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Validation of the Aquanex system to assess
in-water forces during aquatic exercise

Catarina Costa Santos'
Nuno Domingos Garrido*”

, Méario Jorge Costa®?
, Tiago Manuel Barbosa®’

, Daniel Almeida Marinho'* @,
, Sérgio Rosa®

The aim of this study was to perform a validation of the Aquanex system to assess in-water forces during aquatic exercise. One sensor

(Type A) that composes the differential pressure system (Aquanex v.4.1, STR, USA) was placed inside a wind tunnel (Axial Propellor

a range of twenty-two frequencies. The mean force (F,

ABSTRACT

MEAN’

Fan, England), this last being considered as the gold standard technique for measurement. A frequency inverter was used to control
N) acting on the sensor and in the wind tunnel model was measured.
The validation criteria were defined as follows: (i) p> 0.05 in a paired t-test; (i) R?> 0.49 in a simple linear regression model; and
(iii) at least 80 % of the plots within the limits of agreement in the Bland-Altman plots. The results showed no differences between
both methods (p= 0.884). A significant relationship with a high effect (R?= 0.573, p< 0.001) was found, as well as a small bias (0.002

N) between the two methods. Thus, the Aquanex system seems to be valid for assessing the in-water forces as it meets all the

validation criteria.

KEYWORDS: swimming; pressure sensors; resultant force; methods; device; kinetics.

INTRODUCTION

The research interest in aquatic exercise related to sports
performance or health and well-being increased remarkably in
the past decades. It is consensual that swimming performance
is mainly dependent on the swimmer’s capacity to overcome
water resistance by applying effective propulsive force in the
water. On the other hand, the multidirectional load linked to
the drag force acts favourably in developing body strength
and promotes adherence to water fitness programs (Barbosa
et al., 2007). Thus, the assessment of in-water forces is a key
aspect of training control in competitive swimming (Santos
etal.,2021b) and can help prescribe exercise in water fitness
programs (Santos et al., 2019).

The assessment of in-water force has been done using
different pressure systems (Santos et al., 2021a). However,
some are based on in-house customised devices that are not

commercially available, integrating four to eight sensors (e.g.,
Koga et al., 2022; Takagi & Wilson,1999). In the last couple
of years, a commercial system composed of two hand differ-
ential pressure sensors (i.e., Aquanex System) has been reg-
ularly used for research in swimming (Santos et al., 2021a)
and water fitness (Santos et al., 2019, 2021a). In the specific
case of swimming, this set-up allows displacement in front
crawl without any constraints in stroke mechanics and efh-
ciency (Santos et al.,2022b). Furthermore, it allows swift and
real-time feedback for coaches and researchers to track down
the in-water force data with accuracy (Santos et al., 2022a)

As far as our understanding goes, the system lacks vali-
dation for all aquatic activities and sports. Moreover, there
is still no consensus on a gold standard method for measur-
ing the in-water forces in the aquatic environment. So, the
Wind Tunnel emerges here as an option for estimating
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Validation of the Aquanex system

hydrodynamic data (Hoffmann et al., 2016) and has been
used regularly in cyclic sports for technology development
(Bickstrom et al., 2016). Therefore, this study aimed to
validate the Aquanex System using the Wind Tunnel as
a standard measurement device. It was hypothesised that
the Aquanex System would meet the validation criteria to
assess in-water forces.

METHODS

Experimental design

A differential pressure system (Aquanexv.4.1,Model DU2,
Swimming Technology Research, Richmond, USA) used in
aquatic exercise (Santos et al., 2021a) and previously reported
as a reliable method in swimmers (Santos et al., 2022a) was
considered for the present study. The Aquanex system is com-
posed of two hand sensors commonly positioned between
the third and fourth proximal phalanges and metacarpals of
the practitioners (Santos et al., 2022a). For validity purposes,
one sensor (Type A, 3.18 cm x 1.91 cm x 2.54 cm; 0.226 kg)
was placed inside a subsonic open-circuit suction type Wind
Tunnel (model C2, Armfield Limited, Ringwood, United
Kingdom) composed of a test section (octagonal form, 30,4
cm x 30,4 cm x 45,7 cm) and a fan (Axial Propellor Fan,
Armfield Limited, Ringwood, United Kingdom). The fan
system allows the insufflation of the air inside the test sec-
tion imposed by an electric motor frequency inverter (DV-
700, Panasonic, Osaka, Japan).

'The sensor was fixed vertically with a rigid iron oriented
to the cone at the base of the test section inside the Wind
Tunnel and attached to a two-channel A/D converter con-
nected to a laptop with the Aquanex software (Figure 1).

Figure 1. The assessment setup with the (A) Wind Tunnel,
(B) Type A sensor and (C) Aquanex system.
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Before all measurements, the system was properly cali-
brated (force equal to zero) as previously reported (Santos
et al., 2022a). The force output acquired with the system
(in Newton, N) was derived by multiplying the pressure by
the area (Santos et al., 2021b). To measure the mean force
(F, N) of both methods, the air was sucked through

)
thgI iggt section by the fan located at the rear of the Wind
Tunnel. A range of twenty-two frequencies (i.e., velocities)
were controlled through the frequency inverter starting at
12Hz and increasing by 2Hz, up to 54Hz. Afterwards, the
Fypan acting on the sensor at each velocity was obtained by
considering the frontal area of the sensor.

Statistical analysis
The normality and homoscedasticity of the data
were checked using the Shapiro-Wilk and Levene tests,
respectively. The mean and one standard deviation (M=
1SD) were computed as descriptive statistics. A paired
MEAN DETWEEN
both methods. Simple linear regression models between
sean- As a rule of
thumb, effect sizes were interpreted as: (i) very weak if
R?< 0.04, weak if 0.04> R?< 0.16, moderate if 0.16> R*<
0.49, high if 0.49> R 0.81, and very high if 0.81> R’<
1.0. The Bland-Altman plots with 95% limits of agree-
ment (LoA) were used to display the systematic differ-
ences between the two methods. The bias (mean differ-
ence), standard deviation (SD), and upper and lower LoA

were calculated (Bland & Altman, 1986).

'The validation was analyzed considering three valida-

sample t-test was used to compare the F

both methods were computed for F

tion criteria, as previously reported (Barbosa et al., 2011):
(i) p> 0.05 in a paired t-test; (ii) R*> 0.49 in a simple linear
regression model; and (iii) at least 80% of the plots within
the limits of agreement in the Bland-Altman plots. All sta-
tistical analyses were performed in the SPSS software (v.27,
IBM, SPSS Inc., Chicago, IL, USA) and GraphPad Prism
(v.9, GraphPad Software, San Diego, CA, USA).

RESULTS

were found when comparing the

No differences in F

MEAN
Aquanex System and the Wind Tunnel (Aquanex System:
0.250£ 0.087 N, Wind Tunnel: 0.244+ 0.086 N; p= 0.884).
Linear regression models between both methods showed
significant relationships with a high effect (R?= 0.573, p<
0.001) for F. . (Figure 2). The Bland-Altman method
revealed that 95.5% of the plots (i.e., more than 80%) were
within the upper and lower LoA (Figure 3), and the bias

was small (0.002 N).




CC Santos, MJ Costa, DA Marinho, ND Garrido, TM Barbosa, S Rosa

0.5

g 0.4+

£

L 0.31

&

%)

3 0.2

C

®

3

< 01 o
0.0 T T T T
0.0 0.1 0.2 0.3 0.4 0.5

Wind Tunnel (N)

N: newton; F,,.,.: mean force.

Figure 2. Scattergram with the main trendline (solid line),
95% confidence interval (dotted lines), and determination
coefficient (R?).

0.2
R — SR .. .
z . .
g ‘.
L] ]
£ 00 > o . Ve
€ o® .o
g
R O -1865D
0.112
[ ]
-0.2-
r T T T 1
0.1 0.2 0.3 0.4 0.5
Frvean (N)
N: newton; F : mean force.

MEAN®

Figure 3. Bland-Altman plots of the difference between
Aquanex System and Wind Tunnel (y-axis) and mean of
measurements (x-axis). Dotted lines represent the upper and
lower 95% LoA (mean differencest 1.96 SD of the differences),
and solid lines represent the mean differences between the
two methods (bias).

DISCUSSION

'The key finding of this study is that the Aquanex system
accomplished the three validation criteria regarding the sig-
nal acquisition compared to the Wind Tunnel, considered
the gold standard.

Field-oriented research helps improve technology (Barbosa
etal.,2023), and researchers and coaches can go deeper into
the training evaluation process using cutting-edge experi-
mental methods (Santos et al.,2023). Since they continually
strive for more accurate methods to enhance performance
(Mooney et al., 2015) or health/well-being (Santos et al.,
2020), a boost in technological advances has been observed to

Motricidade, 2024, vol. 20, n. 3, pp. 193-196

get more friendly and ecological assessments that resemble as
closely as possible water environment (Santos et al., 2022b).
Ensuring high levels of validity and reliability is crucial to
have accurate control (Atkinson & Nevill, 1998; Hopkins,
2000) and to avoid measurement errors or inter-individual
differences that do not reflect the real context of practice
(Hopkins et al., 1999). For instance, validation studies in
aquatic exercise have been developed mainly for physiologic
and biomechanic purposes (e.g., Barbosa et al., 2011), pro-
tocols or measures (e.g., Colado & Brasil, 2019).

Although there is still no consensus on a gold standard
method for measuring in-water forces, the existing tools
should mimic as much as possible the movement pattern of
the body limbs (Santos et al., 2021b). Within this, pressure
sensors, namely the Aquanex System, allow a displacement
throughout the water without constraints (Santos et al.,
2022b). However, as far as our understanding goes, a specific
validation of the system has not been reported yet. Hence,
this study is the first to provide data about validation with
the Aquanex System.

When comparing the Aquanex System and the Wind
Tunnel, some tiny biases were found, which might be explained
by the “nature” of the assessments and the interaction of the
different fluids’ characteristics. For instance, water is more
than 800 times dense than air (Carr, 2004), implying that
the resistance to movement in this environment is higher
than in air. Thus, the sensors can be highly sensitive to the
air velocity while maintaining a pressure absence (which does
not happen in the water). This can explain why the mean
values were lower than those retrieved from the assessment
conducted in a more ecological and valid environment (i.e.,
water) (Santos et al., 2019, 2021b; 2022a). Still, there is a
high level of consistency on both the qualitative and quan-
titative levels when the Wind Tunnel is used to determine
hydrodynamic data (Hoffmann et al., 2016).

Since this is the first step to validate the usefulness of a
two-hand pressure system for in-water force measurements,
a few limitations can be pointed out: (i) the use of a wind

tunnel instead of a water channel to compare F values

MEAN
and (ii) the assessments were made under the assumption
that both sensors are equal. Future studies should try to use a
water channel in a broad range of variables (e.g., peak force or

higher velocities) to see if the results follow the same trend.

CONCLUSIONS

The Aquanex System presented a high validation and
accuracy. The system seems to be an appropriate device to
assess the in-water forces in aquatic sports and exercise.
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Validation of the Aquanex system

This means that coaches and health professionals can use
the Aquanex System to detect acute responses or long-term
adaptations in human kinetics for performance, condition-
ing, or rehabilitation purposes.
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Physiological responses and physical

performance of advanced and novice athletes

ABSTRACT

in a specific MMA test

Eduardo Figueira Rodrigues'** @, Fabricio Boscolo® 2, José Vilaca-Alves*> @,
Jodo Ferreira Lima Neto® ®, Agata Aranha*

In Mixed Martial Arts (MMA), the evaluation of athletes’ performance is carried out mostly through non-specific tests. So far, there is

only one specific test, the Anaerobic Specific Assessment for Mixed Martial Arts (ASA,, ). Thus, the objective of the present study

MMA)
was to apply ASA, .
MMA athletes were involved, 10 advanced (ADV: 33.80+ 4.80 years; height 179.40+ 9.31 cm and 88.50+ 20.83 kg) and 10 novices

(NOV: 34.50+ 5.81 years; 174.90+ 5.99 cm and 86.00+ 10.68 kg). In the first experimental session, anthropometric, resting heart rate

to MMA athletes and compare their performance according to the competitive level. In the present study, 20

(HR) and lactate (LA) measurements were performed. In the second session, ASA, ., was applied. Due to the physiological demand

MMA
of the evaluation, ADV athletes performed three rounds, and the NOV only performed one round. At the end of each round, the
following were recorded: i) HR values, ii) blood LA concentration, iii) total number of sequences performed per round and iv) fatigue
indexin ASA,, ..
HR; NOV: 179+ 3.8 bpm and 96.3% 3, 7% of maximum HR; p< 0.001). After the first round, LA concentration was 15.08+ 2.86 mmol/L
in ADV and 17.15 1.36 mmol/L in NOV (p= 0.054). Among ADV, the LA increased throughout the rounds (F(z,m)= 5.81; p=0.0111;

2= 0.39). ADV athletes performed a higher number of sequences in the first round (71.8+ 7.87 versus 65.6+ 2.87 repetitions; p=

Regarding mean HR, differences were observed between groups (ADV: 167+7.27 bpm and 89.2+ 11.9% of maximum

0.003). However, in the analysis of repeated measures, a reduction in the number of sequences was observed throughout the rounds
(F(,,o= 14.37; p< 0.001). Negative correlations were found between body fat percentage and ASA
between mean HR and ASA, . performance (p< 0.01). ASA

performance (p< 0.05) and

MMA

s CaN discriminate between advanced and novice athletes, both from

a physiological (using heart rate as an indicator) and physical point of view, based on the number of sequences of movements.

KEYWORDS: martial arts; psychophysiology; sports; exercise; athletic performance.

INTRODUCTION

'The combat sport named mixed martial arts (MMA)
began in the third decade of the 20th century, when Carlos
Gracie, one of the founders of “Gracie jiu-jitsu” (also known
as Brazilian jiu-jitsu), invited competitors from different

combat modalities to participate in the same event with few

rules. MMA’s fame has increased since 1993, with the first
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edition of the Ultimate Fighting Championship (UFC) in
Denver, Colorado (Malanowski & Baima, 2021). Since then,
MMA has become one of the fastest growing sports in the
world. (Collier et al., 2011), gaining a lot of space in the
media (Martin et al., 2015). However, this media advance
was not accompanied at the same pace by the scientific sup-
port of the training and evaluation methodologies used by
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MMA athletes (Del Vecchio & Ferreira, 2013; Kirk et al.,
2021). A systematic review of MMA was carried out by
Bueno et al. (2022) highlighting a lack of studies focusing
on technical-tactical aspects and physical fitness in MMA.

MMA requires intense physical effort from its practi-
tioners, as it incorporates different techniques from difter-
ent modalities, requiring many physical abilities and a need
to train the technical, physical and tactical components in
the same week (Bounty et al., 2011). This training density,
when there is no properly structured planning, can lead to
physical and psychological overload of the athlete (Kirk
et al., 2021), may increase the risk of injury both during
training periods and in competition (Ross et al., 2021).In
this way, there is a need to increase scientific knowledge
in planning MMA training in order to enhance the ath-
lete’s performance and reduce the risk of injury (Andrade
et al., 2019), as well as looking for evaluation models that
allow identifying the athlete’s state of readiness for com-
petitions (Chernozub et al., 2022).

The MMA athlete has peak oxygen consumption val-
ues (VO, peak) from 44.2+ 6.7 mLO /kg/min to 55.5+ 7.3
mLO /kg/min, estimated body fat percentage of 13,4+ 5,6%,
squat jump and countermovement jump of 51 cm and 45 cm
(professionals and amateurs, respectively), long standing jump
of 2.194 0.31 cm, performs an average of 42 repetitions of
sit-ups in 30s and 37+ 9 repetitions of push-ups in the same
duration, maintains an average of 35+ 10s on the isomet-
ric pull on fixed bar and perform the bench press exercise,
on average, with a load of 1.21+ 0.18 kg per body mass for
professionals and 1.07+ 0.20 kg per body mass for amateurs
(Andrade et al.,2019; Bueno et al., 2022). However, only the
VO2 peak was obtained through a specific test of the MMA,
with the remaining indicators of neuromuscular capacity being
obtained through indirect tests not specific to the modality
(Andrade et al., 2019; Bueno et al., 2022).

There are already validated tests measuring different
physical abilities for combat sports, such as judo (Franchini
et al., 2009), wrestling (Markovi¢ et al., 2021), jiu-jitsu (da
Silva Junior et al., 2022), karate (Chaabéne et al., 2012) and
tackwondo (Tayech et al., 2019), being able, in the case of
judo and jiu-jitsu, to differentiate the competitive level of the
athletes (da Silva Junior et al., 2022; Franchini et al., 2009).
In relation to MMA, until now, the evaluation of athletes’
performance is carried out mostly through non-specific tests
(Plush et al., 2021). As far as we know, there is only the test
proposed by Paiva and Del Vecchio (2009) named Anaerobic
Specific Assessment for Mixed Martial Arts (ASA, ).

The elaboration of the ASA , test was based on the
duration of the MMA matches (3 to 5 rounds of five minutes,

198 Motricidade, 2024, vol. 20, n. 3, pp. 197-205

with a minute interval between them) and the analysis of
the execution time of the different techniques used in the
combat, conducted through the study of the MMA matches’
dynamics (Del Vecchio et al., 2011). ASA
with the aerobic capacity of 7= 0.87 and r= 0.60 to aero-

is associated

bic power, both physical abilities measured in generic tests
(Andrade et al.,2022).The ASA,,, result variation in ama-
teur athletes between 3.1% and 4.3%. However, there are no
studies showing if ASA
of athletes. Thus, the objective of the present study was to
apply the ASA in MMA athletes, and compare their

MMA
performance according to the competitive level.

can distinguish different groups

METHODS

Type of study and
characterisation of variables
The present investigation presents an experimental
design (Atkinson & Nevill, 2001). As independent variables,
moment (rounds 1, 2 and 3) and competitive level (novice
versus advanced) were considered. Physiological parameters
(heart rate and blood lactate concentration) and ASA,
performance parameters (number of strikes) were adopted

as dependent variables.

Participants

Male MMA practitioners were involved, aged between
25 and 45 years old, with regular practice (3 times a week in
the last 3 months). The sample size was determined using
the G-Power software (version 3.1.9.7, Germany), using
data from the study by Andrade et al. (2022) as a reference
to estimate the required sample size. It was considered that
the present study should contain two groups (advanced and
novices), and a necessary sample of 10 individuals per group
was calculated (5% alpha; 95% beta; statistical power> 0.95).
Thus, 20 MMA athletes were intentionally recruited (age= 34+
5 years [95%CI 31.8-36.4]; height= 1.77+ 0.07 m [95%CI
1.73-1.80]; body mass= 87.2+ 16.2 kg [95%CI 80.2-94.3];
BMI=27.6% 3.3 [95%CI 26.2-29.1]), all of them Brazilians
residing in the United Arab Emirates in the period between
January and October of 2022.

Procedures
After recruiting participants, visits to data collection
sites were previously scheduled. Participants should be in a
fed state (between 2 and 4 hours after the last meal), with a
night’s sleep of 8 hours or more and without high-intensity
efforts on the day before data collection.
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Two experimental sessions were required for the present
study, separated by 24 to 48 hours. In the first session, the
study procedures, and possible discomforts that participation
could cause were presented. Clarification about the study
design and data collection was allowed to the participants.
'Then, the participants who agreed to participate in the study
read and signed an informed consent form. All procedures
in this study followed the ethical precepts presented in the
Declaration of Helsinki.

Still, in the first session, the participants completed a
form with personal data and a standardised questionnaire on
the level of competitive performance, in which the athletes
are ranked, taking into account a scale from 1 (it represents
that the athlete has not practised the sport for more 1 year)
until 10, when the athlete has represented the country com-
petitively in this sport (Manning & Pickup, 1998; Manning
& Taylor, 2001). Based on the result of the questionnaire
regarding competitive level, the participants were allocated
into groups (Advanced= 8.5% 2.1 points; Novices= 2.6t
0.2 points; 7= 12.24; p< 0.001). In the same session, height
(SECA stadiometer, model 213, Deutschland, Germany,
with 0.1 cm precision), body mass (EUFY scale, model C1,
Changsha, China, with precision of 100 grams), and body fat
percentage were measured. For this, a previously calibrated
calliper was used (CESCOREF®, Porto Alegre, Brazil), and
the three-skinfold protocol — pectoral, abdomen and thigh
— was used to estimate body density (Jackson & Pollock,
1978). Each skinfold was measured three times by a single
evaluator and in a rotation system. After calculating the body
density, the Siri equation was Applied to estimate body fat
percentage (Siri, 1961).

Finally, in that same session, the participant was posi-
tioned in dorsal decubitus, and after 10 min of rest, the
heart rate was measured for 5 min (Polar™ heart rate mon-
itor, model H10, Kempele, Finland), and the average value
of the period was considered (Schaffarczyk et al., 2022).
Blood lactate was also measured at rest from a puncture in
the digital pulp, with extraction of 0.8 UL and reading on
portable equipment (Lactate Detect TD-4261 lactometer,
EcoDiagnostica®, Nova Lima, Brazil).

In the second session, ASA,,,, was applied. All partici-
pants were in the official uniform allowed for MMA events,
consisting of shorts, 4 oz gloves and mouth guard, to increase
specificity in relation to a real fight. Initially, the participants
had 5 minutes to perform a targeted and modality-specific
warm-up with self-selected movements of punches, kicks,
dodges and displacements at light to moderate intensity.
'The evaluation procedure was performed in an environment

with controlled temperature (25°C) and humidity (85%) in

a space with dimensions of 10 m x 10 m intended for the
practice of martial arts, lined with 50 mm EVA™ rubber-
ised plates.

The ASA,,,, has a total duration of 1020 seconds (17
minutes), with 600 seconds of total motor actions distrib-
uted in 3 rounds with 420 seconds of pause (the pause time
includes the interval between rounds). This duration of 600
s is distributed in 3 rounds, with 1 min rest between each.
Each round consists of 3 blocks of efforts with specific
MMA movements, which are repeated until the end of the
total time for each round (movie: https://youtu.be/S7Sn7-
ikNN4). Each effort block lasts 20 seconds and is performed
at maximal intensity, followed by a 10-second active pause
when the participant simulates low-intensity movements.
Once the recovery is complete, the participant starts block

2 and so on (Figure 1).

Block 1: interaction
Lasting 20 seconds, the sequence jab/cross/semi-circle
kick/sprawl is repeated until the end. For its realisation, a
small rubberised training area of 10 m? is necessary, as well
as the use of a punching bag for the movements of punches,

kicks and sprawl (takedown defence).

Block 2: projection
With a duration of 20 seconds and with the help of a
partner, projection movements (double leg) are performed.
The training partner remains leaning against the wall, and
the subject must remove the training partner from the
same weight category from the ground without finishing

the projection.

Block 3: ground & pound

A dummy or a punching bag on the ground is used
to perform the movement known as Ground and Pound
(punches and elbows on the ground level, with the subject
evaluated on the dummy). In this block, jab, cross and elbow
sequences are performed in the position known as “knee on
the belly” for both sides, alternated after executing the three
techniques sequentially.

These three blocks are repeated successively within each
5-minute round, and the last 20 s of the round are composed
of a sequence (final sprint) of jab, cross and kick in the stand-
ing position, completing the 300 seconds, that is, 5 minutes
(1 MMA round time). At the end of the 5 min of the first
round, the subject recovers for 1 minute and then repeats the
process two more times, totalling 3 rounds.

Participants were verbally encouraged at all times to
perform as many repetitions as possible while performing
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Block 1 2 3
Technique Jab/Cross/Kick/Sprawl Pause Double leg on the wall Pause Ground and Pound Pause
Duration 20s 10s 20s 10s 20s 10s
|

Repetitions 3 rounds, with 1 minute rest between them.
Total . 5 minutes each round*
duration

*At the end of each round, perform a 20 s jab-cross-kick (final sprint) in maximal intensity

Figure 1. Structure of the Anaerobic Specific Assessment for Mixed Martial Arts (ASA,,, ).

ASAMMA’

the individuals wore the heart rate monitor throughout the

maintaining proper form. In the present study,

test to evaluate physiological variables. Thus, the mean heart
rate (HR) values (HRMean) were recorded at the end of
each round (HRR1, HRR2, HRR3), absolutely (bpm) and
relative to the maximum HR (%HRmax) estimated by the
Equation 1 (Tanaka et al., 2001):

HRmax= 208 — 0.7 x age (1

At the end of each round, blood lactate concentration
was also measured.

For the performance data collection during ASA
(total sequences of strikes landed per round), a sheet of the

200 Motricidade, 2024, vol. 20, n. 3, pp. 197-205

scorecard was previously printed and stored in a digital spread-
sheet. Due to the importance of knowing the cadence of each
round, the fatigue index was also calculated in ASA,,,and
the average of the total number of sequences in round 2 and
round 3 was added and divided by 2, then this quotient was
divided by the total number of sequences in round 1. In this
sense, values up to 0.5 were considered as low resistance to
fatigue; values up to 0.8 as moderate resistance to fatigue;
and values above 0.8 high resistance to fatigue (Paiva & Del
Vecchio, 2009). In general, it is indicated that the advanced
athletes performed the three rounds of the standard ASA,
test. However, for safety reasons, the novice participants per-
formed only one round, composed of 5 min of high-inten-

sity intermittent efforts.
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Statistical analysis

Descriptive and inferential statistics were used for data
analysis. Initially, mean, and respective standard deviations
were adopted as measures of centrality and dispersion.
Correlation analyses were performed for variables of inter-
est using Pearson’s test.

For comparisons between groups (Advanced and Novice),
Student’s t-test was adopted for independent samples, and the
magnitude of the difference was calculated using Cohen’s d,
which can be classified as small (¢= 0.20), medium (&= 0.50) and
large (4= 0.8) and very large when d= 1.2 (Sawilowsky, 2009).

In the comparison between rounds for the trained ath-
letes, the analysis of variance (ANOVA) of repeated mea-
sures in the moment factor and Bonferroni’s post-hoc were
applied to locate the differences. In the comparisons between
Advanced and Novice, ANOVA was used for repeated mea-
sures (moments X groups), using post-hoc Tukey for groups
and Bonferroni for moments. Prior to the ANOVA, the
Mauchly test was performed to test the sphericity of the
data and the Greenhouse-Geiser correction was used when
necessary (Maia et al., 2004). The magnitude of differences
was presented using eta squared (1), which can be classified
as small (0.1), medium (0.24) or large (0.37) (Cohen, 1988).
The significance level was set at 5%.

RESULTS

Data related to the participants’ characteristics are pre-
sented in Table 1.In it, there were no significant differences
for age (p= 0.77; d= 0.13), height (p= 0.21; 4= 0, 57), body
mass (p= 0.74; d= 0.15), lactate (p= 0.91; 4= 0.05), HR at rest
and maximum HR estimated by age (p= 0.74; 4= 0.15). Only
the body fat showed a value close to statistical significance
(p=0.056; d= 0.91). Among the anthropometric variables,
there was a significant correlation between body mass and

body fat percentage (7= 0.65; p= 0.002; Table 2).

In relation to the heart rate during ASA,, , it is iden-
tified statistically significant differences between groups
for HRMean (p< 0.001; d= 2.17), and advanced athletes
presented 167+ 7, 27 bpm, and novices exhibited 179+ 3.8
bpm. The same occurred for values after the first round (p=
0.028; 4= 1.07). Regarding the maximum HR percentages,
the average HR values in the first round reached 89.2+
11.9% in advanced athletes and 96.3+ 3.7% in novices (p<
0.001; &= 2.73). The comparison between rounds was only
possible in the group of advanced athletes, given that nov-
ice athletes performed only one round (Figure 2, Panel A).
Specifically in the advanced group, the analysis of repeated
measures of heart rate according to round (rounds 1,2 and
3) showed no effect for the moment factor (F(2;10)= 1.68;
#=0,21;71°= 0.16).

Regarding the blood lactate, it is identified that the data
after the first round approached the level of significance
adopted in the comparison between groups (p= 0.054; d=
0.92) when advanced athletes presented 15.08+ 2,86 mmol/L.
and novices exhibited 17.15% 1.36 mmol/L. The comparison
between rounds was only possible in the group of advanced
athletes, given that novice athletes performed only one round
(Figure 2, Panel B). Regarding the advanced ones, the anal-
ysis of repeated measurements of blood lactate according
to round (rounds 1, 2 and 3) showed significant differences
between moments (F(2;10)=5.81; p=0.0111;1°= 0.39), and
the Bonferroni posz-/oc identified that the difference is located
between rounds 1 and 3 (17.3+ 2.08 mmol/L; p= 0.045).

There were differences identified between groups con-
sidering the number of sequences of movements performed

in the first round of ASA, . (p= 0.003; 4= 1.046), with
advanced athletes presenting 71.8+ 7.87 strikes and novices
exhibiting 65.6% 2.87 strikes. The comparison between rounds
was only possible in the first group (Figure 3). In relation
to the advanced athletes, the analysis of repeated measure-

ments of cadence of strikes according to round (rounds 1,2

Table 1. Descriptive values (meanz SD) of the sample and comparisons by group.

Advanced Nowce
_

Age (years) 33.80 +4.80 34.50 +5.81 0.77 0.13
Height (cm) 179.40 +9.31 174.90 +5.99 0.21 0.57
Weight (kg) 88.50 +20.83 86.00 +10.68 0.74 0.15
Body fat (%) 17.42 +7.47 23.97 +6.85 0.056 0.91
HR maximum (bpm) 186.30 +4.64 185.50 +5.81 0.74 0.15
HR rest (bpm) 67.1 + 3.51 68.7 +3.26 0.30 0.74
Lactate rest (mmol/L) 2.1 +0.22 2.09 +0.15 0.91 0.05

HR: heart rate.

Motricidade, 2024, vol. 20, n. 3, pp. 197-205

201



Performance of athletes in a specific MMA test

and 3) showed statistically significant differences between between rounds 1 and 2 (p= 0.04), 1 and 3 (p= 0.005) and
moments (F(2;10)= 14.37; p< 0.001; n’= 0.61), and the 2 and 3 (p= 0.017). Finally, regarding the fatigue index,
Bonferroni posz-hoc identified that the differences are located a performance of 0.90+ 0.08 is indicated, and of the 10

Table 2. Correlation pairs, with respective Pearson’s r and significance level.

Variable 1 versus Variable 2 “ Pearson’s r p-value

Body mass (kg) versus Body fat (%) 0.657 0.002
Body fat (%) versus HR mean (%HR max) 20 0.474 * 0.035
Body fat (%) versus Sequences of movement R1 20 -0.469 * 0.037

Body fat (%) versus Sequences of movement R3 10 -0.647 * 0.043
Body fat (%) versus Fatigue index 10 -0.682 * 0.030
HR R1 (bpm) versus HR R2 (bpm) 10 0.706 * 0.023
HR R1 (bpm) versus HR R3 (bpm) 10 0.725 * 0.018
HR R1 (bpm) versus HR mean during test (bpm) 20 0.786 ool < 0.001
HR R1 (bpm) versus HR mean (%HR max) 20 0.615 ** 0.004
HR R2 (bpm) versus HR R3 (bpm) 10 0.939 ol < 0.001
HR R2 (bpm) versus HR mean during test (bpm) 10 0.792 *x 0.006
HR R2 (bpm) versus HR mean (%HR max) 10 0.811 *x 0.004
HR R3 (bpm) versus HR mean during test (bpm) 10 0.702 * 0.024
HR R3 (bpm) versus HR mean (%HR max) 10 0.752 * 0.012

HR mean during test (bpm) versus HR mean (%HR max) 20 0.840 xxK < 0.001
HR mean during test (bpm) versus Lactate in round 1 20 0.457 * 0.043

HR mean during test (bpm) versus Sequences of movements R1 20 -0.538 * 0.014
HR mean (%HR max) versus Sequences of movements R1 20 -0.601 i 0.005

Lactate R2 versus Lactato R3 10 0.852 *x 0.002

Sequences of movements R1 versus Sequences of movements R2 10 0.863 el 0.001

Sequences of movements R1 versus Sequences of movements R3 10 0.855 ** 0.002

Sequences of movements R2 versus Sequences of movements R3 10 0.985 ol < 0.001
Sequences of movements R2 versus Fatigue index 10 0.766 x 0.010
Sequences of movements R3 versus Fatigue index 10 0.778 *x 0.008

#n varied according to the number of athletes observed (only advanced or advanced plus novice); *p< 0,05, **p< 0,01, ***p< 0,001; R1, R2,
and R3: rounds 1, 2, and 3; HR: heart rate.
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Figure 2. (A) Heart rate and (B) lactate, according to group and round.
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Figure 3. Sequences of movements by group (advanced
and novice) and round.

advanced athletes, only one presented a score classified as
moderate (0.74).

The correlational analyses present significant values
between anthropometric, physiological, and physical per-
formance parameters in Table 2.

DISCUSSION

The purpose of the present study was to investigate the
physiological and physical performance responses of advanced
and novice practitioners in a specific MMA test. The main
findings of the present study indicated that (i) the partici-
pants did not differ in terms of age, body composition, HR
and resting lactate, (ii) HR at the end of the first round was
higher in the novice athletes, (iii) in the advanced group, the
lactate values at the end of the third round were higher than
the values of the first round and, finally, (iv) among advanced
group, the number of sequences of strikes was higher than
for novices, decreasing over the rounds.

'The evaluation of MMA athletes was widely performed
with nonspecific tests of strength, power, flexibility, and car-
diorespiratory fitness (Andrade et al.,2019; Bueno et al., 2022;
Plush et al.,2021). However, there is a lack of specific tests, as
the Anaerobic Specific Assessment for Mixed Martial Arts
(ASA, ), a procedure that was developed considering: i)
duration of MMA fights (Bounty et al., 2011), ii) the tem-
porality of the combats in relation to the periods of effort
and pause (Miarka et al., 2016; Coswig et al., 2016), and iii)
the technical-tactical dynamics, considering the most used
techniques (Del Vecchio et al., 2011).

In a recent investigation, Andrade et al. (2022) tested
the reproducibility of ASA , with 12 amateur fighters
and found no significant differences between test and retest,
with intraclass correlation coefficients between 0.5 (move-
ment sequences) and 0.9 (rating of perceived exertion).
Complementarily, values lower than 5% were observed in
the coefficient of variation (CV) for most of the variables
measured (between 3.1% and 4.3%), although values close to
10% were identified in the fatigue index. Finally, significant
correlations were identified between ASA,
and maximal oxygen consumption in the incremental test
(7= 0.67; p< 0.05) and aerobic capacity (7= 0.96; p< 0.05), but
the absence of correlations with the Wingate test (30 s), prob-
ably due to the duration of the tests (Andrade et al., 2022).

Heart rate is a relevant parameter to evaluate and monitor

performance

in combat sports athletes (Slimani et al., 2018). Various tests,
such as the Special Judo Fitness Test (Franchini et al., 2009),
correlate heart rate with the number of projections, with a
lower index in the test revealing better performance. From a
physiological point of view, the average HR (absolute and
relative) during the first test round was higher in the group
of novice athletes, which may be due to better acrobic fitness
among advanced fighters (Del Vecchio & Ferreira, 2013),
promoting lower cardiorespiratory demand during ASA,
(Bounty et al., 2011).

Regarding blood lactate, it is indicated that it is associated
with the glycolytic demand of physical exertion. In this sense,
official or simulated MMA fights present values close to 16
mmol/L (Coswig et al., 2016), values similar to those found
in the present study — and which indicate a high demand
for the anaerobic component of energy supply (Del Vecchio
etal.,2011). Considering that high values of blood lactate can
affect muscle contractility mechanisms by interfering with
interactions at the level of cross bridges, this could partially
explain the loss of performance over the rounds, inferred by
the reduction in the number of sequences of movements.
However, the present study highlights a high resistance to
fatigue in Trained fighters, given that only one presented a
moderate index. In this sense, with regard to more successful
fighters, it is indicated that memos are more tolerant to lac-
tate (lactic tolerance), as well as a greater buffering capacity
of the hydrogen cation in the blood, providing greater mus-
cular resistance (Aschenbach et al., 2000).

Regarding the evaluative and competitive context, sports
modalities have been studied regarding several physiological
parameters, such as quantification of heart rate and blood
lactate concentration. However, the analysis of specific move-
ments is also relevant in order to clarify the physical perfor-

mance of the competitor, and in the present study, the values
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were statistically different between Advanced and Novice
athletes, evidencing the relevance of this variable in the eval-
uation routines (Andrade et al., 2019; Andrade et al., 2022).

'The present study demonstrates the usefulness of ASA, |
as an evaluation and even training adjustment, given that
all subjects showed a significant decrease in the sequence
of specific high-intensity movements and concise indica-
tive of fatigue and muscle wasting during the test, in addi-
tion to stimulation of the anaerobic energy systems lactic
or glycolytic that are considered decisive for the best com-
petitive performance (Del Vecchio et al., 2011). Due to the
degree of specificity and physiological demand observed in
the present study, the ASA

MMA
periodization monitoring of combat modality athletes, as it

can be used as part of the

presents simulations of situations of competitive conditions
close to reality (Del Vecchio et al., 2011; Miarka et al., 2016;
Coswig et al., 2016).

It is also verified that other modifications can be made
according to the opponent and the predominant style of the
fighter since the technical and tactical aspects are directly
related to the performance and the result of the fight, and
recent studies point to technical variation as a fundamental
element for unpredictability in high-performance competi-

tions (Miarka et al., 2016).

CONCLUSION

Based on the results obtained, we can conclude that
ASA, va
athletes, both from a physiological point of view (using heart

can discriminate between advanced and novice

rate as an indicator) and from a physical point of view, based
on the number of sequences of movements. It is indicated
that the model presented in the study presents movement
specificity and the relation between effort/pause. Thus, it can
be used as an integral part of planning specific training for
MMA and serving as a performance evaluation tool to mea-

sure the evolution in the development of physical or techni-

cal-tactical fitness of MMMA athletes.
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Efeitos de 12 semanas de treinamento de
paracanoagem no comprimento, frequéncia e
indice de remada em atletas iniciantes

Pedro André da Silva Lins' @, Juliana Rodrigues Ferreira Andrade’ @,
laraildo Pereira de Carvalho @, Renata Costa Silva' @, Vinicius Wallace Santos Brito' @,
Jeferson Carvalho Coelho de Gois' @, Leonardo Gasques Trevisan Costa’

A presente pesquisa teve como objetivo analisar os efeitos de 12 semanas de treinamento de paracanoagem no comprimento,
frequéncia e indice de remada. Caracterizando-se por uma pesquisa quantitativa e delineamento quase-experimental. A amostra foi
composta por 5 atletas, com idade entre 28 e 43 anos, de paracanoagem, de ambos os sexos e residentes no sertdo de Pernambuco.
A coleta de dados foi realizada em um lago artificial situado na cidade de Petrolina, PE, que ocorreu em dois momentos sendo
pré e pds teste, utilizando caiaque (K1 paracanoagem) e remo (Epic® e Jantex®) com uma cdmera de video de agdo (GoPro 7 Hero

Black®) acoplada na proa da embarcagéo. Posteriormente, foi utilizado um programa de telemetria (Telemetry Overlay®) para extrair

RESUMO

os dados da cdmera de video de acéo, e o Kinovea® para analisar os dados do video. As variaveis de tempo (d= 0,68), comprimento
de remada (d= 0,51), frequéncia da remada (d= 0,52) e indice de remada (d= 0,58) apresentaram tamanho do efeito moderado
quando comparadas no pré e pds teste. O presente estudo demonstrou que 12 semanas de treinamento apresentou maior efeito
no desempenho com relagéo as varidveis de indice de remada e tempo de prova na paracanoagem com percurso de 200 metros.
PALAVRAS-CHAVE: deficiéncia fisico-motora; canoagem; varidveis de desempenho; desporto adaptado.

The present research aimed to analyse the effects of 12 weeks of paracanoe training on stroke length, stroke frequency, and stroke
index. It is characterised by quantitative research and quasi-experimental design. The sample comprised 5 paracanoe athletes,
aged between 28 and 43, of both sexes and living in the backlands of Pernambuco. Data collection was carried out in an artificial
lake located in the city of Petrolina (PE), which occurred in two moments, pre and post-test, using a kayak (K1 paracanoagem)
and rowing (Epic® and Jantex®) with an action camera (GoPro 7 Hero Black®) attached to the bow of the vessel. Subsequently, a
telemetry program (Telemetry Overlay®) was used to extract data from the action video camera, and Kinovea® was used to analyze
the video data. The variables of time (d=0.68), stroke length (d=0.51), stroke frequency (d=0.52) and stroke index (d=0.58) showed

a moderate effect size when compared in the pre and post-test. The present study demonstrated that 12 weeks of training had

ABSTRACT

a greater effect on performance in relation to the variables of paddling rate and race time in paracanoe with a 200-meter route.

KEYWORDS: physical-motor disability; canoeing; performance variables; sports for people with disabilities.

|NTRODU§AO ocorreu no ano de 2016 e, vem sendo disputado até os dias

A paracanoagem ¢ uma modalidade ndutica e individual atuais com provas em canoas e caiaques (Edwards et al.,2019).
que tem como objetivo remar 200 metros o mais ripido pos- O publico elegivel para competir na paracanoagem sio
sivel (Comité Paralimpico Brasileiro, 2023), presente no pro- pessoas com deficiéncia fisico-motoras no tronco e membros
grama dos Jogos Paralimpicos desde o Rio de Janeiro, que inferiores que apresentem: poténcia muscular prejudicada,
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auséncia total ou parcial de ossos ou articulagdo nos membros
inferiores e deficiéncia na amplitude do movimento passiva dos
membros inferiores (International Canoe Federation, 2017).

Em relagio ao desempenho motor na canoagem sio inves-
tigados os efeitos de varidveis (Limonta et al., 2010; Therrien
et al., 2012) que interferem na velocidade do atleta (Gomes
et al.,2022; McDonnell et al., 2013; Vaquero-Cristébal et al.,
2013) dentre elas: comprimento da remada (CR), definida
como a distdncia média percorrida pelo barco, durante a exe-
cugio de um ciclo completo de remada do canoista; frequéncia
da remada (FR), que ¢ nimero médio de remadas realizado
pelo atleta em um determinado periodo sendo registrados em
ciclos por minuto ou ciclos por segundo e; indice de remada
(IR), que € a eficiéncia da remada do atleta, calculada pelo
produto da velocidade instantinea e a frequéncia de remada
(Castro & Carneiro, 2009; Vaquero-Cristébal et al., 2013).

Um estudo realizado com 19 atletas de elite e sub-elite
de canoagem em provas de 200 metros, utilizou um GPS e
um acelerdmetro para analisar o comprimento da remada
e a frequéncia ao longo da prova, o resultado verificou que
mesmo a frequéncia da remada seja uma variavel importante,
os atletas com comprimento de remada mais longo atingiram
uma velocidade maior (Pickett et al., 2021).

Outro estudo envolvendo 15 canoistas do sexo mascu-
lino divididos em 3 grupos (cinco remadores de elite, qua-
tro intermedidrio e seis iniciantes), identificou as varidveis
cinemiticas que contribuem para o desempenho na canoa-
gem e, os resultados demostraram que os remadores de elite
apresentaram maior amplitude de movimento (cumprimento
da bragada) do que os canoistas intermedidrios e novatos
(Limonta et al., 2010).

Um estudo realizado com 26 atletas de paracanoagem
que foram finalistas do campeonato mundial em 2017, veri-
ficou alteragdes no CR, FR e IR de acordo com a fase da
prova (aceleragio, manutengio e desaceleragio) e classifica-
¢do funcional (KL.1,KL2 e KI.3),acarretando uma diferenga
significativa na varidvel de tempo entre finalistas e meda-
lhistas, oscilando de 1 a 3 segundos considerando todas as
classificagbes funcionais em prova. Com isso, sugere-se que o
treinador adquira conhecimentos especificos dentro de cada
classe funcional e fase de prova,bem como identifique que os
parametros de canoagem olimpicas ndo sdo precisos quando
utilizadas com atletas com deficiéncia (Santos et al., 2021).

Posto isto, podemos observar que as varidveis (CR, FR,
IR) interagem de forma singular e com potencial de trans-
formagdo de resultados em competi¢es alto nivel, conside-
rando o nivel de experiéncia na modalidade e a classificagio
funcional. No entanto, os estudos de campo encontrados na

canoagem com essas varidveis verificam resultados baseadas

em atletas sem deficiéncia ou atletas com deficiéncia de elite.
Até o momento nio foi encontrado anilise com essas varidveis
relacionadas ao efeito do treinamento em atletas iniciantes com
deficiéncia, o que mostra que ainda hd lacunas na literatura.
A vpartir disso, o objetivo do presente estudo foi iden-
tificar quais os efeitos que a intervengio de 12 semanas de
paracanoagem ird promover nas varidveis comprimento, fre-
quéncia e indice de remada. O estudo teve como hipétese
que a Efeitos do treinamento de paracanoagem intervencio
do treinamento apresenta efeitos positivos nos resultados das
varidveis para melhora do desempenho dos atletas.

