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ARTICLE INFO ABSTRACT
Keywords: Little is known about the physiological and psychobiological responses that occur during and after high intensity
Crossfit®

functional training (HIFT). We compared physiological and psychobiological responses during and after a HIFT

Heart rate session with a high intensity continuous training (HICT) session. Twenty-one trained and healthy men were
]l;?;tgatsiale submitted to 20-min session of HIFT and HICT on separate days. The heart rate, blood lactate concentration [Lac],

levels of state anxiety, rates of perceived exertion (RPE) and perceived discomfort (RPE-D), and affective valence
were measured. Exercise intensity of the HICT was adjusted to the mean heart rate obtained in the HIFT session.
The highest heart rate in the training sessions was significantly higher in HIFT (mean + standard deviation [SD]:
[187 + 9] bpm) than in HICT (mean + SD: [178 + 8] bpm, p < 0.001). The [Lac] was significantly higher
immediately after the HIFT (median [interquartile range (IQR)]: 6.8 [4.4] mmol/L) than the HICT (median [IQR]:
3.2 [1.9], p = 0.021) and 10 min after (median [IQR]: HIFT = 6.8 [4.9] mmol/L, HICT = 2.9 [2.4] mmol/L, p =
0.003). The RPE was also significantly higher in the HIFT (median [IQR]: HIFT = 20 [2], HICT = 15 [5],p =
0.009). The physiological and psychobiological responses compared between HIFT and HICT sessions are similar,
except for the higher heart rate obtained during the sessions, [Lac] and RPE. Probably, the results found for the
higher heart rate obtained during the sessions, [Lac] and RPE may be explained by the higher participation of the
anaerobic glycolytic metabolism during the HIFT session.

lifting (snatch, clean, and clean and jerk), powerlifting (squat, deadlift,
push press, and bench press), gym movements/calisthenics (pull-ups,
toes-to-bar, knees-to-elbows, lunges, muscle-ups, burpees, dips,
push-ups, and rope climbs) and traditional aerobic exercises (running,
rowing, and swimming), which can be performed at high intensity.* In
the literature, there are studies that investigated the HIFT in a wide range
of populations including healthy individuals, obese individuals, and
athletes.>” Therefore, HIFT can be used to improve different attributes of
physical fitness (e.g., cardiorespiratory endurance, strength, body
composition, flexibility, etc.) and performance in sports and activities of
daily living in different populations.

1. Introduction

Although CrossFit® has more than 15 000 affiliated gyms in over 150
countries' and more than 415 000 athletes participating in Open Cross-
Fit® 2018, there are few reports in the literature about the physiological
and psychobiological responses resulting from CrossFit® training ses-
sion.® CrossFit® can be classified as a high intensity functional training
(HIFT). Generically, HIFT sessions include a wide range of functional
movements involving the whole body, including some activities that can
be extrapolated to daily life. There are activities such as Olympic weight

* Corresponding author. Avenida Esperanca s/n, Campus Samambaia CEP 74690-900, Goiania, Goids, Brazil.
** Corresponding author. Institute of Primary Care, University of Zurich, 8006 Zurich, Switzerland.
E-mail addresses: beat.knechtle@hispeed.ch (B. Knechtle), claudioandre@ufg.br (C.A.B. de Lira).

https://doi.org/10.1016/j.smhs.2023.10.006

Received 6 July 2023; Received in revised form 23 October 2023; Accepted 30 October 2023

Available online xxxx

2666-3376/0 2024 Chengdu Sport University. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this article as: Santos DAT et al., Comparison of physiological and psychobiological acute responses between high intensity functional
training and high intensity continuous training, Sports Medicine and Health Science, https://doi.org/10.1016/j.smhs.2023.10.006




D.A.T. Santos et al.

Sports Medicine and Health Science xxx (xxxx) xxx

List of abbreviations

[Lac] blood lactate concentration

AMRAP as many rounds/repetitions as possible
BMI body mass index

bpm beats per minute

cm centimeters

CI confidence interval

HICT high intensity continuous training

HIFT high intensity functional training
HR heart rate

HRmax maximal heart rate
HRmean average heart rate
kg kilogram

km kilometers

L liters

m meters

pL microliters

mL milliliters

mmol millimoles

PAR-Q  Physical Activity Readiness Questionnaire
RPE rate of perceived exertion
RPE-D rate perceived discomfort
STAI State-Trait Anxiety Inventory
VO, oxygen consumption
VO,max maximal oxygen uptake

