight does not promote changes in training parameters.
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