METODO

A presente pesquisa se caracteriza como estudo quanti-
tativo por visar a quantificagio dos efeitos da intervengio,
além disso, ndo possui randomizagio da amostra e grupo
controle, sendo assim um delineamento quasi-experimental

(Thomas et al., 2009).

Amostra

Foram adotados como critérios de inclusio: faixa etd-
ria maior que 18 anos, apresentar documentacio médica
que conste a sua Classificacio Estatistica Internacional de
Doengas e Problemas Relacionados com a Satude (CID) e,
liberagdo médica para pratica de atividade fisica. Como cri-
térios de exclusdo: atingir frequéncia menor que 70% nas
sessdes de intervengdo e auséncia nos dias das coletas de
dados. A amostra foi composta por 5 atletas iniciantes de
paracanoagem, de ambos os sexos (3 homens e 2 mulheres)
com idade entre 28 e 43 anos, com tempo de pritica entre 6
e 12 meses, com classifica¢io funcional KL.2 (n= 2) e KL.3
(n=3), como mostra na Tabela 1. Todos os participantes eram
residentes no Sertdo de Pernambuco, regido do Vale do Sio
Francisco, e estavam vinculados ao nicleo regional de canoa-
gem paralimpica de Petrolina, com isso, o recrutamento da

amostra foi realizado por conveniéncia.

Aspectos éticos

O presente projeto obedeceu as diretrizes e normas que
regulamentam a pesquisa com seres humanos (Lei n® 466/12)
e faz parte de um estudo maior, aprovado pelo Comité de
Eticae Deontologia em Pesquisa (CEDEP) da Universidade
Federal do Vale do Sio Francisco com parecer n.3.892.500.
O termo de consentimento livre e esclarecido foi apresen-
tado aos voluntdrios da pesquisa em uma reuniio inaugural,
que teve como finalidade, informar os objetivos do estudo
e os procedimentos a serem adotados, todos foram devida-
mente assinados.
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Instrumentos
As avaliagdes foram individuais e o voluntirio foi instruido
a realizar um aquecimento composto por remar 800 metros,
em uma intensidade de 60 remadas por minuto, para auxiliar
no acompanhamento da intensidade, foi utilizado um metr6-
nomo instalado em aparelho celular (Metronome beats®) que
emitia sinais sonoros conforme a FR desejada. Posteriormente,
o participante iniciou o teste de desempenho motor no espa-
¢o(S) 0 e, ap6s o comando do avaliador 1 “Atengio, prepara,
vai!” remou o mais ripido possivel por um percurso de 200
metros, em linha reta, com boias aquiticas laterais a cada 25
metros, Efeitos do treinamento de paracanoagem delimitando
o espago simulando as provas oficiais da modalidade. No fim
do percurso, estava o avaliador 2 que ficou responsavel por cro-
nometrar o tempo (Figura 1). Foram realizadas trés tentativas
com 10 minutos de intervalo entre elas, sendo considerada a
com menor tempo para a andlise dos dados. Por se tratar de
um teste de campo, durante a sua execugio, também foi men-
surada a velocidade do vento por meio de um anemémetro
digital (B-Max®) posicionado contra o sentido do remador.
Para diminuir o risco de viés, o local que ocorreram as
avaliagbes foi em um lago artificial com apenas o avaliado no
meio aqudtico, para nio possuir interferéncia de ondas. Como
forma de verificar a velocidade do vento foi utilizado um ane-
mometro digital em todas as avaliagdes. Com isso, os dados
foram coletados em dguas calmas, sem influéncia das corren-
tes e com velocidade do vento inferior a 0,42 m/s (correspon-
dendo ao ar calmo a leve na escala de Beaufort) (Saucier, 2003).
A captagio dos dados relacionados as varidveis de desem-
penho motor foi realizada por meio de uma cimera de video
de a¢io (GoPro 7 Hero 143 Black®) com confiabilidade
testada em estudos com canoagem (Miyazaki et al., 2023).
O equipamento foi acoplado na proa do caiaque para cap-
tar a imagem frontal do avaliado, com frequéncia de 18 Hz
e qualidade de imagem de 1.440 pixels.
Posteriormente, foi utilizado um programa de telemetria
(Telemetry Overlay®) para extrair os dados da cimera de

Tabela 1. Caracterizagdo da amostra.

video de agio, e o Kinovea® para analisar os dados do video.
Com isso, foi possivel quantificar as varidveis de desempe-
nho motor referentes ao comprimento, frequéncia e indice

de remada (Tabela 2).

Procedimentos

A coleta de dados foi realizada em um lago artificial com,
aproximadamente, 400 metros de comprimento e 80 metros
de largura, situado no municipio de Petrolina, PE, durante
o periodo matutino e vespertino. O pesquisador responsivel
esteve presente em todas as coletas de dados e recebeu auxi-
lio da equipe do Grupo de Estudo e Pesquisa em Atividade
Fisica Adaptada (GEPAFA)/Univasf, previamente capacitada.

As coletas de dados ocorreram em dois momentos dis-
tintos: antes do periodo de intervengdo (pré-teste) e apds o
periodo de 12 semanas de treinamento (pés- teste). Foram uti-
lizados os caiaques (K1 paracanoagem, Pernambuco Fibras®),
remo (Epic® e Jantex®) e adaptagdes que os atletas comu-
mente utilizavam durante os treinamentos. Além disso, foram
mantidas as adaptacdes e materiais nos momentos pré e pés.
Em relagdo as adaptagdes feitas, foram utilizados EVAs por
questdes de seguranca, para evitar desenvolvimento de esca-
ras em alguns atletas, como também para melhor ajuste no
caiaque. O local da intervengio foi em um clube ndutico no

200 m

Figura 1. Demonstracdo do protocolo de avaliagdo do
desempenho motor do presente estudo.

Participantes Sujeito 1 Sujeito 2 Sujeito 3 Sujeito 4 Sujeito 5
Classificacao KL3 KL2 KL3 KL2 KL3
funcional
Sexo M M F F M
Alteracdo Lesdo medular Osteossarcoma Sequela de Sequela de poliomielite
Deficiéncia ortopédica incompleta (T5), com em tibia proximal poliomielite com com paresia de MMI
congénita paresia de MMI esquerda paresia de MMI direito
Idade (anos) 41 33 28 37 43
Tempo de deficiéncia 21 13 17 35 43
(anos)

208 Motricidade, 2024, vol. 20, n. 3, pp. 206-214




PAS Lins, JRF Andrade, IP Carvalho, RC Silva, VWS Brito, JCC Gois, LGT Costa

municipio de Petrolina-PE, que possui estrutura adequada
para o desenvolvimento das aulas de paracanoagem (acessibi-
lidade arquitetonica, bebedouro, banheiros e pier acessivel). O
lago possui atestado de qualidade da dgua prépria para espor-
tes nduticos, com aproximadamente 400 metros de compri-
mento, 80 metros de largura e 1,60 metros de profundidade.

Inicialmente, foram realizados exercicios de mobilidade
em meio terrestre (10 minutos de movimentos articulares de
pescogo, tronco, ombro, cotovelos e punho) e aquecimento
com movimentos técnicos em meio liquido (consistindo em
movimentos de remada em deslocamento para frente e para
trds; para o lado direito e esquerdo e movimentos comple-
tos de remada). Posteriormente, foram iniciadas as atividades
em meio liquido de acordo com o objetivo geral da semana
(treinamento de volume, aceleragio, velocidade méxima e
manutengio da velocidade).

As 12 semanas seguiram um planejamento baseado em
caracteristicas da modalidade, com periodizagdo variando a
intensidade, método e volume (Tabela 3). A intensidade foi
baseada nos valores de frequéncia méxima de remada de cada
atleta analisada no pré-teste, para esse controle foi utilizado
um metrénomo acoplado individualmente nas embarcagées.

Anélise estatistica

Para anilise estatistica, inicialmente, foi utilizado o teste
de Shapiro Wilk para verificar se a distribui¢do dos dados
era paramétrica ou nio paramétrica. Posteriormente, foram
utilizadas as andlises descritivas (tendéncia central e disper-
sd0). Para verificar os efeitos da intervengio, recorreu-se ao
teste de Mann-Whitney. Os programas estatisticos adotados
para andlise e tratamento estatistico dos dados foram o IBM
SPSS Statistics versdo 22.0 (IBM Corporation) (Statistical
Package for the Social Sciences) e GraphPad Prism 8. Por fim,
o tamanho do efeito da intervencio foi calculado e classifi-

cado conforme escala d de Cohen em pequeno (0,2< 0,5),

moderado (0,5< 0,8) e grande (= 0,8) (Cohen, 2016).

RESULTADOS
As varidveis de tempo (4= 0,68), CR (4= 0,51), FR
(d=0,52) e IR (d= 0,58) apresentaram tamanho do efeito

moderado quando comparadas no pré e pés. Além disso foi
possivel verificar os valores de percentil de percentil 25,50 e
75 de desempenho motor nos momentos pré e pés, o efeito
do treinamento e a velocidade do vento, esses valores sdo
apresentados na Tabela 4.

Foi possivel analisar o desenvolvimento do Indice de
Remada a cada 25 metros da média pré e pés da amostra
ao longo dos 200 metros. Nela, percebemos que hd uma
crescente no nivel do Indice de Remada na fase de acele-
ragdo até 50 metros e logo apés ocorre uma breve estabili-
dade na fase de manutencio e em seguida a diminuigio do
Indice de Remada na fase de desaceleragio apés 75 metros.
Além disso, verificamos que, tanto o pré como o pés, apre-
sentam comportamentos semelhantes em sua variagdo de
Indice de Remada entre o momento de manutencio (50
metros) e desaceleragdo (75 metros), bem como entre 125
metros e 175 metros.

No entanto, ao chegar entre os 75 metros e 100 metros
o Indice de Remada pré segue desacelerando quando com-
parado ao momento pds que, apesar da leve queda na ace-
leragio, se mantém com maior estabilidade na manutengio
do IR. Em contrapartida, ao alcangar a fase final da prova
na distincia entre 175 metros e 200 metros o Indice de
Remada pés melhora seu desempenho e ganha aceleragio
enquanto o Indice de Remada pré desacelera (Figura 2).
O tamanho do efeito do indice de remada geral apresentou
valor moderado (4= 0,58).

A relagio Comprimento de remada associada a distancia
percorrida, foi possivel identificar que o pré e pés demons-
tram resultados semelhantes, exceto em dois pontos que
foram entre 75 metros e 125 metros, e entre 125 metros e
175 metros, em ambos o pés apresentou uma diminui¢do do
Comprimento de remada e logo apds voltou a manter resul-
tado semelhante do pré como mostra na Figura 3. A varii-
vel do comprimento de remada geral apresentou tamanho
do efeito moderado (4= 051).

Ao verificar o desempenho da Frequéncia da remada
total da amostra nos 200 m, é possivel perceber que do ini-
cio do teste até 150 metros, os resultados pds-intervengio
apresentam valores de Frequéncia da remada maior quando

comparado os resultados pré intervengio. Ao alcangar os

Tabela 2. Demonstracdo das variaveis de desempenho motor que foram adotadas no presente estudo.

VARIAVEL DESCRICAO

indice de Remada

Multiplicacdo da velocidade instantanea (Vi) e a frequéncia da remada: IR= Vi. FR

Comprimento da Remada e GPS da camera de agéo.

Razdo entre a distancia(d) e frequéncia da remada (FR): CR= d/FR. Mensurada a partir da anélise de video

Frequéncia da remada

Ciclos de remada realizados por minuto. Contabilizadas por meio da anélise de video.
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Tabela 3. Periodizag¢do de treinamento da intervengéo do presente estudo.

0

Condicionamento geral Intervalado 1 hora
Continuo
2 Condicionamento geral 60 Intervzfnlado 1 hora 8
Continuo
3 Condicionamento geral 70 Interv?lado 1 hora 9
Continuo
4 Condicionamento geral 80 Continuo 1 hora 10
Intervalado
5 Condicionamento geral 60 Continuo 40 minutos 5' 7
Aceleragdo méxima 100 Intervalado 4x 30s (saida dindmica) 3’
6 Condicionamento geral 60 Continuo 40 minutos 5’ 8
Aceleracdo maxima 100 Intervalado 6x 30s (saida dindmica) 3’
7 Condicionamento geral 70 Continuo 40 minutos 5’ 7
Aceleragéo brusca 100 Intervalado 4x 15s (saida estética) 3'
8 Condicionamento geral 70 Continuo 40 minutos 5' 8
Aceleracdo brusca 100 Intervalado 6x 15s (saida estatica) 3’
9 Condicionamento geral 80 Continuo 40 minutos 5’ 7
Forca de remada 100 Intervalado 4x 20s (saida dindmica) Com travao 3’
10 Condicionamento geral 80 Continuo 40 minutos 5' 8
Forca de remada 100 Intervalado 5x 20s (saida dindmica) Com travao 3’
1 Condicionamento geral 50 Continuo 40 minutos 5’ 7
Forca de remada 100 Intervalado 4x 20s (saida estatica) com travao 3’
12 Condicionamento geral 50 Continuo 40 minutos 5’ 8
Forca de remada 100 Intervalado 6x 20s (saida estéatica) com travao 3’

Travao: material de EVA utilizado enrolado na frente da embarcacdo com contato com a dgua que teve como objetivo de aumentar a resisténcia
na remada e, com isso, demandar mais forca do atleta para o deslocamento do barco.

Tabela 4. Efeitos do treinamento no desempenho motor da amostra.

Tempo (s 56,86 67,93 7513 50,73 57,48 69,84 110,45 0,68
CR (m) 1,71 2,13 2,18 1,85 2,11 2,16 10,02 0,51
FR (ciclos/min) 84,55 95,38 107,77 92,90 98,12 110,13 ™2,74 0,52
IR (m2.ciclos/s) 4,55 6,53 7,53 5,31 741 8,52 0,88 0,58
Vento (m/s) 1,35 1,60 2,15 1,55 2,60 3,2 ™10 -

CR: comprimento de remada; FR: Frequéncia de remada; IR: indice de remada; AS: diferenca entre as medianas pré e pds; d: tamanho do
efeito de Cohen.

150 metros os valores do pés teste alcangam nimero menor
que o pré-teste até os 200 metros (Figura 4). O tamanho do
efeito da frequéncia da remada geral apresentou resultado
moderado (4= 0,52).

Foi analisado também desenvolvimento Indice de Remada
durante os 200 m de cada voluntirio do presente estudo.
Os sujeitos da amostra apresentaram aumento no Indice de
Remada apés intervengio, principalmente, nos trechos ini-
ciais de 25 a 75 metros, embora dois dos sujeitos tenham
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mantido semelhanca nesses trechos iniciais com relagio ao
Indice de Remada pré: Sujeito C (com pré e pds com resul-
tados proximo de 4 m?.ciclos/s nos 25 metros e préximo
de 6 m.ciclos/s nos 75 metros) e sujeito E (pré e pés com
resultados préximos de 4 m?.ciclos/s nos 25 metros e pré-
ximo de 8 m?.ciclos/s nos 75 metros). A maioria dos sujeitos
conseguiram maior estabilidade na fase de manutencio (100
a 150 metros) no pos teste, entretanto o sujeito E sofre uma
queda brusca na sua manutengio de Indice de Remada aos
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125 metros de prova (de 9,5 m?.ciclos/s para 9 m?.ciclos/s)
mantendo uma constincia, semelhante ao pré, a partir de
150 metros até o final da prova (Figura 5).

DISCUSSAO

A modalidade paracanoagem vem se profissionalizando e
ganhando maior espago em competi¢oes nacionais e interna-
cionais nos ultimos anos (Edwards et al., 2019), com isso, o
cendrio esportivo propée ampliagio das andlises de desempe-
nho, buscando o trabalho individualizado e especifico para cada
atleta de acordo com a prova (Santos et al., 2021). E possivel
identificar o indice de remada (IR), comprimento de remada
(CR) e frequéncia de remada (FR) como varidveis de desem-
penho importantes na canoagem (Castro & Carneiro, 2009).

Na canoagem o desempenho depende da frequéncia de
bragada e da for¢a propulsiva como evidenciado no estudo
realizado por Therrien et al. (2012) que investigou o efeito
da frequéncia de bragada (de 50 a 110 bragadas por minuto)
sobre a cinemitica e cinética da limina do remo com caiaque
ergdbmetro em 14 remadores de elite e, verificou que a dura-
¢do e o deslocamento da limina do remo na fase de tragdo
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Figura 2. Desenvolvimento do indice de remada (IR) geral
durante os 200 metros.
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Figura 3. Desenvolvimento geral do CR durante os 200 m.

diminuiram, enquanto as fases de entrada e saida permane-
ceram inalteradas.

Um estudo realizado por Gomes et al. (2015), verificou
que a frequéncia da remada tem papel fundamental na velo-
cidade do atleta, isso porque seus achados demonstraram que
a forga total deve ser aplicada associada a frequéncia ade-
quada. Em outro estudo, realizado por Pickett et al. (2021)
verificou os valores do comprimento da remada associado a
frequéncia da remada sdo varidveis de desempenho impor-
tantes em atletas de canoagem.

A partir disso, mostra a relevincia do presente estudo, visto
que foram realizadas anlises de campo com situagio aproxi-
mada a uma prova oficial, no que se refere ao percurso execu-
tado, levando em consideragio varidveis importantes de desem-
penho. Na paracanoagem a diversidade é esperada devido a
classificagdo funcional possuir trés niveis (KL1, K12, KL3), ¢,
portanto, apresenta caracteristicas distintas em individualidade
bioldgica, funcional e nas necessidades de adaptagio das ativi-
dades (Gorgatti & Costa, 2013). Assim, a amostra que parti-
cipou da pesquisa apresentou caracteristicas heterogéneas em
sexo, deficiéncia, tempo de deficiéncia e classificagio funcional.

Através dos resultados, foi possivel perceber, inicial-
mente, o tamanho do efeito moderado para as varidveis de
tempo, CR, FR e IR, com isso é possivel identificar que o
treinamento de canoagem para atletas iniciantes com defi-
ciéncia apresenta efeitos positivos no desempenho motor.
Além disso, o aumento nos niveis do IR e diminui¢io do
tempo, demonstram que a intervengio realizada produziu
aumento da velocidade média durante o percurso de 200 m.
Esse resultado demonstra que em 12 semanas, atletas ini-
ciantes ji apresentam essa melhora que, consequentemente,
impacta na redugio do tempo de prova.

Kinugasa et al. (2021) investigaram os efeitos de quatro
semanas do treinamento de caiaque na 4gua na cinemitica
de corpo inteiro e na cinética e na cinemadtica da remada
(mensuradas por meio de um caiaque ergdmetro) em um

150

d= - Pré
P -©- Pos
£
£ 100
@
°
Q2
)
v 50
[
0 1 1 1 1
(1} 50 100 150 200
metros

Figura 4. Desenvolvimento geral da FR durante os 200 m.
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Figura 5. Desenvolvimento individual do IR durante os 200 m.

remador iniciante, onde seus resultados demostraram que
o tempo necessdrio para realizar um percurso de 270 m foi
reduzido em 7,3% do pré-treinamento (99,3 s) para o pés-
-treinamento (92,0 s), além disso, aumentou a frequéncia de
bragada (62,8 para 81,0 ciclos/min) e o comprimento de bra-
cada (1,53 para 1,71 m) apés o treinamento, indo de acordo
com os resultados do presente estudo.

Quando verificamos o gréifico da média do indice de remada
dos voluntérios que participaram, percebemos que todos os
valores do pés-interven¢io demonstraram melhora quando
comparados com a média pré-intervencio, mostrando, com
isso, que em uma visdo geral a média da eficiéncia da remada
melhorou. Sugere-se que esses efeitos positivos ocorreram,
provavelmente, devido a aprendizagem motora da remada e
de ganhos fisicos gerados pelo treinamento.
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O estudo de Limonta et al. (2010) cujo objetivo foi identi-
ficar as varidveis cinemdticas que contribuem para o desempe-
nho na canoagem utilizando um simulador de caiaque e andlise
cinemitica tridimensional, verificou que canoistas com maior
nivel técnico apresentam um maior comprimento da remada.
A partir disso, podemos apontar que ocorreu um aumento da
frequéncia da remada com a manutengio do ciclo da remada,
produzindo acréscimo da velocidade e no indice de remada. Os
resultados do estudo realizado por Gomes et al (2022), eviden-
ciam a importancia de alcangar maior frequéncia de bragada em
remadores de caiaque de elite para aumentar a velocidade do
caiaque, sendo que as duragdes das fases aquitica e aérea cor-
relacionaram-se negativamente com a frequéncia de bracada.

Em relagdo ao indice de remada, apesar de ter demons-

trado diferenca e um tamanho do efeito moderado quando
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comparados o pré e pés, ao analisar os grificos individuais
de cada sujeito, foi possivel perceber que alguns ficaram
sobrepostos, mostrando que a diferenca nio foi tdo acen-
tuada. O que pode ser explicado possivelmente pelo fato
de a amostra ser heterogénea e que esses individuos neces-
sitariam de um tempo maior de intervengio para que hou-
vesse um maior efeito, levando em considera¢io sua indi-
vidualidade biolégica.

O estudo de Santos et al. (2023) corrobora com esse
achado, visto que ao analisar atletas das trés classes na para-
canoagem verificou que hd diferencas em varidveis como
velocidade, frequéncia de bragadas e indice de bragadas de
acordo com a individualidade biolégica, até mesmo em atle-
tas da mesma classe funcional. Um estudo realizado por Lee
e Nam (2012), mostrou que canoistas que utilizam melhor
amplitude de rotacdo de pelve, flexdo e extensdo de joelho
apresentam melhor desempenho. Isso pode explicar a dife-
renca do IR, visto que apenas trés pessoas da amostra sio da
classe KL3 (classe que ¢ possivel realizar parte desses movi-
mentos) e, ainda assim, a deficiéncia entre eles sdo distintas.

O estudo de Vaquero-Cristébal et al. (2013) que analisou
a evolugdo das varidveis cinemadticas em canoagem velocidade,
encontrando variagbes entre os sexos masculino e feminino
no CR e FR, enquanto o IR nio foram encontradas diferen-
¢as. O estudo de Goreham et al. (2021) também identificou
que as relagbes entre os pardmetros de bragada (frequéncia
de bragada e comprimento de bragada) e velocidade do caia-
que mudam dependendo do sexo do atleta e da distincia da
corrida em canoistas de elite de velocidade.

Quanto as aplicagdes priticas, esse estudo pode ser apli-
cado nio apenas nas pesquisas, mas também por treinadores
que visam quantificar varidveis de desempenho utilizando
poucos materiais, com apenas trés tentativas. Com isso, rea-
lizar mapeamento do atleta para tragar um perfil de desem-
penho, acompanhar seu rendimento e, consequentemente,
analisar as varidveis que precisam melhorar para potenciali-
zar os resultados dos atletas.

Em relagio a pontos fortes do estudo podemos citar, ini-
cialmente a facilidade de aplicar esses testes, visto que sdo
poucos equipamentos e com apenas um avaliador é possivel
realizar. Além disso, por se tratar de um estudo de campo,
se aproxima da realidade do esporte, sendo que, ndo foram
encontrados estudos de campo que investigassem os efeitos
do treinamento na paracanoagem.

O presente estudo apresentou algumas limita¢des em sua
aplica¢io. Uma delas é a amostra, ainda que a pesquisa tenha
utilizado todos os atletas de canoagem paralimpica do estado,
foi heterogénea e com nimero pequeno, visto que sio pessoas

com deficiéncias que atendem os pré-requisitos especificos da

modalidade, isso dificulta que haja um grupo grande e homo-
géneo. Além disso, a captacio de imagem foi apenas através
de um plano frontal do atleta, talvez a captagio simultinea de
mais planos possa encontrar outras varidveis de desempenho.
Vale ressaltar que ¢ uma pesquisa de fécil aplicagdo que neces-
sita de poucos avaliadores e com valor relativamente baixo.
No entanto, ainda que o estudo tenha obtido uma amostra
pequena, com variagdo de tempo de prética e sem grupo con-
trole, apresentou resultados relevantes para a modalidade com

varidveis de desempenho importantes na canoagem paralimpica.

CONCLUSOES

O presente estudo demonstrou que 12 semanas de trei-
namento apresentou efeitos moderados no desempenho com
relagio as varidveis de indice de remada e tempo de prova na
canoagem paralimpica no percurso de 200 metros. Além disso,
por outro lado, as varidveis de comprimento e frequéncia da
remada nio apresentaram melhoras estatisticas nesse con-
texto especifico.Com isso, o estudo conclui que, 12 semanas
de treinamento de canoagem demonstra mudangas positi-
vas nas varidveis utilizadas. Compreende-se que, em rela-
¢do a perspectivas futuras, é necessdrio a realizagio de novas
pesquisas utilizando hipéteses com amostra maior e mais
homogénea, varia¢io do tempo de treinamento em atletas
iniciantes, comparagio entre o efeito em diferentes categorias
de classes funcionais, bem como utilizar delineamentos com

randomizagdes e grupo controle para um menor risco de viés.
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The present study aimed to compare the quality of life on pre-diagnosis and post-recovery of people diagnosed with COVID-19

and examine the impact of its signals, symptoms, and clinical outcomes on quality of life in adults and older adults, considering sex,

age groups, nutritional status, physical activity level, and family income as confounding variables. This retrospective observational

study included 509 participants (39% male) > 18 years old from a city in the northeastern region of Sdo Paulo, Brazil, diagnosed

ABSTRACT

with COVID-19 between March/2020 and February/2021. Participants were telephonically interviewed to provide information about
COVID-19 infection, quality of life, and physical activity, considering the week pre-diagnosis and the week prior to the interview
(post-recovery). Quality of life decreased in the post-COVID-19 recovery period compared to pre-diagnosis periods (Med= 5.6;
Med= 3.4, respectively; Z= -19,589; p< 0.001). After controlling comparisons for age, sex, nutritional status, physical activity level,

and family income, it was observed that the infection increased the frequency of respiratory distress (F= 3,956; [df= 1]; p= 0.047)
and length of hospitalisation (= 6 days) (F= 6,538; [df= 1], p= 0.011). COVID-19 infection induced worse respiratory distress and

length of hospitalisation, compromising the survivors’ quality of life.
KEYWORDS: SARS-CoV-2; general health status; aging; body mass index.

INTRODUCTION
During the pre-COVID-19 vaccine period, the recovery

prognosis was worrying, and the mortality of people infected
by this disease was high (Kowsar et al., 2023). Additionally,
commonly experienced clinical outcomes were hospitalization,
length of stay, respiratory support, intubation, and mechani-
cal ventilation (Gomide et al., 2022a; Gomide et al., 2022b).
Such events can impair the quality of life of people diagnosed
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with COVID-19. These factors and changes imposed by social
distancing measures have greatly affected people’s quality of
life (Mercieca-Bebber et al., 2023).

'The World Health Organization defines quality of life as
“an individual’s perception of their life position in the context
of the culture and value systems in which they live and in
relation to their goals, expectations, standards and concerns”.
During the outbreak, the quality of life of populations was
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Quality of life in survivors of COVID-19

reduced due to the risk of infection, mortality, and poten-
tial severe prognosis, also emphasizing the older and obese
individuals (Kowsar et al., 2023; Mahmoodi et al., 2023).
In addition, the recommendation for social distancing to
contain the viral spread was combined with adopting a
poorer health lifestyle that compromises the quality of life
stability (Qi et al., 2020). For instance, during the COVID-
19 first wave, general attitudes unfavourable to health were
the reduction of total physical activity and greater caloric
intake (Robinson et al., 2021). These behaviors have led
countless people to increase body weight, the emergence of
comorbidities associated with increased cardiovascular risk,
and psychosocial disorders such as anxiety, loneliness, and
depression, especially in older people (Sepulveda-Loyola
et al., 2020). In addition, this situation can aggravate peo-
ple’s quality of life in different aspects, including low fam-
ily income, reduced social interaction, and illness, among
others (Banks et al., 2011; Cureau et al., 2018; Gao et al.,
2021; Sousa et al., 2021).

There are different proposals to measure and evaluate the
quality of life. However, it generally seeks to verify variables
such as functional capacity, global limitation, social aspects,
pain, mental health, and vitality. Understanding quality of
life as a multidimensional construct influenced by an intri-
cate network of interconnected variables is crucial. Functional
capacity, essential for daily activities and individual goals,
serves as a key determinant. Global limitations impact the
subjective perception of well-being. Social dynamics, encom-
passing social interactions and emotional support, bear rel-
evance to mental state and overall satisfaction. The presence
of pain, beyond limiting functionality, holds implications
for mental health and vitality, influencing energy and mood.
Mental health, intrinsically linked to quality of life, under-
scores the importance of emotional stability. Vitality, as an
energetic attribute, contributes to an overall sense of health.
The integrated assessment of these variables provides a
holistic understanding of the determinants of quality of life
(Campolina et al., 2011).

Therefore, neglecting quality of life can be a mistake, as
observed that the risk of upper respiratory tract infection
by SARS-CoV-2 was potentially higher in the presence of
an impaired immune system due to unhealthy habits and
a low quality of life (Ferreira et al., 2021; Nieman, 2020).
Furthermore, female sex, older age, presence of comorbidities,
intensive care unit admission and stay, and being mechanically
ventilated are the most frequently reported factors associated
with a low quality of life (Nandasena et al., 2022). Regardless
of the time since discharge or recovery, COVID-19 patients’
quality of life has been significantly impacted.
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However, quality of life was not verified in pre-diagno-
sis and post-recovery of people diagnosed with COVID-19.
Additionally, sex, age, nutritional status, physical activity level,
and family income have not yet been considered together to
understand this impact, especially in middle-income countries
such as Brazil. Thus, we aimed to compare the quality of life
on pre-diagnosis and post-recovery of people diagnosed with
COVID-19 and examine the impact of its signals, symptoms,
and clinical outcomes on quality of life in adults and older
adults, considering sex, age groups, nutritional status, physi-
cal activity level, and family income as confounding variables.

METHODS
Study design

This is a retrospective observational study. Data was
collected between June and December/2021 from peo-
ple diagnosed with COVID-19 between March/2020 and
February/2021. This manuscript followed the guidelines of
'The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) (Von Elm et al., 2007) and
the Checklist for Reporting Results of the Internet, list of
E-Surveys (CHERRIES) conferences (Eysenbach, 2004).

Ethical aspects

The study was approved by the Ethical Review Board
of the Nursing School of the Universidade de Sao Paulo
at Ribeirdo Preto, following the ethical guidelines outlined
in the 1975 Helsinki Declaration. Additionally, the proj-
ect was forwarded to the Municipal Health Department
of Ribeirdo Preto and was approved by Doc. No. 462/2020.
Written informed consent was obtained from all participants
included in the study after a brief explanation of the study
objectives and evaluations.

Sample and data collection

'The sample consisted of adults of both sexes with a pos-
itive diagnosis of COVID-19. Inclusion criteria were: age>
18 years old, positive polymerase chain reaction (PCR) test
for COVID-19, living in Ribeirdo Preto, state of Sdo Paulo,
Brazil. Exclusion criteria were: any immunologically com-
promised conditions, prolonged use and administration of
corticosteroids and/or chemotherapy, transplant recipients,

and neurodegenerative diseases.

Sample size
The sample size was calculated a priori using The Power
and Sample Size Program®, version 3.043. The selected
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parameters were a prevalence of COVID-19 hospitaliza-
tions of 10.0% with a precision of 3.5% and a confidence
interval of 95% for a finite population of 33,643 infected
during data collection, reaching a minimum sample of 500
to 650 participants. The Health Secretary of Ribeirdo Preto
Municipal made available the telephone numbers and per-
sonal emails of 33,643 citizens diagnosed with COVID-19.
From those, 3,814 telephone contacts were randomly selected
using Microsoft Excel®. Seven evaluators made three phone
call attempts under the supervision of the main researcher,
and 647 participants answered the calls. Data from 14 indi-
viduals were disregarded because they did not meet eligibility
criteria, and 124 declined to participate. Thus, the final sam-
ple size comprises 509 people diagnosed with COVID-19.

Procedures and data collection

Participants answered three questionnaires during the
phone calls, and answers were introduced into a Google
Forms® data set. All information collected and stored was
used without identifying the study participants.

The first questionnaire, “Profile of the person diagnosed
with COVID-19” (Ramos et al., 2022), presented questions
regarding sociodemographic variables (age, sex, self-reported
skin color, education level, and family income), self-reported
anthropometric (body weight and height), which was used
to derive body mass index (BMI) as weight (m) divided by
the square height (m). In addition, this questionnaire also
addressed questions to verify the occurrence of COVID-19
signals and symptoms (e.g. fever, headache, muscle pain, dif-
ficulty breathing, coughing, loss of taste, loss of smell, stom-
ach upset, diarrhea, nausea, vomiting, chest pain/pressure,
coryza,and sore throat), and hospitalization as a consequence
of the COVID-19 infection. Finally, this questionnaire was
applied by asking the participants to recall the acute moment
of COVID-19 infection.

Subsequently, the “Short-Form 6 Dimensions” quality of
life questionnaire, a Brazilian-validated version, was applied
(Campolina et al.,2011). Participants were questioned about
their quality of life before (pre-diagnosis) and after (post-re-
covery) COVID-19 infection. This questionnaire addresses
issues related to functional capacity, global limitation, social
aspects, pain, mental health, and vitality. In summary, the key
outcomes of this study can be delineated as follows:

Functional Capacity: Quantifies an individual’s proficiency
in executing daily activities and tasks, reflecting their phys-
ical capabilities and overall health status.

Global Limitation: An all-encompassing evaluation of con-
straints across various life domains, offering a comprehensive

perspective on limitations in functionality and participation.

Social Aspects: Relating to the social dimensions of an
individual’s life, this encompasses interactions, relationships,
and societal engagement.

Puain: Refers to the subjective and sensory experience
associated with discomfort or suffering, often indicative of
underlying physical or psychological issues.

Mental Health: This denotes the state of psychological
well-being, spanning emotional, cognitive, and social aspects
and providing insights into an individual’s mental resilience.

Vitality: This metric gauges energy, vigor, and overall vital-
ity, offering a glimpse into an individual’s sense of aliveness
and robustness when confronting daily challenges.

'The questionnaire was developed on a Likert scale, with
the total score ranging from 0 to 6 points. The higher total
score represents a better quality of life, considering the issues
addressed in the questionnaire.

'The Brazilian version of the International Physical Activity
Questionnaire - Short Version (IPAQ-SV) (Matsudo et al.,
2001) was applied to measure the physical activity level of the
week prior to the diagnosis of COVID-19. The IPAQ-SV
was applied by asking the participant about the physical
activity level in the week before the diagnosis of COVID-
19. This instrument assesses the domains and intensity of
physical activity, including walking and sitting time, that
people perform as part of their everyday lives. The IPAQ-SV
conceptualizes the categories as follows: (a) sedentary: does
not perform any physical activity for a minimum of 10 con-
tinuous minutes during the week; (b) insufficiently active:
practices physical activities for a minimum of 10 continuous
minutes per week, but not enough to be classified as active.
(c) Active: meets the following recommendations: (i) vigor-
ous physical activity: = 3 days/week and > 20 min/session;
(ii) moderate activity or walking: > 5 days/week and > 30
min/session; (iii) any added activity: 2 5 days/week and 2>
150 min/week. (d) Very active: meets the following recom-
mendations: (i) vigorous activity: 2 5 days/week and = 30
min/session; (ii) vigorous activity: = 3 days/week and > 20
min/session + moderate activity and/or walking > 5 days/
week and 2 30 min/session. For comparison purposes, in this
study, participants were grouped into two groups: sedentary
(sedentary and insufficiently active) and active (active and
very active) (Ramos et al., 2022).

To ensure that all responses were correctly answered and
noted down, the researcher read what was noted down

and asked the participant if it was correct.

Statistical analysis
The results were double-checked to reduce possible
coding errors and coded by two independent researchers.
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Non-parametric procedures were adopted because variables
were non-normal distributed (after verification using the
Kolmogorov-Smirnov test). Results are presented as abso-
lute (n) and relative (%) frequencies for categorical variables.
The total quality of life score (quantitative variable) is pre-
sented as median and percentiles 25 and 75%. Comparisons
between pre-diagnosis and post-recovery and total quality
of life scores were performed with the Wilcoxon test for
paired samples. To verify the effect size of the impact of the
COVID-19 infection on the participants’ quality of life, we
adopted Cohen’s d (1988) reference values (d< 0.1 = negli-
gible; 0.1< d< 0.3 = small; 0.3< 4< 0.5 = medium; 4> 0.5=
large). The Quade’s ANCOVA test (Natarajan et al., 2012)
verified the influence of COVID-19 signals, symptoms, and
clinical outcomes on the quality of life, controlling for con-
founding variables age (18 a 59 or = 60 years old), sex (male
or female), BMI (< 24.9 kg/m? or > 25 kg/m?), physical activ-
ity level (sedentary or active), and family income (< $ 370
or 2 $ 371).'The presentation of results and statistical anal-
ysis were prepared considering the total sample. All statis-
tical analysis was performed using SPSS® version 20.0 with
a significance level of o= 5%.

RESULTS

A total of 509 people were enrolled in this study. Most
of the sample were adults (18 to 59 years old), female, over-
weight or obese, white skin color, and attended high school,
received more than $ 371. Regarding physical activity level,
similar frequency was found for sedentary and active (Table 1).

Table 2 shows the absolute and relative frequency of
responses for each quality of life questionnaire category in
the pre-diagnosis and post-recovery of COVID-19 peri-
ods. There is a trend toward reducing responses to ques-
tions denoting balance in physical and emotional health and
increasing the frequency of responses to questions denoting
damage and negative impact on health in the pre-diagnosis
and post-recovery COVID-19 periods.

'This trend mentioned above is confirmed in Figure 1,
where a reduction (2.2 points) in the median value of the
total quality of life score was observed in the comparison
between the pre-diagnosis (5.6 points) and post-recovery
(3.4 points) COVID-19 periods (Z= -19,589; p< 0.001).
In addition, the minimum and maximum values (1.0-6.0;
0.0-4.7) and 25th and 75th percentiles (5.0-5.6; 2.5-3.4)
were observed in the pre-diagnosis and post-COVID-19
recovery periods, respectively. Additionally, the effect size
of the impact of COVID-19 on quality of life was classified
as large (d= 0.87).
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During Quade’s ANCOVA test, we verified the influ-
ence of COVID-19 signals, symptoms, and clinical outcomes
on the quality of life, controlling for age, sex, BMI, physical
activity level, and family income. Only signs, symptoms, and
clinical outcomes resulting from COVID-19 were presented
for those we verified statistical significance. We found that the
respiratory distress signal (F= 3,956; [df= 1]; p= 0.047) and
the clinical length of hospitalization (= 6 days) (F= 6,538;
[df= 1]; p= 0.011) had a negative impact on the quality of
life of people diagnosed with COVID-19 even after con-
trolling for the variables mentioned above. The absolute and
relative frequency of the respiratory distress signal, the clini-
cal outcome of hospitalization, and the result of the Quade’s
Ancova test of people diagnosed with COVID-19 are pres-
ent in Figure 2.

Table 1. Study participants’ absolute and relative values of
personal and sociodemographic characteristics. Ribeirdo
Preto, Brazil. 2022.

Total Sample
Variables (n= 509
Age group 18 to 59 years 399 7844
> 60 years 110 21.6
Sex Male 198 38.9
Female 31 61.1
Body Mass Up to 24,9 kg/m? 144 28.3
Index > 25 kg/m? 365 | 717
White 301 59.1
Black 48 9.4
Skin Color Asian 3 0.6
Pardo Brazilian 156 30.6
Not declared 1 0.2
llliterate 3 0.6
Elementary Incomplete 6 1.2
Elementary Complete 40 7.7
High School - Incomplete 42 8.1
Educlation High School — Complete 187 35.9
eve
Higher Education — Incomplete | 40 7.7
Higher Education — Complete 95 18.2
Graduate — Incomplete 3 0.6
Graduate — Complete 20 3.8
Family >$ 371 444 85.2
Income* Up to $ 370 65 12.5
Physical Sedentary 251 49.3
Activity Level Active 258 | 50.7

n: frequency number; 2: greater than or equal to; $: United States
Dollar; *In 2020, the minimum wage in Brazil was $ 202.
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Table 2. Absolute and relative frequency of answers to the six Quality of Life questionnaire categories in the pre-diagnosis and
post-recovery COVID-19 periods. Ribeirdo Preto, 2022.

Total Sample (n= 509)

Categories Questions

Health does not stand in the way of vigorous activity 405 79.6 273 53.6
Health makes it a little difficult to perform vigorous activities 61 12.0 109 214
1 - Functional Health makes it a little difficult to perform moderate activities 23 45 64 12.6
Capacity Health makes it very difficult to perform moderate activities 16 3.1 54 10.6
Health makes it a little difficult to shower and dress 2 0.4 3 0.6
Health makes it very difficult to shower and dress 2 0.4 6 1.2
| have no problems at work due to physical and emotional health 451 88.6 374 735
I have limitations at work due to physical health 39 7.7 92 18.1
2 - Global
Limitation | perform less tasks than | would like due to an emotional problem 13 2.6 25 4.9
Limited at work due to physical health and | perform fewer tasks due to
. 6 1.2 18 35
emotional problems
Physical health or emotional problems dq not interfere with social activities 450 88.8 386 758
any of the time
Physical health or emotional problems |nt§rFere with social activities a small 31 67 a1 8.6
part of the time
3 - Social Physical health or emotional problems interfere with social activities some of
Aspects . 14 2.8 45 8.8
the time
Physical health or emotional problems.lnterfere with social activities most of 7 14 27 53
the time
Physical health or emotional problems interfere with social activities all the time 2 0.4 7 1.4
| have no body pain 374 73.5 278 54.6
I have pain, but it does not interfere with work 69 13.6 78 15.3
4 Pai I have pain and it interferes a little with work 32 6.3 55 10.8
- Pain
I have pain and it moderately interferes with work 18 35 45 8.8
| have pain and it interferes a lot with work 15 2.9 48 9.4
I have pain and it interferes extremely with work 1 0.2 5 1.0
| never feel nervous, anxious or down 379 74.5 314 61.7
| feel nervous, anxious, or down a little bit of the time 62 12.2 65 12.8
Zéa’\ﬂintal | feel nervous, anxious, or down some of the time 43 8.4 77 15.1
| feel nervous, anxious, or down most of the time 22 43 39 7.7
| feel nervous, anxious, or down all the time 3 0.6 14 2.8
| feel very energetic all the time 158 31.0 100 19.6
| feel very energetic most of the time 265 52.1 200 39.3
6 - Vitality | feel very energetic some of the time 67 13.2 129 253
| feel very energetic a small part of the time 18 35 68 134
| never feel very energetic 1 0.2 12 24

DISCUSSION

considering sex, age groups, nutritional status, physical activity

'The study aimed to compare the quality of life on pre-di-
agnosis and post-recovery of people diagnosed with COVID-
19 and examine the impact of its signals, symptoms, and clin-
ical outcomes on quality of life in adults and older adults,

Motricidade, 2024, vol. 20, n. 3, pp. 215-222

level, and family income as confounding variables. There was
adecline in the total quality of life score in the pre-diagnosis
and post-COVID-19 recovery periods. Additionally, it was
verified that the respiratory distress signal and the clinical
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Figure 1. Median values of the total Quality of life score and
test of differences in the pre-diagnosis and post-COVID-19
recovery periods. Ribeirdo Preto, 2022.

length of hospitalization (= 6 days) had a negative impact
on the quality of life.

In fact, quality of life was impaired with the COVID-
19 pandemic, as observed in previous studies (Ferrarello
et al., 2023; O’Sullivan et al., 2023). Even after 15 months
of recovering from the virus infection, people did not return
to their baseline (pre-infection) quality of life (Ferrarello
et al., 2023). In addition, people with reduced quality of life
had greater severity and prolonged symptoms of COVID-19
infection, besides having a greater likelihood of cardiopul-
monary pathogenesis and reduced exercise capacity during
submaximal and maximal tests (O’Sullivan et al., 2023). These
impacts are speculated to be due to post-acute COVID-19
syndrome, an ongoing symptomatic illness in those recov-
ered from the initial infection by Sars-Cov-2 (Malik et al.,
2022). It is suggested that these possible persistent symp-
toms, such as fatigue, dyspnea, anosmia, sleeping difficulties,
chest pain, headache, and cough, may influence the quality of
life in post-infection recovery (Malik et al., 2022). In addi-
tion, the low quality of life can be explained by the influence
exerted on mental health in response to the anxiety generated
by the coronavirus pandemic (Ahorsu et al., 2020; Ferreira
et al., 2021; Lee, 2020). Therefore, possible speculation of
the quality of life impairment of people after recovery is the
persistent symptoms after diagnosis of COVID-19.

'The number of reduced quality of life responses was visu-

ally higher in post-recovery compared to pre-diagnosis for all

B (YES) Breathing difficulty

and Quade's Ancova test result.