VT1 first ventilatory threshold
VT2 second ventilatory threshold
WOD workout of the day

8-10 8,11-13

In recent years, interest in acute and chronic responses
promoted by HIFT has increased; however, the scarcity of research in the
literature describing the physiological strains during a HIFT session is
worrying. Therefore, more studies are needed to elucidate the physio-
logical demands of HIFT as already verified in other modalities such as
boxing,'* Olympic weightlifting,'® and exergames.'®'® The under-
standing of the physiological responses to exercise is important, because
physiological variables provide reference points for the prescription and
monitoring of an exercise program effects, and to allow the identification
of the practitioner's potential and limitations.'* In this context, one of the
most widely used measurements for determining/monitoring exercise
intensity is heart rate (HR) response during the exercise session. '’
Another important marker of exercise intensity is lactate blood concen-
tration. Lactate is a product of glycolysis under anaerobic conditions,
which indicates high-intensity energy demands.?’

According to the American College of Sport Medicine,” an annual
survey of fitness trends around the world showed that high-intensity
training (including HIFT) has been one of the main trends for the past
10 years, reaching the top spot in 2018. A possible explanation for the
increasing popularity of this type of training may be related to the ex-
ercise programs and social® and psychobiological aspects®’ that are
exclusive to HIFT. Indeed, there is evidence on the psychological and
motivational factors’ and competitive performance®? related to HIFT. For
example, Heinrich et al.° examined the effects of HIFT compared to
moderate-intensity aerobic and resistance training on exercise initiation,
pleasure, adherence, and intentions. The results suggest that HIFT par-
ticipants spent significantly less time exercising per week yet were able to
maintain exercise enjoyment and were more likely to intend to continue.
However, studies comparing the acute physiological and psychobiolog-
ical responses between HIFT and high intensity continuous training
(HICT), performed at the same mean HR were not found. Therefore,
further studies should be conducted regarding these aspects, especially to
investigate the acute and chronic effects of HIFT on state anxiety.

Several studies have investigated the acute and chronic effects of
exercise on anxiety in other exercise modalities. Ensari et al.?® conducted
a meta-analysis including randomized clinical trials published over 25
years that aimed to analyze the effects of acute exercise on anxiety.
Among the 383 studies analyzed, 36 were included in the meta-analysis.
Of these, 27 had an exercise session between 20 and 30 min at intensities
ranging from mild to intense. The authors concluded that acute exercise
sessions promote a small reduction in state anxiety. However, less is
known about acute effects of high-intensity training on state anxiety.

Evidence suggests that vigorous exercise elicits a more positive af-
fective response immediately after the session.>* Hallgren et al.,>* with
the aim of examining the effects of a single bout of vigorous exercise on
mood and anxiety among individuals with and without a history of
participation in regular exercise, showed significant post-exercise
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improvements in mood and reductions in state anxiety. On the other
hand, non-regular exercisers reported an initial decline in post-exercise
mood and increased anxiety, suggesting that prior exercise participa-
tion mediates affective responses to acute bouts of vigorous exercise.
Furthermore, other studies used perceived discomfort rating scale®>2°
and affective valence?’ scale to assess perception of discomfort related to
physical activity and affective responses, respectively. However, less is
known about these variables during a HIFT session.

Mangine et al.?® evaluated subjective anxiety, HR variability, and
catecholamines (baseline, before, immediately after, and 30 and 60 min
after the session) in 10 competitors for two different workouts of the day
(WODs) (7-min as many rounds/repetitions as possible [AMRAP] x
13-min AMRAP). There was a significant difference for all variables
measured between times and WODs, and interactions observed for anx-
iety and catecholamines had higher values on the 13-min WOD. Wilke,
Pfarr, and Méller®? examined the fear of competition and relevant coping
skills, as well as potential correlates of individuals participating in HIFT
competitions, and found substantial levels of anxiety, particularly
regarding the somatic dimension of the competition fear index. The main
conclusion of the study was that competitive athletes seem to exhibit
substantial fears related to competition.

Regarding motivational factors, participants of group-based HIFT had
greater pleasure about the modality and were more likely to continue in
the modality than participants who combined aerobic training and
resistance training at moderate intensity.?’ Fisher et al.2° compared the
motivational factors of HIFT practitioners versus resistance training. The
findings suggest that those for engaging in HIFT may be similar to those
seen in sport participation, and therefore may have an influence on
facilitating the long-term adherence in comparison with other resistance
exercise modalities.

Considering that most studies that investigated exercise responses on
anxiety level were conducted on moderate-intensity continuous exercise
protocols,?® that HIFT is one of the fastest-growing extreme conditioning
programs in the world, in terms of the number of adherents® and that
lactate, a product resulting from the activation of anaerobic metabolism,
alters psychobiological responses,*>! studies that investigate the char-
acteristics and responses associated with HIFT are needed. The aims of
current study were to investigate the physiological and psychobiological
responses during and after HIFT sessions. In addition, we compared the
physiological and psychobiological responses of a HIFT session with
those evoked by a continuous traditional exercise (running) performed at
the same exercise intensity as the HIFT session. We hypothesized that
HIFT would promote higher physiological (blood lactate concentration
[Lac]) due to vigorous exercise and intermittence that characterized the
modality and positive psychobiological (anxiety and affective valence)
responses compared to HICT, when performed at the same average HR.
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2. Materials and methods
2.1. Ethics statement

Informed consent was obtained from all participants before starting
the study. All experimental procedures were approved by the Research
University Ethics Committee (approval number:
04996818.6.0000.5083) and conformed to the principles outlined in the
Declaration of Helsinki.

2.2. Participants

Twenty-one trained and healthy men were recruited through adver-
tisements on social media and through direct contact (a convenience
sample). We did not recruit women because female hormonal fluctua-
tions affect physiological®” and psychobiological®® variables. The inclu-
sion criteria were as follows: (i) men, (ii) aged > 18 years, and (iii) have
over six months experience in HIFT. The exclusion criteria were as fol-
lows: (i) contraindication for physical activity as assessed by the Physical
Activity Readiness Questionnaire (PAR-Q)34; (ii) consuming anxiolytic
drugs, antidepressants, anabolic-androgenic steroids, or stimulants; and
(iii) having some type of bone, muscle, or joint injury at the time of the
selection. Additional participant information is shown in the Table 1.

2.3. Study design

The study was carried out over three visits with a 24- to 72-h interval
between visits. The first visit was at the laboratory where the participants
answered the PAR-Q** to track possible contraindications for physical
activity. Those considered fit for participation in the study answered the
State-Trait Anxiety Inventory (STAI) trait form and were submitted to an
anthropometric assessment followed by a cardiorespiratory exercise test
on a treadmill. On the second and third visits, the participants were
submitted to 20 min HIFT session and 20 min HICT session, respectively.
HIFT session was performed at the same exercise facility (HIFT gym) that
the participant routinely trained at and HICT session was performed at
exercise physiology laboratory. For both sessions, resting HR and [Lac]
were evaluated, and participants answered the STAI state form. HR was
measured during the entire session up to 120 min after exercise sessions.
Rating of perceived exertion (RPE) was measured at 5, 10, 15, and 20 min
of the exercise sessions. Immediately after the exercise session, the af-
fective valence, [Lac], and state anxiety were evaluated. [Lac] was also
evaluated 5 and 10 min after exercise session, while state anxiety was
assessed 10, 30, 60, and 120 min, and 24 h (through phone call) after the
session. Perceived discomfort (RPE-D) was evaluated 30 min after exer-
cise sessions.

The second and third visits were not randomized, as the HICT was
performed at the same HR average as the HIFT; for this reason, the HIFT
needed to be performed before the HICT. All participants were instructed
to refrain from eating 2 h prior to the sessions and to abstain from
caffeine, alcohol, and strenuous physical activity on the day of the
experiment. The experiments were conducted in the mornings,

Table 1
- Characteristics of participants (n = 21).

Variables Mean (standard deviation)
Age (years) 26.4 (4.1)

Body mass (kg) 79.9 (8.4)

Height (m) 1.77 (0.06)

Body mass index (kg/m?) 25.5 (1.9)

VO,max (mL-kg '-min~1) 67.3 (6.8)

Training experience (years) 2.1(1.1)

Training frequency (days/week) 4.7 (0.9)

Session duration (h) 1.3 (0.5)

VO,max: maximum oxygen consumption. kg: kilogram. min: minutes. m: meters.
ml: milliliters. h: hour.