B (Mo) Breathing difficulty

2a: Absolute and relative frequency of the respiratory distress signal

M (Yes) Hospitalized

E (Mo) Hospitalized

2b: Absolute and relative frequency of the clinical
outcome hospitalization and Quade’s Ancova test result.

Figure 2. (A) Absolute and relative frequency of the respiratory distress signal, (B) the clinical outcome of hospitalisation, and
the result of the Quade's Ancova test of people diagnosed with COVID-19. Ribeirdo Preto, 2022.
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categories. On the other hand, the number of good responses
was visually higher in pre-diagnosis compared to post-re-
covery for all categories. This indicates the dimensionality
of the instrument’s items to express the common construct
(quality of life) and demonstrates that all items were sensi-
tive to the outbreak. In addition, the number of women was
relatively greater than the number of men. This may have
occurred due to cultural issues related to sex and the inter-
est in participating in research.

'The study’s limitations were the reduced sample of the
older adult population (7= 112) compared to the adult sam-
ple between 18 and 59 years old (7= 397), which could have
influenced our findings. However, it is important to high-
light that comparisons were age-controlled. Additionally, as
it is an observational study, it is not possible to draw infer-
ences about the cause-effect relationship between COVID-
19 and quality of life. Also, this study presented a retrospec-
tive character; therefore, several factors could influence the
response to the questionnaires (i.e. memory, mental status,
and illnesses). However, all evaluators were trained to avoid
these biases. Finally, our sample refers to a specific group of
people, residents of Ribeirdo Preto, state of Sdo Paulo, which
prevents the results from being expanded to other contexts.
The strength of the research was the absence of vaccination
bias, as the sample was collected before the population came
into contact with the administration of vaccines (January 17,
2021). Furthermore, with the interviews carried out only by the
study researchers and not triggered in an electronic form, the
sample was always controlled and located in Ribeirdo Preto.
Another strong point is using the SF-6D Brazil Questionnaire
validated in Brazil (Campolina et al.,2011). As this is a tele-
phone survey study, extensive questionnaires could bias the
analyses and minimize non-response and withdrawal from
the survey (Barriball et al., 1996). Therefore, using a short
version questionnaire such as the SF-6D could potentially
have reduced possible methodological biases found in more
extensive telephone surveys (Silva et al., 2022). The findings
of the present study contribute to understanding the quality
of life of the population of Ribeirdo Preto-SP, considering the
impact of COVID-19. This research points out and should
serve as an incentive for the search and maintenance of bet-
ter life habits, for a more active life, and balanced physical
and mental health. The prognosis of COVID-19 could be
attenuated if more people have possibilities to health care,
including access to physical and mental rehabilitation.

'The COVID-19 pandemic has negatively impacted every
country, some with more chaotic consequences than others.
Brazil was one of the countries where the delay in adopting

the necessary public health measures to control the pandemic

aggravated the spread of the disease (Szwarcwald et al., 2022).
'Therefore, this study highlights the impairment in the qual-
ity of life of individuals after the diagnosis of COVID-19,
either due to the association with respiratory distress sig-
nal and the clinical length of hospitalization (= 6 days) or
the coping measures adopted during the pandemic period.
For this post-diagnosis scenario to be mitigated, we suggest
implementing public policies to encourage the treatment of
individuals recovering from COVID-19.

CONCLUSION

COVID-19 infection, especially respiratory distress and
hospitalization, negatively impacts the quality of life, even
after controlling for age, sex, nutritional status, physical
activity level, and family income. Our findings reinforce the
importance of proposing treatment strategies for people after
a positive diagnosis of COVID-19, including the period after
the recovery, to help improve these people’s quality of life.
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Post-activation potentiation enhancement of
countermovement jump performance using
velocity-based conditioning protocols with

high-loads in active men and women

Rafael Peixoto' @, Rui Canario-Lemos? 2, Tiago Moreira® @, Guilherme Vilela® ),
Gabriela Lucas Chaves? @, Felipe Aidar* @, Filipe Casanova®® @, Gabriéla Monteiro? @,
Victor Reis?’ @, José Vilaca-Alves®’

Post-activation performance enhancement (PAPE) refers to the temporary improvement in physical abilities resulting from a previous
conditioning activity (CA), and velocity-based resistance training has been proposed to optimise PAPE. The present study aimed
to evaluate the optimal rest interval to induce PAPE in the countermovement jump using heavy parallel squats monitored by the
velocity loss (VL) threshold. The study had a randomised repeated measures design, with three sessions that included a control
session and two different squat conditions (80% of 1 repetition maximum (RM) with 10% and 30% VL of mean propulsive velocity).
Ten men (age 21.9+ 1.16 years, height 1.8+ 0.04 m, body weight 78.5+ 9.9 kg, relative strength: 1.4+ 0.29 kgxkg™") and ten women
(age 20.7£ 1.16 years, height 1.6+ 0.06 m, body weight 56.9+ 4.67 kg, relative strength: 1.1+ 0.19 kgxkg) participated in the study.
They had at least 1 year of experience with the back squat but no experience in power training. Measurements were taken at baseline

ABSTRACT

and at six time points after the conditioning activity or rest period. The study found no significant effects between intervention and
moment and no optimal rest time to induce PAPE, but women had significantly lower countermovement jump (CMJ) values than
men (Mmen= 30.01, SE=1.35; 95%Cl 27.17-32.84, Mwomen= 24.33, SE= 1.35, 95%CI 21.50-27.16), but when values were normalised
to body weight, there were no significant differences. In conclusion, a single set of 80% 1RM in the squat to a VL of 10 or 30% is not

sufficient to induce PAPE in CMJ; therefore, there is no optimal rest time.

KEYWORDS: velocity-based training; power; strength; velocity loss; resistance training.

INTRODUCTION

The phenomenon of post-activation performance
enhancement (PAPE) is characterised by a temporary
improvement in physical capabilities, such as strength and
power, resulting from a preceding conditioning activity
(CA) (Blazevich & Babault, 2019; Boullosa et al., 2020).

Several mechanisms, such as an increase in muscle tem-
perature, fibre water content, and muscle activation, may
account for this phenomenon (Boullosa et al., 2020).
To enhance its performance, trainers employ a condition-
ing activity, which should involve the same muscle groups
and movement patterns as the subsequent activity (Seitz
& Haft, 2016).
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Post-activation potentiation enhancement in active men and women

It is widely acknowledged that potentiation and fatigue
are the main determinants of PAPE induction (Rassier &
Maclntosh, 2000; Seitz & Haff, 2016). The outcome of PAPE
induction depends on the balance between these two deter-
minants. If the CA induces a substantial level of fatigue, it
may not lead to potentiation. On the other hand, if the CA
stimulus promotes potentiation more than fatigue, some
degree of potentiation may occur (Rassier & Maclntosh,
2000; Seitz & Haff, 2016). To address this issue, previous
studies have examined the type of exercise for condition-
ing activity, intensity, volume, and rest intervals (Bogdanis
et al., 2014; Esformes et al., 2011) to determine the opti-
mal parameters for triggering PAPE. While there are no
specific guidelines for the optimal volume to induce PAPE,
it is known that a wide range of intensities can increase
PAPE and CA, from plyometric body weights to supra-
maximal loads. Among these, high intensities (between
80 and 90% of 1 repetition maximum (RM) have been the
most studied (Krzysztofik & Wilk, 2020; Krzysztofik, et al.,
2020; Krzysztofik, Wilk, et al., 2021; Seitz & Haft, 2016;
Wilson et al., 2013).

It is worth noting that individual characteristics of par-
ticipants, such as muscle fibre type, training experience, rest
time, muscle strength, and fatigue resistance, also have a sig-
nificant influence on PAPE induction (Seitz & Haff, 2016;
Wilson et al., 2013). Also, there are differences between men
and women, with men having a larger cross-sectional area
of type II fibres, a higher firing frequency of motor unit,
and relatively lower oxidative capacity (Mihic et al., 2000;
Pincivero, Coelho, & Campy, 2003; Pincivero, Gandaio, &
Ito, 2003). These differences may lead to different times of
PAPE increase, as induced fatigue may be superior in men.
Additionally, Rixon et al. (2007) found a smaller PAPE
effect on countermovement jump (CM]) in women com-
pared to men after an isometric squat with maximal inten-
tion of contraction. Krzysztofik, Kalinowski, et al. (2021)
have also shown that performing a single set of 80% 1RM
of back squat with 10% velocity loss (VL) in female amateur
volleyball players does not result in PAPE. To our knowl-
edge, there are no studies comparing CA with VL in active
men and women.

Also, it seems that rest time between the CA and the
subsequent exercise may impact the magnitude of PAPE
(Wilson et al., 2013). Seitz and Haff (2016) have shown that
PAPE effects may be greater after longer recovery periods (5-7
min, ES= 0.49; C8 min, ES= 0.44). Although, Krzysztofik,
Kalinowski, et al. (2021) have shown that in female volley-
ball players the rest time between CA and PAPE is highly

individualised. This might be due to an explanation from
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the work of Rassier and Maclntosh (2000), who proposed
that fatigue and potentiation can coexist, and it is possible to
enhance performance if the level of fatigue induced by CA
does not dominate the levels of potentiation.

Velocity-based resistance training has been shown to
be a practical approach to monitoring and quantifying the
intensity and volume of resistance exercise. The real-time
measurement of VL during multiple repetitions is a sensi-
tive indicator of neuromuscular fatigue, making it a poten-
tially useful tool for coaches to target PAPE by maintain-
ing the optimal balance between potentiation and fatigue
(Rodriguez-Rosell et al., 2020). To date, only four studies
(Krzysztofik, Kalinowski, et al., 2021; Athanasios et al., 2021;
Tsoukos et al., 2019) have investigated the use of VL during
CA to optimise PAPE. The studies suggest that a greater
PAPE is achieved after a 10 than a 30% VL and that heavy
loads (80% 1 RM) are more effective than lighter loads (80
and 60% vs 40% 1 RM). However, the effectiveness of CA
seems to vary from person to person. Moreover, Krzysztofik,
Kalinowski, et al. (2021) have analysed the effects of VL on
the lower limb in female amateur volleyball athletes, show-
ing that PAPE effects are highly individualised, with only
56% of the participants responding positively to the CA.
It is unclear whether these effects are similar in other pop-
ulations, such as resistance trained men and women, and
the effects of different VL levels in the CA are unknown.
Therefore, investigating the efficacy of VL CA in improv-
ing lower body performance in resistance trained men and
women may provide new insights into the broader use of VL.
CA in different populations.

Since VL can induce the same level of fatigue, it might
be an optimal strategy to induce PAPE. However, there
are no studies comparing the effects of a CA in active men
and women in the lower limb, nor the differences between
men and women. Therefore, the aim of the present study
was to evaluate the optimal rest interval during heavy par-
allel squats, the different VL in the CA on PAPE and the
differences between men and women during the subse-
quent CMJ. We hypothesised that both VL would induce
PAPE and that women would have the effect with a pro-

longed rest interval.

METHODS

Participants
Twenty active adults (10 men and 10 women) partici-
pated in this study, and complete participants’ characteris-

tics are presented in Table 1. Participants had no previous
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Table 1. Participants characteristics™*.

Age 21.9£3.7 20.7£1.2
Height 1.8£0.1 1.6£0.1
Body Mass 785+ 9.9 56.9+ 4.7
Body Fat 18.6£ 6.9 23.3£8.1
1 Repetition Maximum 111.5£30.9 61£ 9.1
Relative Strength 1.4+0.3 1.1£0.2

*Variables are presented with Means + Standard Deviation.

training background in power training but had experience
of at least 1 year of performing back squat. All participants
had no musculoskeletal injuries prior to the study and were
not taking any nutritional supplements or drugs/medica-
tions. The sample dimension analysis was performed using
G*Power 3.1 software (Faul et al., 2007). Under a frame-
work assuming an estimation error of o= 0.05, power= 95%,
and an effect size of 0.357, having 6 measures (moments) x
3 interventions, an n of 18 was necessary. Written informed
consent was obtained from each participant after a thor-
ough explanation of the protocol involved, the possible risks
associated with it, and the right to withdraw the participa-
tion. The study was approved by the Ethics Board of the
University of Trds-os-Montes and Alto Douro (Doc64A-
CE-UTAD-2021 and Doc64B-CE-UTAD-2021) and all
procedures were in accordance with the Code of Ethics of
the World Medical Association (Declaration of Helsinki of
1964, as revised in 2013).

Procedures

A randomised repeated measures design was used to
examine PAPE of CM]J performance by squat exercise on
two different occasions and one control session. The two dif-
ferent conditions included 80% of 1RM and two different
VL percentages (10 and 30% of mean propulsive velocity).

Participants attended three preparatory sessions. At the
first session, anthropometric data were collected, and famil-
iarisation with the CM]J was provided. In the second ses-
sion, participants were familiarised with the squat exercise
and incremental loading protocol (1RM). On the third visit,
participants performed the incremental loading protocol for
the squat exercise. Participants were instructed to perform the
eccentric phase at a controlled velocity (i.e., 0.45-0.65™<7)
and to move as fast as possible during the concentric phase
(Pareja-Blanco et al., 2017).

Three experimental sessions were performed 48 to 72
hours apart from each other after the preparatory sessions.
The conditions for each session were as follows:

*  Control session, participants did not perform CA but
only the CMJ;

¢ 80% of 1RM until the MPV dropped by 10%;

*  80% of 1RM until the MPV dropped by 30%.

In each session, participants rested for three minutes after
the standardised general and specific warm-up and then per-
formed a CM], which was recorded as baseline. After five
minutes of rest, participants tested the load equivalent to
80% of 1RM,; if the velocity value had a deviation of 0.02
m/s, the load was adjusted until it corresponded to 80% of
1RM. Then, participants performed the CA or rested for
five minutes and 30 seconds. After the CA, CM]J height was
reassessed at the following time points: immediately after, 2,
4,6, 8 and 10 minutes.

General and specific warm-up

Before the preparatory or experimental session, partici-
pants performed a standardised warm-up consisting of five
minutes of light cycling on a cycle ergometer (50-60 watts)
and 5 minutes of dynamic stretching. After the general
warm-up, participants performed a specific warm-up con-
sisting of two sets of squats and CM]J repetitions, 10 and 5
repetitions, respectively, with a three-minute rest between sets.

Measurements

Anthropometric measurements
Anthropometric measurements were taken in the first
preliminary session. Body height was measured with a sta-
diometer (seca 274). Body mass was measured using a scale
(seca 274),and body fat was estimated from 7 skinfold thick-

nesses (Barreira et al., 2013) using an adipometer (Sanny

AD1011-LDC).

Incremental loading test

In the third session, participants’ 1RM during the Squat
exercise was determined according to the procedures described
(Pallarés et al., 2020). The squat was performed with the free
barbell, with participants starting from the upright position
with knees and hips fully extended, stance approximately
shoulder-width apart, and the barbell placed across the back at
the level of the acromion. Each participant lowered in a con-
tinuous motion until they touched a bench, which was when
the hips were parallel to the angle of the floor (Hartmann
et al., 2013); the movement immediately reversed motion
and ascended back to the upright position. Feedback was
based on concentric velocity. For this purpose, a linear veloc-
ity transducer (Speed4Lift) was used (Martinez-Cava et al.,
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2020; Pérez-Castilla et al., 2019). Unlike the eccentric phase,
which was performed at a controlled mean velocity (i.e.,
0.45-0.65™") (Gonzélez-Badillo et al., 2014), participants
always had to perform the concentric phase of each repetition
at maximum intended velocity, i.e. explosively. To motivate
participants to exert maximum effort, they received strong
verbal encouragement and feedback on speed during each
repetition. The initial load was set at 20 kg for men and 10 kg
for women and increased in 10 kg increments until velocity
was 0.60 ms-1 (Sanchez-Medina et al., 2010); after that, the
load was increased in 2.5-5 kg increments so that the 1RM
could be accurately determined. Only the best repetition at
each load was considered for subsequent analysis (Sanchez-
Medina et al., 2010). Three repetitions were performed for
light (< 50% 1RM), two for medium (50-80% 1RM), and
only one for the heaviest loads (> 80% 1RM). Recovery times
between sets ranged from three to five minutes for both light
and heavy loads, respectively. The 1RIM was considered the
heaviest load each participant could lift with full range of
motion (ROM) for each SQ_without external help.

Vertical jump tests

CM]J were performed before and after the SQ_exercise.
After the general and specific warm-up, participants rested
for 3 minutes and performed a CM]J. After the interven-
tion with the SQ_exercise, participants performed a CM]
immediately after, at 4, 6, 8 and 10 minutes. Jump height
was determined using a jump mat system with open source
Chronojump (Bosco-System, Barcelona, Spain). The test-re-
test reliability of this equipment was measured, with authors

reporting intra-class correlation (Pueo et al., 2018).

Statistical analyses

All statistical analyses were performed using SPSS (version
25.0; SPSS, Inc., Chicago, IL, USA) and reported as means
with standard deviations (SD). Repeated measures ANOVA
was conducted for the 3 interventions x 6 moments x 2 sex
model with Bonferroni post-hoc corrections, and to relativ-
ise the jump weight in CM]J height to body mass. The effect
sizes were calculated using partial eta squared (n ?). The small,
medium, and large effect sizes (ES) would be reflected T‘[P2
in values greater than .0099, .0588, and .1379, respectively
(Cohen, 2013). The dependent variables were CM] height.
The significance level was established at 5% (p< .05).

RESULTS

No effect was found between moment and intervention,
moment x group and moment X intervention interactions.
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Differences were found between men and women in (Z(ms):
8.858; p=0.008; np2= 0.330), suggesting that men scored
significantly higher CM]J values (Mmen= 30.01, SE= 1.35;
95%CI 27.17-32.84, compared to women, Mwomen= 24.33,
SE=1.35,95%CI 21.50-27.16).

CM]J values were significantly lower (p=0.01) in women
relative to men in every moment and every intervention.
However, no statistical differences were found when CM]J
values were relativised to body weight.

There was a high variability of inter-individual differ-
ences. For the CTRL sessions the percentage variation was
1.7+ 8.7; 0.6% 8.5; 1.9+ 10.8; 4.7+ 10.6; 3.1+ 9.2; 3.6+ 7,
for women and 1.1+ 7.8; 0.6+ 7.9; 3.9+ 6.1; 0.8%+ 7.6; 2.3+
8.8;-0.7£ 10.2 for men, for 0-, 2-, 4-, 6-, 8- and 10-minute
post-intervention respectively. For the VL10 session the per-
centage variation was 5.1+ 11.5; 0.18+ 12.3; 4.7+ 8.5; 4.8+
10.1; 0.11+ 7.5; 4.0+ 9.8 for women and 4.1+ 6.9; 1.5+ 6.5;
2.6x 8.6;3.3£9.1; -1.1+ 10.1; -2.2% 8.4 for men, for 0-, 2-,
4-,6-,8- and 10-minute post-intervention respectively. And
tor VL30 session the percentage variation was 2.2+ 8.7; 2.6+
10.3; 5.1 8; -1.9+ 13.3; -2.4+ 9.2; -1.4+ 9.4 for women
and -1.7% 8.9; 1.33% 8.1; -0.42+ 6.3; -0.7+ 8.9; -1.5£ 6.9
for men, for 0-, 2-, 4-, 6-, 8- and 10-minute post-interven-
tion respectively.

Meanst SD are presented in Tables 2 and 3. Figures 1,
2 and 3 show the coeflicient variation for each individual
and each session.

DISCUSSION

'The main finding of the present study was that there were
no differences in any intervention, and there was no optimal
rest time to induce PAPE. Although the values were lower
in women at any moment and with each intervention, no
statistical differences were found when they were relativised
to body weight. There was no difference between VL 10 and
30% for any interventions. Differences in CMJ were similar
between the two interventions and CTRL, which ranged
from -2.35 to 5.10% difterence. In the present study, it does

Table 2. Means and standard deviations of variables.

Number of Repetitions VL10 311 3.8£1.2
Number of Repetitions VL30 9+1.9 7.3£30
% of Velocity Loss VL10 10.6+£2.5 10.2+ 3.6
% of Velocity Loss VL30 32£79 29.4+ 6.8

VL10: Velocity loss 10% group; VL30: Velocity loss 30% group; Variables
are presented with Means * Standard Deviation.
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Table 3. Means and standard deviation of countermovement jump from interventions.

I — ioheN
VL30 (N=10) 10VL (N= 10) 30VL (N= 10)

Baseline 29.8+ 4.4 29.1+45 309+ 4.1 236523 237+ 4.1 245+36
Post-CA 30+3.9 302+ 4.5 302+ 4.3 237+44 247+ 4 251+ 47
2 min 30+ 5.1 295452 311+ 36 23.6+5.4 239+ 6 253t54
4 min 30.9+ 4.6 29.6+ 38 307+ 4.3 239+523 24.8+5 257+ 4

6 min 30+ 4.6 29.8+ 4 306+ 4.4 244448 24849 242+ 54
8 min 306+ 5.4 285+33 30.3+37 241449 23.8+5 24+ 4.7
10 min 297+ 6 284+ 46 303+ 44 242+48 247452 24.3+5

CTRL: control group; VL10: velocity loss 10% group; VL30: velocity loss 30% group; CA: conditioning activity; SD: standard deviation; Men
95%CI CTRL 26.7-33; 27.2-32.8; 26.4-33.6; 27.7-34.1; 26.7-33.3; 26.7-34.4, 25.5-33.7, VL10 25.88-32.26; 26.7-33.4; 25.8-33.2, 26.9-32.4; 27-32.7,;
26.1-30.9; 25.1-31.7, VL30 27.9-33.8; 27.1-33.3; 28.5-33.7; 27.6-33.8; 27.4-33.7; 27.7-32.9; 27.1-33.5 for Baseline, Post-CA, 2-min; 4-min, 6-min,
8-min and 10-min respectively. Women 95%C| CRTL 19.8-27.4; 20.5-26.9; 19.8-27.5; 20.1-27.7; 21-27.9; 20.6-27.6; 20.8-27.7, VL10 20.8-26.6;
21.9-27.6; 19.6-28.2; 21.3-28.4; 21.3-28.3; 20.2-27.3; 21-28.4, VL.30 21.9-27; 21.7-28.4; 21.4-29.2; 22.8-28.6; 20.3-28.1; 20.7-27.3; 20.7-27.8
for Baseline, Post-CA, 2-min; 4-min, 6-min, 8-min and 10-min respectively.

Figure 1. Coefficient variation for VL10 session. Figure 3. Coefficient variation for control session.

with previous research studies, that found that the response of
PAPE is highly individualised (Chiu et al., 2003; Evetovich
et al., 2015; Hamada et al., 2000; Krzysztofik, Kalinowski,
et al., 2021; McCann & Flanagan, 2010). Therefore, imple-
mentations of these types of protocols in training programs
should be used carefully and reviewed individually before
application.

It has been suggested that the balance between fatigue
and potentiation may be the main factor affecting the degree
of PAPE, according to CA (Chiu et al.,2003; Hamada et al.,
2000). Therefore, an individualised approach that adjusts the
type of CA and the variables (volume and intensity) should

be preferred. It seems weaker individuals are less resistant to

Figure 2. Coefficient variation for VL30 session.

not seem to make a difference in performing a CA activity
based on VL or no activity at all (CTRL). However, looking
at the individual analysis, the variability at PAPE is very high.
Some individuals achieved a 14.70% increase in CMJ and
others an 11.19% decrease, suggesting that the PAPE effect
may be individually dependent. Our results are consistent

fatigue than stronger individuals and may not show PAPE
effect (Chiu et al., 2003; Hamada et al., 2000). Seitz and Haff
(2016) classified stronger and weaker individuals by their rel-
ative strength, with ® 1.75 being stronger for men and > 1.5
for women in the back squat. Because the individuals of the
present study can be classified as weaker (1.4+ 0.29 kgxkg™;
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1.1+ 0.19 kgxkg™?, men and women, respectively), this may
be one of the factors that influenced the results.

Since fatigue seems to be an important factor modulat-
ing PAPE, our hypothesis (Seitz & Haff, 2016; Seitz et al.,
2014; Seitz et al., 2016; Stone et al., 2008) was that the VI.30
condition would show an increase at a later time. Seitz and
Haff (2016) have shown that athlete level influences PAPE
performance, either in terms of an earlier increase in per-
formance or the degree of increase, which agrees with the
present study since there were no effects in PAPE in both
interventions. Gonzilez-Badillo et al. (2016) also showed
that reaching failure produced a higher degree of fatigue,
although the VL of reaching failure in the squat exercise
was 44%, and in the present study, 10 and 30% were used as
the degree of VL. So, it could be that the degree of fatigue
between 10 and 30% is very low, which could be why there
is no difference at PAPE.

Seitz and Haff (2016) showed in their systematic review
that the depth of the squat has an influence on the degree
of PAPE. This showed a better effect with a half squat
(ES= 0.58) than with a deeper squat (ES= 0.25), and the
hypothesis is that a parallel squat causes more fatigue.
'Therefore, there may be a worse relationship between fatigue
and potentiation. This is consistent with the previous report
by Place et al. (2005), which showed a higher degree of post-
twitch potentiation after fatiguing contractions at short mus-
cle length compared to long muscle length in the quadriceps
muscle but with a similar degree of fatigue between condi-
tions. Thus, the difference between 10 and 30% of VL may
not be sufficient to cause fatigue, and the depth of exercise
may be the main cause of fatigue.

High loads are usually recommended to promote PAPE
when using traditional resistance exercise as CA because they
elicit recruitment of higher threshold motor units that inner-
vate Type II muscle fibres (Seitz & Haff, 2016). However,
PAPE can also be induced by low to moderate loads and by
plyometric exercises (Krzysztofik & Wilk, 2020; Krzysztofik
et al., 2020; Rassier & MacIntosh, 2000; Seitz & Haff, 2016;
Wilson et al., 2013) and PAPE can be observed earlier when
plyometric exercises are used. Contrary to this, the present
study showed no significant increase in CM]J over time. In
practice, using strategies to induce PAPE in weaker popula-
tions may not be beneficial. However, future studies should
be conducted comparing the effect of PAPE with a VL
intervention with a plyometric, traditional high-intensity
variable depth squat.

To the best of our knowledge, Krzysztofik, Kalinowski,
et al. (2021) was the only study that used the squat as a CA
activity with VL, although their study only used women.
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'They found no significant differences in their intervention
and noted that the PAPE effects are highly individualized.
This is consistent with the present study in that there were
no significant increases in the CM], and there were sev-
eral differences between participants. However, no studies
address differences in the PAPE effects between men and
women. Also, Krzysztofik, Kalinowski, et al. (2021) had only
one intervention with CA with VL (10% of VL, with 80%
1RM) and in the present study there were two groups (10
and 30% of VL, with 80% 1RM). Further studies should be
conducted to study the relationship between VL, intensity
and the effects of PAPE.

Previous studies (Rodriguez-Rosell et al., 2020; Tsoukos
et al., 2019; Tsoukos et al., 2021) have shown that veloci-
ty-controlled CA is an effective method to induce PAPE,
although this is contrary to the present study, individual
difference was found. Similar to the study of Krzysztofik,
Kalinowski, et al. (2021), low volume was not sufficient to
induce PAPE and may not be sufficient to increase muscle
activation and temperature and/or intramuscular fluid accu-
mulation (Blazevich & Babault, 2019), nor was greater vol-
ume sufficient to induce PAPE. There is a consensus that a
key point to induce PAPE is the balance between fatigue
and potentiation (Seitz & Haff, 2016). Therefore, we hypoth-
esised that by taking into account the fatigue profile of the
participants and considering that the control of VL during
multiple repetitions can serve as an indicator of neuromus-
cular fatigue (Rodriguez-Rosell et al., 2020), we could obtain
a more homogeneous PAPE effect. However, this was not
observed in the present study and is consistent with several
studies (Chiu et al., 2003; Evetovich et al., 2015; Hamada
et al.,2000; McCann & Flanagan, 2010), which may suggest
that other factors are more important in triggering PAPE.

Seitz and Haft (2016) have shown that a multiple set of
CA appears to be more effective in triggering PAPE in weaker
individuals. Because participants in the present study were
classified as weaker (< 1.75 and < 1.5 for men and women,
respectively), a multiple-set intervention rather than a sin-
gle set of CA should be preferred. This is a major limita-
tion of our study. However, since this was the first study to
analyse the effects of a CA using VL in PAPE with resis-
tance-trained men and women, we decided to use only a sin-
gle set of CA. However, future studies should examine the
differences between single and multiple-set interventions in
weaker individuals.

Also, it seems that there is no optimal rest time between
CA and PAPE. Seitz and Haff (2016) have shown that
there may be an optimal rest time between CA and PAPE
(5-7 min, ES= 0.49; C8 min, ES= 0.44). However, they also
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showed that rest time seems to be dictated by the individual’s
strength level, showing that stronger individuals may express
their greatest PAPE at 5-7 min and weaker only after 8 min
(Seitz et al., 2014; Seitz & Haff, 2016). In the present study,
there was no optimal rest time to induce PAPE, and these
findings agree with the study of Krzysztofik, Kalinowski, et al.
(2021), which, to the best of our knowledge, is the only study
with a VL threshold has a CA in the lower body. It seems
that the rest time is highly individualised, and in the pres-
ent study, there were no differences in performing a CTRL
or a VL threshold (VL10 and VL30) session as a CA. This
may be because the participants in the present study were
classified as weaker (< 1.75 and < 1.5 for men and women,
respectively); a multiple-set intervention rather than a single
set of CA should be preferred.

'The present study has limitations because we used only one
intensity level (80% of 1RM), and the thresholds of VL were
not very different (10 vs. 30%). Other studies showed differ-
ences in fatigue when comparing 20 vs. 40% of VL in squat
exercise. Furthermore, Evetovich et al. (2015) have shown
that PAPE response is highly individualised, which is also
evident in the present study. Therefore, a VL approach must
be individualised for each participant to optimise a PAPE.

CONCLUSION

In conclusion, there is no optimal rest time to induce
PAPE since there were no statistically significant effects in
CTRL, VL10 and VL30. Also, in this population, perform-
ing no CA (CTRL) or a CA (VL10 and VL30) with a VL.
threshold is the same to induce PAPE since none of them
induces PAPE. There is no difference in PAPE between men
and women. However, the results are highly individualised,
so trainers and coaches should analyse whether the CA is

applicable to their clients.
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Increased risk for signs and clinical symptoms
associated with sedentary behaviour
in people diagnosed with COVID-19:
a retrospective observational study

Lisa Fernanda Mazzonetto'™ @, Euripedes Barsanulfo Goncalves Gomide? ©,
Alcivandro de Sousa Oliveira' 2, Leonardo Santos Lopes da Silva'®,
Jéssica Fernanda Corréa Cordeiro®* @, Pedro Pugliesi Abdalla’ @,
Marcio Fernando Tasinafo Junior' 2, Ana Claudia Rossini Venturini' @,
Atila Alexandre Trapé' @, Jorge Mota® ®, Erlingur Johannsson®¢ @,
Lucimere Bohn’ @, Dalmo Roberto Lopes Machado' &, André Pereira dos Santos'**

This study aimed to verify the association between sedentary behaviour (SB) and clinical signs and symptoms in individuals

with COVID-19. Five hundred nine people diagnosed with COVID-19 were cross-sectionally assessed by telephone interviews.

= Sociodemographic characteristics, clinical signs and symptoms and SB (IPAQ-SV) were obtained. It was found an association
2 between increased sedentary behaviour (ISB) and clinical signs/symptoms of COVID-19 (p< 0.05). Controlling for the variables age,
E body mass index and moderate/vigorous physical activity, men with ISB had a higher occurrence of headache (OR= 2.357; 95%Cl
£ 1.312-4.232) and cough (OR= 2.508; 95%Cl 1.268-4.959), women with ISB had a reduction in fatigue or tiredness (OR= 0.574; 95%Cl
<C  0.353-0.932). Four or more hours of SB increased the risk of headache and cough in men. Women experienced reduced symptoms
of fatigue/tiredness during COVID-19 diagnosis.
KEYWORDS: physical activity; SARS-CoV-2; sedentary lifestyle; clinical outcomes.
INTRODUCTION generalised weakness or fatigue, vomiting, diarrhoea, stomach
COVID-19 is an infection caused by the severe acute discomfort, sore throat, runny nose, loss of smell and taste
respiratory syndrome virus (SARS-CoV-2) (Wu et al., 2020). (Zhou et al., 2020). The most serious ones are severe acute
'The most common signs and clinical symptoms of COVID- respiratory syndrome, hypoxia, delirium, encephalopathy,
19 are fever, headache, muscle pain, cough, dyspnea, nausea, hypercoagulability, and pulmonary fibrosis (Filgueira et al.,
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Signs, symptoms and sedentarism in covid-19

2021; Marino et al.,2022). COVID-19 symptomatology may
be related to the individual’s existing health status. Emerging
data suggests that those most severely affected are those with
pre-existing comorbidities (Marino et al., 2022).

Physically active people become less susceptible to infec-
tions. Moderate-intensity physical activity has been shown to be
effective against respiratory tract infections (Channappanavar
& Perlman, 2017). Furthermore, regular physical activity
exerts a protective effect against severe forms of COVID-
19 (Gomide et al., 2022a; Gomide et al., 2022b) because it
counteracts the chronic inflammatory condition of the body,
increases antibody responses in vaccination, and reduces
systemic inflammation, with a better recovery prognosis for
certain diseases (Chen et al., 2022; Clemente-Suirez et al.,
2022; Hamer & Chida, 2008), including COVID-19 itself
(Gomide et al., 2022a). Conversely, data has shown ampli-
fication in sedentary activities and a nonnegligible associa-
tion between sedentary behaviour (SB) and worse outcomes
for health (Bohn et al., 2017; Martinez-Ferran et al., 2020;
Rezende et al., 2014). Despite the above mentioned infor-
mation, data regarding SB and subsequent negative health
outcomes arising from low-to-middle income countries such
as Brazil, still needs to be included, especially when consid-
ering COVID-19 related-outcomes. The obligation to stay
home during initial COVID-19 waves directly influenced
the SB (Bohn et al., 2021; Carvalho et al., 2021; Martinez-
Ferran et al., 2020).

Many physiological pathways can explain the deleterious
effect of SB on the prognosis of COVID-19 since the asso-
ciation of a sedentary lifestyle with chronic diseases, such as
obesity, diabetes, metabolic disorders, cardiovascular diseases,
among others, is already well established in the scientific lit-
erature (Channappanavar & Perlman, 2017; Gomide et al.,
2022b). Time spent in SB can negatively impact immune sys-
tem functionality, increasing the risk of COVID-19 infection
and disease severity (Tavakol et al., 2023). In turn, physical
activity reduces systemic inflammation in the body, stimu-
lates anti-inflammatory cytokines, increases the activity of
macrophages, neutrophils and natural killer cells and is pos-
itively associated with shorter recovery times. Compared to
sedentary people, active people had a lower chance of hos-
pitalization, fewer days of hospitalisation, less respiratory
difficulty and less need for oxygen support (Gomide et al.,
2022a; Gomide et al., 2022b). Therefore, the exacerbation
of the cytokine “storm” triggered by SARS-CoV-2 infec-
tion, added to SB (Meneguci et al., 2015) could directly
influence the occurrence of clinical signs and symptoms in
people dealing with the infection. However, there is still a
lack of knowledge in this regard. Despite the variability of
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sedentary behavior time, all point to deleterious effects with
greater risks for different types of diseases depending on the
time spent sitting (Charansonney, 2011; Mazo et al., 2018;
Rutten et al., 2013). To the best of our knowledge, no stud-
ies in Brazil have investigated the effect of SB on the clini-
cal signs and symptoms of COVID-19.

The relationship between comorbidities and the evo-
lution of patients with COVID-19 is a significant factor;
however, in a complex scenario such as Brazil, where social,
health and economic differences are accentuated by strong
inequalities, these socioeconomic, geographic, structural, and
personal characteristics, such as age and sex, state of residence
and development index, level of education and hospital plan,
can worsen the clinical signs and symptoms of COVID-19.
(Baqui et al., 2021). Considering these factors, the signs and
clinical symptoms are distinct, depending on modifiable and
non-modifiable variables. In this regard, it is necessary to
develop studies in various contexts investigating the associ-
ation between SB and signs and clinical symptoms among
people with COVID-19. Understanding this impact may
indicate a direct relationship between SB and the worsening
of clinical signs and symptoms of the disease. Thus, this study
aimed to verify the association between SB and the occurrence
of COVID-19 and clinical symptoms, as well as verify the
odds ratio of SB influencing the higher occurrence of these
clinical signs and symptoms. We hypothesise that SB may
exert a more pronounced influence on the clinical signs and
symptoms of individuals diagnosed with COVID-19 tak-
ing into account variables such as sex, moderate to vigorous
physical activity, age grouping, and BMI. Additionally, we
hypothesise that SB may have a differential impact on signs
and symptoms across different sexes and clinical symptoms.

METHODS
Study design

This is a retrospective observational study derived from a
larger study (Gomide et al., 2022b). Data was collected between
June and December 2021 from individuals diagnosed with
COVID-19 during March 2020 and February 2021. This man-
uscript followed the guidelines of Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) (Elm
etal.,2007) and the Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) (Eysenbach, 2004).

Ethical aspects
The study was approved by the Ethics and Research
Committee of the Nursing School of Ribeirdo Preto,
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Universidade de Sdo Paulo (CAAE: 39645220.6.0000.5393).
'The study followed the guidelines of the Council Resolution
National Health System (CNS) 466/12, which regulates
research involving human beings (Novoa, 2014). The study
was then forwarded to the Municipal Health Department of
Ribeirdo Preto and was approved (official letter 462/2020).
All participants were informed of the study’s purposes and
methods, emphasising their right to withdraw from the

research at any time.

Sample and location
for data collection

We included people who resided in the city of Ribeirdo
Preto, Sao Paulo - Brazil , aged> 18 years old, positive poly-
merase chain reaction (PCR) test for COVID-19, no pres-
ence of any immunologically compromised conditions,
prolonged use and administration of corticosteroids and/
or chemotherapy, transplant recipients, and neurodegener-
ative diseases. We excluded people who did not answer all
the questions or withdrew from participating in the study.
Recruitment, participant selection, and data collection were
conducted via telephone interviews by Resolution 510/2016
on the norms applicable to research in Human and Social
Sciences (Lordello & Silva, 2017). The researchers identi-
fied themselves and presented the study goals, risks, proce-
dures, and benefits to the participants. The research was ini-
tiated only after the participant accepted and sent their free
informed consent, which was sent via WhatsApp® or email
and explained via phone calls. After obtaining informed con-
sent, data collection began following validated questionnaires
(Matsudo et al., 2001; Ramos et al., 2022). The interviewer
entered the responses into a Google Forms® database while
the phone call was ongoing, ensuring that all mandatory
questions were answered.

Sample size

The sample size was calculated a priori using The Power
and Sample Size Program®, version 3.043.The selected param-
eters were a prevalence of hospitalisation due to COVID-19
of 10.0% with a precision of 3.5%, a confidence interval of
95%, and a finite population of 33,643 infected individuals
in the city where the study was conducted during the data
collection period, resulting in a minimum sample size of 500
to 650 participants.

Data collection
'The Ribeirdo Preto Municipal Health Secretariat pro-
vided telephone numbers, and emails of 33.643 individuals
diagnosed with COVID-19. Using Microsoft Excel®, seven

evaluators trained and supervised by the main researcher made
3.814 random phone calls. Out of this total, 647 participants
answered the calls after a maximum of three attempts. Data
from 14 individuals was excluded due to not meeting the
eligibility criteria, and 124 people declined to participate
in the study. Thus, a total of 509 individuals diagnosed with
COVID-19 were deemed eligible, interviewed, and had their
data included in the study. The data collection flowchart has
been previously published (Gomide et al., 2022b).

Questionnaires

The instrument used in this study was the “Profile of
the Person Diagnosed by COVID-19” questionnaire, which
referred to the week prior to the diagnosis (Ramos et al., 2022).
We collected information about age (years), self-reported
skin colour, sex, height (m), and weight (kg) to calculate the
Body Mass Index (BMI) and the signs and clinical symp-
toms due to COVID-19.The International Physical Activity
Questionnaire — Short Version (IPAQ-SV) (Matsudo
et al.,2001), validated for Brazilian (Garcia et al., 2013), was
adopted to obtain sitting time (SB) on one normal weekday
and one normal weekend day to the week prior to the diag-
nosis (including during work and leisure). SB was collected
as minutes and then transformed into hours per day. The
number of hours per day of SB on weekdays was multiplied
by five, and the number of hours per day of SB on weekend
days was multiplied by two. These values were summed and
divided by seven to obtain the SB number of hours per day
(Di Fusco etal.,2021). Finally, SB was categorised as reduced
sedentary behaviour (RSB< 4 h/day) and increased seden-
tary behaviour (ISB2 4 h/day) (Hamer & Stamatakis, 2014).

Statistical analysis

After completing the inclusion of the interview results
in Google Forms®, the information was downloaded in a
Microsoft Excel® spreadsheet format. Two researchers inde-
pendently coded the data, and the validation was performed
by double checking in Microsoft Excel® to minimise the risk
of bias in data tabulation. The variables, including sex, age
group (18 to 59 years; 602 years), self-reported skin colour
(White, Black, Yellow, and Brown), BMI (kg/m?), and clin-
ical signs and symptoms of COVID-19 were presented as
absolute (n) and relative (%) frequency. Signs and clinical
symptoms of COVID-19 were dichotomised into yes (1) or
no (0). Fisher’s exact test was used to verify the association
between SB and clinical signs and symptoms for the total
sample, which was grouped by sex. Only those signs and clin-
ical symptoms statistically significantly associated (p< 0.050)
were included in the binary logistic regression analysis. Binary
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logistic regression was conducted to indicate the odds ratio
(OR) of people with ISB (independent variable) manifesting
a certain sign and/or symptom (dependent variable). Thus, for
logistic regression, the following dichotomised confounding
variables which were associated with clinical outcomes due to
COVID-19 (Baqui et al.,2021) were controlled: age grouping
(0= 182 59 years; 1= 60> years), BMI (0= Normal weight<
24.9kg/m? 1= Overweight or obesity> 25kg/m?), and mod-
erate/vigorous physical activity (0= inactivel 150 minutes of
physical activity per week; 1= active> 150 minutes of physical
activity per week). Criteria for these variables, age and BMI
are presented with a worse prognosis for covid-19 (Wu etal,,
2020), as well as the difference between the sexes, with greater
involvement for males (Lustosa et al., 2022) and physical
activity level as a modifiable factor (Gomide et al., 2022b)
or not of the influence of sedentary behaviour. Additionally,
we assessed the effect size (d) of sedentary behaviour on the
manifestation of signs and symptoms, exclusively focusing
on those that demonstrated a statistically significant asso-
ciation through the exact Fisher’s test. We adopted Cohen’s
d (1988) reference values (d< 0.1= negligible; 0.1< d< 0.3=
small; 0.3< d< 0.5= medium; &> 0.5= large). The statistical
analysis was performed using the SPSS® version 20.0 pro-
gram with a significance level of o= 5%.

RESULTS

The sample characteristics are presented in Table 1. The
age of the participants varied between 18 and 89 years old,
with the majority (78%) in the group from 18 to 59 years
old, while the remaining 22% were 60 years old or older. Of
the participants, 61% were female. Among the total sample,
44.8% were classified as having ISB, with 38.6% of females
and 54.5% of males exhibiting this behaviour. Most partici-
pants (71.7%) were classified as overweight or obese accord-
ing to their BMIL.

ISB is associated with the symptoms of headache (OR=
1.483; p= 0.037) and cough (OR=1.448; p= 0.038) for the
total sample; headache (OR= 2.306; p= 0.004), muscle pain
(OR=1.831; p= 0.045) and cough (OR= 2.511; p= 0.007)
for males; and fatigue/tiredness (OR= 0.610; p= 0.042) for
females (Table 2).

InTable 3, the logistic binary regression shows the OR of
people with ISB presenting a higher occurrence for determin-
ing signs and symptoms, controlling for confounding variables
(age grouping, sex, BMI, and moderate/vigorous physical
activity) that were statistically significant. Signs/symptoms
that had no significant association with ISB were not pre-
sented. For the total sample, people with ISB have a higher
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occurrence of headache (OR= 1.582; 95%CI 1.085-2.305;
#=0.017) and cough (OR= 1.519; 95%CI 1.019-2.265; p=
0.040). For males, ISB was associated with the occurrence
of headache (OR= 2.357; 95%CI 1.312-4.232; p= 0.004)
and cough (OR=2.508; 95%CI 1.268-4.959; p= 0.008). For
females, ISB reduced the chance of experiencing symptoms
of fatigue/tiredness (OR= 0.574; 95%CI 0.353-0.932; p=
0.025), given as a protective factor.

For the total sample, the effect size for ISB on the occur-
rence of headache was (d= 0.3), and for cough (d= 0.2). For
males, the effect size for both headache and cough was (4=
0.5). For females, the effect size for fatigue or tiredness was
(d= -0.4). Therefore, the effect size classification for these
conditions was deemed “medium,” except for cough in the
total sample, which was classified as “small.”

DISCUSSION

This retrospective observational study identified an
association between SB and clinical signs and symptoms
of COVID-19. Specifically, the most frequent symptoms
observed among those with ISB were headache, fatigue/
tiredness, and muscle pain. Among the participants, 44.8%
were classified as having ISB, with 38.6% of the total females
and 54.5% of the total males. Furthermore, ISB increased
the odds for the occurrence of clinical signs and symptoms
such as headache (1.5 times) and cough (1.5 times) for the
total sample, headache (2.3 times), and cough (2.5 times) for
males. Additionally, there was an association with a lower
occurrence of the fatigue or tiredness symptom (0.5 times)
for females, which was given as a protective factor; more
time sitting, there is less effort, resulting in a reduction in
the fatigue or tiredness symptom.

'Thus, the study highlights a worrying aspect of SB and
its adverse health outcomes. An observational analysis evalu-
ated 38 young adults, grouped by sex, to verify whether BMI
and physical activity level modulate autonomic function after
SARS-CoV-2 infection. The study found that even after mild
to moderate COVID-19 infection, young adults had higher
sympathetic activity, lower parasympathetic activity, and global
variability compared to uninfected individuals. In addition,
overweight and physically inactive participants had worse
cardiac autonomic modulation (Freire et al., 2022). Such
comorbidities, along with COVID-19, present autonomic
dysregulation, corroborating the hypothesis that an organ-
ism with a systemic inflammatory profile decreased physi-
cal activity and increased SB aggravates COVID-19 disease
(Chen et al., 2022; Freire et al., 2022; Gomide et al., 2022b).
In addition, our findings show that the symptoms differ in
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Table 1. Absolute (n) and relative (%) frequency of sociodemographic characteristics and clinical signs and symptoms of

Variables

COVID-19 in the total sample and grouped by sex.

Categories

Total Sample (n= 509)

Sociodemographic

60> years 112 22.0 73 235 39 19.7
Age groups
18 a 59 years 397 78.0 238 76.5 159 80.3
< 4 hours 281 55.2 191 614 90 455
Sedentary Behavior
>4 hours 228 44.8 120 38.6 108 54.5
White 301 59.1 187 60.1 14 57.6
Black 48 9.4 33 10.6 15 7.6
. Yellow 3 0.6 2 0.6 1 0.5
Skin color
Brown 156 30.6 88 28.3 68 34.3
Prefer not to 1 02 1 03 0 00
declare
249< 144 283 86 27.7 58 29.3
BMI (kg.m?)
25 or more 365 71.7 225 72.3 140 70.7
Signs and symptoms
Yes 259 50.9 146 46.9 113 57.1
Fever
No 250 491 165 53.1 85 429
Yes 297 58.3 200 64.3 97 49
Headache
No 212 411 1M1 35.7 101 51
Yes 280 55.0 178 57.2 102 51.5
Muscle pain
No 229 450 133 42.8 96 48.5
Yes 147 28.9 97 31.2 50 25.3
Difficulty Breathing
No 362 721 214 68.8 148 74.7
Yes 144 28.3 90 28.9 54 27.3
Cough
No 365 71.7 221 711 144 72.7
Yes 245 48.1 160 51.4 85 42.9
Loss of taste
No 264 51.9 151 48.6 113 57.1
Yes 248 48.7 162 521 86 43.4
Loss of smell
No 261 51.3 149 479 112 56.6
Yes 27 53 19 6.1 8 40
Stomach discomfort
No 482 94.7 292 93.9 190 96.0
Yes 72 14.1 48 15.4 24 121
Diarrhea
No 437 85.9 263 84.6 174 87.9
Yes 35 6.9 29 9.3 6 3.0
Nausea
No 474 93.1 282 90.7 192 97.0
Yes 30 5.9 26 8.4 4 2.0
Vomit
No 479 94.1 285 91.6 194 98.0
Yes 24 4.7 14 45 10 5.1
Chest pain/pressure
No 485 95.3 297 95.5 188 94.9
Yes 64 12.6 48 15.4 16 8.1
Runny nose
No 445 87.4 263 84.6 182 91.9
Continue...
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Table 1. Continued.

Variables

Categories

Total Sample (n= 509)

Yes 86 16.9 61 19.6 25 12.6
Sore throat

No 423 83.1 250 80.4 173 87.4
Fatigue/ Yes 288 56.6 191 614 97 49
Tiredness No 221 434 120 386 101 51

Yes 73 14.3 59 19.0 14 7.1
Other Symptoms

No 436 85.7 252 81.0 184 92.9

n: absolute value; %: relative value; BMI: body mass index.

Table 2. Association between sedentary behavior and signs and symptoms of COVID-19 for the total sample and grouped by sex.

Total Sample (n= 509) [\ EICXGEREZ)) Female (n=311)

Clinical

symptoms

Fever 143(55.2) | 116 (44.9) 1.000 53(46.9) | 60 (53.1) 0.873 90 (61.6) 56 (38.4) 0.982

Headache | 152(51.2) | 145 (48.8) 1.483* 34(35.1) | 63 (64.0) 2.306* 118 (59.0) 82 (41.0) 1335
gﬂa‘;zc'e 151 (53.9) | 129 46.1) 1.122 39(38.2) | 63(61.8) 1.831* 112 (62.9) 66 (37.1) 0.862
Difficulty

Brosthing | /397 | 74(503) 1.369 20 (40.0) | 30 (60.0) 1.346 53 (54.6) 44 (45.4) 1.507

Cough 70 (48.6) | 74(51.4) 1.448* 16(29.6) | 38(70.4) 2.511% 54 (60.0) 36 (40.0) 1.087
tLaO;SeOf 138 (56.3) | 107 (43.7) 0.916 42(49.4) | 43(50.6) 0.756 96 (60.0) 64 (40.0) 1.131

Loss of 138(556) | 110(444) | 0966 | 40(465) | 46(535) | 0927 | 98(605) | 64(39.5) 1:085
Stomach

Jomact | 176300 | 10@37.0) 0.712 5 (62.5) 3(37.5) 0.486 12 (63.2) 7 (36.8) 0.924
Diarrhea 39(54.2) | 33(45.8) 1.050 8 (33.3) 16 (66.7) 1.783 31 (64.6) 17 (35.4) 0.852
Nausea 23(65.7) | 12(34.3) 0.623 3(50.0) 3(50.0) 0.829 20 (69.0) 9 (31.0) 0.693
Vomit 19633) | 11(367) 0.699 1(25.0) 3(75.0) 2.543 18 (69.2) 8 (30.8) 0.687
Chest

pain/ 11458 | 13(54.2) 1.484 2 (20.0) 8 (80.0) 3.520 9 (b4.4) 5(35.7) 0.879
pressure

Eg;‘gy 40(62.5) | 24(37.5) 0.709 5(31.2) 11 (68.8) 1.928 35(72.9) 13(27.1) 0.542
Sore throat | 49(57.0) | 37(43.0) 0.917 10(40.0) | 15(60.0) 1.290 39 (63.9) 22 (36.1) 0.875
Fatigue/

e, | 165673 | 123(427) 0.824 39402 | 58(59.8) 1517 126 (66.0) 65 (34.0) 0.610*

RSB: Reduced Sedentary Behavior; ISB: Increased Sedentary Behavior; n: Absolute Value; %: Relative Value; OR: Odds Ratio; *p< 0.05 in Fisher's Exact Test.

their occurrence between sexes, affecting more males, which
is consistent with literature that shows that the mortality and
hospitalisation rate between sexes is higher in males (Lustosa

et al., 2022; Rodrigues et al., 2023).
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In Brazil, the proportion of deaths from COVID-19
was higher for males (2020), data similar to deaths in the
Italian population for the same year (Souza et al., 2020). In
another prospective cohort study in Sweden, it was shown
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Table 3. Association of increased sedentary behavior with signs and clinical symptoms of people diagnosed with COVID-19.

Sample Signs and Variables OR Confidence Interval (95%) p-value
symptoms
Sedentary Behavior 1.582 1.085 2.305 0.017
MVPA 0.678 0.413 1.112 0.123
Headache Age grouping 0.665 0.428 1.034 0.070
Sex 0.476 0.327 0.694 0.001
Total BMI (kg.m?) 1.061 0.706 1.593 0.776
(n=509) Sedentary Behavior 1519 1.019 2.265 0.040
MVPA 1.223 0.735 2.101 0.417
Cough Age grouping 1.054 0.651 1.706 0.831
Sex 0.864 0.576 1.295 0.478
BMI (kg.m?) 0.906 0.586 1.400 0.657
Sedentary Behavior 2.357 1.312 4.232 0.004
MVPA 1.048 0.456 2.406 0.912
Headache
Age grouping 0.806 0.383 1.696 0.569
Male BMI (kg.m?) 0.737 0.385 1.411 0.358
(n=198) Sedentary Behavior 2.508 1.268 4.959 0.008
MVPA 0.696 0.255 1.901 0.480
Cough
Age grouping 0.903 0.383 2.130 0.816
BMI (kg.m?) 0.678 0.331 1.387 0.287
Sedentary Behavior 0.574 0.353 0.932 0.025
Female MVPA 0.713 0.378 1.343 0.295
— 311 Fatigue/tiredness
(n=311) Age grouping 1.184 0.663 2115 0.567
BMI (kg.m?) 2.040 1.215 3.426 0.007

n: absolute value; OR: odds ratio; BMI (kg.m?): body mass index; MVPA: Moderate to vigorous physical activity. Confounding variables: age

grouping, sex, BMI, and moderate/vigorous physical activity.

that for males, there was a four times greater risk of death
from COVID-19 and an increased risk for viral pneumonia,
acute discomfort syndrome, acute episode and sepsis (effect
combined sex and age) (Sieurin et al.,2022). What can explain
this male vulnerability are the associated comorbidity factors,
lifestyle and biological differences that directly impact the
immune system, where for females, there are stronger innate
and adaptive responses in relation to antigens and with a greater
burden of comorbidities non-fatal; males are more vulnera-
ble to infectious diseases, higher levels of pro-inflammatory
cytokines, and more fatal health conditions (Sieurin et al.,
2022). Thus, it can explain the difference in the occurrence
of clinical signs and symptoms of COVID-19 among sexes.

A study by Jimeno-Almazén et al. (2022) recruited indi-
viduals diagnosed with COVID-19 who had a chronic symp-
tomatic phase (greater than twelve weeks from the onset
of symptoms) and only received outpatient follow-up. The
study presented the relationship between physical fitness
and the severity of symptoms reported by the patient in the
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post-COVID-19 period. Greater physical fitness was associ-
ated with lower symptom severity in post-COVID-19 indi-
viduals. Physical fitness, lower limb muscle strength, maximal
voluntary ventilation, and left ventricular ejection fraction
were responsible for reducing fatigue and dyspnea (Jimeno-
Almazin et al., 2022). Therefore, maintaining physical fitness
during the disease, even in mild cases, was associated with
milder symptoms in non-hospitalized individuals during the
post-COVID-19 period. Individuals with an SB tend to have
lower levels of physical fitness and lung function due to the
inhibition of exertion due to this adopted behaviour (Souza
et al., 2020). Low hours of SB are valuable pre- and post-
COVID-19 measures that can reduce the severity, not only
in the acute phase of the infection but also of persistent post-
COVID-19 symptoms and prognosis (Souza et al., 2020).
The study of Zhang et al. (2022) carried out a biblio-
metric analysis of the 50 most cited articles on COVID-19
and physical activity. They concluded that physical activity
is a crucial lifestyle change in this field, offering a research
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landscape on physical activity in global outbreaks of new
coronaviruses linked to progress in coping with similar dis-
eases based on physical activity. In addition, Gomide et al. (2022a)
demonstrated that physically active individuals had a lower risk
of hospitalisation, shorter hospital stays, fewer breathing diffi-
culties, and lower oxygen support needs compared to sedentary
individuals (Gomide et al., 2022b). These results, combined with
those of Zhang et al. (2022), support our findings that reducing the
ISB as a first step towards changing lifestyle habits and adopting
physical activity at appropriate levels can reduce the occurrence of
signs and symptoms and worsening of COVID-19.

The implications of SB, a term referring to activities
with low energy expenditure (< 1.5 METs), such as sitting,
reclining, or lying down, are associated with reduced or inter-
rupted muscle contractility, resulting in decreased glucose
utilisation by muscles and increased insulin levels, favouring
the production of lipids. These lipids are mainly stored in the
adipose tissue in the central region of the abdomen, leading
to the production of inflammatory molecules and increased
abdominal circumference, body weight, and chronic non-com-
municable diseases (Meneguci et al., 2015). In this sense, it
is imperative to develop strategies with society to interrupt
SB, as its association with several chronic non-communicable
diseases persists, irrespective of the level of physical activity.
Being physically active does not necessarily cancel out health
problems related to SB (Meneguci et al., 2015). The exposure
time to SB ranges from four to eleven hours per day, signifi-
cantly damaging the individual’s health (Hamer & Stamatakis,
2014; Jimeno-Almazén et al., 2022). Thus, interrupting SB
through physical activity or even interrupting prolonged sit-
ting with short, frequent periods of activity could mitigate
the harmful health effects of SB (Dunstan et al., 2010). SB
is associated with several diseases, such as cardiovascular
diseases and diabetes, and maintaining adequate levels of
physical activity according to recommendations reduces the
risk of chronic non-communicable diseases (Gomide et al.,
2022a; Meneguci et al., 2015). Therefore, public health cam-
paigns need to promote physical activity as an essential life-
style change to reduce SB and mitigate the negative effects
of a sedentary lifestyle. The choice of the cut-off point for
classifying RSB and ISB was arbitrary, ranging from zero
to four hours and four hours or more (Mazo et al., 2018).
Furthermore, individuals sitting down for eight hours a day
typically work four hours, take a break (i.e., interruption of
SB), and then work another four hours. Studies cited in this
paper and others have demonstrated that exposure to SB for
more than three hours increases the risk of certain diseases

(Charansonney, 2011; Mazo et al., 2018).
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Our study had several strengths, such as the information pro-
vided by the Municipal Health Secretariat of the study population
(Ribeirdo Preto/SP), the sufficient sample size to test the study
hypothesis,and the absence of the “snowball” effect. This resulted
in better control over instrument application. We confirmed
the association between SB and clinical signs and symptoms of
COVID-19,underscoring the importance of adopting an active
lifestyle, avoiding ISB, and likely minimizing the occurrence of
certain signs and symptoms of COVID-19. A potential limitation
of our study was the possible memory deficit of the participants,
which may have influenced their responses to the questionnaire.
Prior training and standardization meetings were performed to
minimize this factor and to ensure proper questioning and con-
firmation with the participants. Future studies are needed with
different instruments to measure SB and confirm this relation-
ship between ISB and clinical signs and symptoms of COVID-
19 and even other similar viral diseases. Furthermore, our study
was carried out with participants from a single municipality
(Southeast region of Brazil), so the results cannot be immedi-
ately generalized to other locations with different socioeconomic,
demographic and structural factors, stimulating future research in
different contexts. Our investigation enabled the identification
of the influence of ISB on the increased occurrence of certain
clinical signs and symptoms of COVID-19, contributing to the
worsening of the acute phase of the disease. The results show the
importance of reducing ISB to minimise the occurrence of clini-
cal signs and symptoms. Additionally, adopting physical activity
at adequate levels can help minimise the effects of COVID-19
(Zhang et al., 2022). Therefore, reducing ISB and engaging in
physical activity are essential modifiable factors to mitigate the
effects of COVID-19.

CONCLUSIONS

ISB is significantly associated with clinical signs and symp-
toms in people diagnosed with COVID-19. The most com-
mon symptoms reported were headache, fatigue/tiredness,
and muscle pain. When looking at the sex differences, males
had greater involvement in associated signs and symptoms. In
light of these findings, reducing SB for more than four hours
can minimize the expression of certain signs and symptoms of
COVID-19. Therefore, it is important to emphasize the sig-
nificance of lifestyle modifications for promoting better health
and reducing SB could be the first step towards such changes.
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Comer transtornado orientado a muscularidade
e sintomas de dismorfia muscular em homens

RESUMO

ABSTRACT

insuficientemente ativos e fisicamente ativos

Muscularity-oriented disordered eating and symptoms of muscle
dysmorphia in insufficiently active and physically active men

Danilo César Paschoalino™ @, Telma Maria Braga Costa'?

O estudo tem como objetivo avaliar o comer transtornado orientado @ muscularidade e sintomas de dismorfia muscular em
homens com idade entre 18 e 59 anos. Trata-se de um estudo transversal, comparativo e quantitativo, com coleta de dados
online pelos instrumentos MDDI (Muscle Dysmorphic Disorder Inventory) e MOET (Muscularity Oriented Eating Test); as anélises
estatisticas foram realizadas por meio do programa SPSS, com valor de p< 0,05 adotado para determinar o nivel de significancia.
Os resultados obtidos com a amostra de 427 homens, separados em trés grupos: praticantes de musculagéo (GM; n= 145), grupo
de insuficientemente ativos (GIAt; n= 124) e grupo de praticantes de outras modalidades (GPOM,; n=158), apontam pela analise
dos escores totais dos instrumentos MOET e MDDI que ha diferenca significativa (p= 0,001) entre os grupos. O grupo GM possui
média superior ao GIAt e GPOM (p= 0,001 para ambos). Sugerindo que GM apresenta maior preocupagdo com alimentagdo
direcionada a hipertrofia muscular e sintomas de dismorfia muscular quanto aos outros grupos. Conclui-se que os resultados do
estudo permitam aos profissionais de salide uma abordagem adequada com individuos que apresentem comer transtornado a
muscularidade e sintomas de dismorfia muscular.

PALAVRAS-CHAVE: comportamento alimentar; imagem corporal; homens.

The aim of this study is to evaluate muscularity-oriented disordered eating and symptoms of muscle dysmorphia in men aged
between 18 and 59 years. This is a cross-sectional, comparative and quantitative study, with online data collection using the MDDI
(Muscle Dysmorphic Disorder Inventory) and MOET (Muscularity Oriented Eating Test) instruments. Statistical analyses were
performed using the SPSS program, with a p< 0.05 adopted to determine the significance level. The results were obtained with the
sample of 427 men, separated into three groups: bodybuilding practitioners (BPG; n= 145), an insufficiently active group (IAG; n=
124) and a group of practitioners of other modalities (GPOM; n= 158), pointing out by analysing the total scores of the MOET and
MDDI instruments that there is a significant difference (p=.001) between the groups. The BPG group has a higher average than
IAG and GPOM (p=.001 for both), suggesting that BPG is more concerned with eating aimed at muscle hypertrophy and symptoms
of muscle dysmorphia than the other groups. It is intended that the results of the study will allow health professionals to have an
appropriate approach to individuals who have disordered eating and muscular dysmorphia.

KEYWORDS: feeding behaviour; body image; men.
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Transtorno dismdrfico muscular em homens

INTRODUCAO

Considerando o crescente nimero de individuos que bus-
cam de forma inadequada a melhora da composicio corpo-
ral em academias de gindstica para a pritica de musculagio,
se observa relevancia no estudo de padrdes comportamentais
para esta pratica e também dos padrdes comportamentais ali-
mentares voltados a busca pela muscularidade. A avaliagio e
compreensio destes padrdes caracteristicos e suas possiveis cor-
relagdes podem contribuir para intervencio assertiva tanto dos
profissionais de nutri¢do quanto dos profissionais de educagio
fisica (Almeida et al., 2021; Singh & Veale, 2019).

Segundo Lavender et al. (2017), questdes especificas para
pesquisas neste 4mbito devem incluir fatores que diferenciem
o risco para o desenvolvimento de Transtornos Alimentares
(TA) tradicionais wersus os orientados a muscularidade em
homens, assim como, o que se refere a alimentag¢io desor-
denada tradicional wersus a alimentagio orientada & muscu-
laridade diante das caracteristicas individuais ou de grupos
(Lavender et al., 2017).

Com base nos critérios diagnésticos do manual diagnés-
tico e estatistico de transtornos mentais DSM-5 (American
Psychiatric Association [APA],2014), pesquisadores estimam
que 60% dos diagnésticos de TA sdo documentados como
Transtorno Alimentar Sem Outra Especificagio (EDNOS).
Isso pode significar que eles tenham transtorno da compulsio
alimentar periédica, dismorfia muscular ou alguma forma de
alimentagdo desordenada que nio atenda aos rigorosos cri-
térios de anorexia nervosa ou bulimia podendo subestimar
esse nimero de diagnésticos (Hiluy et al. 2019).

De acordo com Assungio (2002) a dismorfia muscular
(DM) é conceituada como um tipo de Transtorno Dismérfico
Corporal (TDC) em que a pessoa se imagina “muito pequena’
ou “subdesenvolvida”. O DSM-5 (APA, 2014) se propds
incluir o diagnéstico de Transtorno Dismérfico Muscular
(TDM) considerando os seguintes critérios diagndsticos
que incluem: a preocupagio com a ideia de que o corpo nio
é suficientemente magro e musculoso com base numa per-
cepgio irreal (Pope et al., 2000). Esses individuos despen-
dem cerca de trés a oito horas por dia com essa repeti¢io
de ideias voltadas a hipertrofia muscular, apresentam rituais
repetitivos e demorados para corrigir ou esconder seu corpo
ou partes desse durante exposi¢do social, como em acade-
mias de gindstica, por exemplo, dentre outros ambientes de
socializagio (Almeida et al., 2021; APA, 2014; Johnson et al.,
2018; Silva & Ferreira, 2019).

Segundo Almeida et al. (2020) a pressio social para a
busca da muscularidade promove nio sé a internalizagio de
um ideal muitas vezes inatingivel, como também a insatisfagio

corporal,levando a uma avaliagio exagerada da importéncia
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da aparéncia fisica, das medidas corporais, do uso excessivo
e descontrolado de dietas, de comportamentos nio saudd-
veis que podem levar ao desenvolvimento de transtornos na
busca inadequada pela anatomia desejavel.

Assim, o instrumento MDDI foi desenvolvido por Hildebrandt
et al. (2004), traduzido e adaptado mantendo a quantidade ori-
ginal de itens por Gomes et al. (2020). Considerando as neces-
sidades de avaliagio de sinais e sintomas de dismorfia muscular
(Almeida et al., 2020; Hildebrandt et al., 2004; Azevedo et al.,
2012; Fortes et al., 2017; Gomes et al., 2020).

Segundo Murray et al. (2019) as medidas existentes de
psicopatologia do transtorno alimentar podem carecer de sen-
sibilidade para captar as caracteristicas da alimentagio inade-
quada com foco na muscularidade. Com o objetivo de suprir
esta caréncia Murray et al. (2019) desenvolveram o teste ali-
mentar orientado para a muscularidade MOET- Muscularizy
Oriented Eating Test - representando uma medida psicome-
tricamente sélida e inovadora da alimenta¢do desordenada
voltada para a muscularidade, adaptado e avaliado transcul-
turalmente por Carvalho et al. (2022), onde suas proprieda-
des psicométricas de validade e confiabilidade se mostraram
hébeis para avaliacdo do comer transtornado orientado para
a muscularidade.

Diante do exposto, o estudo se propds a avaliar o comer
transtornado orientado 2 muscularidade e sintomas de trans-
torno dismérfico muscular em homens praticantes de mus-
culagio, insuficientemente ativos e praticantes de outras
modalidades. Adotando a hipétese de que estes individuos
apresentem tais caracteristicas e a avaliagdo e compreensio
destas possa contribuir para intervengio assertiva pelos pro-
fissionais de saide envolvidos.

METODO

Trata-se de um estudo transversal, avaliativo, compara-
tivo e de abordagem quantitativa (Ribeiro & Scatena, 2019).

Amostra

A amostra foi composta por individuos do sexo masculino
com idade entre 18 a 59 anos, de nacionalidade brasileira, expe-
riéncia minima de trés meses de pratica de exercicios fisicos, mais
de 75 minutos de pratica semanal em intensidade vigorosa ou
minimo de 150 minutos semanais em intensidade moderada,
com predominéncia de musculagio compuseram o grupo GM,
os com predominancia de outras modalidades (desportos, exceto
musculagio) formaram o grupo GPOM. Os individuos insufi-
cientemente ativos (GIAt) foram considerados os com menos
de 75 minutos semanais de qualquer prética, seguindo critérios
da Organizagio Mundial da Satde (OMS, 2000).
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Como critérios de inclusio os individuos deveriam se
enquadrar nas caracteristicas pré-estabelecidas como: idade
(anos), sexo (masculino), nacionalidade (brasileira), renda
(mensal), grau de escolaridade (ensino fundamental ou supe-
rior completo), estado civil (casado ou solteiro), peso (kg),
estatura (m), Indice de Massa Corporal (IMC) (kg/m?),
além de responder ao formuldrio de forma completa. Sobre
os critérios de exclusio, ndo foram considerados na amostra
individuos atletas (profissionais ou amadores), ou que pos-
sufam alguma deficiéncia fisica limitante, ou praticantes de
treino caracterizado com a marca Cross Fit® devido as carac-
teristicas de competicio e estrutura local (nfo ter espelhos)
comparado as salas de musculagio.

A amostra foi definida através de técnica ndo probabilis-
tica por julgamento considerando somente a populagio mas-
culina, residente em Ribeirdo Preto na faixa etdria entre 18 a
59 anos, segundo dados do IBGE-2010, teriamos 48,14%.
Assumindo erro absoluto tolerivel= 0,05 e Coeficiente de
confianga= 95%. Resultante no valor de 7= 384, admitindo-se
perdas, majoracio de 10%, assim considerando 7= 422 ideal
para os objetivos da pesquisa.

Ressalta-se que o anonimato e confidencialidade dos par-
ticipantes foram garantidos e explicitados através do Termo
de Consentimento Livre e Esclarecido (TCLE) em conse-
guinte a certificagio e autorizacio do Comité de Etica em
Pesquisa em Seres Humanos da Universidade de Ribeirdo
Preto (UNAERP) (Campus Ribeirdo Preto/SP), com parecer
n° 4.748.222 e CAAE: 1 45460521.5.0000.5498.

Instrumentos

O instrumento MDDI (Muscle Dysmorphic Disorder
Inventary), foi desenvolvido por Hildebrandt et al. (2004),
traduzido e adaptado mantendo a quantidade original de
itens, compreensio e consisténcia interna (alfa de Cronbach=
0.78) adequada 4 adultos brasileiros, por Gomes et al. (2020).
Composto por 13 itens de autorrelato, respondidos em escala
do tipo Likert de pontos (1= nunca a 5= sempre) com escore
que varia de 13 a 65 distribuidos em trés subescalas, sendo:
a) Driwve for Size (DS — Ansia por Tamanho), b) Appearance
Intolerance (AI— Intolerdncia com a Aparéncia), ¢) Functional
Impairment (FI — Comprometimento Funcional).

As dimensdes do MDDI incluem questdes referentes a
cognigdes, emogdes e comportamentos relacionados a ima-
gem corporal. A subescala DS consiste em perguntas sobre
pensamentos de ser menor e menos musculoso do que o
desejado, ou deseja aumentar o tamanho e a for¢a. O pen-
samento representado por esta subescala é consistente com
as preocupagdes sobre o tamanho inadequado em dismor-

fia muscular. A subescala de A7 consiste em perguntas sobre

crengas negativas sobre o préprio corpo resultante em ansie-
dade ou evitagio da exposi¢io corporal, cogni¢bes negativas
e manifestagdes comportamentais de crengas negativas sobre
o préprio corpo, como exemplo, usar roupas largas ao ar livre
ou a crenga de que o corpo é feio e desagraddvel (Almeida
et al., 2020; Hildebrandt et al., 2004; Azevedo et al., 2012;
Fortes et al., 2017; Gomes et al, 2020). Por fim, a FI, que
consiste em perguntas sobre comportamentos relacionados
a manutengio de rotinas de exercicios, interferéncia de emo-
¢oes negativas ao se desviar da rotina de exercicios, ou evitar
situagdes sociais por preocupagdes excessivas com o proprio
corpo. O instrumento apresenta boa consisténcia interna
em todos os fatores e escore total (o0 de Cronbach de 0,73),
MDDI-DS=0,76; MDD-AI= 0,70; e MDDI-FI= 0,82, teste
e reteste de boa confiabilidade (ICC= 0,83; p= 0,001). Além
disso, o teste de Spearman mostrou forte associagdo entre
os escores de MDDI no teste-reteste com 7= 0,71; p< 0,001
(Gomes et al., 2020).

O instrumento MOET (Muscularity Oriented Eating
Test), desenvolvido por Murray et al. (2019) e adaptado como
teste alimentar orientado para a muscularidade (MOET) por
Carvalho et al. (2022). Com anilise fatorial exploratéria e
analise fatorial confirmatdria, revelaram uma estrutura uni-
dimensional e consisténcia interna adequada para homens
(= 0,86; 0= 0,86). Além disso, a escala demonstrou um bom
teste de confiabilidade do reteste para homens (ICC= 0,96;
< 0,001), com associa¢des moderadas a fortes com impulso
para muscularidade, sintomas de DM, internalizagdo de ideal
muscular/atlético, alimentagio desordenada e dependéncia de
exercicios, respondido em escala tipo Likers (1= nunca a 5=
sempre), com 15 itens. Representando um avango nas medidas
de transtornos alimentares orientados para a muscularidade
em adultos brasileiros neste campo (Carvalho et al., 2022).

Procedimentos

Ap6s a aprovacio pelo Comité de Etica em Pesquisa com
Seres Humanos, o estudo com os participantes foi realizado
de forma onl/ine, através de um link, utilizando-se dos recur-
sos da plataforma Redcap® e divulgagio por meio das midias
(whatsApp, Faceboock, Instagram e e-mails) voltado aos indivi-
duos que aceitassem participar do estudo apés darem aceite
no TCLE. Em caso de resposta negativa do TCLE ou nio
classificagio dentro dos critérios de inclusio, a pesquisa foi
automaticamente finalizada sem qualquer dado registrado e
nenhum prejuizo para os participantes, com a seguinte men-
sagem automdtica: “Agradecemos sua participa¢io’.

Apés o aceite no TCLE, preenchimento autorreferidos
dos dados iniciais de caracterizagio da amostra idade (anos),
peso (Kg), estatura (m), grau de escolaridade, renda mensal,
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modalidade praticada, qual a frequéncia e tempo de expe-
riéncia, tempo de duragio semanal da modalidade praticada
(em minutos), intensidade praticada (leve, moderada ou vigo-
rosa), se competia como atleta ou nfo e se possuiam alguma
deficiéncia fisica. Os participantes que se enquadraram aos
critérios de inclusio da pesquisa foram direcionados auto-
maticamente (segundo recursos da plataforma Redcap®) para
responderem aos itens pertinentes dos formuldrios (MDDI
e MOET), ao finalizar as respostas dos itens de forma com-
pleta os participantes receberam o aviso instantaneamente
de agradecimento pela participagio e finaliza¢do da pesquisa.

Anélise estatistica

Para a avalia¢io dos escores dos instrumentos (MDDI
e MOET) com foco nos sintomas de dismorfia muscular e
comer transtornado voltado 2 muscularidade, se utilizou pro-
grama de estatistica Statistical Package for the Social Science
(versdo 23.0). Através de anilise multivariada utilizando um
conjunto de métodos: Anilise de consisténcia interna (CI) por
coeficiente dmega de McDonald (Baifo et al., 2023; Gomes
etal.,2020; Goodboy & Martin, 2020) considerando valores
referenciais da literatura cientifica compativel ao estudo com
omega> 0,70 que representa boa confiabilidade; Coeficiente
de regressio Poisson; Teste 3% Teste GLM (Modelo Linear
Generalizado); Teste post hoc de Bonferroni; e Coeficiente de
correlagio de Pearson sabendo que a avaliagio quantitativa
do grau de correlagio entre duas varidveis possa ser represen-
tada por sua intensidade da correlagio onde: = 0,000 é nula
ou inexistente, = 0,001 a 0,299 é fraca ou pequena, = 0,300
2 0,599 ¢ regular ou moderada, = 0,600 a 0,899 ¢ forte, =
0,900 a 0,999 é muito forte e 7= 1,000 é considerada plena
ou perfeita (Diaz et al., 2020). O valor de p< 0,05 foi ado-
tado para determinar o nivel de significincia dos resultados
dos testes estatisticos aplicados. (Baifo et al., 2023; Carvalho
et al., 2022; Gomes et al., 2020; Goodboy & Martin, 2020).

RESULTADOS

A anilise das escalas representou boa consisténcia interna
(CI) pelo coeficiente 6mega de McDonald (Q= 0,87 para
MOET e Q= 0,70 para MDDI, para suas subescalas: DS=
0.84; AI= 0,78; e FI= 0,81).

Através do coeficiente de correlagio de Pearson foi pos-
sivel identificar correlacdes positivas entre os instrumen-
tos e grupos quando considerado os escores totais. O grupo
GM apresentou correlagio positiva moderada em relagio ao
MDDI e MOET com r= 0,502 (p= 0,000). No grupo GIAt
houve correlagdes significativas moderadas com »= 0,566
(p= 0,000). Quanto a0 GPOM nas pontuagdes totais dos
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instrumentos (MDDI e MOET), o grupo apresentou valor
baixo de = 0,289 (p= 0,000), traduzindo em uma correlagio
positiva pequena. Vale ressaltar que apesar dos valores de r
baixos a moderados, todas as correlagdes apontadas entre os
instrumentos e grupos demonstraram correlagio significa-
tiva (p= 0,01).

A amostra composta por 427 individuos, divididos em
seus respectivos grupos: GM (n= 145), GPOM (n= 158) ¢
GIAt (n= 124), conforme suas caracteristicas e critérios de
inclusdo adotados na pesquisa descritos na metodologia.

A Tabela 1 mostra a estatistica descritiva sobre a distribui-
¢do e caracterizagdo da amostra com as varidveis preditoras.

NaTabela 1 observamos (através dos testes aplicados: %2,
GLM e post hoc de Bonferroni) que houve diferenca signi-
ficativa ()= 11,66; p= 0,02) entre os grupos quanto a idade,
na faixa etdria de 18 a 30 anos os grupos GM e GPOM pos-
suem percentuais significativamente superiores ao do grupo
GIAt (46,9 e 46.2%> 33,9%) e na faixa etiria> 40 anos o
grupo GIAt possui percentual significativamente superior
ao do grupo GM (24 m?%> 10,3%). Quanto ao IMC (x2=
23,84; p= 0,001) na faixa de 18,5 a 24,99 kg/m’, o grupo
GPOM possui percentual significativamente superior ao do
grupo GIAt (46,2%> 33,9%), e na faixa> 30 kg/m?* o grupo
GIAt possui percentual significativamente superior ao do
grupo GPOM (25,8%> 8,2%). No estado conjugal casado
(mora junto) (y?= 16,19 com p=0,001) o grupo GIAt possui

Tabela 1. Descricdo da distribuicdo e caracterizagado da
amostra n (%) com as variaveis preditoras que apresentaram
diferenca significativa, sobre as escalas.

Total

Variavel
Preditora GM GIAt | GPOM | (@amostral)
1829 n=68 | n=42 | n=73 n= 183
(46,9) (33,9) (46,2) (42,9)
. n=62 | n=52 | n=60 | n=174
Idade 30401 g | @19 | 380 | w0
> 40 n=151| n=30 | n=25 n=70
(10,3) | (24,2) | (158) (16,4)
n=51 n=30 | n=73 n= 154
g LR a5 | a2 | wed) | e
Mane ss30 | M=73| n=062 | n=72] n=207
Corporal** (50,3) | (50,0) | (45,6) (48,5)
> 30 n=21 n=32 | n=13 n= 66
(14,5 | (25,8) 8,2) (15,5)
Casado/ | n=57 | n=76 | n=64 | n=197
Estado mora junto | (39,3) 61,3) (40,5) 46,1)
conjugal:*** Solteiro | 7= 88 | n=48 | n=94 | n=230
(60,7) | (38,7) | (59.9) (53,9)
Total n=145| n=124 | n=158 | n=427
(grupo) (100) (100) (100) (100)

GM: grupo musculaggdo; GlAt: grupo insuficientemente ativo; GPOM:
grupo praticantes de outras modalidades; *p= 0,02; **p= 0,001;
***p=0,001.
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percentual significativamente superior ao dos grupos GM e
GPOM (61,3%> 39,3 e 40,5% respectivamente), como a
varidvel s6 tem duas categorias o inverso ¢ vilido, no estado
conjugal solteiro os grupos GM e GPOM possuem percen-
tuais significativamente superiores ao do grupo GIAt (60,7
e 59,5%> 38,7%).

Sobre a varidvel escolaridade ndo houve diferenca sig-
nificativa (%’= 5,46 com p= 0,7). Sendo assim, a varidvel
preditora nio apresentou diferenca significativa a ponto de
exercer influéncia no tamanho do efeito assim como renda
(x*= 7,21 com p= 0,30).

Pelo teste post hoc de Bonferroni foi observado diferenca
significativa com a varidvel idade no MDDI. Temos que o
grupo de 18-29 anos possui média de escores significativa-
mente superior ao grupo de 30-40 anos (p= 0,05) e ao grupo
> 40 anos (p= 0,001), 0 grupo de 30-40 anos por sua vez, pos-
sui média significativamente superior ao grupo > 40 anos (p=
0,001). Indicando que quanto menor a faixa etiria maior os
escores no instrumento MDDI, caracterizando maior preo-
cupagio com a imagem corporal e busca por muscularidade.

Na andlise das médias dos escores totais alcangadas pelos
grupos no instrumento MDDI (effect size = 36,04), observa-
mos que ha diferenca significativa (p= 0,001) entre os gru-
pos, pelo teste posz hoc de Bonferroni temos que o grupo GM
possui média significativamente superior aos grupos GIAt e
GPOM (ambas com p= 0,001), GPOM e GIAt se equiva-
lem (p=1,00). Estes resultados apontam que o GM também
apresenta sintomas de transtorno dismorfico muscular, maior
internalizagio de imagem corporal idealizada, exagerada
importancia da aparéncia fisica (tamanho, magreza, muscula-
tura), refletindo em quest6es referentes a cognigdes e emogdes
relacionadas 4 imagem corporal as quais 0 MDDI mensura.

Portanto, para as comparagdes no total amostral foi reali-
zado, o ajuste, por idade, IMC e estado conjugal. Foi obser-
vado pelo teste de efeito utilizando GLM que houve diferenca
significativa entre os grupos ()*= 90,71; p= 0,000), sendo que
as outras varidveis preditoras nio apresentaram diferenca sig-
nificativa para MOET. J4 na andlise do MDDI, grupos (y*=
29,44; p=0,000), idade (y*= 22,64 e p= 0,000) e estado con-
jugal (x*= 6,75; p= 0,009) apresentam diferenga significativa
pelo teste de efeito utilizando GLM, entdo constatamos que
estas trés varidveis exerceram influéncia sobre a escala MDDI.

Na anilise das médias dos escores totais do instrumento
MOET, houve diferenca significativa (effect size= 91,08), com
= 0,001 entre os grupos. Pelo teste post hoc de Bonferroni
temos que o grupo GM possui média significativamente
superior aos grupos GIAt e GPOM (p= 0,001 para ambos),
que se equivalem (p= 0,60). Estes dados refletem que os
individuos do GM apresentam mais sintomas de comer

transtornado em relagdo & muscularidade comparados aos
grupos GIAt e GPOM.

Quando a somatéria da escala MOET () (4)= 5,63; prob>
x?= 0,229; pseudo R2= 0,001) foi modelada considerando o
total amostral (como varidvel preditora), a Ginica varidvel que
apresentou diferenca significativa foi o IMC (Tabela 2). Por
se tratar de varidvel com associagio e diferenca entre os gru-
pos, optou-se por modelar cada grupo separadamente, como
pode ser observado na Tabela 2 por regressdo de Poisson.
A partir dos resultados obtidos, nota-se que: os grupos apre-
sentam diferengas entre as preditoras com efeito significativo
para a escala MOET, onde: GIAt %2 (3)= 7,73 ¢ prob> x*=
0,052; GM %2 (3)= 6,12 e prob> %*= 0,106; GPOM ¥ (3)
= 5,95 e prob> y?= 0,114. A varidvel idade apresentou dife-
renga significativa para os grupos GM e GPOM,; nos inte-
grantes do GM, quanto menor a idade maior a probabilidade
de pontuagio elevada na MOET. A varidvel estado conjugal
apresentou diferenca significativa para o grupo GIAt, diante
do coeficiente negativo, compreende-se que o efeito dessa
varidvel na MOET seja inversamente proporcional, isto é, os
individuos solteiros tém maior probabilidade de pontuagio
elevada na escala, quando comparados aos individuos casados.

Pela Tabela 3, quando a somatdria total da escala MDDI
(prob> yx?= 0,000; pseudo R2= 0,030) foi modelada consi-
derando total amostral, com grupo sendo uma varidvel pre-
ditora, as varidveis que apresentaram diferenca significativa
foram idade e estado conjugal. Quando a somatéria da escala

Tabela 2. Coeficientes de regresséo de Poisson para escala
Muscularity Oriented Eating Test, segundo variaveis elencadas

€ grupos.

Variaveis

Grupos Preditoras B Z(p) IC95%
Total Grupo 0,009 | 0,78(0,436) |-0,013—_0,031
Amostral Idade -0,001 |-0,76 (0,447)| -0,003-0,001
MOET IMC 0,005* | 2,25 (0,025) | 0,001-0,010
(n= 427) Estado conjugal | -0,021 |-1,00(0,318) | -0,064-0,021
Escolaridade 0,032 | 1,50(0,134) | -0,010-0,073
Idade 0,002 | 1,02 (0,307) | -0,002-0,007
GlAt IMC 0,011 | 1,69(0,092) | -0,002-0,024
(n=124) | Estado conjugal |-0,122* | -2,77 (0,006) | -0,209—-0,036
Escolaridade 0,051 | 0,84 (0,401) | -0,068-0,170
Idade -0,009* | -2,50 (0,012) | -0,017--0,002
GM IMC 0,007 | 1,15(0,251) | -0,005-0,019
(n=145) | Estado conjugal | 0,062 | 1,02 (0,307) | -0,057-0,182
Escolaridade 0,047 | 0,71 (0,476) | -0,082-0,176
Idade 0,009* | 2,37 (0,018) | 0,001-0,017
GPOM IMC -0,005 |-0,59 (0,554) | -0,023-0,012
(n=158) | Estado conjugal | 0,020 | 0,28 (0,783) | -0,128-0,170
Escolaridade | -0,129 |-1,83(0,068) | -0,268-0,009

GIAt: grupo insuficientemente ativo; GM: grupo de musculagéo;
GPOM: grupo praticantes de outras modalidades; IMC: indice de
massa corporal; MOET: muscularity oriented eating test; *coeficientes
estatisticamente significativos (p< 0,05).
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MDDI-AI (LR 2 (5)= 138,54; prob> = 0,000; pseudo R2=
0,060) foi modelada considerando total amostral, com grupo
sendo uma varidvel preditora, todas as varidveis do modelo
apresentaram diferenca significativa exceto grau de escolari-
dade. Quando a somatéria da escala MDDI-DS- (LR 2 (5)=
190,10; Prob> 2= 0,000; pseudo R2= 0,070) foi modelada
considerando total amostral, com grupo sendo uma vari-
vel preditora, todas as varidveis do modelo apresentaram
diferenca significativa menos a varidvel “grupo”. Quando a
somatéria da escala MDDI- FI (LR y? (5)= 18,47; Prob>
x?= 0,002; pseudo R2= 0,008) foi modelada considerando
total amostral, com grupo sendo uma varidvel preditora,
somente ela apresentou diferenca significativa. O que pode
ser observado na Tabela 3.

Por se tratar de varidveis com associagio e diferenca entre
os grupos, optou-se por modelar cada grupo separadamente,
apresentado na Tabela 4.

A partir dos resultados obtidos, nota-se pela Tabela 4
que, os grupos apresentam diferencas entre as preditoras
com efeito significativo para a escala MDDI (GIAt %2 (4)=
11,25 e prob> x*= 0,024; GM 2 (4)= 17,60 e prob> y*=
0,001; GPOM 92 (4)= 37,04 e prob> %= 0,000). A variavel
idade apresentou diferenca significativa para os grupos GM e
GPOM, isto €, quanto menor a idade maior a probabilidade
de pontuagio elevada na MDDI. A varidvel grau de escolari-
dade apresentou diferenca significativa para os grupos GIAt
e GPOM, contudo, GPOM que tém somente ensino médio

Tabela 3. Coeficientes de regressdo de Poisson para escala e
subescalas Muscle Dysmorphic Disorder Inventory considerando
total amostral (n= 427), segundo variéveis elencadas.

MDDI - Total Vanavels o

completo apresentam maior probabilidade de pontuar mais
na MDDI do que aqueles que possuem superior completo
(entre os praticantes de outras modalidades — GPOM).
A varidvel estado conjugal apresentou diferenca significa-
tiva para o grupo GPOM, diante do coeficiente negativo,
compreende-se que o efeito dessa varidvel na MDDI seja
inversamente proporcional, isto €, os individuos solteiros tém
maior probabilidade de pontuagio elevada na escala, quando
comparados aos individuos casados.