Sports Medicine and Health Science xxx (xxxx) xxx

afternoons, or nights. However, for each participant, the visits were
conducted at the same time of the day to respect their circadian
rhythm.%®

2.4. PAR-Q and anthropometric assessment

The PAR-Q aims to assess the general health status. Briefly, this
questionnaire consists of seven questions, aims to identify individuals
who need medical clearance to perform a maximal effort test or to join an
exercise program.>* Body mass was measured using an electronic scale
with a resolution of 50 g (body mass range 5 -150 kg) (Omron, HN-289,
USA). Height was measured using a wall-mounted stadiometer with a
measuring field up to 200 cm (Caumagq, Brazil). With the values of these
two variables, the participants' body mass index (BMI) was calculated
using the equation: BMI = body mass (kg)/height (m) squared.>®

2.5. Cardiorespiratory exercise test

All participants completed a cardiorespiratory exercise test to eval-
uate their maximal oxygen uptake (VOomax), maximal HR (HRmax), and
first (VT1) and second (VT2) ventilatory thresholds. The test was per-
formed as an incremental maximal exercise test on a motorized treadmill
(model ATL, Inbramed, Brazil) with 0% slope. Respiratory gas samples
were analyzed using a gas analyzer (VO2000, MedGraphics, USA) and
HR was monitored with an HR monitor (V800, Polar, Finland). The test
consisted of a 5 min warm-up period at 7 km/h and then the speed was
increased at a rate of 1 km/h per minute until the participant's exhaus-
tion.'* During the test, participants were verbally stimulated to proceed
with the exercise for as long possible. Before each test, gas analyzer was
calibrated according to manufacturer guidelines. The tests had an
average duration of (9.5 + 1.5) min.

Two experienced investigators independently identified the VT1 and
VT2 by averaging the data every 10 s. The VT1 and VT2 were determined
by the method of ventilatory equivalents.>”>® The VT1 was the intensity
of the exertion above which the first increase in pulmonary ven-
tilation/oxygen uptake was observed, that is, a non-linear increase in
pulmonary ventilation/VO; with a concomitant increase in
end-expiratory oxygen pressure and without an increase in pulmonary
ventilation/carbon dioxide production. The VT2 was the intensity of
exertion above which an increase in ventilation/carbon dioxide pro-
duction was observed with a concomitant decrease in end-expiratory
carbon dioxide pressure.

The VO3 max was identified by the point at which the increase in
workload (speed) did not determine an additional increase in oxygen
uptake, reaching a plateau.®® When this plateau was not reached, VO,
max was identified by the point at which the participant reached the
HRmax predicted for their age, respiratory exchange ratio > 1.1, and an
RPE of 20 on the Borg scale.*”

2.6. High intensity functional training (HIFT)

The training started with 5 min of mobility, dynamic stretching ex-
ercises, and a warm-up consisting of 5 min of low intensity running at a
self-selected pace in the exercise facility. The HIFT performed was the
WOD “Cindy” (AMRAP)*® which involves the execution of the largest
number of sets of five pull-ups, 10 push-ups, and 15 air squats, in this
order, during 20 min. Each exercise was properly performed according to
pre-established minimum standards.*® During the entire HIFT session,
the participants were submitted to the usual music of HIFT training. This
strategy aimed to guarantee the ecological validity of the experiment,
considering that usual HIFT sessions are performed in the presence of
music. The entire HIFT session was conducted and controlled by an ex-
ercise science professional with experience in exercise prescription and
who had at least a Level One HIFT certification.
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2.7. High intensity continuous training (HICT)

The HICT started with 5 min of mobility, dynamic stretching exer-
cises, and a warm-up consisting of 5 min of running on a treadmill at a
self-selected pace. The HICT was only started when the participant's HR
reached the average HR obtained in the HIFT session, which occurred
during the warm-up on the treadmill. The HICT consisted of continuous
running on a treadmill (model ATL, Inbramed, Brazil) with duration
equal to the total time of the HIFT (20 min). The intensity was equivalent
to the participant's mean HR during HIFT. During the entire performance
of the HICT, participants were submitted to the usual music from HIFT
training to reduce music-related bias.*!

2.8. Heart rate assessment

HR was evaluated using an HR monitor (model V800, Polar, Finland)
attached to the participants’ xiphoid process throughout each session.
The data were downloaded to a personal computer. HR was used to
characterize exercise intensity. Highest HR obtained during exercise
sessions was the mean of two values.

2.9. Lactate assessment

The plasma [Lac] was determined using a portable lactimeter
(Accutrend® GC/GCT, Roche, Germany). Samples of blood (25 pL) were
collected from the ear lobe directly on the tape of the lactimeter and the
reading was performed on the device itself.*> The [Lac] was evaluated
before the session, immediately after the session, and 5 and 10 min after
both exercise sessions. The [Lac] was used to characterize anaerobic
glycolytic metabolism contribution in the HIFT and HICT sessions.

2.10. Trait and state anxiety assessment

Trait and state anxiety was assessed by the STAL*® translated and
validated for the Brazilian Portuguese population by Gorenstein and
Andrade.** Participants were instructed to answer each of the questions
according to how they felt “right now; that is, at this moment” for the
state form and “how you generally feel” for the trait form. STAI scores can
vary with a range of 20-80. Scores of < 30, between 31 and 49, and > 50
indicate low, intermediate, and high levels of anxiety, respectively.** The
STAI was chosen because of its easy application and low cost and because
it has been used in many different disciplines and translated into 30
languages.*® At the first day of the study, participants answered the trait
form of STAI On days of training sessions, the participants responded to
the state form of STAI, before and after (immediately after, 10, 30, 60,
and 120 min after, and 24 h after) the sessions. Data collection was done
with participants sitting and listening to the usual HIFT training music.
The flow of people in laboratory was restricted to only personnel
involved with data collection. The internal consistency of the trait and
state domains is good, with Cronbach's a of 0.93 and 0.87, respectively.*®

2.11. Rating of perceived exertion

RPE was assessed using the Borg scale?’ during the HIFT and HICT
sessions at 5-min intervals. Due to the strong positive associations with
physiological variables, such as VO3, HR, and [Lac], RPE is a widely
accepted mean of estimating the intensity of exercise in adults. Moreover,
RPE has been used to provide a safe and effective training intensity for
aerobic exercises*® and present a good reliability (intra-rater absolute
standard error of measurement ranging from 0.25 to 0.66).%

2.12. Rating of perceived exertion-discomfort

The subjective perception of discomfort (RPE-D) was assessed using
the Perceived Discomfort Rating Scale.”>?° The scale begins at zero
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which is described as no perceived discomfort. This can be linked to a
perception of discomfort at a time where you feel no noticeable sensa-
tions relating to physical activity. The scale ends at 10 which is described
as the maximum perceivable discomfort. This can be linked to a
perception of discomfort where you could not imagine the sensations
relating to physical activity being any more intense.”® The RPE-D was
applied 30 min after the end of the HIFT and HICT sessions according to
protocol proposed by a previous published study.>> RPE-D is a recent
option”® based on the differentiation of concepts between perceived
effort and discomfort.”> Moreover, RPE-D presents an acceptable reli-
ability (intra-rater absolute standard error of measurement ranging from
0.60 to 1.01).%°

2.13. Affective valence

Affective responses were assessed using the affective valence scale,
proposed by Hardy and Rejeski.?” The scale is quantified from +5 to —5,
corresponding to the antagonistic descriptors of feeling during physical
activity: 5 = very bad, —3 = bad, —1 = fairly bad, 0 = neutral, 1 = fairly
good, 3 = good, and 5 = very good. This scale was suggested by other
studies to measure the affective response after exercise and present high
reproducibility (intraclass coefficient correlation = 0.644 [95%CI: 0.425
to 0.7791).%° The scale was presented right after the following question:
“How do you currently feel?” and was performed immediately after the
HIFT and HICT sessions.

2.14. Statistical analysis

The normality of the data was tested by the Shapiro-Wilk test. The
comparison between two measures was made using the paired Student ¢-
test for data that followed a normal distribution (mean HR obtained
during sessions, highest HR obtained during sessions, and RPE-D) or the
Wilcoxon signed rank test for data that did not follow a normal distri-
bution (affective valence).

The HR comparison between sessions was performed using the
Friedman test (2 x 7, session [HIFT and HICT] x time [before, imme-
diately after, and 5, 10, 30, 60, and 120 min after]). The comparison of
[Lac] between sessions was performed using the Friedman test (2 x 4,
session [HIFT and HICT] x time [before, immediately after, and 5 and 10
min after]). The comparison of state anxiety between sessions was per-
formed using the Friedman test (2 x 7, session [HIFT and HICT] x time
[before, immediately after, 10, 30, 60, and 120 min after, and 24 h
after]). The comparison of RPE during the sessions was performed using
the Friedman test (2 x 4, session [HIFT and HICT] x time [5, 10, 15, and
20 min]). When a statistical difference between the data was revealed by
the Friedman test, Bonferroni post hoc multiple comparisons were
applied to determine the paired difference. We used Friedman test for
comparison between sessions (HIFT and HICT) x time because HR, [Lac],
state anxiety, RPE did not follow a normal distribution.