Cabe ressaltar que desde a andlise univariada entre
MDDI-AI e grupo, em todas as etapas (i.e. a cada inser¢do
de mais uma possivel preditora) a varidvel grupo apresen-
tou diferenca significativa. Sendo assim, acredita-se que esta
varidvel desempenhe papel importante, para o desfecho da
escala MDDI-AI (MDDI-AI-GIAt %2 (4)= 23,34 e prob>
x*= 0,000; MDDI-AI-GM %2 (4)= 37,71 ¢ prob> %= 0,000;
MDDI-AI-GPOM (4)= 77,56 € prob> x*= 0,000). A fim de
esclarecer se as varidveis preditoras para MDDI-A1 sdo as mes-
mas para todos os grupos, optou-se por modelar cada grupo
separadamente, assim como, para todas as outras subescalas
e seus respectivos grupos, sendo apresentado na Tabela 5.

Pela Tabela 5 observamos que a varidvel IMC apresentou
diferenca significativa para todos os grupos, revelando-se uma
importante preditora para a subescala MDDI-AI. Torna-se
oportuno comentar, que diferente da subescala MDDI-DS,
para esta subescala o efeito do IMC foi diretamente propor-
cional, ou seja, quanto maior o IMC, maior a probabilidade de
pontuagio elevada na MDDI-AL As varidveis idade e estado
conjugal apresentaram diferenca significativa somente para
o grupo GPOM. Além disso, diante do coeficiente negativo,
compreende-se que o efeito de ambas as varidveis na subescala
MDDI-ALI seja inversamente proporcional, ou seja, quanto

Muscle Grupo -0,009 |-0,77 (0,439) | -0,032-0,014
Dysmorphic Idade -0,008+] -6,05(0,000) | -0,011-0,005 Tabela 4. Coeficientes de regresséo de Poisson para escala
Disorder IMC 0004 | 181(0070) | -0,000-0,009 Muscle Dysmorphic Disorder Inventory, segundo variaveis
e Estado conjugal | -0,081* | -3,60 (0,000) | -0,126—0,040 — ysmorp Y. s€g
Y Escolaridade | 0,027 | 1,23(0,217) | -0,016-0,070 Serncaces e 9rbos.
Aopearance Idade 0,044* | 10,61 (0,000) | 0,036-0,052 reditoras
InF;(FJ)/erance IMC -0,006* | -2,55(0,011) | -0,010—0,001 Idade -0,005 | -1,76 (0,078) | -0,011-0,000
Estado conjugal |-0,081*| -2,03 (0,042) | -0,160—0,003 GlAt IMC -0,002 | -0,29 (0,770) | -0,017-0,012
Escolaridade | 0,024 | 0,64 (0,522) | -0,050-0,100 (n=124) | Estado conjugal | -0,013 | -0,18 (0,859) | -0,156-0,130
Grupo 10,002 | -0,11(0,912) | -0,037-0,033 Escolaridade | 0,133* | 2,02 (0,044) | -0,003-0,262
Drive for Idade -0,027* | -6,81 (0,000) | -0,035—0,020 Idade -0,009* | -3,35(0,001) | -0,015--0,003
Size IMC -0,014* | -6,76 (0,000) | -0,029—0,010 GM IMC 0,008 | 1,61(0,107) | -0,002-0,018
Estado conjugal |-0,091* | -2,64 (0,008) | -0,158—0,023 (n=145) | Estado conjugal | -0,059 | -1,47 (0,143) | -0,138-0,020
Escolaridade | 0,088* | 2,62 (0,009) | 0,022-0,154 Escolaridade 0,050 | 1,00 (0,316) | -0,048-0,150
Grupo 0,072* | 3,02(0,003) | 0,025-0,120 Idade -0,006* | -2,27 (0,023) | -0,011--0,001
Functional |dade -0,000 | -0,29 (0,776) | -0,006-0,004 GPOM IMC -0,001 | -0,19 (0,853) | -0,010-0,008
Impairment IMC -0,002 | 0,42 (0,674) | -0,008-0,012 (n=158) | Estado conjugal |-0,108* | -2,10 (0,036) | -0,209—-0,007
P Estado conjugal | -0,068 | -1,50(0,134) | -0,157-0,021 Escolaridade | -0,125* | -3,01 (0,003) | -0,207--0,044
Escolaridade | -0,052 | -1,19(0,235)| -0,137-0,033 GlAt: grupo insuficientemente ativo; GM: grupo de musculagéo;

IMC: indice de massa corporal; MDDI: muscle dysmorphic disorder
inventory; *coeficientes estatisticamente significativos (p< 0,05).

246 Motricidade, 2024, vol. 20, n. 3, pp. 241-251

GPOM: grupo praticantes de outras modalidades; IMC: indice de
massa corporal; *coeficientes estatisticamente significativos (p< 0,05).
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menor a idade, maior a probabilidade de pontuacio elevada
neste grupo. Existe também maior probabilidade de individuos
solteiros pontuarem mais na subescala MDDI-AI, quando
comparados aos individuos casados. A varidvel grau de esco-
laridade (na subescala AI) nfo apresentou diferenga signifi-
cativa para nenhum dos trés grupos (GIAt, GM e GPOM).

Cabe ressaltar que na andlise univariada entre MDDI-DSe
grupo, a preditora apresentou diferenca significativa (MDDI-
DS-GIAty? (4)= 30,79 e Prob> %= 0,000; MDDI-DS-GM
x2 (4)= 38,57 e Prob> y*= 0,000; MDDI-DS-GPOM %2 (4)=
66,14 € Prob> %= 0,000).

A partir dos resultados obtidos, nota-se que, os grupos

apresentam as mesmas preditoras com efeito significativo para

Tabela 5. Coeficientes de regressao de Poisson para subescalas
MDD, segundo variaveis elencadas e grupos.

Vanavels o
o | 2 1 [ o | oo

Idade -0,004 | -0,84(0,399) | -0,013-0,005
Al-GlAt IMC 0,030* | 3,87 (0,000) | 0,015-0,045
(n=124) Estado conjugal | 0,029 | 0,33(0,744) | -0,148-0,207
Escolaridade 0,147 | 1,81(0,070) | -0,012-0,305
Idade -0,005 | -1,40(0,161) | -0,013-0,002
Al-GM IMC 0,044* | 5,79 (0,000) | 0,030-0,058
(n=145) Estado conjugal | -0,046 | -0,75(0,452) | -0,160-0,074
Escolaridade 0,000 | -0,00(0,997) | -0,160-0,159
|dade -0,007* | 2,47 (0,014) | -0,013—0,001
Al-GPOM IMC 0,054* | 6,61(0,000) | 0,038-0,070
(n=158) Estado conjugal |-0,202* | -3,03 (0.002) | -0,333--0,071
Escolaridade -0,045 | -0,67 (0,504) | -0,178-0,087
Idade -0014* | -2,44(0,015) | -0,025—0,002
DS-GlAt IMC 0,036* | -2,42 (0,015) | -0,066—0,007
(n=124) Estado conjugal | -0,016 | -0,14(0,890) | -0,254-0,221
Escolaridade | 0,286* | 2,82 (0,005) | 0,087-0,485
Idade -0,015* | -3,65 (0,000) | -0,024—0,007
DS-GM IMC -0,019* | -2,82(0,005) | -0,032—0,006
(n=145) Estado conjugal | -0,065 | -1,06 (0,287) | -0,185-0,055
Escolaridade | 0,167* | 2,42(0,015) | 0,031-0,302
Idade -0,009* | -2,03(0,042) | -0,018—0,000
DS-GPOM IMC -0,038* | -3,97 (0,000) | -0,057—0,019
(n=158) Estado conjugal | -0,141 | -1,80(0,072) | -0,29-0,012
Escolaridade | -0,150% | -2,29 (0,022) | -0,279—0,021
Idade 0,007* | 2,29(0,022) | 0,001-0,013
FI-GIAt IMC -0,003 | -0,44 (0,659) | -0,020-0,012
(n=124) Estado conjugal | -0,058 | -0,50 (0,618) | -0,285-0,169
Escolaridade | -0,130 | -1,49(0,137) | -0,300-0,041
Idade -0,005 | -1,22(0,222) | -0,013-0,003
FI-GM IMC 0,009 | 0,98(0,329) | -0,009-0,028
(n=145) Estado conjugal | -0,050 | -0,72(0,470) | -0,190-0,087
Escolaridade | -0,055 | -0,66 (0,511) | -0,220-0,109
|dade 0,003 | 0,75(0,452) | -0,006-0,013
FI-GPOM IMC -0,010 | -1,19(0,232) | -0,026-0,006
(n=158) Estado conjugal | 0,058 | 0,56 (0,575) | -0,146-0,263
Escolaridade | -0,209* | -2,65 (0,008) | -0,346—0,051

Al: appearance intolerance; DS: drive for size; Fl: functional impairment;
GIAt: grupo insuficientemente ativo; GM: grupo de musculacdo;
GPOM: grupo praticantes de outras modalidades; IMC: indice de
massa corporal; *coeficientes estatisticamente signiﬁcativos (p<0,05).

aescala MDDI - DS, ou seja, comparando com o modelo da
amostra total, podemos compreender que talvez essas varidveis
tenham “mais impacto” para preenchimento da MDDI-DS§
do que pertencer a este ou aquele grupo. As varidveis idade e
IMC apresentaram efeito inverso, para todos os grupos (i. e.,
quanto menor a idade ou o IMC, maior a probabilidade de
pontuagio elevada na MDDI-DS. A varidvel grau de escola-
ridade apresentou diferenga significativa para os trés grupos
(GIAt, GM e GPOM), contudo, o efeito foi inverso para o
GPOM, ou seja, praticantes de outras modalidades que tém
somente ensino médio completo apresentam maior proba-
bilidade de pontuar mais na subescala MDDI-DS do que
aqueles que possuem superior completo (entre os praticantes
de outras modalidades). A varidvel estado conjugal nio apre-
sentou diferenca significativa na andlise separada por grupos,
no entanto, quando o modelo considerou o total amostral,
essa varidvel apresentou diferenca significativa, tal situacdo
pode ser em decorréncia do GPOM nio apresentar casos o
suficiente para conseguir indicar um valor significante esta-
tisticamente, considerando o critério adotado de p< 0,05.

Destaca-se que desde a andlise univariada entre MDDI-FI
e grupo, em todas as etapas (i.e. a cada inser¢do de mais uma
possivel preditora) somente a varidvel grupo apresentava dife-
renca significativa. Sendo assim, acredita-se que esta variavel
desempenhe forte influéncia, para o desfecho da subescala
MDDI-FI (FI - GIAt x? (4)= 16,46 e Prob> %?= 0,002; FI
- GM %2 (4)= 4,36 e Prob> %?= 0,359; FI- GPOM y? (4)=
11,06 e Prob> %?= 0,026).

A partir dos resultados obtidos, nota-se que: os grupos
apresentam diferencas entre as preditoras com efeito signifi-
cativo para a subescala MDDI-FI. Fato este que confirma o
importante papel da varidvel grupo associado a esta subescala.
O grupo GM (musculagio) nio apresentou nenhuma varidvel
como possivel preditora da subescala MIMDI-FI (i.e. com sig-
nificincia). A varidvel idade apresentou diferenca significativa
somente para o grupo GIAt, indicando que quanto maior aidade,
maior a probabilidade dos individuos desse grupo apresenta-
rem pontuagio mais elevada na subescala MDDI-FT (quando
comparados aos demais do mesmo grupo). A varidvel grau de
escolaridade apresentou diferenca significativa somente para o
GPOM, considerando seu coeficiente negativo, compreende-
-se que seu efeito na pontuagio da subescala MDDI-FT seja
inversamente proporcional, ou seja, praticantes de outras moda-
lidades que tém somente ensino médio completo apresentam
maior probabilidade de pontuar mais na escala MDDI-FI do
que aqueles que possuem superior completo (comparados aos
individuos do mesmo grupo — GPOM). As varidveis IMC e
estado conjugal nio apresentaram diferenca significativa para
nenhum dos trés grupos na escala MDDI-FIL.
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DISCUSSAO

Os dados encontrados sugerem que os participantes prati-
cantes de musculacio com idade entre 18 e 29 anos, solteiros
exibem escore elevado no que diz respeito a psicopatologia de
TDM e comer transtornado voltado & muscularidade, que pode
se manifestar como sintomas de TAs tradicionalmente definidos
ou como sintomas orientados para a muscularidade impulsio-
nados pelo ideal de corpo sociocultural especifico do homem
como apresentado em trabalho de revisio sobre TAs e dismorfia
muscular (DM) em homens por Lavender et al. (2017).

Os achados no estudo em rela¢do aos comportamentos
associados a preocupagio excessiva com a aparéncia e tama-
nho, intolerincia com a prépria aparéncia, comer transtor-
nado voltado 4 muscularidade gerando ansiedade, compro-
metimento funcional e social nos individuos que pontuam
mais nas escalas psicométricas observadas no grupo GM e
GPOM (com menor grau de escolaridade) pelos dois ins-
trumentos (MOET e MDDI), sdo refor¢ados por trabalhos
similares de Andersen (1999), Laus et al. (2022), Mitchell
et al. (2017), Murray et al. (2017) e Sardinha et al. (2008).

De acordo com Carvalho et al. (2022), Mitchell et al.
(2017) e Murray et al. (2017) as preocupagdes com a ima-
gem corporal orientada para a muscularidade e padrées de
comportamentos alimentares desordenados entre os homens
estdo criticamente ligados. Nos Estados Unidos da América
(EUA) até 60% dos individuos do sexo masculino relatam
manipular propositadamente as préticas alimentares na busca
de maior musculosidade. A relevéncia das préticas alimenta-
res em questdes de imagem corporal orientadas para a mus-
cularidade também se estende a apresentagbes patolégicas.
No presente estudo constatamos que pela diferenca signifi-
cativa encontradas nas médias (p= 0,001) o GM apresenta
uma preocupagio excessiva em relagio a alimentagio voltada
a muscularidade quando comparado aos outros grupos, con-
siderando os escores observados através do MOET.

No estudo de Gattario e Frisén (2019) que examinou
de forma longitudinal adolescentes até a idade adulta (26-
27 anos) com n= 16, utilizando da escala BESSA (Body-Esteemn
Scale for Adolescents and Adults) observaram que os resulta-
dos demonstraram padrées diferentes de desenvolvimento
de imagem corporal positiva. As caracteristicas da imagem
corporal positiva atual dos participantes coincidiram que os
homens nesta faixa etdria (18-29 anos) eram mais propensos
a tentar melhorar sua forma corporal e perceber seu corpo se
assemelhando ao ideal.

Estes achados corroboram para reflexdo no que foi
observado quanto as diferencas de escores em relagdo as fai-
xas etdrias mais jovens (18 a 29 anos) no presente estudo,
comparado com os individuos com faixa etdria entre 30-40
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e > 40 anos, onde quanto maior a idade menor a preocupa-
¢do com a aparéncia, menor pritica alimentar voltada para
muscularidade refletindo melhor aceitagdo da aparéncia simi-
larmente encontrado no estudo de Gattario e Frisén (2019)
por andlise qualitativa de entrevista, além da escala BESSA.

Entretanto, refutando estes achados, se considerarmos
isoladamente somente a subescala MDDI-FI, observamos
que os individuos insuficientemente ativos apresentam maior
probabilidade de escores mais elevados sobre interferéncia
de emogbes negativas em situagdes sociais por preocupages
excessivas com o proprio corpo e sua aparéncia.

A presente pesquisa identificou que os individuos soltei-
ros apresentam diferenca significativa em relagio ao exposto
no MDDI e MOET. Sendo assim, podemos destacar que os
individuos com faixa etdria menor (18 a 29 anos de idade),
solteiros, com grau de escolaridade menor (i. . sem ensino
superior), que praticam musculagio ou outras modadlidades
(GM e GPOM) apresentam maiores sinais de busca desor-
denada pela muscularidade que refletem em maior propensio
de dismorfia muscular devido a vulnerabilidade 4 internali-
zagio de imagem corporal idealizada e imposta por pressoes
sociais e mididticas, exagerada importincia da aparencia fisica
(tamanho, magreza, musculatura), maior inclinagio em utili-
zar esterédes anabolizantes de modo indiscriminado, maio-
res riscos em desenvolver depressio e ideagio suicida, como
apontado por Angelakis et al. (2016) e Phillips et al. (2012).

Segundo Rodgers et al. (2012), a exposi¢io a outros mode-
los socioculturais podem levar 4 alimentagio inadequada vol-
tada ao impulso pela busca da magreza e musculosidade de
forma patolégica devido  internaliza¢do dos estigmas trans-
mitidos. Similarmente ao presente estudo, seus resultados
apresentaram correlagio das varidveis de forma significativa
com impulso para muscularidade como: pressdo para per-
der peso 7= 0,40 (p< 0,001), pressio para ganhar musculo r=
0,40 (p< 0,001), comparagio de aparéncia r= 0,31 (p< 0,001)
e alimentagio desordenada r= 0,56 (p< 0,001).

No presente estudo através do coeficiente de correlacio de
Pearson foi possivel identificar correlagdes positivas modera-
das (= 0,502 p= 0,000) entre os instrumentos quando con-
siderado os escores totais. Estes dados apontam que o GM
incide em apresentar maiores pontuagdes ao responder os ins-
trumentos, apontando simultaneamente sintomas de comer
transtornado e DM comparados aos outros grupos GIAt e
GPOM, semelhante aos achados de Rodgers et al. (2012)
reforcados por Ganson e Rodgers (2022), onde os autores
utilizaram escalas similares a do presente estudo, dentre elas
a Drive for Muscularity Scale e a Eating Attitudes Test (EAT-
26), as quais também avaliam preocupagdes, atitudes e com-
portamentos alimentares voltados & muscularidade.
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Em estudo de Nagata et al. (2022), através de modelos
multiplos de regressio logistica em ambito nacional (US4
— United State of America), associaram que dos 18.924 indi-
viduos estudados, 29,2% dos homens relataram tentativas de
ganho de peso e 25,2% relataram qualquer comportamento
de aumento muscular. Todos os comportamentos voltados
para aumento muscular foram mais comuns em homens do
que em mulheres (p< 0,001), é oportuno comentar aqui, que
avaridvel IMC no presente estudo demonstrou forte influén-
cia sobre todos os grupos,tanto ao considerarmos MDD-AI
quanto MDDI-DS, pois quanto menor o IMC dos indivi-
duos, maior € a intolerancia com a aparéncia assim como a
busca por “tamanho” ou hipertrofia muscular.

Seguindo ainda sobre o estudo de Nagata et al. (2022),
os autores concluiram que os comportamentos para aumento
muscular que variaram de mudangas na dieta a suplemen-
tos e uso de esteréides anabolizantes androgénicos comuns
entre adolescentes e adultos jovens do sexo masculino, and-
logo aos achados do presente estudo a respeito das preocupa-
¢Oes excessivas pela busca da muscularidade através de prati-
cas inadequadas, refor¢adas por trabalhos similares (Ganson
et al., 2021; Minnick et al., 2020).

Apesar da divergente especificidade amostral, de acordo
com Legenbauer et al. (2020), a0 avaliarem 3 grupos de obe-
sos: Grupo Controle (GC; 7= 83), Grupo de cirurgia baria-
trica (SURG; n= 78) e Grupo de Tratamento Convencional
para perda de peso excessivo (CONV; n= 124), de forma
longitudinal (por 9 anos) utilizando uma anélise multiva-
riada (ANCOVA) com um conjunto de dados transversais
do Essen-Bochum Obesity Treatment (EBOTS), observaram
que sexo e idade tiveram influéncia significativa no nivel de
insatisfagdo corporal (sexo, p= 0,027; idade, p< 0,001) onde,
quanto maior a idade menor foi associada a insatisfagio cor-
poral, assim como no presente estudo quando analisado os
grupos e sua estratificacio conforme as faixas etrias onde
houve diferenga significativa (p< 0,001) entre os grupos. Pelo
teste post hoc de Bonferroni no MDDI com a varidvel idade
foi observado que os individuos entre 18-29 anos apresenta-
ram média significativamente superior ao grupo com idade
entre 30-40 anos (p=0,05) e ao grupo > 40 anos (p< 0,001),
assim como, o grupo de 30-40 anos mostrou média signifi-
cativamente superior ao grupo < 40 anos (p< 0,001).

De acordo com trabalho de Legenbauer et al. (2020),
também foram identificadas diferencas entre o nivel atual
de evitagdo e insatisfagio da imagem corporal entre os trés
grupos que avaliaram. Os autores observaram por teste post
hoc que o controle alimentar nio apresentou diferenca sig-
nificativa entre os grupos (p= 0,072; p= 0,653; p= 0,521).
Divergentemente do presente estudo onde através do MOET

as diferengas significativas na escala voltada ao controle ali-
mentar direcionado a muscularidade foram na anilise das
médias dos escores totais com (p= 0,001) entre os grupos.
Pelo teste post hoc de Bonferroni o grupo GM possui média
significativamente superior aos grupos GIAt e GPOM (p=
0,001 para ambos), que se equivalem (p= 0,60). Estes dados
refletem que os individuos do GM apresentam maior proba-
bilidade em ter insatisfagdo corporal, comer transtornado e
preocupagio excessiva em relacio as regras alimentares dire-
cionadas ao ganho de massa muscular e diminui¢io de gor-
dura corporal em relagio aos outros grupos GIAt e GPOM.

Com base em trabalho de Laus et al. (2022), com amostra
final de 301 homens, recrutados de forma pessoal e online
com idade de 18 a 40 anos (M= 27,07, DP= 5,63) no Brasil.
Observaram diferencas entre praticantes de musculagio e
praticantes de CrossFir por anélises exploratérias em que rea-
lizaram uma série de regressées lineares multiplas (usando
escore total do MDD, apreciagdo corporal e insatisfagio
corporal). Onde, nos homens, a regressio foi significativa (p=
0,006). Resultando que os praticantes de musculagdo eram
mais propensos a exibir sintomas de dismorfia muscular do
que atletas CrossFiz (p= 0,002) e maior frequéncia semanal
de treinamento foi associada a maiores sintomas de dismor-
fia muscular (p= 0,028). Estes dados vém ao encontro aos
achados no presente estudo de que praticantes de musculagio
mais jovens podem exibir maior propensio de dismorfia mus-
cular com base no MDDI e maior probabilidade em comer
transtornado voltado 2 muscularidade com base no MOET.

Embasado nos achados do presente estudo sugere-se
que mais pesquisas busquem a elucidagio de grupos especi-
ficos com caracterizagio suficiente na prevengio, promogio
e manutengio eficaz na saide dos individuos mais vulnerd-
veis 2 DM e comer transtornado direcionado a musculari-
dade, através dos profissionais envolvidos (e. g. profissional
de educagio fisica, nutri¢do e psicélogos).

Os instrumentos validados e especificos para homens ser-
viram para melhor assertividade minimizando os percalgos
encontrados na pesquisa do comer voltado a muscularidade
e dismorfia muscular. Deste modo, é possivel afirmar que a
avaliagdo com foco no comer transtornado e transtorno dis-
morfico muscular no publico alvo foram suficientes para suprir
os objetivos e confirmar as hipéteses levantadas no estudo.

Como limitagées do estudo apontamos a necessidade
de ampliagio de estudos nesta dire¢io que também consi-
derem os papéis de género além do sexo e considerem his-
térico diagnéstico clinico dos participantes, para suprir as
demandas de dados especificos que possam ser comparados
na literatura cientifica sobre a tematica do comer transtor-

nado e dismorfia muscular.
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CONCLUSOES

Conclui-se que os sinais de comer transtornado e trans-
torno dismoérfico muscular em homens mais jovens (entre
18 € 29 anos), solteiros, com menor grau de escolaridade,
praticantes de musculagio e outras modalidades sio obser-
vados nestes individuos com base nos instrumentos MOET
e MDDI, confirmando a hipétese levantada. Os resultados
apontam a necessidade de ampliagdo de estudos nesta dire-
¢do que também considerem os papéis de género além do
sexo e considerar histérico diagnéstico clinico, para suprir as
demandas que individuos susceptiveis ao comer transtornado
e dismorfia muscular nio tenham o comprometimento da
saide contando com intervengio assertiva dos profissionais
de satde envolvidos no atendimento destes.
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Correlation between lower limb asymmetry

and performance in professional female
soccer players

, Victor Goncalves Corréa Neto'** @, Gabriel Paz' ©,
, Michel Gongalves' @,

Fabio Henrique de Freitas'™
, Estélio Henrique Martin Dantas®
Jeffrey Willardson' @, Humberto Miranda'

The structure of a soccer match is predominantly intermittent, characterised by synchronised and concomitant execution of low
and high-intensity actions at different moments of the game, such as jumping, performing successive sprints and change of
direction (COD). Furthermore, the repetition of such actions can contribute to the development of lower limb strength asymmetry.
The objective of the present study was to investigate the relationship between lower limb asymmetry on peak concentric torque
(PTCON) of the hamstrings and quadriceps muscles at 60°/s with performance in the 20-meter sprint, repeated anaerobic sprint test
(RAST) and change of direction test (COD) in professional female soccer players. The sample consisted of twenty-two professional
female soccer players from a first-division club in Brazilian football. Two visits were carried out with an interval of 48 hours between
them. In addition, a value of p< .05 was adopted for statistical significance. The results showed no significant correlations between
limb asymmetry in quadriceps PTCON, time and speed in the 20-meter sprint, time and velocity in the COD test, and total time in
the RAST. Furthermore, no significant correlations were observed between limb asymmetry in hamstring PTCON, time and speed

in the 20-meter sprint, time and velocity in the COD test, and total time in the RAST. Asymmetry in lower limb strength may not

influence physical performance in sprints and COD tasks such as those adopted in the present study.

KEYWORDS: isokinetic peak torque; speed of change of direction; speed; soccer; performance.

INTRODUCTION

Soccer is the most popular sport on the planet, and it is
estimated that there are approximately 65,000 active profes-
sional players spread across the world (Baroni et al., 2020).
In the last five years, women’s soccer has increased approx-
imately 4% in its popularity index (Pardos-Manier et al.,
2021), in addition to an increase in physical demand during
training and games (Covic et al., 2016). Thus, studies have
begun to investigate the relationship between strength, muscle
imbalances, and physical performance in female soccer players

(Aktug et al.,2016; Bishop et al.,2019; Loturco et al., 2018).
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lower limb strength asymmetry and physical performance;
thus, lower limb strength asymmetry has been measured and
analysed through vertical jump tests (Bishop et al., 2022;
Coratella et al., 2018; Raya-Gonzales et al., 2020).

In fact, some scientific evidence shows that there may be a
correlation between high scores of lower limb strength asym-
metry and deleterious effects on physical performance and a
higher incidence of injuries in soccer players (Chalmers et al.,
2018; Loturco et al., 2018; Talovic et al.,2018). However, some
recent studies have elucidated that lower limb strength asym-
metry, regardless of the asymmetry score, may not interfere,
either positively or negatively, with some physical abilities
such as agility and the ability to jump and run at speed, in
addition to not increasing the injury incidence in male and
female soccer players (Bishop, Read, et al., 2021; Coratella
et al., 2018; Loturco et al., 2019).

For example, Lockie et al. (2012) observed that there was
no correlation between limb asymmetry in peak concentric
torque (PTCON) of the hamstrings and quadriceps muscles
at 60°/s with time in the 20-meter sprint and time ina COD
test in amateur soccer players. Additionally, Coratella et al.
(2014) clarified that there was no correlation between limb
asymmetry in PTCON of the hamstrings and quadriceps
muscles at 30°/s with time in the 30-meter sprint and time in
a COD test in professional U21 soccer players. Furthermore,
in a later study, Loturco et al. (2019) determined that there
was no correlation between lower limb strength asymmetry,
measured in the single leg countermovement jump (SLCM])
and single leg squat jump (SLSJ), with time in the 20-meter
sprint and time in a COD test in professional female soc-
cer players. However, Bishop et al. (2019) observed a pos-
itive correlation between lower limb strength asymmetry,
measured in the single leg drop jump (SLD]J) with time in
the 30-meter sprint and time in a COD test in professional
female soccer players.

Therefore, it seems that the use of different levels of com-
petitiveness, genders, and tests to measure lower limb strength
asymmetry may have a different influence on the correlation
between lower limb strength asymmetry and physical perfor-
mance, which is a highly relevant and still controversial vari-
able. Additionally, to the best of our knowledge, no previous
study has investigated the correlation between lower limb
strength asymmetry, measured with the aid of an isokinetic
dynamometer, and physical performance, measured through
the repeated anaerobic sprint test (RAST), in professional
female soccer players.

'Thus, the main purpose of the present study was to inves-
tigate the correlation between limb asymmetry in PTCON
of the hamstrings and quadriceps muscles at 60°/s with

performance in the 20-meter sprint, RAST and COD test
in professional female soccer players. We hypothesised that
there would be no correlation between limb asymmetry in
PTCON of the hamstrings and quadriceps muscles at 60°/s
with performance in the 20-meter sprint, RAST and COD test.

MATERIALS AND METHODS

Participants
'The sample consisted of twenty-two professional female
soccer players (22.04+ 4.37 years of age; 62.24+ 5.68 kg of
body mass; 1.66+ 0.05 meters of height; 22.64+ 2.47 kg/m?
of body mass index).

Inclusion and exclusion criteria

The following inclusion criteria were adopted: 1) being a
professional soccer player and participating in club training;
2) absence of lesions that compromise the performance of
the tests; 3) being 18 years of age or older. Likewise, the fol-
lowing were considered as exclusion criteria: 1) use anti-in-
flammatory drugs and to control blood pressure, anxiety,
depression and pain.; 2) positive physical activity readiness
questionnaire (PAR-Q); 3) having injuries that would com-
promise the performance of the experimental protocols; 4)
not having authorisation from the club’s medical department
to perform the tests.

All subjects signed an informed consent form before par-
ticipating in the study, which was carried out following the
ethical standards provided in Resolution 466/12 (National
Health Council, 2012).

Protocol

Two visits were carried out with an interval of 48 hours
between them. On the first visit, procedures were per-
formed in this order: 1) completing the informed consent
form and the PAR-Q; 2) anthropometric measurements; 3)
20-meter sprint test; 4) COD test; 5) RAST. On the second
visit, tests were performed on the isokinetic dynamometer
(see Figure 1). Furthermore, it is important to emphasise

Figure 1. Experimental design.
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that some environmental variables, such as temperature and
relative humidity, were not controlled.

In addition, all individuals were instructed to avoid the
consumption of alcohol and/or ergogenic substances at least
24 hours before testing. For each individual, the order in
which the tests were performed was standardised. The present
study was carried out in the pre-season period; all individuals
evaluated were previously familiar with the tests due to the
frequent evaluations carried out by the club throughout the
regular season. It is worth highlighting that such tests are
commonly carried out by the club for a period of one week
during the pre- and post-season. The preferred lower limb
was determined through the preference for kicking a ball,
and five-minute rest intervals were adopted between each
test performed on the first visit.

The PTCON of the hamstrings and quadriceps mus-
cles was measured with the aid of an isokinetic dynamom-
eter (Humac Norm I1®, CSMI, USA). Initially, everyone
was positioned as follows: seated, trunk in contact with the
seat back, and hips and knees in 90° of flexion. In addition,
the tested limb was stabilised by an inelastic strap; the knee
of the tested limb was aligned with the axis of rotation of
the dynamometer; and the trunk and shoulders were stabi-
lised by two inelastic straps (Coratella et al., 2014). At first,
a warm-up protocol was performed, consisting of one set of
10 concentric submaximal knee flexion and extension rep-
etitions at 60°/s for each limb, with a two-minute interval
between the limbs. Then, after a two-minute break, to mea-
sure the PTCON of the quadriceps and hamstring muscles
at random, one set of five concentric maximal knee flex-
ion and extension repetitions at 60°/s were performed for
each limb, with a two-minute interval between attempts
(Coratella et al., 2018; Vargas et al., 2020). Additionally, the
limb asymmetry in PTCON of the hamstrings and quad-
riceps muscles was calculated separately via the Equation 1

(Impellizzeri et al., 2007):

Asymmetry = (stronger limb —weaker limb / stronger limb) x 100
(1

Three pairs of photocells (CEFISE®, Nova Odessa, So
Paulo, Brazil) were positioned at 0, 10, and 20 meters to
measure speed and time in the 20-meter sprint. Initially, a
warm-up protocol consisting of two submaximal trials was
performed, with no interval between them. Subsequently,
after a five-minute rest interval, two maximal attempts
were performed with a five-minute rest interval between
them. Furthermore, all subjects started the test at 0.3 meters

behind the starting line; the test was performed on an indoor
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running track, and the best time was used in the data anal-
ysis (Loturco et al., 2019).

Two pairs of photocells (CEFISE®, Nova Odessa, Sio
Paulo, Brazil) were positioned at 0 and 20 meters for the
change of direction test, which was characterised by four
segments of five meters (total linear distance of 20 meters),
marked with cones (50 centimetres in height) and defined
by 100° angles (see Figure 2). The test was performed on
an indoor running track so that all subjects accelerated and
decelerated as quickly as possible around each cone. Initially,
two submaximal trials were performed as a warm-up, with
no interval between them. Subsequently, after a five-minute
rest interval, two maximal attempts were performed with a
five-minute rest interval between them. In addition, all sub-
jects were instructed to complete the test as quickly as pos-
sible and not to decelerate before crossing the second pair
of photocells. The test was started at 0.3 meters behind the
starting line, and only the best time was used in the data
analysis (Loturco et al., 2019).

Two pairs of photocells (CEFISE®, Nova Odessa, Sio
Paulo, Brazil) were positioned at 0 and 35 meters for the
repeated anaerobic sprint test (RAST). Six sprints of 35 meters
were performed at the highest possible speed, with 10-sec-
ond rest intervals between them. Additionally, behind the
start and finish lines, two deceleration areas, 10 meters each,
were inserted; the test was performed on an indoor court; all
subjects started the test 0.5 meters behind the first pair of
photocells and were instructed to decelerate only after pass-
ing through the pair of photocells (Nascimento et al., 2016).

Statistical Analysis
Statistical analysis was performed using SPSS software
(version 22.0; SPSS, Inc., Chicago, IL, USA). Initially, to
test the normality of the data, the Shapiro-Wilk test and
the analysis of asymmetries and kurtosis were performed
(Chan, 2003). The sample size was calculated using the
G * Power software (G * Power 3.1.9.7, Heinrich Heine-

Universitit, Disseldorf, Germany) assuming an effect size=

20m

Figure 2. Zig zag change of direction test.
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0.56; o-error= 0.05; and Power= 0.8. The total sample size
suggested by the calculation was 22 individuals. Therefore, the
sample size suggested by the calculation was respected and
considered in the constitution of the sample group.

The relationships between variables were determined
using the Pearson product-moment correlation coefficient
whenever two or more variables did not have their normality
rejected and the Spearman correlation coefficient whenever
a variable had its normality rejected. The threshold used to
assess the correlations qualitatively was based on the following
criteria: 7< .10, trivial; 7= .10—.29, small; = .30—.49, moderate;
r=.50-.69, large; =.70—.89; very large; >.90; almost perfect
(Hopkins, 2006). In the present study, data were presented
as mean and standard deviation values when data normality
was not rejected, and median value and interquartile range
(3 quartile — 1 quartile) when data normality was rejected.

Thus, the variables: a) time (p=.92) and speed (p=.87) in
the 20-meter sprint; b) total time in the RAST (p=.35); ¢)
velocity (p=.80) in the COD; d) PTCON of hamstrings of
preferred (p= .64) and non-preferred (p= .50) limb; ¢) PTCON
of quadriceps of the preferred (p= .23) and non-preferred
(p=.46) limb; ) limb asymmetry in hamstring PTCON

(p=.06) had normal distribution, while the variable limb
asymmetry in quadriceps PTCON (p=.02) had its normal-
ity rejected. In addition, a value of p< .05 was adopted for
statistical significance.

RESULTS

Table 1 presents the PTCON mean and standard devi-
ation values of the hamstrings and quadriceps muscles at
60°/s for both limbs, the percentage of limb asymmetry in
hamstring PTCON, and the median value and interquartile
range of limb asymmetry percentage in quadriceps PTCON.

Table 2 describes the mean and standard deviation val-
ues of time and speed in the 20-meter sprint, total time in
the RAST, and time in the COD test.

Table 3 presents the correlation values (r) between limb
asymmetry in PTCON of the hamstrings and quadriceps
muscles at 60°/s, and performance in the 20-meter sprint,
RAST and COD. As a result, no correlations were observed
between limb asymmetry in quadriceps PTCON and time
and speed in the 20-meter sprint, total time in the RAST,
and time in the COD. Furthermore, there was no correlation

Table 1. Mean and standard deviation values of the peak concentric torque of hamstrings and quadriceps muscles of booth
limbs, percent of limb asymmetry in hamstring peak concentric torque and median value and interquartile range (3-1) of limb
asymmetry percentage in quadriceps.

Quadriceps PTCON | Quadriceps PTCON

Hamstring PTCON | Hamstring PTCON | Limb Asymmetryin | Limb Asymmetry in
Preferred Member Non-Preferred Hamstring PTCON | Quadriceps PTCON
(Nm) Member (Nm) (%) (%)

105.75+ 23.16 95.70+ 27.33 11.20+ 10.31 5.74 (3.20-9.90)

177. 95+ 30.48 162.62+ 41.87

PTCON: concentric peak torque; Nm: newton meters; %: percentage.

Table 2. Mean and standard deviation values of time and speed in the 20-meter sprint, total time in the running anaerobic
sprint test and time in change of direction.

20-meter sprint time ( 20-meter sprint speed (m/s) Total time in runmng Time in change of direction (s
anaerobic sprint test (s

3.23£0.14 6.19+0.27 36.02+1.78 3.26+£0.14

s: seconds; m/s: meters per second.

Table 3. Correlation values (r) between limb asymmetry in concentric peak torque of the hamstrings and quadriceps muscles
and performance in the 20-meter sprint, running anaerobic sprint test and change of direction.

A . Total time in runnin Time in change of
20-meter sprint time 20-meter sprint speed c ] 9 n chang
anaerobic sprint test direction

I N I - IR N N B

Limb Asymmetry in
Quadriceps PTCON

Limb Asymmetry in

Hamstring PTCON -.03 .87 .02 .90 -.21 .34 -.15 .50

PTCON: concentric peak torque; *p< .05.
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between limb asymmetry in hamstring PTCON and time
and speed in the 20-meter sprint, total time in the RAST,
and time in the COD test.

DISCUSSION

'The key finding of the present study was the lack of a sig-
nificant correlation between lower limb strength asymmetry
and performance in the 20-meter sprint, RAST, and COD
ability in professional female soccer players. Thus, these find-
ings corroborate some previous evidence that also failed to
show a correlation between lower limb strength asymmetry
and sprint (Bishop, Read, et al., 2021; Loturco et al., 2019)
and COD ability (Bishop et al., 2019; Bishop et al., 2022;
Lockie et al., 2012; Loturco et al., 2019) in female and male
soccer players.

In some actions, such as sprinting and changing direction,
the hamstrings and quadriceps muscles play an important
role in the dynamic stabilisation of the knee and hip joints
during the deceleration and acceleration phases (Coratella
et al., 2018). Furthermore, given the complexity of the run-
ning technique, it is hypothesised that, during a maximal
sprint, possible limb asymmetry in the strength of the ham-
strings and quadriceps muscles may be compensated for by
the recruitment of other muscle groups and the execution of
compensatory movements (Coratella et al., 2018).

Lockie et al. (2012) investigated the relationship between
lower limb strength asymmetry and performance in the
20-meter sprint and a common COD test (T-test) in
amateur soccer players. Lower limb strength asymmetry
was measured with the aid of an isokinetic dynamometer.
The authors observed that, at 60°/s, there were no correla-
tions between limb asymmetry in the PTCON of quadri-
ceps and hamstrings and time in the 20-meter sprint and
T-test, which was consistent with the findings of the pres-
ent study. Furthermore, Lockie et al. (2012) reported that at
180°/s and 240°/s, there were no correlations between limb
asymmetry in hamstring PTCON and time in the 20-meter
sprint and time in the COD, which was with the results of
the present study. However, Lockie et al. (2012) did report
a negative correlation between limb asymmetry in quadri-
ceps PTCON at 240°/s and time in the 20-meter sprint and
T-test, as well as a negative correlation between quadriceps
PTCON at 180°/s,and COD time.

Furthermore, Coratella et al. (2018) investigated the rela-
tionship between lower limb strength asymmetry and per-
formance in the 30-meter sprint and COD test (T-test) in
professional under-21 soccer players. Lower limb strength

asymmetry was measured with the aid of an isokinetic
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dynamometer. The authors observed that, at 30°/s, there
was no correlation between limb asymmetry in PTCON of
hamstrings and quadriceps and time in the 30-meter sprint
and T-test, which was consistent with the findings of the
present study. Additionally, it was observed that, at 300%/s,
there was no correlation between limb asymmetry in quad-
riceps PTCON and time in the 30-meter sprint and T-test,
which was consistent with the findings of the present study.
However, Coratella et al. (2018) found a positive correlation
between limb asymmetry in the PTCON of the hamstrings
at 300°/s and time in the 30-meter sprint and T-test.

Furthermore, Bishop, Read, et al. (2021) investigated
the relationship between lower limb strength asymmetry
and 20-meter sprint performance in young female players
from a regional talent centre of a professional football club.
Lower limb strength asymmetry was measured through a
SLCMYJ, single leg hop, triple hop and crossover hop jumps,
and the sprint test was performed on a 3G synthetic grass
surface. No correlations were observed between lower limb
strength asymmetry in single leg hop, triple hop and cross-
over hop jumps and time in the 20-meter sprint, which was
consistent with the findings of the present study. However, a
positive correlation was found between lower limb strength
asymmetry in the SLCM] and time in the 20-meter sprint,
which indicates that greater lower limb strength asymmetry
is associated with slower 20-meter sprint times.

Recently, Loturco et al. (2019) examined the relationship
between lower limb strength asymmetry and 20-meter sprint
performance and COD ability (zig-zag test) in professional
female soccer players. The sprint test was performed on an
indoor running track, while the COD test was performed
on an indoor court, and lower limb strength asymmetry was
measured using the SLCM]J and SLSJ. The authors found
no correlation between lower limb strength asymmetry in
the SLCM] and SLSJ and speed in the 20-meter sprint and
COD test.

Additionally, Bishop et al. (2019) analysed the relationship
between lower limb strength asymmetry and performance in
the 30-meter sprint and COD ability (5-0-5 COD test) in
professional female soccer players. The sprint and COD tests
were performed on a 4G synthetic grass surface, and lower
limb strength asymmetry was measured using the SLCM]J
and SLDJ. No correlations were found between lower limb
strength asymmetry in the SLCM]J and time in the 30-meter
sprint and COD test. However, there was a positive correla-
tion between lower limb strength asymmetry in the SLDJ
and time in the 30-meter sprint and COD test, which indi-
cated that greater lower limb strength asymmetry was asso-
ciated with slower 20-meter sprint times.




FH Freitas, VGC Neto, Gabriel Paz, DT Santos, EHM Dantas, M Goncalves, ) Willardson, H Miranda

However, it is important to highlight the different levels of
training, populations, tests to measure physical performance,
tests to measure lower limb strength asymmetry, environ-
mental conditions and angular velocities used in the present
study and the studies by Bishop et al. (2019), Bishop, Read,
etal. (2021), Coratella et al. (2018), and Lockie et al. (2012),
which may possibly underlie the discrepancies between the
results of the present study and the studies cited.

Menzel et al. (2013) postulated that the muscular actions
performed during a COD test are distinct from the mus-
cular actions performed in a strength test on an isokinetic
dynamometer. Furthermore, it has been conjectured that
an asymmetry in lower limb strength may not affect, either
positively or negatively, the ability to run at high speed with
COD in soccer athletes (Loturco et al., 2019).

The present study found no correlations between limb
asymmetry in PTCON of the hamstrings and quadriceps
muscles at 60/° and performance in the 20-meter sprint,
RAST and COD test. The following hypotheses can pos-
sibly justify these results: 1) lower limb strength asymmetry
was balanced by performing compensatory movements and
recruiting different muscle groups; 2) the neural recruitment
patterns were dissimilar between the isokinetic dynamome-
ter, and the 20-meter sprint, RAST and COD test; 3) some
variables such as motor coordination and technique execu-
tion, not measured in the present study, may have influenced
the relationship between lower limb strength asymmetry and
physical performance; 4) in professional female soccer play-
ers, the strength asymmetry of the lower limbs, regardless
of the asymmetry score, does not influence physical perfor-
mance either positively or negatively.