Statistical analyzes were performed using the program Statistical
Package for the Social Sciences (SPSS, version 26.0, IBM, USA). The level
of significance was set at p < 0.05. Changes were calculated through the
mean difference or median difference and its respective 95 % confidence
interval (95%CI). Data are expressed as the mean + standard deviation
(for data that followed a normal distribution) and as the median [inter-
quartile range] (for data that did not follow a normal distribution), unless
otherwise stated.

3. Results

There were no medical complications during the experimental pro-
cedures. In the HIFT, participants performed (87.3 + 22.2) pull-ups,
(168 + 46.6) push-ups, and (246 + 68.7) air squats. The total number
of cumulative repetitions from the three exercises was 501.7 + 137.1.
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3.1. Heart rate

As expected, there was no significant difference in the mean HR be-
tween the HIFT ([173 + 8] bpm) and HICT (173 + 8) bpm (mean dif-
ference = 0.3 bpm [95%CI: 0.6 to 1.2], p = 0.450). Both sessions were
performed at an exercise intensity corresponding to VT2 ([174 + 10]
bpm) obtained during the cardiorespiratory exercise test. On average, the
participants remained 0.7 min (3.3%) below VT1, 8.5 min (42.5%) be-
tween VT1 and VT2, and 10.8 min (54.2%) above VT2 in the HIFT. In the
HICT session, the participants remained 17.9 min (89.3%) between VT1
and VT2, and 2.1 min (10.7%) above VT2. Regarding the highest HR
obtained during the training sessions, there was a significant difference
between the HIFT ([187 + 9] bpm) and HICT ([178 + 9] bpm) (mean
difference = 9.2 bpm [95%CI: 7.2 to 11.2], p < 0.001). Fig. 1 shows HR
response throughout the HIFT and HICT sessions.

As expected, HR was significantly higher immediately after the ses-
sion than before for both sessions. The HR returned to values from before
the session at 10 and 30 min after the HICT and HIFT sessions, respec-
tively (Fig. 2). No significant difference was found in HR between the
sessions for any time evaluated after exercise session (5, 10, 30, 60, and
120 min).

3.2. Lactate

The Friedman test showed a significant difference (;(2 =84.989,p <
0.001) and the Bonferroni post hoc of multiple comparisons demon-
strated that there was a significant difference between the before and
after session time points (median difference = 4.5 mmol/L, p < 0.001), 5
min (median difference = 3.3 mmol/L, p < 0.001), and 10 min (median
difference = 5.1 mmol/L, p < 0.001) in the HIFT session. Also, there was
a significant difference in the [Lac] immediately after the sessions (me-
dian difference = 3.6 mmol/L, p = 0.021) and 10 min after the sessions
(median difference = 3.9 mmol/L, p = 0.003) (Fig. 3) between HIFT and
HICT sessions.

3.3. Trait and state anxiety

The level of trait anxiety was 31.8 + 5.2, classifying the participants’
levels of trait anxiety as intermediate. In the HIFT session, state anxiety
was significantly lower in 10, 30, 60, and 120 min after, and 24 h after
HIFT than immediately after the HIFT session. In the HICT session, the
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Fig. 2. Comparison of HR before and after the HIFT and HICT sessions. HR
(bpm): heart rate in beats per minute. HIFT: high-intensity functional training.
HICT: high intensity continuous treadmill training. Data are expressed as the
median values. *Significant difference from values before the respective training
session (p < 0.05). *Significant difference from immediately after values in the
respective training session (p < 0.05). *Significant difference from 5 min values
in the respective training session (p < 0.05).

state anxiety was significantly lower in 60 and 120 min and 24 h than
immediately after the HICT session (Fig. 4). No significant difference was
found in state anxiety between sessions for any time evaluated.

3.4. Rating of perceived exertion

The RPE significantly increased 10 min after the start of training in
both sessions. However, only the HIFT session elicited a significant
progressive increase after 10 min of training (Fig. 4). Furthermore, a
significant difference was found in the RPE between the HIFT and HICT
sessions, evaluated at the end of the sessions (20 min) (Fig. 5).

3.5. Rating of perceived exertion-discomfort

There was no significant difference in RPE-D (mean difference = 0.8
[95%CI: 0.9 to 2.5], p = 0.334) between the HIFT (5.9 + 2.5) and HICT
(5.1 & 2.2) sessions. In both sessions, the discomfort was assessed as
moderate discomfort.