CONCLUSION

In conclusion, the present study found no correlations
between lower limb strength asymmetry and performance in
avariety of tests. Therefore, based on such findings, in general,
it is speculated that, in professional soccer, the asymmetry in
lower limb strength may not influence physical performance

sprinting or COD ability.
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Physical training protocols that influence the 5,000 m

ABSTRACT

time trial performance: a systematic review

Anderson Ferreira Goncalves'™ @, Thiago Martins Bueno? ©,
Leszek Antoni Szmuchrowski' @, Miriam Raquel Meira Mainenti?

A review of the 5,000 m race training protocols was conducted to facilitate the search and comparison between the existing
protocols. This study aimed to systematically review the literature on the physical training protocols applied to athletes and well-
trained runners who have investigated the impacts on performance in 5,000 m races and/or recognised performance parameters
in this distance. This review was carried out following PRISMA guidelines. The search used PubMed, Web of Science and Scopus
electronic databases. The PICOS strategy was used to define eligibility criteria. A total of 35 studies were included in the systematic
review; 25 were selected for qualitative analysis from the databases, and 10 articles were identified while reading the articles selected
by the main search. Selected studies had their methodological quality and risk of bias assessed by the Cochrane Risk of Bias Tool.
Interval running protocols are the main potentiators for performance in the 5,000 m. Among all running protocols that improved the
5,000 m time trial or any of the predicted variables studied in this review, 33.33% used both interval and continuous training, 33.33%
used uphill HIIT, and 13.33% used HIIT. Neuromuscular protocols showed effects mainly on running economy. Eight of the eleven
neuromuscular intervention protocols showed improvement in this variable. Among all neuromuscular protocols that improved
the 5,000 m time trial or any of the predicted variables studied in this review, 50% applied complex training, 25% used plyometric
as an intervention and 25% used strength resistance training. The coach must choose the combination of the studied protocols in
order to guarantee performance improvement.

KEYWORDS: athletes; athletic performance; exercise; resistance training; running exercise.

INTRODUCTION

Sports training has been commonly carried out based
on a great search for scientific evidence to justify the use of
training protocols (Barbanti et al., 2004). Bearing in mind
that the difference between the champion or runner-up of
a race can be a matter of small details, professionals in the
area seek to use the most effective and efficient methods in
order to allow the athlete to reach the best of his physical
performance during a race. Confirming the argument, it is
possible to cite the evolution of world records in the 5,000
m race. The first record was the mark of 14:36.06, held by
Hannes Kolehmainen, in a time of empiricism in the sport.
The current record was made by Joshua Cheptegei, with the
mark of 12:35.36, in a period of a significant increase in

studies on physical performance (World Athletics, 2022).
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For the 5,000 m race, there is a predominance of aero-
bic, followed by lactic anaerobic and alactic anaerobic energy
metabolism (Bompa, 2001; Dantas, 2014; Steren et al., 2008).
Therefore, it is possible to associate some predictive vari-
ables for this distance, such as the maximal oxygen uptake
(VO,max), the lactate threshold (intensity of effort before
the exponential increase of blood lactate relative to resting
levels), running economy (energy demand for a given velocity
of submaximal running) and vVO,max (first speed at which
VO;,max is reached) (Batista, 2019; Denadai et al., 2004;
Guglielmo et al., 2012; Souza et al., 2014).

Due to the large number of participants in this test
(Fonseca, 2012), there are a large number of training protocols
studied in the literature that seek to improve performance in
the referred distance, such as interval (Denham et al., 2015;
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Physical training for 5,000 m

Etxebarria et al.,2014) and neuromuscular training (Nummela
et al., 2006; Paavolainen et al., 1999). However, such knowl-
edge is not compiled, and for some types of intervention,
there is still no consensus on which ones are really effective
and how they should be applied.

Gathering the scientific literature, in a systematic way, is
justified by the elaboration of a document that will allow, in
a more objective, quick and easy way, to guide athletes and
well trained runners coaches. In this way, they will have sci-
entific support for their choices regarding the really effective
protocols to improve performance in the 5,000 m race, as
well as to improve physiological variables that predict this
performance. This kind of study was not found in the lit-
erature for the 5,000 m distance or other Olympic events.

'Thus, this study aimed to systematically review the liter-
ature on physical training protocols applied to athletes and
well-trained runners who have investigated their impacts
on performance in 5,000 m races and/or on physiological
markers in effort that are recognised as predictors of per-
formance in this distance.

METHODS

Experimental
approach of the problem

This systematic review was carried out according to
the criteria present in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) and
was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) under the identification
CDR42022308290. The search was performed using Web of
Science, PubMed and Scopus databases through September
2022. The following string was used in the search (“HII'T”
OR “interval training” OR “sprint” OR “strength training”
OR “plyometric training” OR “running” OR “warm up” OR
“cool down” OR “training” OR “recovery”) AND (“perfor-
mance” OR “running economy” OR “lactate threshold” OR
“VO2max” OR “vVO2max” OR “oxygen uptake” OR “ oxygen
consumption” OR “time trial” OR “time-trial”) AND (“5-
km” OR “5km” OR “5 km” OR “5000m” OR “5 kilometers”)
AND (athlete OR runner) NOT (“ basketball” OR “rugby”
OR “soccer”) - example for PubMed search.

The PICOS strategy (population, intervention, compari-
son, result and study design) was used to define the eligibility
criteria. Inclusion criteria for this analysis were (1) athletes
and well-trained individuals, adults, both male and female.
To ensure this characteristic, the study sample should have

a better 5,000 m running time below 22 minutes (male sex)
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and 25 minutes (female sex), or, when time data was not
available, VO,max values above 53 ml.kg-1.min-1 (male
sex) and 40 ml.kg-1.min-1 (female sex), which are classified
by Herdy and Caixeta (2016) as excellent for the Brazilian
population; (2) specific running training protocols or not as
intervention. Some examples are continuous running proto-
cols, interval running, uphill running, neuromuscular train-
ing, altitude training, ischemic training, hypoxia training,
and polishing and acclimatisation strategies were accepted,
(3) comparisons pre vs post-intervention, including or not
more than one group (groups submitted to different inter-
ventions during the same period or control groups, which
were not submitted to any interventions). (4) presence of at
least one of the following outcomes: 5,000 m running time,
or physiological variables associated to endurance running,
specifically the 5,000 m race, such as VO,max, vVO,max,
anaerobic threshold and running economy; and (5) study
design types: observational, experimental or quasi-experi-
mental studies. Exclusion criteria were (1) a study sample
with athletes of team sports like soccer, basketball, volley-
ball and others, (2) nutritional strategies as intervention, (3)
paper language other than English or Portuguese, (4) rec-
reational or amateur runners, and (5) child, adolescent or

elderly as a sample.

Procedures

'The initial list was examined to check and exclude dupli-
cates. After that, the titles and abstracts were read, excluding
those not meeting the eligibility criteria. The next step was
to read the full articles and exclude those that no longer met
the inclusion criteria or that addressed some exclusion crite-
ria. In both stages, the eligibility judgment was made inde-
pendently by two researchers (TB and AG), and, in case of
disagreement, a third evaluator (MM) was activated. In addi-
tion to the search, others were identified in secondary sources
that underwent the eligibility analysis using the same criteria.

Risk of bias assessment

'The methodological quality and risk of bias were assessed
based on the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins & Green, 2008). Two researchers
(AG and TB) independently performed this step, with dis-
agreements resolved by a third one (MM). They analysed the
risks of: (1) selection bias, (2) performance, (3) detection, (4)
attrition, and (5) reporting.

Data extraction and outcomes
The reading of the articles was carried out in order to
extract the information for analysis of the risk of bias and the
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main information of this review: authors, sample size, age,
gender, VO,max, 5,000 m time trial (T'T), type of interven-
tion, duration of the protocol, structuring of the intervention
and results (specifically the variables that are the object of
research in this work). The findings were categorised accord-
ing to the type of training protocol: running, neuromuscular,
taper and a category called “others”.

RESULTS

The first search obtained a total of 937 articles. After
removing duplicates and excluding by title and abstract read-
ing, 106 studies were read in full. Finally, 25 studies from
the databases were selected for qualitative analysis; adding to
these studies, 10 more articles were identified while reading
the selected articles by the main search. A total of 35 studies
were included in the systematic review. The study selection
flowchart is depicted in Figure 1.

'The included articles were classified into four categories
according to the type of intervention applied. These catego-
ries were called running (17 articles), neuromuscular (9 arti-
cles), taper (7 articles) and others (2 articles).

Risk of bias
The risk of bias results showed that the included studies

have, in most cases, a high risk for the types of bias “selection”

Figure 1. Flow diagram.

and “performance”, and a low risk for “attrition” and “report”.
It should be noted that the high risk of performance bias is
probably due to the characteristics of the intervention: carry-
ing out a certain type of physical training is an intervention
that is difficult to be “blinded”, especially for well-trained
athletes and practitioners, who usually have good knowledge
about physical training methods. The risk of bias results are
presented in Table 1.

Effects of running protocols

Seventeen articles (Table 2) observed the results of 35
running protocols. Ten protocols applied High-Intensity
Interval Training (HIIT), seven protocols involved both
interval and continuous training, eight protocols proposed
uphill HIIT, five protocols employed continuous running,
two protocols used increased running training, two proto-
cols involved cross-training interventions (combination of
exercises from different modalities in a training session or
increase the number of running sessions), and one protocol
involved deep water running.

'The analysis of the studies showed quite comprehensive
results. Among the 21 protocols that evaluated the 5,000 m
time trial, 16 mentioned a reduction in time (71.43%), and
six (28.57%) showed no change in this measure. Of the 35
that applied running protocols, 23 evaluated running econ-

omy (RE): 13 (56.52%) protocols showed improvements in
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Table 1. Risk of bias of the studies included in the review, presented by category.

Article Selection Performance Detection Atriction

Running Protocols

Berg et al., 1995 H L U L L
Pizza et al., 1995 H H U L L
Bushman et al., 1997 H L U H L
Flynn et al., 1998 H H u u L
Smith et al., 1999 H L U L L
Smith et al., 2003 H H U L L
Hamilton et al., 2006 H H U L L
Denadai et al., 2006 H H U L L
Helgerud et al., 2007 H H U L L
Philp et al., 2008 H H U u L
Enoksen et al., 2011 H H U H L
Barnes et al., 2013a H H U L H
Silva et al., 2014 H L u L L
Ferley et al., 2013 H H U L L
Ferley et al., 2016 H H u L L
Skovgaard et al., 2018 H H U L L
Silva et al., 2017 H L U L L
Filipas et al., 2022 L L B L L
Neuromuscular Protocols
Paavolainen et al., 1999 H H U L L
Saunders et al., 2006 H H U L L
Steren et al., 2008 H H U L L
Guglielmo et al., 2009 H H U L L
Barnes et al., 2013b H H U L L
Beattie et al., 2016 H H U U L
Lietal., 2019 H H U L L
Yamanaka et al., 2021 H L U L L
Taper Protocols
Houmard et al., 1990 H L U L L
Wittig et al., 1992 H L U L L
McConell et al., 1993 H L U L L
Houmard et al., 1994 H H U L L
Zarkadas et al., 1995 H U U H L
Banister et al., 1999 H H U L L
Bellenger et al., 2019 H L U L L
Others Protocols
Pedlar et al., 2008 H H U L L
Zurawlew et al., 2016 H H U L L
H: high risk; L: low risk; U: uncertain risk.
this aspect (VO, reduction at a given intensity), while four improvement in 15 (48.39%) protocols but did not change
(17.39%) got worse and six (26.09%) showed no changes. in the other 16 (51.61%). The anaerobic threshold point was
VO, max was evaluated in 31 protocols, showing significant analysed in 21 protocols, increasing in 16 (71.43%) and not
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changing in eight (28.57%). Finally, the speed at VO,max
(vVO2max) was determined in 15 protocols, not changing
in four (26.67%) protocols and increasing in 11 (73.33%)
Among all protocols that improved the 5,000 m time
trial or any of the predicted variables studied in this review,
33.33% used both interval and continuous training, 33.33%

Table 2. Results of the running protocols category.

Reference Sample Intervention Measured
P variables/ effect

Method: continuous and interval (no control group)

VO,max training: sets of 3 to 5 minutes runs at a heart rate within 10 beats of

used uphill HIIT, 13.33 used HIIT, 6.66% applied cross
training, and 6.66% applied increased running training. It was
possible to observe that both continuous and HIIT training
(including uphill training) are the most effective strategies
to improve SkmTT or physiological markers recognised as
predictors of performance in this distance.

n=7 peak rate
gender: female RE training: 30sec to Tmin runs at a speed slightly faster than 5km race speed | T5km TT;
Berg et al., Age: 19,4+ 1,2 years | LT training: 10 to 25min at the speed associated with LT ©RE;
1995 VO,max (ml.kg™.min~ | Velocity training: 100m to 400m sprints at speeds faster than 5km race pace | TWO,max;
"): 53.4+ 4.1 Taper: 2 week before competition, volume reduction of 50% <VO,max
5km TT: 22.1£ 1.3 min
Weekly frequency: 3x interval and 3x recovery or light.
Total duration of intervention: 1 year
Method: continuous (crosstraining) G1:
n=11 <5km TT,;
Pizza ot al gender: male G1: Normal training + 8 running sessions (69,9+ 4,9% VO,max) <RE
1995 v Age: 34.8+ 7.6 years
VO,max (ml.kg".min" | G2: Normal training + 8 ciclism sessions (crosstraining; 68,544,6% VO,max) G2:
): 65+ 4.9 <5km TT
Total duration of intervention: 10 days IRE
Method: deep water running
=10
gender: male Intervention: 5 minutes warm-up and cool down in all sessions; 22,5 to 45 o5kmTT
Bushman minutes of continuous or interval training. ORE: '
n=1 :
etal, 1997 gender: female Weekly frequency: 5 to 6x; 2 long interval sessions, 2 short interval sessions OLT,
. - VO, max
and 1 to 2 days of long duration sessions. 2
Idade: 32.5+ 5.4 years
Total duration of intervention: 4 weeks
Method: Interval (crosstraining)
n=20
gender: male G1: Normal training (6x/week) + 3 running sessions
G1 G2: Normal training (6x/week) + 3 ciclism sessions ?;km S
Age: 33.6% 6.5 years ORE
Flynn et al., VO,max (ml.kg".min" | Session 01: 5x 5min 95%vVO,max, 5 min rest
1998 ):63.3+7.2 Session 02: 50-60min at 70%vWVO,max G2-
Session 03: 2x 2,5min at 105%vVO,max (resy 1:1) + éx 1,5min at 15km TT:
G2 115%wWO,max (rest 1:1) ORE
Age: 32.6+ 10.1 years
VO,max (mlkg™.min" | Weekly frequency: 2x interval and 1x recovery
): 65.2+ 6.2
Total duration of intervention: 6 weeks
Method: Interval (active recovery)
n:nsder' male Session: 6x 60-75%Tmax at 100%vVO,max
Smith et al., 2 o 22' 8+ 4.5 vears Recovery: 30min at 60%vWO,max TvVO max;
1999 ge: 22.0x To years VO, max
VO,max (ml.kg.min Weekly frequency: 2x interval and 1x recover
):615£29 ylrequency: y
Total duration of intervention: 4 weeks
Continue...
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Table 2. Continuation.

. Measured
Reference Sample Intervention variables/ effect
Method: Interval (passive recovery) G1:
—5kmTT:
G1: 6 sets; intensity of 100%wWO,max, duration of 60% Tmax (Rest 1:2). <RE;
<VO,max;
G2: 6 sets; intensity of 100%vVO,max, duration 70% Tmax, (Rest 1:2). WO, max
n=27 G3: control G2:
Smith et al gender: male instructed to maintain the routine, which consisted of low-intensity, long- <5kmTT;
2003 v Age: 25.2+ 1.3 years | duration running. <RE;
VO,max (ml.kg™.min"): <VO,max;
614+10 Additional continuous training (G1 and G2) WO, max
Volume: free warm up and cool down, 30min main part
Intensity: 60%vVO,max G3:
—5kmTT:
Weekly frequency: 2x ©RE;
<VO,max;
Total duration of intervention: 4 weeks —WO,max
Method: Interval (active recovery)
n=17 G1:
gender: male Stimulus: 4 sets; intensity of 95% vWO,max, duration of 60% Tlim;
Age: 274+ 4 4 years | Active recovery: intensity of 50%vVO,max, duration of 30% Tlim. (Rest 2:1) G
T5km TT:
G1: G2: <—RE;
VO, max (mlkg™.min?): | Stimulus: 5 sets; intensity of 100% WO, max, duration of 60% Tlim; WO, max;
Denadai 59.05+ 6.0 Active recovery: intensity of 50%vVO,max, duration of 60% Tlim. (Rest 1:1) <VO,max
enadai et al., )
2006 5kmTT: 1001.0+ 61.8
sec Weekly frequency: 2x G2:
TSkm TT;
G2: G1 e G2: 1 Additional vOBLA session (both groups) and 3 continuous running TRE;
VO,max (ml.kg™.min"): | 60-70% vWWO2max (both groups). TvVOzmax;
59.98+6.0 <VO,max
5kmTT: 994.7+ 39.6 vOBLA session: 2x 20min; intensity of 60% WWO2max; 5 min interval
sec Continuous running: 45-60min
Total duration of intervention: 4 weeks
Method: continuous and interval SVOZmax;
G1: continuous running at the intensity of 70% HRmax (137 7 beats) lasting %’?Eﬁ
45 min.
n= 40 G2:
gender: male G2: continuous running at lactate threshold intensity (85% HRmax, 171 £10 beats) <—>VO2maX'
Age: 24.6+ 3.8 years | lasting 25 min. Warm up: 10min; Cool down: 3 min (intensity of 70% HRmax) TRE- !
Helgerud VO,max (ml.kg™. G3: 47 reps of 15sec; intensity of 90-95% HRmax (180 to 190+ 6 beats) with vt
et al., 2007 min'): 15sec of active recovery at the intensity of 70% HRmax (140+ 6 bpm). G3:
G1:55.8+6.6 TVOZmaX'
G2:59.6+7.6 G4: 4 intervals of 4min; intensity of 90-95% HRmax (180 a 190+ 5 beats) with TRE- !
G3:64.4+ 4.4 3min of active recovery at the intensity of 70% HRmax (140£ 6 bpm). Warm NLT
G4:555+7.4 up: 10min; Cool down: 3 min (intensity of 70% HRmax)
L . . . G4:
Training bouts carried out on a treadmill, with 5.3% grade. NVO2max:
Total duration of intervention: 8 weeks $RE’
vLT
n=14 . .
T Method: continuous and interval
male: n=12 G1-
Zerz;f]lzes:g 2ears G1: interval TVOZmax;
98 2210y Stimulus: 7-11x 3min; intensity of +0,5km/h vMLSS; TLT:
Phil ) TWO2max
ilp etal., G1: . .
2008 VO, max (ml.kg™.min™): G.2‘ continuous .
52 §i94 Stimulus: 21 min; intensity of vMLSS G2:
5% 9, TVO,max;
,max;
G2 Weekly frequency: 2x TLT
VO,max (ml.kg™.min): Total d . fi . TWO2max
49644 1 otal duration of intervention: 8
Continue...
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Table 2. Continuation.

Reference

Sample

Intervention

Method: continuous

Measured
variables/ effect

G1:
G1: TRE;
’ . WO, max;
Weekly volume (high): 70km 2
n=19 ? VO, max
Intensity (low): 65-82% HRmax 2
gender: male vl T
Enoksen et al.,
Age: 19+ 6.1 years
2011 G2
VO,max (ml.kg™.min G2:
Weekly volume (low): 50km
):70.4£3.8 Intensity (high): 82-92% HRmax TRE;
y thighy: ° TWO,max;
Weekly frequency: 6x K)/\lf_?zmax
Total duration of intervention: 10 weeks
G1:
T5km TT;
TRE;
TvVOzmax;
Method: hills intervals (passive recovery) :R/S_Zmax;
G1: G2
Stimulus: 12-24 sets of 8-12sec; 18% grade; intensity of 120%vWO2max (100% TSI;m ™
HRmax); Rest 1:6. TRE: !
Norm
Stimulus: 8-16 sets of 30-45sec; 15% grade; intensity of 110%vVO2max TvLTZ !
(100% HRmax); Rest 1:3.
G3:
G3:
n=22 Stimulus: 5-9 sets of 2-2,5min; 10% grade; intensity of 100%vwWO2max (98- TSkm T,
Barnes etal., |gender: male 100% HRmax); Rest 1:2 ©RE;
2013a Age: 21+ 4 years ° ! o TvVOZmax;
5kmTT: 16.5 1.2 min TVO, max;
G4 T
Stimulus: 4-7 sets of 4-5min; 7% grade; intensity of 90%vWO2max (93-97% v
HRmax); Rest 1:1,5. Ga-
GS5: E;E‘ i
Stimulus: 2-3 sets of 10-25min; 4% grade; intensity of 80%vWO2max (88-92% Tde ax
HRmax); Rest 1:1. NO.L @
TVOZmax,
Weekly frequency: 2x VLT
. . . G5:
Total duration of intervention: 6 weeks T5km TT
—RE;
TvVOZmax;
1V|_Qrzmax;
Y
Method: continuous e interval
Continuous training: intensity of 65-70% vWo2max
n=26 Weekly frequency (continuous): 4x to 5x/ week
gender: male <5km
Age: 28,7+ 9,5 years | Interval training 01: 10-15x; 200 to 400m; intensity of 108-112%wWO2max; 30 | TT(“uncertain”)
Silva et al., VO,max (ml.kg".min" | to 60sec rest; TWO,max
2014 ): 69,1+ 3,9 Interval training 02: 5-8x; 800m; intensity of 104-108%; Tmin30sec rest; and ("probable”)
5kmTT: between Interval training 03: 3-5x; Tkm to 2km; intensity of 98-102% vWO2max. <VO,max

14min20sec e
16min30sec

Weekly frequency (interval): 1x ou 2x/ week
Complementary training: neuromuscular training 2x/week and pilates 1x/week

Total duration of intervention: 7 weeks

("uncertain”)

Continue...
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Table 2. Continuation.

Reference Sample Intervention varl!\allslaessl;reegect
Method: interval (active recovery) and continuous
G1: hills interval
he 14 Stimulus: 10-14 reps of 30sec; 10% grade; intensity of 100%vVO,max
gender: male Active recovery: until reach 65% HRmax (Rest 1:4)
Age: 27.4+ 3.8 years Weekly frequency: 2x G
5kmTT: below 21min G2 interval <VO,max;
h=18 Stimulus: 4-6 reps; duration of 60%Tmax, 1% grade, intensity of ovLT
ender: female 100%wO,max G2:
Ferley et al., i o 27’ 4+ 3.8 vears Active recovery: until reach 65% HRmax (rest 1:1) HVO max:
2013 ge: /5= s.o year Weekly frequency: 2x 2
5kmTT: below 24min i
VO,max (mlkg". Continuous training (G1eG2): GCon:
NN Volume: 45-60min .
min'!): Intensity: 75%vWO,max ©VO,max;
G1:63,3£8,0 Grade: ﬁ;y oV T
G2:59,4+8,9 S ,
GCon: 59.9+ 8,6 Weekly frequency: 2x
Control: maintain normal routine (4,9+0,07 days/week; 270,4£81,6 min/week)
Total duration of intervention: 6 weeks
Method: uphill interval (passive recovery)
he8 G1:
_ Stimulus: 10-14 reps of 30sec; 10% grade; intensity of 100%vVO,max
gender: male 2 GI-
VO,max (mlkg".min"): G2 TRE'
56668 Stimulus: 4-6 reps; duration of 3min (60%Tmax); 10% grade; intensity of 68 TvVOzmax;
%vWO,max TVO2max
Ferley et al., n= 16, female 2
-1 1)
2016 XS*—Z?;X (mlkg™.min: Continuous training (G1 e G2) G2:
- Volume: 30min TRE;
Age: Intensity: 65%vVO,max TvVOzmax;
M . O,
G1: 269+ 5.2 years Grade: 1% TVO2max
G2: 28.1+ 6.7 years Weekly frequency: 2x interval + 1x continuous
Total duration of intervention: 6 weeks
Method: interval (active recovery)
G1: 10x SET and 10x moderate intensity aerobics
n=8
gender: male SET training: 10x 30sec of all-out sprint; 3min30sec rest (200m walking) )
Skovgaard Age: 27.9+ 4.6 years | Weekly frequency: 2x TRE;
etal, 2018 EN TVO,max
VO,max (ml.kg™.min"): 2
59.3£3.2 Moderate intensity aerobics: 30-60min; intensity of 60-80% HRmax
Weekly frequency: 2x
Total duration of intervention: 40 days
n=16 ) Method: interval
gender: male G1:
G G1: HIIT in addition to normal training. —5kmTT:
) Stimulus: 5x 50%TLim; intensity of 100% vWWO2max; rest at the intensity of TRE;
Age: 35 6 years 60%wWO2max (Rest 1:1) VO, max
Silva et al., VO, max (mlkg™.min): ’ 2
2017 4,5%8,1 Control: Maintain normal routine GCon:
GCon <5kmTT;
Age: 32+ 9 years Weekly frequency: 2x gsg .
VO, max (mlkg™.min): ) ) . 2
56,6£73 Total duration of intervention: 4 weeks
Continue...
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Table 2. Continuation.

. Measured
Reference Sample Intervention variables/ effect
Method: continuous and interval
Pyramidal:
Training 01: 4x 40-70min Z1;
Training 02: 1x 20min Z1 + 50-55min Z2;
h= 60 Training 03: 1x 20min Z1 + ~20-36min Z3; interval training; Z2 rest
gender: male Polarized:
Filipas et al., Age: 38t 7 years Polgr'lzed: . . . TSkmTT
2022 VO, max (ml.kg" Training 01: 4x 40-70min Z1;
minz* ) 67+ 4 ’ Training 02: 2x 20min Z1 + ~20-36min Z3; interval training; Z2 rest Pyramidal:
. 00n. T5kmTT
SkmTT. 993+ 57 sec Pyramidal: Z1> 72> 73
Polarized: Z1> 73> 72
Weekly frequency: 6x
Total duration of intervention: 2 interventions of 8 weeks each

T: significative difference that represents “improvement” (decrease in 5km time trial, for example, is flagged as 1); {: significative difference
that represents “worsening”; <>: no significative difference; 5kmTT: 5km time trial; RE: running economy; HR: Heart Rate; HRmax: Maximal
Heart Rate; LT: lactate threshold; NR: ndo related; SET: speed endurance training; Tmax: maximum time at the intensity of VO,max; Vmax:
maximum velocity at the intensity of VO,max; vMLSS: velocity at maximal lactate steady state VO,max: maximal oxygen uptake; vVOBLA:
velocity at onset of blood lactate accumulation; vWWO,max: velocity at the beginning of VO,max; Z1: zone 1, below ventilatory threshold; Z2:

zone 2, between first and second ventilatory threshold; Z3: zone 3, above ventilatory threshold.

Effects of neuromuscular protocols

Nine articles (Table 3) totalling 12 neuromuscular inter-
vention protocols were observed in this review. Four proto-
cols were based on strength resistance training, four protocols
dealt with complex training, two with plyometric training,
one with hypertrophy training and, finally, a protocol with
explosive training.

Of the 12 neuromuscular intervention protocols, eleven
analysed running economy, with eight (72.73%) showing
improvement and three maintaining this variable. Four pro-
tocols quantified the 5,000 m trial time, all (100%) indicating
reduction. Among the 10 protocols that investigated VO, max,
nine (90%) did not show significant changes, while only one
protocol showed improvement. Finally, only three protocols
studied the vVO,max, with improvement found in only one
protocol (33.33%).

Among all protocols that improved the 5,000 m time trial
or any of the predicted variables studied in this review, 50%
applied complex training, 25% used plyometric as an inter-
vention and 25% used strength resistance training. It was
possible to observe that complex training, strength resis-
tance training and plyometric training are effective strategies
to improve SkmT'T or physiological markers recognised as
predictors of performance in this distance.

Effects of taper protocols
Fourteen protocols (seven articles) (Table 4) dealt with
training taper. Taper can occur in the days or weeks before

the competition by decreasing the distance covered, train-
ing frequency and/or intensity. All articles selected in this
review reduced the distance covered in a week, 21% decreased
training frequency (days a week), and 14% decreased train-
ing intensity.

The taper interventions had a considerable diversity of
results. Of the 14 protocols evaluated, four analysed the
running economy, with three (75%) showing improvement
(reduction) and one showing no significant changes. Eight
(57.14%) protocols showed reductions in the time needed to
complete the 5,000 m time trial, four showed no changes in
this measure, and two showed an increase in the time needed
to complete this test. VO,max increased in eight of the 10
protocols that investigated this variable (80%), while two
protocols with no significant changes. Finally, the anaerobic
threshold increased in all eight protocols that evaluated this
variable vVO,max was not analysed in the taper protocols.

It was possible to observe that reducing the distance
covered is an effective strategy to improve SkmTT or phys-
iological markers recognized as predictors of performance
in this distance.

Effects of “others” protocols
It was possible to verify two types of protocols that in this
study were classified as “others”in order to maintain the organ-
isation of the study (Table 5). One of the protocols investigated
the effect of immersion in high-temperature water after several
exercise sessions (Zurawlew et al., 2016) and was observed as
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Table 3. Results of the neuromuscular category.

Reference

Sample

n=18
gender: male

Intervention
G1: COMPLEX (EXPLOSIVE and PLYOMETRICS)

Session duration: 15 to 90min;

Measured
variables/ effect

Exercises: 5-10x 20-100m, alternative jumps, bilateral countermovement G
G jump, drop and hurdle jump, with ou without additional weight; leg press, T5kmTT:
n=10 knee extension and knee flexion, with low weight and high or maximal TRE;

. . movement velocity (30-200 contractions per session and 5-20 rep per sets). —VO, max
Paavolainen Age: 23+ 3 years Weight: 0-40% 1RM 2
etal., 1999 VO, max: 63.7+ 2.7 gnt ° _

2 Control:
Continuous training: cross-country or road running; 30 to 120min; intensity <5kmTT;
Control
h= 8 below (84%) or above (16%) lactate threshold <RE;
Age: 24+ 5 years TVOZmax
- G1: 33% of training replaced by complex training;
VO, max: 65.1+ 4.1
CE Control: same running training; 3% of training replaced by complex training
Total duration of intervention: 9 weeks
G1: PLYOMETRICS
Gym exercises: leg press 60%1RM, hamstring curls, continuous straight-leg
h=15 jumps, squat jumps fot maximal height and fast feet drills.
gender: male Grass exercises: alternate-leg bounding (4-6x 10m), high skipping (4-5x 20- G1:
G1- 30m), single-leg hopping (4x20m), double-leg jumping over hurdles (5x5) and | TRE;
Saunders Age: 23.4+ 3.2 years scissor jumps (5x8). ©VO,max
. +
etal., 2006 VO, max: 67.74 6.2 Weekly frequency: 3 sessions of 30 min per week. A familiarization session Control:
. followed 4 weeks of 2 gym sessions and 1 grass session and then 4 weeks of 1 | <>RE;
Control: m session and 2 grass sessions VO, max
Age: 249+ 32 years | &Y 9 ’ z
VO,max: 70.4+ 6.2 Control-
Same running training. No neuromuscular training.
Total duration of intervention: 9 weeks
n=9
gender: male
n=8
gender: female G1: STRENGTH .
G1- Stimulus: 4x 4RM, exercise half squat, 3min rest. TRE'
Age: 28.6+ 10.1 years R . <VO,max
g(t)%rgen etal, Sk TT-1122 4+ 58 4 Control: maintain normal routine
sec Weekly frequency: 3x G2
VO,max: 61.4+ 5.1 ’ —RE;
Control Total duration of intervention: 8 weeks ©VO,max
Age: 29.7+ 7.0 years
5kmTT: 1162.6+99.6
sec VO,max: 56.5+ 8.2
G1: PLYOMETRICS
n= 20, Exercises: 3 sets of maximal-effort single -leg jumps alternating with 3 sets of
gender: male maximal-intensity treadmill running efforts; 20 explosive 1-leg step-ups off a
5km TT: < 20min 40cm box for each leg over a total duration of 2min; 5 sets of 30sec maximal-
intensity running efforts on a treadmill set at a gradient of 5% ans a speed
G1: of 65% of the runner’s peak running speed, with 30sec rest period between G1:
. Age: 28+ 8 years, repetitions. Transition of 2min separated each 2 consecutive running and T5kmTT
Hamilton et al
2006 | 5kmTT: 18.8£ 1.3 min |jump sets.
VO, max: 66+ 7 Replacement of part of usual running training by 10 sessions of 30min of plyometrics | Control:
<5kmTT

Control:

Age: 31t 6 years,
5kmTT: 18.3+ 1.2 min
VO,max 66+ 3

Control: maintain normal training
Weekly frequency: 1-3x

Total duration of intervention: 5-7 weeks

Continue...
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Table 3. Continuation.

Reference Sample Intervention vari,\alllflaessl;rsgect
17 G1: EXPLOSIVE.
n=
d | Stimulus: 3-5 sets of 12 reps to failure; 3min rest period between sets.
ender: male
& Concentric phase as fast as possible. G
o1 —RE;
9 G2: STRENGTH. —>WO,max;
n=
. Stimulus: 3-5 sets 6 reps to failure; 3min rest period between sets -VO,max
Guglielmo Age: 27.9+ 8.2 years;
t al., 2009 VO k: 64.1+£10.48
e e Exercises (G1 and G2): leg press 45°, parallel squat, leg extension, leg flexion | G2:
a2 and two calf raises exercises TRE;
8 —>WO,max;
n=
Weekly frequency: 2x -VO,max
Age: 31.0+ 11.4 years;
VO k:59.6+7.2
23 Total duration of intervention: 4 weeks
n= 42
G1: Strength
n=10
gender: male G1: STRENGTH
Age: 20.7+£1.2 )
5kgeTT 16,85 quear§ Stimulus: 2 to 4 sets of 6 to 20 reps o1
mTT: 16.8+ 0.9 min :
Exercises: squat, calf raises, overhead press, glutes; lateral pull down; step-
. . . . WO, max;
up, deadlift, incline bench press, side pass, chin-up, bulgarian squat.
n=10 <VO,max
der: femal
gender. ‘ema’e G2: COMPLEX (PLYOMETRICS and STRENGTH)
Age: 20.5% 1.2 years; ] G2:
B al Sk TT: 20.140.9 mi Stimulus: 1 to 4 sets of 6 to 15 reps VO
arnes et al., m TT: 20.1£ 0.9 min ) ) ) ) WO, max;
Exercises: box jump, front jumps; countermovement jump, alternate-leg 2
2013b . ) ) ) ) . ©VO,max
o jumps, single-leg box jump, scissor jump, side pass.
G2: with complex
traini RE: G2 with
raining Weekly frequency: 2x o w .
n=13 significant higher
gender: male o . o improvements
Both groups maintained normal running training
Age: 19.6+ 1.1 years than G1.
5kmTT: 16.7+ 0.7 mi
™ ™M | Total duration of intervention: 7 a 10 weeks
n=79
gender: female
Age: 19.7£ 1.1 years
5km TT: 20.2£ 1.3 min
G1: COMPLEX (STRENGTH, EXPLOSIVE and PLYOMETRICS)
=20
n Exercises
gender: male Maximal st th ; G1:
aximal strength - squa
VO 161.3£3.2 TRE;
2max Explosive strength - jump squat WO
WO, max;
o1 Reactive strength - pogo jump; 35cm depth jump; countermovement jump HVOz
max
Beattie et al., 11 Assistent exercises: romanian deadlift, split squat, single-leg squat; lunges; 2
n=
2016 Age: 29.5¢ 10 years, skater squat, single-leg romanian deadlift GCon:
Control: only running traini ORE
ontrol: only running trainin
GCon yrd 9 9 —WO,max;
=9 ~VO
de: 274472 years Weekley frequency: 2x (week 0 to week 20); 1x (week 20 to week 40) 2max
Total duration of intervention: 40 weeks
Continue...
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Table 3. Continuation.

Measured

Reference Sample Intervention variables/ effect
n= 28,
gender: male
VO,max: média de
655
5km TT:média de
953+ 10 sec G1: COMPLEX (STRENGTH and PLYOMETRICS)
Stimulus: 3 sets of 3 complex-pair exercises; 5 to é reps
G1: complex training | Exercises: Squat + 40cm depth jump; bulgarian squat + single leg jump, G
n=10 romanian deadlift + double leg 50cm barrier jump; 80-85% of 1RM; 4min T5kmTT;
Age: 20.2+ 1.03 years | intra-complex rest. TRE;
VO,max: 65.65+ 5.06 VO, max
ml/kg/min; G2: STRENGTH
5KmTT: 953.70+ 12.30 | Stimulus: 5 sets of 3 exercises, 5 to 6 reps. G2:
Li sec Exercicios: Squat, bulgarian squat, romanian deadlift; 80-85% of 1RM; 3min T5kmTT:
ietal., 2019 . )
intra-complex rest. TRE;
G2: Strength VO, max
n=9 G3: CONTROLE
Age: 21.22+ 1.48 years | Estimulo: 5 sets of 3 execises, 15 to 20 reps. G3:
VO,max: 65.54+ 0.06; | Exercicios: Squat, bulgarian squat, romanian deadlift; 40% 1RM. 1min rest . <5kmTT;
5KmTT: 952.56+ 10.10 -RE;
sec Weekly frequency: 3x VO, max
Control Total duration of intervention: 8 weeks
n=9
Age: 20.78+ 1.20 sec
VO,max: 66.14+ 5.25;
S5KmTT: 954.11+£ 6.75
sec
HYPERTROPHY
Training session: 3-4x 10 reps, with Tmin rest.
he8 Exercises: V-abs with medicine ball; hip flexion e suspended leg raise.
K genc.ier: nlale Training sessions: )
Yamanaka Age: 20‘_3_ 1.5 years Interval training: 1000 to 2000m ORE;
et al., 2021 VO,max: 70.4+ 5.7 Rhvthm trainina: 8000 to 12000 ©VO,max
5kmTT: 15min10sect yIm traming: ° m . .
205 sec Continuous training: 60 to 90min low intensity
Weekly frequency: 3x neuromuscular + éx running
Total duration of intervention: 12 weeks

T: significative difference that represents “improvement” (decrease in 5km time trial, for example, is flagged as T); «»: no significative difference;
5kmTT = 5km time trial; HR: Heart Rate; HRmax: Maximal Heart Rate; LT: lactate threshold; RE: running economy; RM: repetition maximal;

VO, max: maximal oxygen consumption.

aresult of an improvement in 5,000 m T'T when exercising in
high-temperature environments. The other protocol consisted

of a training protocol in a hypoxic environment (Pedlar et al.,

2008), which had no modification for 5,000 m TT.

DISCUSSION

The main objective of this study was to systematically
review in the literature the physical training protocols applied
to athletes and well-trained runners who have investigated the
impacts on performance in 5,000 m races and/or on physio-
logical markers in effort that are recognised as predictors of
performance in this distance. Performance in the 5,000 m
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time trial showed the best improvement by the use of contin-
uous running and interval training or uphill HII'T. Running
economy, a recognised predictor of performance in 5,000 m
races, showed significant changes through a neuromuscular
intervention that involved complex training protocols.

Running
After analysing our results, it was possible to affirm that
a training plan must include continuous and interval train-
ing. The continuous training protocols involved running at
the intensity of 65-92%HRmax and 100%vIMLSS (maxi-
mal lactate steady state) (Helgerud et al., 2007; Philp et al.,
2008; Enoksen et al., 2011).
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Table 4. Results of the taper category.

Reference Sample Intervention Measured
P variables/ effect

Method: volume and frequency reduction

Volume reduction: 70%
Frequency reduction: 17%

n=10 Training #1: 2-3km warm up at the intensity of 75%V0O2max; 1-2x 200 to G
Houmard gender: male 800m at the intensity of 95%VO2max; 200-400m rest or recovery; maintain | <>5kmTT;
etal., 1990 Age: 32.0+ 2.6 years | training frequency TRE;
VO,max: 61.81+ 1.08 <VO,max
Training #2: 5km race in week 2 and 3
Weekly frequency: 5x
Total duration of intervention: 3 weeks
Method: volume, intensity and frequency reduction
Wittiq et al n=10 Volume reduction: 66% GI:
19929 Y’ gender: male Intensity reduction: running bellow the intensity of 70%VO2max J,SI;mTT
5KmTT: 16.60£ 0.82 min | Frequency reduction: 50%
Total duration of intervention: 4 weeks
Method: volume, intensity and frequency reduction
n=10 G1: G1:
McConell gender: male Volume reduction: 65.5% L5kmTT:
etal, 1993 Age: 31.6+ 1.4 years | Intensity reduction: to 68.2+ 1.6% VO2max TRE;
VO,max: 63.4+ 1.3 Frequency reduction: 50% <VO,max
Total duration of intervention:4 weeks
n=18
gender: male
n=26 G1:
gender: female TEC;
. —VO2max;
G1: running Method: volume reduction 5k T
Age: 26.3+ 11.4 years G1-
VO, peak: 55.4+ 7.2 I o . . o G2:
Hournard SkraTT: 17 5+ 1.5 min Reduction of 15% volume; intensity of 100% VO,max ORE:
et al., 1994 —VO2max;
G2: ciclism G2 &5kmTT
: . o ) S . . 5
Age: 259+ 8.8 years Reduction of 15% volume; done in cicloergometer, intensity of 100% VO,max
VO,peak: 57.6+ 7.6 . ) . GCon:
Sk TT 17 6 2.6 min. Total duration of intervention: 7 days GRE:
—VO2max;
GCon: &5kmTT
Age: 30.3+ 7.4 years
VO,peak: 59.0+ 7.9
S5kmTT: 17.0£ 2.3 min.
Taper | (10 days reduction) Taper |
Group 1 (n= 6) volume reduction of 50%; exponential decay Gf
Group 2 (n= 3) volume reduction of 30% T5kmTT
race in the middle of season and training was resumed G2
&5kmTT
Zarkadas et al., | n=11
1995 gender: male Taper Il (13 days 'redu'ctlon) Taper 2
Group 1 (n=7) with high volume GI-
Group 2 (n= 4) low volume 5k TT
. . L . . . . . G2:
Total duration of intervention: 98 days divided in two periods of intervention T5kmTT

(approximately 40 days each)

Continue...
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Table 4. Continuation.

Reference Sample Intervention Measured
P variables/ effect

Taper 1 Taper 1
Group 1 (n=5) — volume gradual reduction of 22% during 2 weeks Gp1:
Group 2 (n= 6) — volume reduction of 31% (t = 5 days) during 2 weeks <5kmTT
Gp2:
Banister etal, | n=11 Recovery training after a triathlon race. TSkmTT
1999 Age: 26t 4 years Taper 2 Taper 2
Grupo 1 (n=5), slow exponential decay (t= 8 days) — volume reduction of 50% | G1:
Grupo 2 (n= 6), constant reduction of fast exponential decay (t= 4 days) T5kmTT
during 2 weeks — volume reduction of 65% G2:
Total duration of intervention: 94 days T5kmTT
Method: volume and intensity reduction
Light Training: 30min; intensity of 65-75% HRmax;
Total duration of light training: 6 days
Heavy training: 5min warm up (at the intensity of < 69% HRmax) + 4x (4min
h=10 at the intensity of 69-81% HRmax + 4min at the intensity of 82-87% HRmax
Bellenger gender: male + 4min at the intensity of 88-94% HRmax + 4min at the intensity of > 94%
: . ) . o/,
etal, 2019 Age: 35,8+ 10,0 years HRmax ) + 5min cool down at the intensity of < 69%); 14 days T5kmTT

S5kmTT: 1165+ 144 sec

Total duration of heavy training: 14 days

Taper:

Continuous training: 25-30min running, at the intensity of 65-85% HRmax;
Interval training: 01 day; 4x (3min at the intensity of 69-81% + 2min HRmax 88-94%);
Total duration of taper: 10 days

Total duration of intervention: 5 weeks

T significative difference that represents “improvement” (decrease in 5km time trial, for example, is flagged as ;<> no significative difference;
B significative difference that represents “worsening”; 5kmTT: 5km time trial; BT: base training; RE: running economy; HR: Heart Rate; HRmax:
Maximal Heart Rate; LT: lactate threshold; RT: reduced training; VO,max: maximal oxigen consumption.

Table 5. Results of the “others” category.