——— HRmean - s VT4 ———VT2

80

HR (%)

70
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50
0 1 2 3 4 5 6 7 8 9
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Fig. 1. Heart rate behavior during HIFT and HICT training sessions. HR (%): percentage of the maximal heart rate obtained in the cardiorespiratory exercise test.
HIFT: participants mean heart rate behavior during the high intensity functional training session. HICT: participants mean heart rate behavior during the high intensity
continuous training session. HRmax: maximal heart rate obtained in the cardiorespiratory exercise test. HRmean: average heart rate of the HIFT and HICT sessions.

VT1.: first ventilatory threshold. VT2: second ventilatory threshold.
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Fig. 3. Comparison of [Lac] before and after the HIFT and HICT sessions. [Lac]:
blood lactate concentration in millimoles per liter. HIFT: high-intensity func-
tional training. HICT: high intensity continuous treadmill training. min: mi-
nutes. Data are expressed as the median values. *Significant difference from
values before the respective training session (p < 0.05). Note: p = 0.021 and p
= 0.003 represents a significant difference in immediately after values and 10
min values, respectively, between HIFT and HICT sessions.
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Fig. 4. Comparison of anxiety-state before and after the HIFT and HICT ses-
sions. Data are expressed as the median values. HIFT: high-intensity functional
training. HICT: high intensity continuous treadmill training. min: minutes.
*Significant difference from immediately after values in the respective training
session (p < 0.05).
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Fig. 5. RPE behavior during the HIFT and HICT training sessions. RPE: rating of
perceived exertion. HIFT: high-intensity functional training. HICT: high in-
tensity continuous treadmill training. min: minutes. Data are expressed as the
median values. *Significant difference from 5 min values in the HIFT session (p
< 0.05). *Significant difference from 10 min values in the HIFT session (p <
0.05). Note: p = 0.009 represents a significant difference in 20 min values
between HIFT and HICT sessions.
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3.6. Affective valence

There was no significant difference between affective valence be-
tween the HIFT (3 [IQR: 3]) and HICT (3 [IQR: 4]) training sessions
(median difference = 0 [95%CI: 1.0 to 2.5], p = 0.417). The scores for
both sessions were classified as “good".

4. Discussion

This study compared the physiological and psychobiological re-
sponses of a HIFT session with those evoked by a traditional exercise
modality (running) performed at the same HR average. Some of initial
hypotheses were confirmed and other not. State anxiety, RPE-D, and
affective valence were similar in both interventions. Conversely, we
found that: (i) the highest HR measured in training sessions was signif-
icantly higher in the HIFT than in the HICT; (ii) the [Lac] was signifi-
cantly higher immediately after the HIFT session than the HICT session
and between sessions in the time immediately after and 10 min after; (iii)
RPE was significantly higher in the HIFT than HICT; and (iv) the RPE was
gradually increased in HIFT and there was a difference between the
sessions in the time of 20 min. Altogether, these results suggest that there
is not a linear direct relationship between psychobiological and physio-
logical responses.

The knowledge of physiological characteristics of a particular type of
exercise is useful for the purpose of prescribing exercise.’® In the present
study, we found that HR average of the investigated sessions corre-
spondents to 91.4% of the HRy,ox determined in the cardiorespiratory
exercise test, corresponding to a vigorous intensity.48 However, due to
the intermittent characteristic of HIFT,”! the highest HR obtained in this
session corresponded to 99.5% of the HRp., being classified as
near-maximal to maximal intensity.*® Thus, HR monitoring during HIFT
becomes relevant to mitigate possible overload or underestimation of
workloads, potentiating physiological responses, increasing perfor-
mance,® and decreasing risk of overtraining syndrome.>?

Higher [Lac] after the HIFT than the HICT sessions confirms a greater
anaerobic glycolytic metabolism contribution. Given their greater
contraction velocity,>® type II motor units may have been preferentially
recruited in HIFT over HICT. These units are more susceptible to fatigue
than type I motor units and depend on glycolytic metabolism.>* Previous
studies demonstrated the influence of HIFT bouts in [Lac]® and most of
them used Cindy or a different AMRAP WOD. Although AMRAP requires
the athlete to complete the maximum repetitions during the WOD, the
fixed time (i.e., 20 min in “Cindy”) may induce an auto-regulatory
cadence of exercise in the athlete. Forte et al.°® speculated that in a
HIFT WOD, the [Lac] is dependent on the duration of effort and the
structure of WOD, with all-out efforts producing greater levels of [Lac],
indicating higher dependence on glycolytic metabolism. Fernandez
et al.>’ highlighted the high glycolytic profile of this WOD, alerting that
participants of HIFT should strive to maintain a good understanding of
their limitations during exercise to cope with high intensity and repeti-
tive exercise bouts.