Reference Sample Intervention Measured
P variables/ effect

Method: hypoxia training

n=12
gender: male G1:
5kmTT: 1275+ 125sec Situation: Normobaric hypoxia G1:
Stimulus: 75min running; intensity below 2mmol 5kmTT
Pedlar et al.,
2008 Gl
Age: 30.3+ 6.8 years Control: Control:
Situation: normality <5kmTT
Control: Stimulus: 75min running; intensity below 2mmol
Age: 28,5+ 3,6 years
Total duration of intervention: 8 days
G1 Method: acclimation
n=10
gender: male G1: G1:
Age: 23+ 3 years Protocol: 40min running; intensity of 65% VO2max + 40 min in water bath at 40°C T5kmTT33°C;
VO,max: 60.5+ 6.8 <~5kmTT18°C
Zurawlew 2
Control:
stal, 2016 Control Protocol: 40min running; intensity of 65% VO2max + 40 min in water bath at 34°C Control:
n="7 <5kmTT33°C;
gender: male Weekly frequency: 6x <5kmTT18°C

Age: 23+ 3 years
VO,max: 60.1+ 8.9

Total duration of intervention: 6 days

T: significative difference that represents “improvement”; <»: no significative difference; SkmTT: Skm time trial; VO,max: maximal oxygen
consumption; HWI: Hot Water Immersion.
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The improvements observed in running protocols based
on HIIT were possibly linked to the fact that the anaero-
bic training presented in these HIIT sessions can influence
aerobic capacity. That occurs due to the improvement of the
body’s capacity to remove hydrogen ions from the muscle,
postponing fatigue. Additionally, HII'T improves the uptake,
transport and use of oxygen in the body since high intensi-
ties, despite predominantly using anaerobic metabolism, also
use aerobic metabolism and, thus, improve the individual’s
VO, max (Wen et al.,2019). Thus, it enables the individual to
better perform aerobic activities due to the fact that the body
generates physiological adaptations such as an improvement
in the quality of mitochondria (MacInnis & Gibala, 2017).
The importance of HIIT in VO,max gains is already well
established in the literature, with more significant increases
when compared to continuous training in moderate inten-
sity (Neves et al., 2022). Among HIIT protocols, those that
involved running at the intensity of 95-100%vVO2max and
the duration of 60%Tlim presented improvements in 5,000
m TT (Denadai et al., 2006). Other protocols were able to
improve the physiologic variables, using the intensity of
95-100%vVO2max or 90-95% da HRmax, using a duration
of 50-75%Tlim (time to exhaustion at vVO,max) (Helgerud
et al., 2007; Silva et al., 2017; Smith et al., 1999).

Bearing in mind the aspects presented about HIIT, the
variation of this method on hills had interesting results in
some of the studied protocols and can be of great value con-
sidering that running on hills can improve 5,000 m TT and
vVO,max (Barnes et al., 2013a); and VO, max, L'T and RE
(Barnes et al., 2013a; Ferley et al., 2016).

Neuromuscular

The influence of neuromuscular protocols on performance
predictors in the 5,000 m time trial was evident, mainly on
running economy. This fact is probably due to the better syn-
chronization of the recruited musculature, thus resulting in
greater muscular strength (Cormie et al.,2011) and, therefore,
the effort required to maintain the running activity would be
less costly to the body. With this improvement, there is an
improvement in the time of the 5,000 m time trial, consid-
ering that it will allow the athlete to perform the same level
of effort, but at a higher speed.

Strength training was able to improve 5,000 m T'T (Li
etal,,2019) and RE (Guglielmo et al., 2009; Li et al., 2019;
Steren, 2008). These protocols were performed in 4-6RM
for leg exercises, through 4 to 8 weeks. Barnes et al. (2013b)
used 6RM to 20RM and did not find significant improve-
ment. Possibly this choice led to the use of a comparatively

smaller amount of weight, which may have impaired strength

development and contributed to the lack of results. This com-
parison allows us to infer that coaches should prioritize
strength training, performing up to 6 maximum repetitions
to improve running performance.

Plyometric training provided significant performance
improvement in the 5,000 m T'T (Hamilton et al., 2006)
and RE (Saunders et al., 2006). Its benefits are probably not
related to the improvement of cardiopulmonary variables, but
to the development of muscle power and better use of stored
elastic energy, as stated by Saunders et al. (2006).

The protocols that combine the amount of repetitions
or weight that can be classified into more than one type of
neuromuscular training are suitable for the complex training
category. These protocols involved a combination of strength,
plyometric and explosive exercises. Complex training pro-
vided improved performance in the 5,000 m TT (Li et al.,
2019; Paavolainen et al., 1999), and an increase in VO2max
(Paavolainen et al., 1999), in vVO2max (Beattie et al., 2016)
and in RE (Paavolainen et al., 1999; Beattie et al., 2016).
The complex training protocols studied in our review were
different, but all of them used strength training in the ses-
sion. Based on the results of these studies, we can infer that
the use of strength training as an integral part of complex
training is crucial.

Explosive training did not generate significant results
in the evaluated variables (Guglielmo et al., 2009), such as
hypertrophy training (Yamanaka et al., 2021).

Taper

The taper showed a wide variety of results due to the
great diversity of applied protocols. In general, the taper that
lasted from 1 to 2 weeks had a positive eftect on the 5,000
m time trial, with a reduction of 15 to 65% during that time
reduction period. This is related to adequate rest, provid-
ing the athlete with the best possible conditions to perform
the test (Bompa & Haff, 2012). Longer training reductions
may show a worsening of time in the 5,000 m test, possibly
due to the athlete starting to reach levels of deconditioning.

Decreasing only the distance improved the 5,000 m
performance (Banister et al., 1999; Houmard et al., 1994;
Zarkadas et al., 1995). The decrease in intensity presented
inconsistent results: worse performance for some protocols
(McConell et al., 1993; Wittig et al., 1992) but better per-
formance for the Bellenger et al. (2019) study.

It is not possible to conclude on the influence of fre-
quency, given that, as a rule, this decrease was accompanied
by a decrease in intensity as well. Analysis of the duration of
the taper allows us to infer that this phase should last a maxi-
mum of 14 days. The articles that exceeded this period caused
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worsening (McConell et al., 1993; Wittig et al., 1992) or its
maintenance (Houmard et al., 1999), which goes against the
objective of this phase of training. We can also infer that
the taper should be characterized by the reduction of the dis-
tance covered and that the intensity should not be changed.

Others

The intervention protocols in submersion in hot water
after the running intervention demonstrated that for high
temperatures, there was an adaptation of the organism to
higher temperatures resulting in improvements in the time
trial at 33°C, this may be related to the adaptation of the
organism to higher temperatures allowing the individual
to perform better in such situations, but when performing
the test at milder temperatures (18°C) there were no sig-
nificant changes. The intervention seeking to change the
atmospheric pressure was ineffective for the performance
in the 5,000 m time trial, this can be explained by the indi-
vidual maintaining daily life at normal atmospheric pres-
sures, making the adaptations that living in hypoxia would

generate impossible.

Limitations and future prospects

The choice to use only English-language articles may have
left some relevant articles out of the research. However, it is
worth highlighting that the number of articles found that
are not in English was not significant and would probably
not alter the final results.

As for the 5,000 m race, future research should analyse
the training protocols to be used by amateur and recreational
runners, which were excluded from the scope of this work.
Furthermore, this type of review should be done for other
Olympic events, such as the 10,000m and the marathon.

CONCLUSION

The best approach to be adopted by coaches for 5,000 m
events should be a combination of the various protocols
presented. The running protocols with a combination of
continuous and interval training or uphill HII'T showed
the best changes in time trial performance in the 5,000 m.
Continuous training should involve running at the intensity
of 65-92%HRmax and 100%vMLSS and HIIT protocols
should involve running at the intensity of 95-100%vVO2max
or 90-95% da HRmax, using a duration of 50-75%Tlim.

The neuromuscular intervention, which involved com-
plex training protocols, showed significant changes, mainly
in the running economy. It should be performed in 4-6RM

for leg exercises over 4 to 8 weeks.
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Taper performed within up to two weeks with a reduction
of 15 to 65% during that time reduction period is effective in
presenting a better performance on the target test of this study.

Therefore, by combining the interventions presented, the
coach can benefit his well-trained athletes and runners in
different physiological aspects, enabling better performance
in the 5,000 m races.
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O papel dos afetos em modelos de
processamento duplo e sua importancia
para a adesao ao exercicio fisico:
uma revisao da literatura

Vasco Bastos'? @, Filipe Rodrigues®** @, Diogo Teixeira'?

O crescimento de teorias comportamentais assentes em mecanismos de processamento duplo reflete uma mudanca do paradigma
cognitivista-social predominante, procurando um maior reconhecimento dos fatores automaticos/implicitos no estudo do
comportamento. A presente revisdo narrativa visa providenciar uma maior clareza quanto a defini¢do de afeto, emog¢do e humor,
apresentando de seguida modelos tedricos de processamento duplo que consideram os afetos béasicos como aspeto essencial
nos processos implicitos e, direta ou indiretamente, nos processos explicitos. Algumas dessas teorias que serdo abordadas neste
trabalho sdo: a Teoria Afetiva-Reflexiva da Inatividade Fisica e do Exercicio (ART), a Teoria da Minimizacao do Esforco na Atividade
Fisica (TEMPA), o Modelo de Adogdo e Manutencdo da Atividade Fisica (PAAM), e a Estrutura dos Afetos e do Comportamento

Saudavel (AHBF). Neste artigo seréd descrito com detalhe as associacdes entre os determinantes implicitos (e.g., afeto, habito) e

RESUMO

explicitos (e.g., intengdo, tracos autorregulatérios) e a préatica regular de exercicio fisico. Sugerimos que a falta de consideragdo
que os fatores associados ao processamento implicito tém sofrido, limitam a compreens&o e criagdo de intervencdes que possam
promover a adogao e manutengdo de um comportamento (e.g., exercicio fisico) a longo prazo. Por fim, concluimos com uma breve
reflex3o sobre as ligacdes entre modelos e possiveis sobreposicdes, bem como direcdes futuras de investigacdo e aplicagdes préticas.
PALAVRAS-CHAVE: hedonismo; afeto; processamento duplo; atividade fisica; ades&o.

The rise of dual process-based behaviour theories reflects a shift from the predominant social-cognitivist paradigm towards a more
considerable recognition of automatic/implicit factors in behaviour research. The present narrative review aims to provide a clearer
definition of affect, emotion, and mood, followed by a presentation of dual process theory models that consider core affect an
essential aspect of implicit processes and, direct or indirectly, of explicit processes. Some of the theories reviewed in this article
are the Affective-Reflective Theory of Physical Inactivity and Exercise (ART), the Theory of Effort Minimization in Physical Activity
(TEMPA), the Physical Activity Adoption and Maintenance Model (PAAM), and the Affect and Health and Behavior Framework (AHBF).
This article thoroughly describes the associations between implicit (e.g., affect, habit) and explicit (e.g., intention, autoregulatory

trace) determinants and the regular practice of physical activity and exercise. We suggest that the lack of acknowledgment that

ABSTRACT

the implicit processes have suffered has limited the development and comprehension of interventions aiming to promote long-
term behaviour adoption (e.g., exercise). Lastly, we briefly reflect on possible connections and overlaps in these models and with
future directions and practical applications.

KEYWORDS: hedonism,; affect; dual process; physical activity; adherence.
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O papel dos afetos na adesdo ao exercicio fisico

INTRODUCAO

E vasta a literatura que tem vindo a demonstrar que as
estratégias de adesdo a pratica de atividade fisica implemen-
tadas até 4 data ndo tém surtido um efeito significativo. Além
dos relatérios internacionais (e.g., European Commission,
2022; World Health Organization, 2022), existem diversos
estudos que alertam para o aumento de comportamentos
sedentdrios e a diminui¢do da pratica de atividade fisica
(Guthold et al., 2018; Isakson, 2021; Santos et al., 2022).
Contudo, para além dos baixos niveis de participagio em
atividade fisica regular, existem dois outros problemas, um ji
de longa data— a elevada taxa de abandono de quem inicia
programas de exercicio —, e outro, detetado mais recente-
mente — a criagdo de uma resposta automadtica aversiva a
pratica de exercicio —, que devem ser elementos de parti-
cular reflexdo junto dos profissionais e respetivas entidades
publicas e privadas (Brand & Ekkekakis, 2018; Cheval &
Boisgontier, 2021; Teixeira et al., 2020).

Um dos principais locais para a prética de exercicio
dos Portugueses onde existe supervisdo profissional sdo
os gindsios e health clubs (European Commission, 2022).
No entanto, sensivelmente 75% dos novos membros des-
tes espacos abandonam a pritica nos primeiros 18 meses
(Rodrigues et al., 2021) em que 50 a 60% cancela a sua
inscri¢do em menos de um ano (Pedragosa et al., 2022).
A percentagem de abandono tende a diminuir gradual-
mente ao longo do tempo, sendo que o maior risco ocorre
nos primeiros 6 meses e em pessoas que apresentam uma
prética inferior a duas sessdes semanais (Buckworth et al.,
2013; Rodrigues et al., 2020a). Os dados apresentados por
estes estudos tém vindo a defender que a pritica de exer-
cicio fisico se deva iniciar e manter através de uma abor-
dagem racional. Ou seja, a pessoa inicia a sua prética de
forma consciente e deliberada tendo por base motivos que
lhe sejam intrinsecos (e.g., melhoria dos niveis de saide
fisica e mental) ou extrinsecos (e.g., afiliagio a um grupo
de pessoas; imagem corporal), assumindo que estes sejam
condutores da intencionalidade para a pritica de exercicio
fisico (Ekkekakis & Zenko, 2016; Jones & Zenko, 2023),
e independentemente da idade ou sexo (Rodrigues et al.,
2022). Abordagens mais recentes tém vindo a contrariar
parte destes pressupostos, argumentando que nem sempre
processos racionais sio promotores de a¢do comportamen-
tal. Isto tem criado espago para o entendimento de proces-
sos ndo-conscientes que influenciam uma pessoa a agir, ou
nio, perante um determinado comportamento (e.g., Brand
& Ekkekakis, 2018; Cheval & Boisgontier, 2021), dando
aso a abordagens integradoras agora recomendadas para

inverter esse paradigma.
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Limitacoes dos modelos

dominantes: o caso do cognitivismo

A perspetiva cognitivista desempenhou um papel fun-
damental na compreensio do comportamento humano ao
destacar o papel das motiva¢des racionais (e.g., inten¢des) no
processo de tomada de decisdo e na realizagdo de comporta-
mentos (Ajzen, 1991). Segundo essa abordagem, as pessoas
sd0 vistas como agentes racionais que avaliam as consequén-
cias de suas agdes, ponderam os pros e contras e, com base
nessa andlise, formam intengdes. Essas intenc6es, por sua vez,
sdo consideradas como preditoras fidveis do comportamento
futuro (Ajzen, 1991). Diversos modelos sociocognitivos e
humanistas, tais como a teoria como a teoria da autoeficicia
(Bandura, 1994), teoria do comportamento planeado (Ajzen,
1991) e a teoria da autodeterminagio (Ryan & Deci, 2017),
tém sido valiosos no estudo das intengdes e, consequente-
mente, na regulacio do comportamento. Nesse sentido, estes
modelos baseados na reflexdo tém sido usados em intervengdes
na compreensdo de como pessoas tomam decisdes racionais
para, por exemplo, a pritica de exercicio, ou em substituigdo,
a realizacdo de comportamentos sedentdrios. No entanto,
tal como evidenciado por Vasiljevic et al. (2016), por muito
“boas” que sejam as intengdes, estas podem falhar na concre-
tizagdo do comportamento. Este fenémeno ¢ descrito como
a lacuna entre a intengio e a adog¢do de um comportamento
(Sheeran & Webb, 2016) e esclarece que, apesar da intengdo
apresentar um poder explicativo relevante para com a prética
de exercicio fisico, esta é extremamente varidvel de acordo
com virios fatores como os sociais, comportamentais, con-
textuais, pessoais, motivacionais ou afetivos. Relativamente ao
comportamento em estudo, apenas 20-30% é explicado por
processos racionais e deliberados (Hagger & Chatzisarantis,
2014). Apesar desta lacuna entre a intengio e a operaciona-
lizagdo do comportamento ser clara e ter sido estudada em
larga escala, os investigadores tém mantido a crenga de que
a prética de exercicio fisico é resposta tinica do contexto e de
pensamentos deliberados e racionais (Rodrigues et al., 2019,
2021; Rodrigues et al., 2020a; Rodrigues et al., 2020b). Ou
seja, as abordagens motivacionais tém considerado a prética
de exercicio fisico como um comportamento a ser realizado
em grande parte, de forma racional e intencional, descurando
0s processos nio-intencionais inerentes ao comportamento
(Ekkekakis & Zenko, 2016; Rebar et al., 2016). E por isso
que as limitagdes da perspetiva cognitivista tém sido objeto
de investigagio e tém levado ao reconhecimento da neces-
sidade de abordagens mais abrangentes e integradoras para
entender e promover o comportamento humano. Urge entdo
procurar alternativas que possam complementar e integrar o
estudo da motivagdo baseada em modelos sociocognitivos, e
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que possam ajudar investigadores e profissionais a promove-
rem a prética de exercicio fisico como um comportamento
regular e sustentado no tempo (Teixeira et al., 2021, 2022).

Assim, apesar da perspetiva cognitivista explicar com-
portamentos racionais e intencionais, em parte e/ou dentro
do controlo do préprio individuo, esta apresenta diversas
limitagbes destacadas pelos investigadores nas diversas dreas
sociais e comportamentais. Em primeiro lugar, muitos com-
portamentos nio podem ser simplesmente realizados por
vontade propria; estes requerem capacidades, oportunidades,
recursos ou cooperagio para a sua execugdo (Fishbein, 2008).
Em segundo lugar, as pessoas que tendem a ter uma fraca
percecio de eficicia ou capacidade em relag¢do ao comporta-
mento (e.g., “ndo sou capaz de correr”), tendem a apresentar
também baixos niveis de inten¢io (Rodrigues & Monteiro,
2021). Por dltimo, a maioria destes modelos teéricos moti-
vacionais assumem que as pessoas apenas tomam decisdes
sistemdticas e racionais baseadas em avaliagbes normativas
sobre o comportamento, ignorando respostas afetivas (e.g.,
prazer/desprazer) e suas influéncias tal como descrito, por
exemplo, por Brand e Ekkekakis (2018).

Abordagens mais recentes enfatizam o papel dos afetos,
sentimentos e emogdes, e oferecem conhecimentos cruciais
que tratam a ag¢do humana como parcialmente intuitiva e
impulsiva, apesar de terem sido amplamente negligencia-
das nas tltimas décadas (Ekkekakis, 2017; Ekkekakis et al.,
2011). Num posicionamento recente, virios investigadores
colocam o afetivismo (i.e., estudo dos afetos) como linha de
pensamento a ser considerada em diversos dominios sociais
nos estudos contemporineos, indicando que o conceito e os
avangos cientificos realizados demonstraram que os proces-
sos afetivos sdo inquestionavelmente esclarecedores e mui-
tas vezes complementares a modelos tedricos existentes,
quando se trata de entender fatores cognitivos bem como
o comportamento em si (Dukes et al., 2021). Ao olharmos
para a pratica de exercicio fisico, faz sentido considerarmos
a componente afetiva (e.g., prazer ou desprazer, tensio ou
relaxamento, energia ou cansago), como tendo um poten-
cial significado motivacional que os praticantes experien-
ciam. Estudos mostram que a realizagio (ou no) da pratica
de exercicio fisico pode ser influenciada por varidveis afeti-
vas (Ekkekakis et al., 2011; Teixeira et al., 2023; Williams,
2008). Ou seja, as experiéncias anteriores ao exercicio fisico
ou até mesmo no momento, prazerosas ou desprazerosas,
poderio ajudar os investigadores a entenderem melhor os

fatores determinantes da adesdo sustentada.

O afeto, a emocao e o
humor na atividade fisica

De forma que se possa entender as abordagens baseadas
no conceito de afeto e a sua aplicagio em contexto de pritica,
torna-se importante conceptualizar as suas diferentes mani-
festagdes. Apesar de haver algumas diferencas conceptuais
relativas a terminologia relacionada com o conceito de afeto,
existe algum consenso que determina que este termo é uma
referéncia geral para os afetos bdsicos (também chamados de
core affect) e estados afetivos distintos. Assim, os afetos bési-
cos (daqui em diante chamados de core affect) representam a
valéncia (i.e., positiva vs. negativa; prazer vs. desprazer) de
uma resposta baseada na experiéncia momentinea. J4 os esta-
dos afetivos distintos refletem esta componente basica dos
afetos (i.e., core aﬁ?zct) e uma vertente com avaliagio cognitiva,
caracterizando-se como emogdes ou humor (Ekkekakis &
Petruzzello, 2002; Williams, 2008). De certa forma, pode-se
afirmar que o core gffect representa um estado neurofisiol6-
gico conscientemente acessivel como um sentimento primi-
tivo, simples e ndo-reflexivo, que é mais evidente em forma
de emogio e humor (Russell, 1980). Ou seja, o core affect ¢
parte de, mas nio o todo, das emogdes e humor (Ekkekakis,
2013; Russell & Barrett, 1999).

Numa das linhas de pensamento mais consensuais, a
emogio ¢ apresentada através de multiplas componentes (core
affect, avaliagdo cognitiva, alteragdes corporais), de intensi-
dade elevada, mas de curta duragio (segundos ou minutos),
e que emerge como resposta a estimulos especificos que sdo
claramente identificiveis. Ou seja, nas emogdes, a avaliagio
cognitiva é uma caracteristica elementar e revela um fené-
meno mais complexo em comparagio ao core affect (Ekkekakis,
2013; Ekkekakis & Petruzzello, 2002). Por exemplo, o core
affect pode ocorrer de forma individualizada ou como parte
da emocido. Se considerarmos o orgulho — que ¢ definido
como uma manifesta¢do da forma como alguém se sente
bem consigo mesmo — pode ser decomposto de forma que
a percecio de “sentir-se bem” representara o core affect, e “con-
sigo mesmo” a componente com um elemento cognitivo (i.e.,
resultando na emogio) tal como descrito por Russell (2003).

O humor é considerado como um conjunto de sentimen-
tos persistentes associados a avaliages cognitivas (Ekkekakis,
2013). Caracteriza-se por ser experienciado na maioria do
tempo (horas, dias), com intensidade inferior as emogoes,
com multiplas componentes (apesar de nio tdo pronuncia-
das como nas emogdes) e que podem resultar da avaliagio
cognitiva de algo difuso — ‘{mood is] zhe appropriate desig-
nation for affective states that are about nothing specific or about
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everything — about the world in general” (Frijda, 2009, p.
258). A distingdo destas trés componentes que globalmente
se enquadram dentro do termo afeto é de particular impor-
tincia para a compreensio de diversos fenémenos (e.g., 0 que
avaliar/medir? Com que instrumentos?). Néo sendo o obje-
tivo deste artigo, para se obter uma revisio mais aprofundada
sobre o tema recomenda-se a leitura de outros trabalhos (e.g.,
Ekkekakis, 2013; Ekkekakis & Petruzzello, 2002).

Relativamente ao afeto, este torna-se entio uma pega
central nas abordagens que utilizam sistemas intuitivos para
explicar o comportamento, particularmente no que diz res-
peito ao core affect. Como exposto antes, esta manifestacio
subjetiva conscientemente disponivel pode ser experienciada
como prazer, desprazer, tensio, relaxamento, energia, ou fadiga,
e sendo do ponto de vista evoluciondrio o sistema mais antigo
(por comparagio as emog¢des e humor), tem como fungio
fornecer ao organismo informagdes resultantes da experién-
cia que permitam realizar uma afericdo de estados mais ou
menos desejados. Essencialmente, a altera¢io de um estado
menos desejado para um mais desejado estd acompanhado
de afetos positivos, enquanto os afetos negativos promovem
a transi¢do contrdria. Assim, este sistema filogeneticamente
mais antigo permite priorizar vérios estimulos sensoriais,
apoiando na formagio de memdrias com valéncia (posi-
tiva ou negativa) e de preferéncias, sendo que a intensidade
desse estimulo ird determinar a magnitude do afastamento
ou aproximagdo. Esta diade expressa no ser humano de pro-
curar aproximar-se do que promove prazer e afastar-se do
que promove desprazer ou dor representa um aspeto crucial
da formagio da motivagio, pois determina a inclinagdo para
nos movermos (ou afastarmos) de algo (Batson et al., 1992;
Ekkekakis, 2013).

Em suma, o core affect é composto entdo por dois constru-
tos de grande relevo para a melhor compreensio do compor-
tamento humano: (1) valéncia afetiva (i.e., prazer/desprazer)
e ativagdo (i.e., energia/letargia) (Russell, 1980). Virios estu-
dos sugerem que estados afetivos durante o exercicio fisico
tém um impacto nesse comportamento futuro (e.g., Kwan &
Bryan, 2010; Rhodes & Kates, 2015; Schneider et al., 2009;
Williams, 2008). Por exemplo, Schneider et al. (2009) rela-
taram que os participantes com uma resposta afetiva mais
positiva durante o exercicio reportaram maior frequéncia
semanal de atividade fisica no futuro. Por sua vez, Williams
(2008) demonstraram que a resposta afetiva durante a atividade
fisica foi significativamente associada a sua adogio continua
no futuro. Por outro lado, a resposta afetiva apds a sessdo nio
demonstrou qualquer valor preditivo. Ou seja, é a resposta
afetiva durante a pratica de exercicio fisico que é uma varid-

vel determinante para a repeti¢io deste comportamento no
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futuro, enquanto o core affect percecionado apés uma sessio
no apresenta esta relevincia (Ekkekakis et al., 2011; Stevens
et al., 2020). Por fim, referir que apesar da sua importancia,
o0s mecanismos de como os estados afetivos promovem a
manutengio do exercicio fisico ainda ndo sio consideravel-

mente compreendidos (Jekauc & Brand, 2017).

Teorias de processamento duplo: a
integracao da razao e da emocao

As teorias de processamento duplo representam uma
classe de teorias que exploram caracteristicas conscientes e
nio-conscientes de um comportamento. A realizagio (ou nio)
desse comportamento é o resultado da interagdo de dois siste-
mas ou processos. O sistema I é definido como sendo répido,
automdtico e implicito, com utiliza¢io minima de recursos
cognitivos, e o sistema II ¢ caracterizado como sendo mais
lento, reflexivo e explicito (Kahneman et al., 2003).

E nesta interacio que o comportamento tende a emergir
e virios modelos derivados desta abordagem tém sido uti-
lizados no contexto da atividade fisica. Por exemplo, com-
portamentos como a prética de exercicio fisico existem como
resultado ndo de um, mas dos dois processos ou sistemas
bésicos, cuja interagdo nos permite gerar imagens mentais
orientadas para a agdo comportamental (American College
of Sports Medicine, 2021; Brand & Ekkekakis, 2018). Nesta
abordagem, havendo um alinhamento dos dois sistemas, a
previsibilidade da realiza¢io de um comportamento é teori-
camente mais elevada, pois tanto os aspetos mais reflexivos
(e.g.,atitudes, intengdes) como os automiticos (e.g., resposta
afetiva, habito) concorrem na mesma dire¢do. No entanto,
nem sempre isto se verifica. Particularmente no exercicio
fisico, as informagdes processadas no sistema I (e.g., delibe-

« .

ragdo racional sobre o comportamento: "¢ importante realizar
exercicio para a minha saide”) nem sempre se alinham com as
do sistema I (e.g., resposta afetiva negativa recordada: “Aoje
¢ aquele treino dificil/cansativo/que me deixa exausto”). Nestes
casos, a realizagdo do comportamento estard dependente da
interag¢do entre um conjunto de recursos afetivos disponiveis
e da capacidade de autorregulagio de cada individuo.

Com particular énfase neste processo encontra-se a res-
posta afetiva. Tanto o core affect (e.g., resposta afetiva durante
o treino) como outras varidveis afetivas de relevo (e.g., recor-
dagio das sensagbes durante o treino) podem contribuir de
forma automadtica ou reflexiva para o desenvolvimento do
comportamento, através da criagio de sensagdes de apro-
ximagdo ou afastamento da pratica (Brand & Ekkekakis,
2018; Ekkekakis et al., 2011; Murphy & Eaves, 2016). No
entanto, tem sido sugerido que o core affect, experienciado
durante o exercicio fisico, pode afetar os dois sistemas de
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formas distintas. As quatro teorias/abordagens a desenvolver
no presente artigo exploram a ideia de que a forma como se
experiencia a resposta afetiva durante o exercicio fisico, ird
condicionar virios processos e influenciar o comportamento
orientado para a pritica regular. A reflexdo destes modelos
e a sua integragio em interven¢des de promogio de exerci-
cio fisico nio s6 ird ajudar a compreender a dificuldade de
adesdo continuada, mas também o entendimento da possi-
vel aversdo ou sensagio de afastamento que muitas pessoas
manifestam em relagdo ao exercicio.

OBJETIVO DA REVISAO
DA LITERATURA

Com base no exposto, o objetivo desta revisdo da literatura
consiste em explorar quatro recentes e proeminentes teorias
de processamento duplo (ART: Brand & Ekkekakis, 2018;
TEMPA: Cheval & Boisgontier, 2021; PAAM: Strobach
et al.,,2020; AHBF: Stevens et al., 2020; Williams & Evans,
2014) que expressam a utilidade dos afetos como varidveis
de relevo para o entendimento do comportamento na ati-
vidade fisica. As teorias/modelos selecionados representam
as tentativas mais recentes de varios autores com investiga-
¢do extensa no tema, em apresentar racionais teéricos que
permitam uma exploragio afetiva assente em terminologia
e pressupostos aceites atualmente, e onde se perspetivam
abordagens de relevo para investigacio futura.

Modelos de processamento duplo
explorados no contexto
da atividade fisica

Teoria afetiva-reflexiva da inatividade

fisica e do exercicio

A teoria afetiva-reflexiva (Affective-Reflective Theory —
ART) da inatividade fisica e do exercicio (Brand & Ekkekakis,
2018) tem como objetivo predizer e explicar o comporta-
mento humano em situagdes em que um individuo tem a
opgido de se manter inativo ou iniciar a pritica de exercicio
fisico. Esta teoria apresenta um modelo de processamento
duplo que procura explicar o porqué de a inatividade fisica
continuar a prevalecer em detrimento da prética regular de
exercicio fisico.

A ART tem como inspiragio primordial a teoria de
campo (freld theory) de Lewin (1943), que postula que o com-
portamento humano deve ser interpretado numa perspetiva
de “forgas” e “tensbes” que atuam sobre nés. Nesta teoria, o
comportamento ¢ entdo compreendido através destas forcas
constituidas por fatores interrelacionados que constituem o

nosso “campo dindmico”, que nos ird aproximar de um dado
comportamento ou manter-nos no atual. Esta dinimica ¢é
definida por “sistemas de tensdo”, forcas que nos aproximam
ou afastam de uma a¢do. A ART sugere que a resposta afe-
tiva momentanea pode desempenhar um papel importante
neste sistema, atuando como estas forgas atrativas (valéncia
afetiva positiva) ou repulsivas (valéncia afetiva negativa) que
podem dar origem a um novo comportamento ou & manu-
tengdo do atual. No 4mbito da inatividade fisica e exercicio,
isto significa que o core affect pode atuar como um promotor
ou como uma barreira 4 adogio de uma prética regular de
exercicio, consoante a sua valéncia (prazer vs. desprazer). A
resposta afetiva tem entdo um papel central na ART, com
os autores desta teoria de processamento duplo a pretende-
rem acrescentar uma perspetiva hedénica (processamento
de tipo 1) a abordagens motivacionais (processamento de
tipo 2) para a pratica de exercicio fisico. Adicionalmente, a
ART distingue-se de outras teorias de cariz cognitivo (e.g.,
teoria da autodeterminagio; Deci & Ryan, 1985) por con-
templar as forgas restritivas para a pratica de exercicio, em
vez de considerar apenas a for¢a promotora e a magnitude
desta mesma (i.e., qualidade motivacional mais controlada
ou mais auténoma). Desta forma, podemos ter uma melhor
compreensio da totalidade da situagdo em que uma decisdo
¢ tomada (e.g., praticar ou nio exercicio), através das forcas
concorrentes que a influenciam no momento (e.g., ir treinar
vs. descansar no sofd depois de um dia de trabalho drduo) e
dos processos psicoldgicos que levam a esse comportamento
(que podem ser observados na Figura 1 e serdo brevemente
explorados de seguida).

Como uma teoria de processamento duplo, a ART da
inatividade fisica e exercicio procura explicar a tomada de
decisdo para a agio através de dois tipos de processo, tipo 1
(rapido, automatico e sem esforco) e tipo 2 (lento, cognitivo e
esforcado). A ART tem como base processamentos de tipo 1
que podem, dependendo da situagio, depois “informar” pro-
cessamentos de tipo 2. Tudo isto acontece no momento em
que percegdes relacionadas com exercicio sio apresentadas
através de estimulos externos (e.g., ser aconselhado a prati-
car exercicio por um familiar) e internos (e.g., lembrar-se do
conselho). Estes estimulos vio ativar associacdes automati-
cas de experiéncias passadas, codificadas na nossa memoria,
para com o objeto do estimulo (e.g., exercicio fisico) e outros
relacionados (e.g., estado atual de inatividade fisica). Por sua
vez, estas associagdes vao criar uma valorizagio afetiva auto-
matica para com a fonte do estimulo (e.g., exercicio), cuja
valéncia afetiva resultante é crucial para um impulso para a
acdo (para praticar exercicio ou manter-se no estado atual

de inatividade fisica). Aqui, uma valéncia afetiva positiva
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Afetos e cognigdo

codificados
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com o automaticas
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Processamento Tipo 1

Fonte: adaptado de Brand & Ekkekakis (2018).
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X Impulso para a agdo
automatica i P i

Figura 1. Teoria Afetivo-Refletiva.

vai potenciar um impulso para praticar exercicio, enquanto
uma valéncia afetiva negativa vai criar um impulso de aver-
sdo a esta pritica (Chen & Bargh, 1999). Adicionalmente,
uma valorizagio afetiva automdtica que retrate uma deter-
minada (in)atividade de lazer (e.g., ver televisdo sentado no
sofd) como mais prazerosa do que treinar, ird exercer uma
grande influéncia no impulso de ago resultante. Toda esta
valorizagio afetiva automdtica pode ou nio ser consciente
(Strack & Deutsch, 2004).

Dependendo dos recursos de autocontrolo disponiveis
(Hofmann et al., 2008), a valorizagdo afetiva automitica ird
atingir processos de tipo 2. O processamento desta informa-
¢do afetiva converge com a memoria de experiéncias passa-
das para criar uma resposta afetiva antecipada, uma simula-
¢do mental de como uma pessoa acredita que se ird sentir ao
praticar exercicio fisico. Residem também nestes processos
operagdes cognitivas de elevado nivel, como as necessidades
e valores individuais (Deci & Ryan, 1985), os pros e contras
da mudan¢a comportamental (Bandura, 1986) ou as cren-
cas subjetivas (Ajzen, 1985), realizando aqui uma conexdo
da ART com teorias cognitivas relevantes. Estas avaliagoes
reflexivas podem originar planos de agio (e.g., intengdes e
objetivos para a mudanca comportamental) que, tal como os
impulsos para a agio, podem constituir for¢as promotoras ou
restritivas para a adogio da prética de exercicio.

Os processos de tipo 1 e 2 interagem entre si de trés formas
diferentes: (1) as associagdes automdticas sdo criadas através
de experiéncias afetivas passadas aprendidas; (2) cada ativa-
¢do de uma associa¢do automitica deixa vestigios na nossa
rede de associagdes (como uma “atualiza¢io” de associagdes
prévias para com o exercicio) (Strack & Deutsch, 2004); e
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(3) através da chegada da valorizagio afetiva automatica a
processos de tipo 2, quando existem recursos de autocon-
trolo disponiveis (Hofmann et al., 2008). As primeiras duas
formas de interagio criam um ciclo de feedback fulcral para
a aprendizagem do ser humano, formando e atualizando
validaces afetivas e avaliagbes reflexivas relacionadas com
exercicio fisico. A terceira qualifica a ART como um modelo
intervencionista-padrio, com a validagdo afetiva automdtica
a representar a resposta padrio sobre a qual uma avaliagio
reflexiva é baseada. Nesta interac¢do entre sistemas, se ambos
estiverem alinhados para a pritica de exercicio fisico (e.g.,
preparar jd todo o equipamento necessério para treinar, con-
vergindo com o conselho de um familiar para exercitar mais
regularmente), ndo sio expectdveis barreiras psicolégicas
para a adogio do comportamento em questdo, visto ambos
os planos e o impulso para a agio convergirem. No entanto,
na existéncia de conflito entre sistemas (e.g., inten¢do de
seguir o conselho do familiar, mas o impulso para a agdo é
manter-se em inatividade fisica), com a auséncia dos recursos
de autocontrolo necessdrios, é esperado que o impulso para
a agdo prevalega sobre os planos delineados (Baumeister &
Heatherton, 1996; Englert, 2016; Hofmann et al., 2008). A
validagdo afetiva automadtica sé poderd ser rejeitada na pre-
senca de recursos de autocontrolo, que poderdo ser “gastos”
para este fim, rejeitando assim o impulso para uma ag¢io que
queremos contrariar (e.g., manutencdo da inatividade fisica)
em primazia dos planos de agdo que queremos implementar.

O core affect tem entdo um papel chave na ART da ina-
tividade fisica e exercicio. A valéncia afetiva experienciada
durante o exercicio ird criar associagdes automaticas que ficam
codificadas na nossa memdria, associagdes estas que serdo
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ativadas quando a oportunidade de voltar a praticar exerci-
cio se apresentar novamente. Se a valéncia afetiva durante o
exercicio for de cariz negativo, esta associagio (i.e., exerci-
cio que causa desprazer) vai sendo automatizada, com cada
sessdo de treino desprazerosa a reforgd-la. Simultaneamente,
se existir uma validagdo afetiva automdtica mais positiva
para com a inatividade fisica, o impulso para a agio vai ser
para nos mantermos inativos. Apesar de este impulso poder
ser contrariado através de processos de tipo 2, esta rejei¢io
requer sempre recursos de autocontrolo, recursos estes que

sdo limitados.

Teoria da minimizacdo do esforco na

atividade fisica

A teoria da minimizag¢io do esfor¢o em atividade fisica
(Theory of Effort Minimization in Physical Activity— TEMPA;
Cheval et al., 2017; Cheval & Boisgontier, 2021) tem como
pilares os mesmos pressupostos da ART da inatividade fisica
e exercicio e de outros modelos semelhantes de processa-
mento duplo, onde a adogio de uma pritica regular de exer-
cicio fisico estd dependente das interagdes entre processos
automdticos e reflexivos e as agdes que estes originam (e.g.,
impulsos e/ou planos). A TEMPA pretende melhorar a pre-
cisio destes modelos suplementando a sua abordagem com
uma avaliagio' afetiva automdtica considerada esquecida por
Cheval e Boisgontier (2021): uma atragio evolutiva do ser
humano pela minimizagio do esforgo fisico.

Para compreendermos esta atra¢do inata para com a
minimizagio do esfor¢o, precisamos primeiro de considerar
a evolucio da relagio do ser humano com a atividade fisica
a0 longo da sua histéria. Ao longo de milhdes de anos, a ana-
tomia e fisiologia dos nossos antepassados foi-se adaptando
as necessidades das suas estratégias de caga, estratégias estas
indispenséveis para a sua sobrevivéncia. Estas adaptacdes
tornaram os Humanos em seres fisicamente ativos e ener-
geticamente eficientes. Toda este processo evolutivo resul-
tou numa otimizagdo do nosso organismo para a atividade
fisica, ao ponto de esta se ter tornado essencial para a nossa
saide (Guthold et al., 2018). Esta evolugo parece ter tido
um efeito nio s6 fisico, mas também psicolégico, com o nosso
cérebro a poder ter sido condicionado neurofisiologicamente
para originar uma resposta afetiva positiva a prética de ati-
vidade fisica (Crombie et al., 2018; Raichlen et al., 2012).
Nio obstante, nem toda a resposta afetiva a atividade fisica

é positiva. De facto, com intensidades baixas a moderadas, a

resposta afetiva é tendencialmente positiva (Ekkekakis et al.,
2011; Ladwig et al., 2017). No entanto, a partir do limiar
ventilatério pode-se verificar uma heterogeneidade no core
affect sentido (e.g., devido a diferencas individuais na inten-
sidade preferida e tolerada; Ekkekakis et al., 2005), com o
desprazer a ser dominante para intensidades superiores ao
ponto de compensagio respiratério (Ekkekakis et al., 2011;
Ladwig et al.,2017). Esta resposta afetiva a intensidades vigo-
rosas pode ser um resultado da alteragio do sistema energé-
tico predominante (i.e., aerébio para anaerébio apés o limiar
ventilatério), resultando em sensagdes interoceptivas de des-
prazer com o objetivo de manter a homeostase do organismo
(e.g., evitar lesdo). Apesar da crescente evidéncia da relevincia
do core affect para a adesio ao exercicio (e.g., Baldwin et al.,
2016; Rhodes & Kates, 2015; Williams, 2008), os autores da
TEMPA defendem que o desprazer associado a atividades de
natureza anaerdbia nio explica completamente os altos niveis
de inatividade fisica mundiais. Outra hipétese complementar
¢ a existéncia de validagbes afetivas automdticas relativas a
outros comportamentos que podem representar uma alter-
nativa mais atrativa que o exercicio fisico. Comportamentos
estes de cariz sedentdrio, vistos como mais prazerosos devido
a uma atragio pela minimizagio do esforgo.

Este aparente paradoxo (otimizagio do ser humano para
ser fisicamente ativo e simultaneamente possuir uma atragio
para a minimizagdo do esfor¢o) pode também ser explicado
pela forma como o ser humano tende a gerir a sua atividade
fisica. Esta tendéncia inata para minimizar o esforgo parece
ter sido desenvolvida através de uma l6gica de selegio natural
nos nossos antepassados, em que as suas reservas de energia
eram fulcrais para as suas necessidades somdticas e reprodu-
tivas (Gibson & Mace, 2006; Pontzer et al., 2016). E entio
provivel que o ser humano tenha evoluido para poupar energia
através de dois mecanismos: (1) uma melhor economia (e.g.,
redugio do dispéndio energético) e (2) uma maior eficiéncia
(e.g., menor desperdicio) da sua atividade fisica. Aplicando a
um contexto pratico, uma melhor economia energética refe-
re-se a como uma atividade poderd ser realizada com o menor
gasto energético possivel (e.g., se é necessdrio correr, qual a
velocidade minima a que o poderei fazer para cumprir esta
necessidade; se tenho de subir escadas, quao devagar o posso
fazer sem me atrasar para o meu compromisso). Por sua vez,
uma maior eficiéncia energética significa selecionar a op¢io
que desperdice menos recursos para cumprir um determi-
nado objetivo (e.g., possibilidade de utilizar uma bicicleta ou
um carro em vez de correr para chegar ao destino; apanhar

1 NaTEMPA, o conceito das avaliagées automaticas afetivas equivale ao das validacées automaticas afetivas apresentado na ART. Apesar
de considerarmos o termo “validagdo” mais apropriado para este tipo de processamentos automaticos (o termo "avaliagdo” pressupde
cognigdo), iremos manter a designagédo apresentada pela TEMPA para mantermos uma maior proximidade a terminologia deste modelo.
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um elevador em vez de subir as escadas). Apesar de ambos
estes mecanismos continuarem em ag¢do no comportamento
humano, a eficiéncia energética tem vindo a ganhar um papel
mais preponderante na minimizagio do esfor¢o gracas as vérias
ferramentas e tecnologias que tém vindo a ser desenvolvidas
para este fim. Por exemplo, a deslocagdo a um restaurante para
consumirmos uma refeicio energeticamente densa ji nio é
necessdria, esta refeicio pode facilmente vir até nés através de
uma aplicagdo de telemével. Parece entdo que o ser humano
evoluiu para ser fisicamente ativo, mas de uma forma efi-
ciente, com a literatura cientifica a demonstrar varios exem-
plos da otimizagdo desta eficiéncia energética (Abram et al.,
2019; Alexander, 1996; Prévost et al., 2010). Ndo obstante,
esta tendéncia pode ser descartada por comportamentos de
maior esfor¢o se estes estiverem de acordo com os objetivos
do individuo (e.g., subir as escadas para ser fisicamente mais
ativo; ir ao gindsio treinar para perder peso). Adicionalmente,
um comportamento que contrarie a minimizagio do esforgo,
que tenha sido realizado frequentemente ao longo do tempo,
pode-se tornar num habito, promovendo assim a sua auto-
matizagdo que resulta numa poupanca de recursos cogniti-
vos na sua realizagio (e.g., dirigir-se espontaneamente para
as escadas/gindsio). No entanto, os processos de minimizagio
do esfor¢o nio cessam apds a tomada de uma decisio, exer-
cendo a sua influéncia durante as miltiplas fases da regulagio
comportamental. Por exemplo, isto significa que pode ainda
influenciar um comportamento j4 iniciado, enviesando a sua
realizagdo para um menor gasto energético. Esta minimiza-
¢do do esforco pode mais uma vez ser contrariada através da
motivagdo para manter o comportamento e de outras estra-
tégias, como a manipula¢io da percegio do esforgo (Iodice
et al., 2019; Marcora, 2016).

Apesar da possibilidade de contrariar uma avaliagio auto-

mitica para a minimizagao do esforco, as condigdes necessdrias

para tal rejei¢io podem nio estar disponiveis. Aqui chegamos
a outra componente basilar da TEMPA, a inclusio do estado
fisiolégico do individuo, no momento da sua exposi¢do a um
estimulo relacionado com exercicio, como variiveis modera-
doras dos processos de avaliagdes automiticas. Por exemplo, a
fadiga pode causar uma percegio de esforgo para com o exer-
cicio fisico mais elevada do que quando os seus niveis estdo
mais baixos (lodice et al., 2017). Consequentemente, um indi-
viduo fatigado pode ter avaliagbes automdticas distintas que,
naquele momento, nao abonam a favor da prética de exercicio.
Adicionalmente, é expectédvel que a aptidio fisica de um indi-
viduo (e.g., aptiddo cardiorrespiratéria; for¢a muscular) possa
influenciar uma avalia¢do afetiva automdtica momentinea
para com o exercicio, com individuos destreinados possivel-
mente a apresentarem perce¢des de esforco mais elevadas do
que individuos treinados. Para além do estado fisiolégico, ha
ainda que contemplar as diferencas individuais na atragio e
tolerancia do esforgo fisico. Evidéncia demonstra que alguns
individuos evitam o esfor¢o cognitivo, enquanto outros procu-
ram-no ativamente face as suas maiores necessidades cognitivas
(Cacioppo et al.,1996). Outros, tém preferéncias e tolerincias
pela intensidade do exercicio distintas e, consequentemente,
na resposta afetiva, manifestando-se também nestas relagoes
fisiologicas (Marques et al., 2023; Teixeira et al., 2021, 2022).
Por fim, a TEMPA contempla ainda o meio envolvente ao
individuo, visto este poder constituir um estimulo externo
que desencadeia os processos automdticos e controlados que
podem estar na base do comportamento. Por exemplo, a exis-
téncia de passeios, parques, ciclovias e de infraestruturas para
a realizagdo de exercicio fisico que criem um meio envolvente
mais orientado para a sua pritica podem ser facilitadores desta
mesma (Benton et al., 2016). Como tal, estes fatores referen-
tes ao envolvimento do individuo podem facilitar, ou inibir, a
pratica de atividade fisica (e.g., exercicio fisico). No entanto,
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Figura 2. Teoria da minimizagcdo do esforco em atividade fisica.
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como postula a TEMPA, este efeito estd sempre dependente
dos afetos e motivagdo para a sua pratica.

Em suma, a TEMPA (Figura 2) é um modelo de pro-
cessamento duplo que se distingue pela inovagio da inte-
gracdo da percecio de esfor¢o e sua influéncia nos proces-
sos automiticos e controlados. Os movimentos baseados
no movimento sio considerados num continuum energé-
tico, pendendo tendencialmente para uma minimizag¢ao do
esforco com o objetivo de criar uma maior eficiéncia ener-
gética. Isto estd dependente de estimulos externos relacio-
nados com o movimento, que vio ser avaliados positiva ou
negativamente pelos processos automiticos e controlados.
Esta avaliacio estd dependente do estado fisiolégico atual
do individuo (i.e., niveis de fadiga; aptiddo fisica) e se estes
estimulos para o movimento sio considerados necessarios ou
dispenséveis. A percec¢io de esforgo associada ao estimulo é
influenciada pelo resultado desta avaliagio que, por sua vez,
vai impactar os processos automdticos e controlados que
vio levar aos respetivos precursores comportamentais (e.g.,
resposta afetiva antecipada no caso das automadticas; inten-
¢Oes para a prética no caso das controladas). Estes precur-
sores podem ser considerados como o resultado dos respeti-
vos processos automaticos e controlados que irdo de seguida
influenciar uma tomada de decisdo. Para estes precursores
suportarem comportamentos baseados em movimento com
um maior dispéndio energético, os processos automaticos e
controlados em prol deste comportamento tém posterior-
mente de superar os processos a favor de uma minimizagio
da percecio esforco. O peso que estes precursores vio por
sua vez apresentar na tomada de decisdo estd dependente
de multiplos fatores que funcionam como moderadores, tal
como a fadiga, carga cognitiva necessdria e a habitualidade
do comportamento. Em individuos que tencionem ser fisi-
camente ativos, uma avaliagdo automdtica negativa pode ser
descartada através da utilizagdo de recursos de autocontrolo.
No entanto, no caso de estas reservas estarem esgotadas, é
provivel que os processos automdticos sejam soberanos na
tomada de decisdo, incluindo uma atragio automdtica para a
minimizagdo do esforgo. A decisio comportamental é ope-
racionalizada através de um plano motor que vai originar o
comportamento pretendido através de um comando motor.
O esforgo associado a0 movimento vai, por fim, atualizar a
sua respetiva perce¢io para o futuro e ainda criar um ciclo
de féedback com o plano motor para o tornar mais eficiente.

Analisando todo este processo da TEMPA que leva a
uma tomada de decisio e posterior operacionalizagio de
um comportamento, conseguimos identificar onde os afetos
desempenham um papel fundamental. Como parte inte-

gral dos processos automdticos, uma avalia¢io automdtica

afetiva desfavorével para com o exercicio fisico vai despoletar
uma resposta afetiva antecipada negativa e uma reagio de
aversdo para com a sua prética. Estes precursores vdo entio
favorecer uma tendéncia para a minimizagio do esforgo que
provavelmente ird prevalecer como resultado destes proces-
sos automdticos. Esta tendéncia pode entdo ser rejeitada na
presenca de recursos de autocontrolo, resultando assim na
operacionalizagio da sessdo de exercicio. No entanto, aqui
jaz o problema previamente reportado na ART: as limita-
¢bes dos recursos de autocontrolo. Na auséncia de recursos
suficientes para rejeitar uma avaliacio afetiva automadtica
que favorece uma minimizagio do esforgo, esta ultima pro-
vavelmente vai prevalecer. Adicionalmente, quanto mais
forte for esta tendéncia (fruto de, por exemplo, uma maior
aversdo ao exercicio) mais recursos de autocontrolo poderio
ser necessdrios para a rejeitar, tornando ainda mais impro-
vavel uma adogdo e posterior manuten¢io de uma pritica

regular de exercicio.

Modelo de adocéao e
manutencao da atividade fisica

Outra abordagem assente na teoria de processamento
duplo ¢ o modelo de adogdo e manutengio de atividade fisica
(Physical Activity Adoption and Maintenance model— PAAM;
Strobach etal.,2020). Enquanto a ART da inatividade fisica
e a TEMPA focam-se no porqué de a maior parte da popu-
lagdo mundial continuar a ser fisicamente inativa, o PAAM
visa identificar preditores de adogio do comportamento e
manutencio a longo prazo. De acordo com os seus autores,
uma abordagem aos processos implicitos (i.e., automaticos)
e explicitos (i.e., controlados) segundo a teoria de processa-
mento duplo desempenham um papel importante no pro-
cesso de adogdo e manutengio da pritica de atividade fisica
regular (Figura 3).

Tal como os outros modelos de processamento duplo
ja abordados neste artigo, 0 PAAM pressupde que o com-
portamento humano € o resultado da interagio entre os
processos implicitos e explicitos. Aqui verifica-se uma das
principais diferencas entre o PAAM e outras abordagens a
adogdo e manutengio comportamental (e.g. Physical Activity
Maintenance Theory; Nigg et al., 2008), com o PAAM a
evitar simultaneamente colocar demasiado enfase nos pro-
cessos reflexivos e negligenciar os processos automaticos.
De forma semelhante 4 ART da inatividade fisica e exerci-
cio (Brand & Ekkekakis, 2018), os autores do PAAM assu-
mem que os processos implicitos (i.e., hdbito, afetos) sio a
resposta padrio onde os processos explicitos se baseiam e
desenvolvem (i.e., intengdo, caracteristica de autorregulagio,
fungdes executivas). Dependendo da intensidade do hédbito
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Figura 3. Modelo de adogdo e manutengdo de atividade fisica

(PAAM; adaptado de Strobach et al., 2020). “Atividade Fisica

1" representa o estado antes da ado¢do e manutencdo do comportamento de interesse, enquanto “Atividade Fisica 2"
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apresentar fatores que precedem e procedem o foco atual do PAAM. As linhas a tracejado representam efeitos de moderac&o.

e dos afetos, os processos implicitos podem afetar o sistema
explicito (Strack & Deutsch, 2004). Se as habilidades de
autorregulacio?® estiverem disponiveis, entdo os processos
implicitos podem influenciar, mas nio sobrepor, os processos
explicitos na determinagio do comportamento. Neste caso,
os dois tipos de processos podem ser concordantes (e.g., 0
impulso de desfrutar de uma caminhada ao sol e a intengdo
de aumentar os niveis de atividade fisica) ou conflituantes
(e.g., 0 impulso de descansar no sofd apés um dia de trabalho
enquanto a intengfo é ser mais fisicamente ativo). Ainda em
alinhamento com a ART (Brand & Ekkekakis, 2018), assu-
me-se que a interagio entre os processos implicitos e expli-
citos pode ser caracterizada como uma competi¢do para o
controlo sobre a resposta comportamental (Lewin, 1951). Se
as capacidades de autorregulagio estiverem a disposicdo, os
impulsos conflituantes, tais como o efeito negativo no com-
portamento da atividade fisica (e.g., atividade desprazerosa,
mas importante) ou um hébito forte para comportamentos
sedentdrios, podem ser inibidos e o comportamento pode ser
regulado de acordo com objetivos explicitos e intengdes (i.e.,
a probabilidade de realizagio do comportamento é elevada).
Ou seja, no caso de a pessoa estar motivada e ter capacida-
des de autorregulagio suficientes, o comportamento serd

guiado por processos explicitos, como intengdes e decisdes

deliberadas (e.g., o plano de ir ao gindsio treinar sobrepde o
impulso de ficar no sofi a descansar). Nio obstante, como
j foi mencionado previamente, ¢ importante reforgar que o
sistema explicito depende da disponibilidade de capacidades
de autorregulagio. Se estes recursos nio estiverem disponiveis,
o processo implicito dominara o comportamento. Nesse caso,
avalidagio® afetiva automdtica positiva mais forte serd a que
vai prevalecer e originar o respetivo impulso para a agio. Ou
seja, se nesse momento existir alguma alternativa ao exercicio
fisico que aparente ser mais prazerosa (e.g., ficar a descansar
no sofi), provavelmente ¢ esse comportamento alternativo
que serd operacionalizado (Strack & Deutsch, 2004).

No principal foco do PAAM que ¢ a adogio e manutengio
da pritica de atividade fisica, os processos explicitos e impli-
citos tém papéis diferenciados, com preponderancias distintas
nas diferentes fases de adogio deste comportamento. Na fase
de adogio comportamental, processos explicitos aparentam
ser de maior importincia. Por exemplo, uma decisdo baseada
na percegio de que um estilo de vida fisicamente inativo tem
implicagbes negativas para a saude, pode originar uma inten-
¢do de mudanga comportamental para um estilo de vida mais
ativo (e.g., inscrever-se num gindsio e comegar a treinar). A
literatura sociocognitiva aponta a inten¢io como uma varid-

vel importante para a adogio de um novo comportamento,

2 Apesar de apresentarem algumas distingdes na sua conceptualizacdo, a autorregulacdo no PAAM apresenta um papel semelhante aos

recursos de autocontrolo no ART e TEMPA.

3 O PAAM segue a terminologia da ART no que toca as validagdes automaticas afetivas (vs. avaliaces automaéticas afetivas na TEMPA).
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incluindo a prética de atividade fisica (Ajzen, 1991; Hagger
et al.,2002). No entanto, a evidéncia tem demonstrado que,
isoladamente, a intencdo ¢ incapaz de dar resposta a toda a
varidncia do comportamento humano (Rhodes & De Bruijn,
2013; Sheeran & Webb, 2016). Esta variancia representa
uma lacuna entre as inten¢des e o comportamento preten-
dido (Sheeran & Webb, 2016).

Enquanto a intengdo de adotar um novo comportamento
parece ser necessdria, esta ndo ¢é suficiente para a sua manu-
tengdo, com as habilidades de autorregula¢io a serem aqui
relevantes para ultrapassar as dificuldades e barreiras para
uma prética regular de exercicio fisico. No entanto, estas
habilidades de autorregulacio sio uma caracteristica indivi-
dual (i.e., trago), com alguns individuos a apresentarem uma
autorregulagio superior a outros (Englert, 2016). Este trago
parece ser particularmente relevante para a prética de ativi-
dade fisica, com maiores niveis de autorregulagio a serem
associados a niveis mais elevados de atividade fisica (Allom
etal.,2016) e com individuos com uma menor autorregula-
¢do a demonstrarem ter pouca persisténcia em atividades de
resisténcia fisica (Englert & Wolff,2015). O PAAM assume
entdo que individuos com um trago de autorregula¢io baixo
terdo uma maior dificuldade em criar uma ponte entre as suas
intengdes de praticar atividade fisica e o comportamento em
si (Rodrigues et al., 2022).

No entanto, ainda dentro dos processos explicitos, as
funcdes executivas (i.e., inibi¢do, atualizagio e deslocagio;
Miyake et al., 2000) podem também ter um efeito modera-
dor entre a intengdo e o comportamento (Hofmann et al.,
2012). Mais especificamente, a funcio de inibi¢do pode ser
particularmente relevante para suprimir comportamentos
prejudiciais para a satde (e.g., comportamento sedentdrio),
podendo assim dar lugar a um novo comportamento que
possa ser mais benéfico (e.g., atividade fisica). Por sua vez,
a fungio de atualiza¢io permite a criagio de representagdes
mentais do objetivo e dos meios para o atingir, assim como
diminuir o impacto de afetos indesejados e incompativeis para
com o objetivo em questdo. Por fim, a fun¢io de deslocagio
pode permitir alguma flexibilidade nos meios utilizados, per-
mitindo ao individuo aproveitar oportunidades inesperadas,
que se desviam do plano original, mas que podem ser mais
eficazes. Adicionalmente, estas fun¢es executivas interagem
ainda com o trago de autorregulagio (Hofmann et al., 2012;
Pfeffer & Strobach, 2017). A fungio de deslocagio parece
beneficiar a autorregulagio, disponibilizando alguma capaci-
dade de adaptagio ao comportamento a ser adotado perante
circunstincias inesperadas, da mesma forma que a autorregu-
lagdo parece fornecer algum equilibrio a niveis de deslocagio
elevados (e.g., evitando uma desvinculagio precoce de um

objetivo tragado). Do mesmo modo, o trago de autorregu-
lagdo pode compensar baixos niveis das fungdes executivas
de inibi¢do e atualiza¢io. Em suma, tanto o trago de autor-
regulacio como as fungdes executivas podem ter um efeito
moderador entre a inten¢do e a implementagio do compor-
tamento, sendo assim varidveis importantes numa fase inicial
de adogio a prética de atividade fisica.

Em rela¢ido 4 manutengio da pritica de atividade fisica a
médio e longo prazo, a concomitincia dos processos duplos
mantem-se, mas com uma progressiva inversio de qual ¢
o processo dominante. Parece que quanto mais o compor-
tamento pretendido é repetido e sistematizado, mais forte
serdo os processos implicitos a guiar o comportamento para
a sua automaticidade (Gardner et al., 2020; Rodrigues &
Monteiro, 2021; Rodrigues & Teixeira, 2023a). E precisa-
mente nesta transi¢io que uma das varidveis dos processos
implicitos do PAAM tem um papel central, a formagio do
habito. O PAAM postula entdo que a formagio de um hibito
¢ caracterizada pela gradual transi¢do de processos de con-
trolo reflexivos e cognitivamente desgastantes (i.e., inten-
¢do) para processos automiticos (ativados por estimulos do
envolvimento). O hibito ¢ entdo formado através da repe-
tigdo de um dado comportamento com um envolvimento
estdvel, ndo necessitando de processos reflexivos (Ouellette
& Wood, 1998) e a sua automaticidade faz como que seja
resistente & mudanga. De facto, a forga do habito é capaz de
predizer a prética de atividade fisica em dias que a intengdo
para tal é baixa (Rebar et al., 2014). De uma forma geral,
tanto o hdbito como a intengdo predizem a pritica de ativi-
dade fisica, sem interagirem entre si, mas apresentando um
efeito cumulativo nesta predi¢io (Rodrigues & Teixeira,
2023b). Ainda em relagio ao hdbito, importa referir que
alguns tipos de comportamento poderdo ser mais dificeis
de automatizar. Por exemplo, atividades fisicas de maior
complexidade e intensidade podem nfo alcangar uma auto-
matizag¢io em pleno (e.g., devido a um envolvimento mais
dindmico), ficando sempre dependentes de alguma regulagio
explicita (Gardner & Lally, 2018; Hagger, 2020; Pfeffer &
Strobach, 2020). Por exemplo, uma modalidade desportiva
que implique a realiza¢io de habilidades motoras e compo-
nentes titicas de maior complexidade e/ou exercicio fisico
de intensidade vigorosa dificilmente alcan¢ard uma automa-
tizagdo de uma atividade fisica mais simples como subir as
escadas em vez de utilizar o elevador. Adicionalmente, uma
modalidade desportiva poderd apresentar um envolvimento
consideravelmente dindmico (e.g., treinos em horarios e/ou
locais distintos; participagdes em competi¢des que implicam
deslocagdes consideraveis), enquanto algumas oportunidades
de ser fisicamente ativo apresentam-se no quotidiano de uma
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forma mais estdvel (e.g., utilizar todos os dias as escadas para
chegar ao escritério e iniciar um dia de trabalho). Servindo
de exemplo menos dristico, praticar exercicio fisico maio-
ritariamente no mesmo momento do dia (e.g., apés sair do
emprego) e realizar atividades jd conhecidas (e.g., uma aula
de grupo e/ou um plano de treino em que o individuo ji
apresenta um bom grau de competéncia) poderdo ser estra-
tégias que facilitam a automatizagio deste comportamento.

Também dentro dos processos implicitos, as reagdes afe-
tivas (i.e., core affect) a atividade fisica apresentam um papel
igualmente importante. Os autores do PAAM avangam que
as validagoes afetivas automdticas podem ser importantes para
o hibito, podendo funcionar como potenciadores ou inibi-
dores da sua criagio, dependendo da sua valéncia (i.e., posi-
tiva vs. negativa). Considerando que estas validagdes afetivas
representam associagdes aprendidas a um dado comporta-
mento, reagdes afetivas prazerosas na sua realizagio, repe-
tidas e sustentadas no tempo, poderio resultar num hébito
de prética de atividade fisica mais fortalecido. Da mesma
forma, reacdes afetivas de desprazer podem criar uma rea-
¢do de afastamento da sua pratica. O core affect parece ser
ainda relevante como moderador da relagio entre a inten-

¢do e o comportamento, com respostas afetivas positivas a

aumentarem a probabilidade de a intengio resultar na ope-
racionaliza¢do do respetivo comportamento, com o oposto a
acontecer para respostas afetivas negativas (Zhu & Thagard,
2002). Referente a prética de atividade fisica, a literatura tem
de facto verificado este efeito moderador (Kwan & Bryan,
2010; Raedeke et al., 2007). Adicionalmente, este efeito
parece exercer influéncia nio s6 na adogio como também na
manutengio do comportamento, com um core aﬁ%ct positivo
a poder criar uma estabilidade temporal na operacionaliza-

¢do da intengio (Sheeran & Abraham, 2003).

Estrutura afetiva
do comportamento saudavel

Por ultimo, aborda-se a estrutura afetiva no comporta-
mento saudavel (Affect and Health Behavior Framework —
AHBF; Stevens et al., 2020; Williams & Evans, 2014). Esta
abordagem conceptual estrutura-se em quatro dimensées que
se associam e se consubstanciam no comportamento orien-
tado para a saide (como € o caso do exercicio fisico), nomea-
damente: (1) a resposta afetiva (e.g., core affect) em resposta
a prética de atividade fisica, (2) os afetos incidentais (e.g.,
como nos sentimos durante o dia, independentemente do

comportamento pretendido), (3), o processamento afetivo

R 4
P

alvo

afetiva p

ao

P

Resposta afetiva imediata

Resposta afetiva pos
exercicio

Processamento afetivo automatico

Processamento afetivo reflexivo

Associagdo afetiva }—){ Atitudes implicitas

Resposta afetiva relembrada Julgamentos afetivos
Resposta antecipativa afetiva (Atitudes afetivas, divertimento)

Motivacgio afetivamente carregada

Motivacio reflexiva

‘ Motivagao hedonica

. - Motivagdo intrinseca
(desejos, aversdo)

Medos, sensibilidade a
ansiedade

Intengdes comportamentais,
objetivos

T

A

Fatores ambientais

Estimulos comportamentais,
contexto fisico e social

Comportamento Saudavel |

(i.e., Exercicio fisico)

Outros fatores cognitivos

Normas sociais,
expectativas instrumentais

Motivag6es para comportamentos concorrentes

Fonte: retirado de Stevens et al. (2020).

Afetos incidentais
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(e.g., associagdes afetivas, atitudes implicitas, afeto recor-
dado, resposta afetiva antecipada e julgamentos afetivos), e
(4) estados motivacionais afetivamente carregados (e.g., moti-
vagio intrinseca, medo, desejo e motivagdo heddnica). Cada
dimensio (de forma mais ou menos estruturada) tem recebido
suporte cientifico isoladamente, apresentando valor preditivo
no comportamento orientado para a atividade fisica, e que
este modelo conceptual tenta agregar e relacionar (Figura 4).

Particularizando cada dimensio da AHBE, a primeira
inclui a resposta afetiva ao exercicio jd detalhada previa-
mente neste artigo. O core affect referente a prética de exer-
cicio fisico caracteriza-se entdo pela forma como cada pes-
soa se sente durante ou imediatamente apds a realizagio de
exercicio. Para esse efeito, a valéncia afetiva e a ativagio tém
sido os constructos de maior relevo nas avaliagdes realizadas
nesta dimensio (Andrade et al., 2022; Bastos et al., 2022;
Henriques et al., 2023).

A segunda dimensdo da AHBF ¢ o afeto incidental, e
diz respeito 4 forma como alguém se sente ao longo do dia,
independentemente (diretamente) da atividade fisica. Pode
ser experienciado na sua forma mais elementar como core
affect,ou numa dimensio mais abrangente como estados afe-
tivos distintos (e.g., fadiga), emogdes, e humor (Ekkekakis,
2013). Face ao comportamento, os afetos incidentais positi-
vos tém demonstrado valor preditivo para com a prética de
atividade fisica (Cameron et al.,2018; Emerson et al., 2018;
Liao etal.,2015).Isto pode ocorrer devido a um alinhamento
ou congruéncia do estado afetivo incidental com o que é
experienciado durante a atividade fisica. Adicionalmente, a
atividade fisica apresenta também uma associa¢do a niveis
de afeto incidental positivo mais elevados apés a sua pré-
tica (Emerson et al., 2018). Nio obstante, alguma evidéncia
demonstra que individuos com desordens alimentares e/ou
niveis elevados de insatisfagdo com a sua imagem corporal,
tendem a praticar atividade fisica compulsivamente como
um modo de regulacio afetiva. Por outras palavras, praticam
atividade fisica numa tentativa de atenuar ou suprimir um
estado afetivo incidental negativo. No entanto, este fenémeno
parece ndo se verificar fora de populagdes clinicas, com um
afeto incidental negativo a demonstrar uma diminui¢io na
prética de atividade fisica (Burg et al., 2017; Kerrigan et al.,
2020). Estes resultados apontam entio que uma promogio
de um afeto incidental mais positivo aparenta ser uma estra-
tégia vidvel de melhorar os niveis de participagio em ativi-
dade fisica, podendo estas estratégias passar por promover
uma valéncia afetiva mais positiva em periodos do dia em
que o afeto incidental corre o risco de atingir niveis negativos.

O processamento afetivo corresponde 2 terceira dimen-
sio da AHBF e diz respeito a constructos que refletem um

processamento de respostas afetivas prévias (Williams &
Evans, 2014). Os seus fatores sdo distintos da resposta afe-
tiva, pois podem ser solicitados a qualquer momento fora do
contexto do comportamento-alvo, enquanto a resposta afetiva
a um comportamento (e afeto incidental) s6 pode ser expe-
rimentada in vive. Este processamento afetivo inclui tanto
processos automdticos (i.e., associagbes afetivas e implici-
tas) como controlados (i.e., atitudes afetivas, resposta afetiva
antecipada e afeto recordado). Teoricamente, nos processos
controlados, um individuo recorda-se primeiro de qual foi a
sua resposta afetiva a um dado comportamento, antecipando
de seguida qual serd a resposta afetiva se o voltar a repetir de
tuturo, formando por fim uma atitude afetiva. Nos processos
automdticos, a memoria e antecipagdo representam uma sé
fase denominada de associagdes afetivas que, por agregacio,
resultam em atitudes implicitas. As associagdes afetivas sdo
definidas como associa¢des que existem na meméoria entre a
atividade fisica e respostas afetivas previamente experimen-
tadas a0 mesmo comportamento (Kiviniemi et al., 2007;
Kiviniemi & Klasko-Foster, 2018). As atitudes implicitas
também sdo definidas como associacdes automaticamente
desencadeadas entre dois estimulos, sendo entdo concei-
tualmente semelhantes as associag¢des afetivas. No entanto,
as atitudes implicitas sdo mais amplas do que as associa¢es
afetivas, pois as primeiras podem ou nio envolver o afeto.
Além disso, ao contririo das associagdes afetivas, que nor-
malmente sdo avaliadas por autorrelato, as atitudes impli-
citas sdo avaliadas por meio de tarefas de tempo de reagio
nas quais as pessoas respondam a palavras ou imagens rela-
cionadas 4 atividade fisica pareadas com descritores afetivos
(e.g.,bom-mau) (Chevance et al.,2017; Conroy et al., 2010;
Forrest et al., 2016; Padin et al., 2017).

A resposta afetiva antecipada é considerada a expetativa
de como um individuo se ird sentir ao praticar, ou nio pra-
ticar, uma dada atividade fisica. Esta resposta afetiva anteci-
pada pode ser de curto prazo (e.g., imediatamente antes de
iniciar uma sessdo de treino) ou de longo prazo (e.g., uma
hipotética sessdo de treino no futuro). A de curto prazo tem
sido associada 4 resposta afetiva 4 sessdo de treino em si, mas
com uma tendéncia para subestimar o quio prazeroso a pra-
tica de exercicio sera (i.e., viés de previsio afetivo; Loehr &
Baldwin, 2014; Ruby et al., 2011). Por sua vez, a resposta
afetiva antecipada de longo prazo tem demonstrado ser um
forte preditor de pratica de atividade fisica futura (Dunton
& Vaughan, 2008), valor preditivo este que nio se verifica na
de curto prazo (Helfer et al., 2015; Kwan et al., 2017). Outro
construto do processamento afetivo que também demonstra
um valor preditivo para com a prética de atividade fisica é o

afeto recordado (Hutchinson et al., 2023; Zenko et al., 2016).
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Definido como uma recordagio da resposta afetiva sentida ao
praticar atividade fisica no passado, o afeto recordado distin-
gue-se dos outros constructos do processamento afetivo por
se referir a uma sessdo de treino especifica (vs. uma agrega-
¢do da resposta afetiva de virias sessoes). O afeto recordado
distingue-se também da resposta afetiva por nao representar
o core affect da sessdo em si (i.e., no momento, experienciado
in vivo). Sendo uma recordagio, o afeto recordado estd pro-
penso a vieses e frequentemente nio corresponde a resposta
afetiva que foi de facto experienciada (Broderick et al., 2008;
Giske et al., 2010). A nossa memoria pode ser influenciada
por heuristicas cognitivas como ¢ o caso da peak and end rule
(Fredrickson, 2000; Kahneman et al., 1993) que postula que
como recordamos um dado evento tende a ser enviesado para
os momentos afetivos de maior magnitude (i.e., os picos afeti-
vos) e a resposta afetiva do final da experiéncia (i.e., afeto final).

Os julgamentos afetivos so compostos por dois dos fato-
res de processamento afetivo mais estudados na literatura,
as atitudes afetivas e o divertimento (Rhodes et al., 2019).
Atitudes afetivas sio definidas como avalia¢tes do exercicio
fisico com base em uma agregacio da probabilidade e avalia-
¢do de resultados afetivos do comportamento em causa (e.g.,
a probabilidade de que serd agradavel e quio importante isso
é para o individuo). Isso contrasta com as atitudes instru-
mentais que sdo baseadas na mesma estimativa de avaliagio
de probabilidade, mas para resultados instrumentais (e.g.,
a probabilidade de que o exercicio fisico reduza o risco de
doenga cardiaca e quio importante isso € para o individuo).
Enquanto as atitudes afetivas sdo teorizadas como uma fungio
de componentes separadas de avaliagdo e probabilidade, na
avaliagdo das atitudes afetivas os individuos relatam até que
ponto avaliam o comportamento usando diferentes descritores
afetivos (e.g., divertido, chato e agradavel). O divertimento
é por vezes englobado com as atitudes afetivas no conceito
mais abrangente dos julgamentos afetivos (Rhodes et al.,
2019) devido a forma semelhante como ambas as varidveis
sdo medidas, e por representarem dois dos fatores de proces-
samento afetivo mais estudados na literatura.

Por ultimo, a motivagdo afetivamente carregada inclui
estados motivacionais que tém como base respostas afetivas
passadas a atividade fisica, tais como a motivagio intrinseca,
desejos, almejos, temores ¢ 0 medo (Williams & Evans,
2014). Os construtos de motivagio afetivamente carregada
diferem dos construtos de motivagio reflexiva, como inten-
¢bes e objetivos, que sdo uma fun¢io de consideragio mais
deliberada dos resultados potenciais de um comportamento.
Dentro desta quarta categoria da AHBF, a motivagio intrin-
seca é definida como a propensio pela busca do prazer, novi-
dade, estética e interesse espontineo, ou seja, é a motivagio
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para realizar um comportamento ou a¢do pelo prazer ine-
rente que isso proporciona (Ryan & Deci, 2017). A moti-
vagdo intrinseca representa o protétipo do comportamento
autodeterminado, no qual a participagio da pessoa no com-
portamento ocorre de forma voluntiria, sem qualquer tipo
de recompensa ou pressio externa. Este tipo de motivagio
encontra-se ainda intrinsecamente relacionado com sen-
timentos de prazer e divertimento (ambos percecionados)
inerentes 4 realizagio do comportamento em questio, dife-
renciando-se da motivagio extrinseca que leva o comporta-
mento a ser realizado segundo recompensas externos (Ryan
& Deci, 2000). A pritica de exercicio em prol de um obje-
tivo estético (e.g., aumento de massa muscular) e/ou para
alcancar a aceitagdo de pares, sio exemplos de motivacdes
extrinsecas. Apesar de também poderem originar sensagdes
positivas, o comportamento nio é realizado pela experiéncia
deste mesmo. De acordo com a teoria de autodeterminagio, a
motivagdo intrinseca desempenha um papel mais importante
que a extrinseca na adogio e especialmente na manutengio
da pritica de atividade fisica (Ryan & Deci, 2017; Teixeira
etal.,2018). Adicionalmente, uma frequéncia de treino mais
regular, associada a niveis de motivagio intrinseca mais eleva-
dos, levam a uma maior identificagio com o comportamento
realizado, promovendo assim a sua manutengio (Gillman
etal.,2017). Temos ainda a motivagio heddnica, conceptua-
lizada como um mecanismo pelo qual as respostas afetivas
passadas vio automaticamente influenciar o comportamento
futuro (Williams, 2019; Williams et al., 2018). Através de
um processo de aprendizagem associativa, comportamentos
que provocam respostas afetivamente favordveis imediatas
(prazer) tendem a tornar-se alvos de desejos/almejos hedo-
nicamente orientados, enquanto os comportamentos que
provocam respostas afetivamente desfavordveis (desprazer)
tendem a se tornar alvos de temor hedénico. Nesse sentido,
os desejos/almejos heddnicos e os temores hedénicos repre-
sentam polos opostos do conceito da motiva¢io hedénica.
E importante salientar que, apesar de ser conscientemente
experienciada, a motivagio heddnica é produzida automati-
camente sem processamento deliberado cognitivo ou afetivo
(como é o caso de, por exemplo, a resposta afetiva antecipada
e os afetos recordados). Adicionalmente, a resposta afetiva e a
motivag¢io hedénica sio propagadas por caminhos neurobio-
légicos diferentes, apresentando ento caracteristicas psico-
l6gicas distintas (Williams, 2019; Williams et al., 2018). Por
exemplo, enquanto o prazer representa uma valéncia positiva
da resposta afetiva, os desejos/almejos heddnicos podem ser
experienciados com uma valéncia negativa se o comporta-
mento em questdo nio estiver disponivel (e.g., comer um ali-
mento energeticamente denso; a nova série da Nezflix ainda
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nio estar disponivel) ou ndo se alinhar com os objetivos e
valores do individuo (e.g., perder peso; ser fisicamente ativo).
Para o contexto da atividade fisica, os desejos/almejos hedé-
nicos podem ser importantes para individuos que apresentem
uma “dependéncia” para com a pritica de exercicio, enquanto
o0s temores parecem ser mais relevantes para a problemadtica
da inatividade fisica. O temor hedénico da atividade fisica é
entdo um automatismo de aversdo para com a prética de ati-
vidade fisica, causado por experiéncias passadas de desprazer
(Williams & Bohlen, 2019), representando assim mais um
fator explicativo para o porqué de os niveis de inatividade
fisica continuarem elevados a nivel mundial apesar de os seus
maleficios para a saide serem bem conhecidos.

Por dltimo, o medo ¢ uma emogio que motiva um
afastamento ativo para com comportamentos que foram
previamente associados a uma resposta afetiva de valéncia
negativa (desprazer). Por exemplo, se as experiéncias pas-
sadas de atividade fisica foram desagraddveis ou aversivas,
o medo de experimentar esses estados afetivos novamente
motivaria a pessoa a evitar comportamentos que poten-
ciam a prética de exercicio fisico. Apesar de a relagio do
medo para com a atividade fisica ter sido alvo de poucos
estudos, a sensibilidade & ansiedade (por vezes denominada
como um “medo de sentir medo”; Craske & Barlow, 2015)
tem recebido maior atengio por parte da investigagio. A
sensibilidade a ansiedade é o medo de sensagdes somiti-
cas relacionadas 4 excitagio comumente experimentadas
quando alguém estd experimentando ansiedade ou pénico,
por exemplo, através do aumento da frequéncia cardiaca,
respiragdo dificil, tensdo muscular e sudorese, devido a
uma avaliagdo erronea dessas sensagbes somdticas como
perigosas (Reiss & McNally, 1985). Esta sensibilidade
a ansiedade é um fator que pode contribuir para a baixa
tolerincia durante a atividade fisica e, em tltima anilise,
evitar a continua realiza¢io do comportamento. Como
esperado, esta relacdo inversa entre a pritica de atividade
fisica e a sensibilidade a ansiedade tem sido de facto cons-
tatada na literatura (Hearon et al., 2014; Moshier et al.,
2013, 2016). Esta relagio podera ser ainda mais exacer-
bada em individuos que apresentem simultaneamente
um indice de massa corporal e niveis de sensibilidade a
ansiedade elevados, estando mais suscetiveis a sensacoes
de desprazer (Smits et al., 2010). Um possivel mecanismo
que explique esta influéncia da sensibilidade 4 ansiedade é
uma percecio de esforgo sobrestimada na pritica de ativi-
dade fisica. Parece que individuos mais sensiveis 4 ansie-
dade tendem a reportar niveis de esfor¢co mais elevados e
estdo menos predispostos a atingir niveis de intensidade

vigorosos (Muotri et al., 2017).

Diferencas, pontos em comum e
pontos complementares das teorias
de processamento duplo aplicadas
no contexto de exercicio fisico

Estes modelos de processamento duplo apresentam vérios
pontos em comum, apesar de definirem de forma distinta os
mesmos conceitos fulcrais. Por exemplo, é possivel verificar uma
terminologia heterogénea para os processos de sistema 1 (e.g.,
automdticos, implicitos, irracionais) e de sistema 2 (e.g., controla-
dos, explicitos, refletivos) entre modelos. Estas diferencas podem
ser parcialmente explicadas pelas diferentes rafzes conceptuais das
teorias de processamento duplo, resultando em orientagdes para
aspetos do comportamento humano distintos (e.g., um foco do
modelo associativo-proposicional da avaliagio em processos men-
tais que resulta na terminologia de implicito e explicito; Gawronski
& Bodenhausen, 2011). Ndo obstante, podera ser importante uma
aproximagdo terminol6gica em estudos futuros de modo a faci-
litar a leitura de quem nfo estd tdo familiarizado com o tema e a
sua robustez teérica (Williams, 2023).

Uma outra diferenca entre modelos ¢ simultaneamente
um ponto em que estes se parecem complementar: o seu
principal objetivo perante a problemdtica da inatividade
fisica. Mais concretamente, podemos verificar que a ART
e a TEMPA procuram explicar o porqué de a maior parte
da populagio mundial continuar inativa, o PAAM foca-se
em fatores fulcrais para a adogio e manutengio da prética
de atividade fisica, enquanto a AHBF estrutura e organiza
as diferentes varidveis afetivas estudadas na literatura e a sua
relagio com comportamentos sauddveis (mais especificamente,
a atividade fisica nas suas multiplas valéncias orientadas para
a saude). Investigacio futura que tenha em consideragio o
foco de cada modelo teérico, poderd mais facilmente apurar
qual o mais adequado para sustentar a sua intervencio. Por
exemplo, estudos focados na exploragio do impacto de varid-
veis afetivas na adesdo a pritica de atividade fisica poderdo
procurar uma sustentagio tedrica na AHBF (e.g., formula-
¢do de hipéteses de estudo segundo a relagio esperada entre
determinadas varidveis; quais os instrumentos mais adequa-
dos e como utilizd-los). Por outro lado, estudos que procurem
perceber a influéncia do esforgo fisico nos niveis de atividade
fisica, encontrardo na TEMPA uma base teérica apropriada
(e.g., compreender o efeito da percecio do esforgo em pro-
cessos automdticos e/ou controlados; como uma tendéncia
inata para uma minimizagio do esfor¢o pode contribuir para
a diminuigio dos niveis de atividade fisica). Por fim, estudos
de maiores dimensdes e de maior duragio poderdo procurar
sustento tedrico ndo apenas em um, mas em varios modelos.

Apesar destas diferencas, existem vérios pontos em comum

entre os modelos tedricos apresentados nesta revisio, sendo
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o mais marcante a importincia dos processos automdticos
(i-e.,sistema 1; implicitos) na decisdo final a ser adotada. Por
exemplo, na ART as valoragdes automiticas so a resposta
padrio a um estimulo relacionado com exercicio, sobre a qual
os processos refletivos se poderdo basear (quando os recursos
de autocontrolo se encontram disponiveis). A mesma resposta
padrdo verifica-se na TEMPA (com um maior foco no auto-
matismo para uma minimiza¢io do esfor¢o) e no PAAM
(i-e., processos implicitos que envolvem o habito e os afe-
tos), com o0s processos cognitivos a desempenharem um papel
sempre importante nestes modelos, mas, em tltima andlise,
com um poder preditivo limitado. Outro ponto em comum
é a preponderancia dos afetos nos processos automdticos de
cada modelo. Na ART e na TEMPA sio as validactes afeti-
vas automdticas que vo ditar um efeito de aproximagio (no
caso de associagbes automiticas de prazer) ou de aversio (no
caso de associagdes automdticas de desprazer) ao compor-
tamento pretendido. No PAAM, os afetos desempenham
um papel de igual preponderancia, demonstrando um efeito
direto e indireto em outras varidveis dos processos implicitos
(i-e., respostas afetivas positivas poderdo facilitar a criagio
do habito de um determinado comportamento) e ainda um
efeito moderador positivo na lacuna entre as intengées e o
comportamento pretendido (i.e., implementagio da inten-
¢do de realizar um comportamento que considero prazeroso).

A organizagio e estrutura apresentada pela AHBF podera
ainda explicar mais especificamente quais os constructos afe-
tivos que criam as diversas interagdes nos outros modelos.
Por exemplo, as associacdes afetivas, apresentadas na terceira
dimensio da AHBE, poderio dar origem (possivelmente até
com alguma sobreposi¢io) as valida¢des/avaliagdes automa-
ticas afetivas apresentadas na ART e na TEMPA. Também
a motivagio hedénica poderd estar aqui associada, visto ter
como base associa¢oes aprendidas que resultam em desejos/
almejos (i.e., nos efeitos de aproximagio a um comporta-
mento) ou temores heddnicos (i.e., nos efeitos de aversio).
O afeto recordado e a resposta afetiva antecipada podem
por sua vez fazer parte de processos de avaliagdo refletiva/
controlada, visto o primeiro constituir a recordagio de uma
resposta afetiva passada na prética de atividade fisica/exerci-
cio fisico e o segundo ser uma antecipagio da reposta afetiva
se esse comportamento for repetido. Estes sio importantes
devido a uma tendéncia de tomada de decisio de acordo com
a recordac¢io de como um individuo se sentiu ao realizar um
dado comportamento e consequentemente antecipa como se
ird sentir se o repetir (Kahneman et al., 1993; Redelmeier
et al., 2003). Por ultimo, referir ainda a relevancia dos afe-
tos incidentais que nio sdo diretamente contemplados nos
outros trés modelos. A TEMPA apresenta uma aproximagio
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a influéncias de fatores independentes ao comportamento
pretendido ao contemplar o estado fisiolégico do individuo
no momento em que este € sujeito a um estimulo relacionado
com movimento (e.g., como um individuo fatigado tende a
ter uma percecio de esforgo exagerada). No entanto, o estado
afetivo no momento deste estimulo também é importante,
com evidéncia a demonstrar que um afeto incidental posi-
tivo apresenta um valor preditivo relevante para com a pra-
tica de atividade fisica.

CONCLUSAO

Descrevemos que as intervencgdes desenvolvidas baseadas
exclusivamente na componente cognitiva e testadas ao longo
dos ultimos anos, que visam motivar as pessoas a serem mais
ativas fisicamente, resultaram em efeitos geralmente modestos
e tendencialmente de curta duragio (Rhodes & Sui, 2021). Para
a drea da mudanga comportamental em atividade fisica e exerci-
clo, orientada na prescri¢io de linhas orientadoras na mudanca
comportamental (sedentarismo para estilos de vida fisicamente
ativos), um campo de pesquisa que existe hd aproximadamente
50 anos e inclusivamente descrito em manuais de referéncia (e.g.,
American College of Sports Medicine, 2021), é um histérico
dececionante nos niveis atuais de atividade fisica. Uma razio para
a mudanga de paradigma e falta de coeréncia entre a teoria e a
pritica pode estar relacionada com o facto de que a maioria dos
estudos publicados até 4 data serem baseados em teorias cogni-
tivistas. Isoladamente, estas teorias tém apresentado tendencial-
mente um poder explicativo reduzido. No entanto, muitas vezes
sdo aplicadas em detrimento de novos modelos que abordam
também processamentos automaticos sobre o comportamento
atual e o comportamento que se pretende vir a adotar. O que
essas teorias cognitivistas e motivacionais tém em comum ¢ que
todas se baseiam na suposi¢do de uma racionalidade humana
omnipotente e na capacidade das pessoas de processar infor-
magdes como a chave para a mudan¢a comportamental. Ou
seja, basta a pessoa pensar e decidir de forma racional que deve
praticar exercicio fisico para que esse comportamento aconte¢a
num ricio 1:1. Acreditamos, como explorado neste artigo, que
deve ser feita uma tentativa de reconsiderar os modelos socio-
cognitivos como meios unicos de intervengio de promogio de
exercicio fisico, e integrar pressupostos de natureza afetiva na
expansio da compreensio do comportamento humano.

Os modelos de processamento duplo abordados neste artigo
(ie,ART, TEMPA, PAAM e AHBF) demonstram que a cog-
ni¢do tem os seus limites e que deve ser fortemente aliada por
processos implicitos/automdticos de modo a aumentar o seu poder
explicativo. Estes processos automdticos sio o modo padrio em

que operamos, onde os processos cognitivos se poderdo basear
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no caso de os recursos para tal estarem disponiveis. Este modo
padrio é de extrema importancia ndo sé para a investigagio,
mas também na prescrigdo de exercicio. Estes modelos tedri-
cos vém demonstrar que uma prescri¢io segundo um racional
bipartido (i.e., seguro e eficaz) é insuficiente, devendo também
considerar a resposta afetiva que desempenha um papel central
nos processos automdticos. Uma abordagem “no pain, no gain”,
ainda muito enraizada no pensamento associado ao exercicio
fisico, é entdo completamente desadequado no contexto de satide
publica (Pereira et al., 2022), visto estar dependente de recursos
cognitivos limitados como o autocontrolo, e criar um automa-
tismo de aversdo ao exercicio devido ao desprazer sentido com
intensidades tendencialmente desajustadas.

Ao olharmos para o passado recente, verificamos que os
niveis de atividade fisica ndo se alteraram significativamente
nos ultimos 20 anos (Isakson, 2021). Se nio ocorrer uma
mudanca de paradigma tanto a nivel de investiga¢do como de
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