Although the HICT was performed at the same HR mean as the HIFT,
the physiological strain of the training sessions was different, as observed
by the highest HR obtained in the sessions, by the [Lac] and by RPE.
Additionally, we observed different behavior of the RPE between ses-
sions. In HICT, RPE remained constant throughout the training session, a
predictable result because it is a continuous aerobic training program.”®
However, in HIFT, RPE gradually increased throughout the training
session, presenting a significant difference at the end of the session
compared to the HICT, proving the intermittent characteristic of the
HIFT.*

Whilst other acute studies have found significant differences in the
state anxiety®> while performing high-intensity exercises, our results did
not reproduce previous studies. There are few studies about HIFT that
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investigated anxiety responses.?>?® Methodological differences, such as
study design (e.g., acute or chronic), participants, conditions (e.g., lab-
oratory or competition), and the instrument for determining anxiety,
make it difficult to compare our results. A possible hypothesis that there
is no anxiolytic effect may be the HIFT training experience, as our par-
ticipants had a mean experience of 2.1 years; thus, the probable anxio-
lytic effects of this modality could have already been experienced.>”
Indeed, a plethora of studies have found a positive acute and chronic
effect on anxiety.>>%9°? In addition, the participants presented a high
cardiorespiratory fitness and previous studies showed that high cardio-
respiratory fitness is associated with lower mood disorder symptoms.®>

The discomfort scale was used to make participants separate their
perceptions of exertion from the associated physical discomfort, as it is
common for people to anchor themselves to each other with traditionally
perceived exertion rating scales.?>?° Steele et al.?® suggested that similar
discomfort between the two conditions may result from similar stimu-
lation of muscle fibers, providing afferent feedback on exercise-induced
metabolic and mechanical conditions. However, in our study we found
differences in HR and [Lac] responses obtained in the training sessions,
suggesting a greater recruitment of type II muscle fibers in HIFT than in
HICT, and surprisingly, we did not find significant differences in RPE-D.
Certainly, RPE-D in HIFT practitioners needs to be further explored.
Unfortunately to date, we have not found many studies with this specific
population. For example, Steele et al.?® performed a study with recrea-
tionally active participants that had not been involved in any structured
exercise interventions for the previous six months, which makes com-
parisons difficult.

The relationship of affective valence with physical exercise was
investigated®® and with contradictory results between continuous aero-
bic exercises of moderate-intensity®* and high-intensity interval exer-
cises.”! Hypotheses were formulated for affective responses to be
dependent on exercise intensity and duration.®® Specifically, for HIFT, we
did not find studies that could give us theoretical support; however, our
results are in line with studies that indicate that exercises performed
close to or above VT2 can also present “good” affective assessments®®
regardless of whether they are performed intermittently, on HIFT, or
continuous, on a treadmill.

Our study had several limitations. First, the measurement of cate-
cholamines and HR variability could enhance the discussion of the study.
Second, there was a lack of a control condition without exercise. Third,
the training sessions took place in different environments (gym for HIFT
and laboratory for HICT). Fourth, we did not evaluate recovery between
training sessions. On the other hand, as strengths, the results can be used
by HIFT practitioners and trainers in their training routine of this mo-
dality. For example, as HIFT is characterized by high intensity, the
physiological values herein presented can be used as reference values for
the purpose of exercise. Furthermore, this study may be one of the first to
have investigated RPE-D and affective valence in HIFT practitioners.

5. Conclusion

A HIFT session presented higher HR, [Lac], and RPE, demonstrating
the higher physiological strains imposed by this kind of training protocol.
Conversely, there were no difference between exercise sessions regards
to state anxiety and RPE-D. These results can be explained by higher
participation of glycolytic metabolism during HIFT. As in HIFT, there is a
large glycolytic demand, and future studies investigating the glycolytic
capacity in HIFT practitioners are needed. We recommend that HIFT
practitioners with similar characteristics to those investigated in the
present study can perform both HICT and HIFT, as long as they can
tolerate higher intensity peaks. Finally, the results presented herein can
be used as reference values for exercise prescription purposes.
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