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ABSTRACT

We examined the effect of amount of muscle mass involved in moderate-intensity continuous physical exercise
on executive function. To this end, fifty-five participants completed two acute physical exercise sessions on an
airbike ergometer using the upper and lower limbs simultaneously and only the upper limbs, and a resting con-
trol session in a randomized order. The physical exercise session lasted 30 min and was performed at moderate
intensity (between 64 %—76 % of maximal heart rate evaluated in graded maximal exercise testing). Participants
took the Stroop test (congruent and incongruent trials) before and after the sessions to assess executive perfor-
mance. For the congruent trial, both physical exercise interventions improved executive function performance
(pre vs. post, p-value = 0.002 and 0.003 for physical exercise with upper limbs and physical exercise with upper
and lower limbs, respectively). Furthermore, executive function performance was higher after the physical exer-
cise interventions than after the control session (p-value = 0.002 and 0.004 for physical exercise with upper
limbs and physical exercise with upper and lower limbs, respectively). For the incongruent trial, both physical
exercise interventions also improved executive function performance (pre vs. post, p-value < 0.001 for physical
exercise with upper limbs and physical exercise with upper and lower limbs, respectively). However, there were
no significant differences after both physical exercise interventions and resting control session (p-value = 0.175).
Executive function (congruent trial) was positively impacted by acute aerobic physical exercise regardless of the
amount of muscle mass involved (upper limbs or upper plus lower limbs). Therefore, we recommend aerobic
physical exercise with less or more muscle mass involved to improve cognitive function.
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INTRODUCTION

Executive functions are a set of cognitive
processes that, in an integrated manner, ena-
ble the individual to direct behaviors to
achieve goals, evaluate the efficiency and
adequacy of these behaviors, abandon inef-
fective strategies in favor of more efficient
ones, and solve immediate, medium and,
long-term problems (Malloy-diniz et al.,
2010).

The core elements of executive functions
are inhibitory control, working memory, and
cognitive flexibility (Diamond, 2013). Inhib-
itory control is a mechanism for inhibiting ir-
relevant or distracting stimuli and/or inap-
propriate responses to maintain attention in a
particular focus (Diamond, 2013). Working
memory can be defined as the ability to tem-
porarily store information and mentally work
with it (Diamond, 2013). Furthermore, cog-
nitive flexibility can be defined as the ability
to dynamically alter the course of cognitive
processing in line with environmental de-
mands (Diamond, 2013; Borkertiené et al.,
2015; Lin et al., 2018; Xue et al., 2018). Ex-
ecutive functions are linked to several im-
portant aspects of daily life, such as academ-
ic and professional success, psychological
health, and social development (Diamond,
2013; Borkertiené et al., 2015; Gu et al.,
2019; Stenling et al., 2019). Moreover, im-
paired cognitive functions have been associ-
ated with aging (Park et al., 2001; Hedden
and Gabrieli, 2004; Smiley-Oyen et al.,
2008), which negatively affects quality of
life (Smiley-Oyen et al., 2008). Therefore,
strategies to minimize cognitive decline or
even improve cognitive performance are
necessary.

Aerobic physical exercise can positively
affect executive function performance at
practically all ages (Best, 2010; Verburgh et
al.,, 2014; Ludyga et al., 2016; Xue et al.,
2018). Additionally, physical exercise can
minimize the cognitive decline associated
with aging (Ludyga et al., 2016). An ad-
vantage of physical exercise is that it is an
intervention that rarely causes side effects

and can prevent and treat various clinical sit-
uations simultaneously.

Several mechanisms have been proposed
to explain the positive effects of aerobic
physical exercise on executive functions.
Briefly, these mechanisms can be divided in-
to biological and psychological mechanisms.
Biological mechanisms include increased
cerebral blood flow (Querido and Sheel,
2007; Best, 2010; Verburgh et al., 2014;
Vazou et al., 2016), angiogenesis (Swain et
al., 2003; Ding et al.,, 2006; Best, 2010;
Verburgh et al., 2014; Vazou et al., 2016),
increased availability of oxygen to the brain
(Curlik and Shors, 2013), and changes in
plasma levels of catecholamines, adrenocor-
ticotropic hormone, vasopressin, and J3-
endorphin, which may reflect increased acti-
vation of the central nervous system
(Verburgh et al., 2014). Additionally, several
neurotrophic factors, such as brain-derived
neurotrophic factor (BDNF), nerve growth
factor, vascular endothelial growth factor,
granulocyte colony-stimulating factor, and
the endocannabinoid system, are regulated
by physical exercise and play an important
role in neurogenesis, neuron survival and
cognitive functioning (Curlik and Shors,
2013; Fagundo et al., 2013; Verburgh et al.,
2014), and synaptogenesis (Mekari et al.,
2019). Psychological mechanisms refer to
the fact that physical exercise induces ex-
citement (at adequate levels) that can opti-
mize the allocation of mental resources, thus
facilitating the cognitive process (Mandolesi
et al., 2018).

Despite advances in understanding the
effects of acute and chronic physical exer-
cise, it is still unclear how the amount of
muscle mass involved in physical exercise
affects these functions. Physical exercise
performed with different amounts of muscle
mass elicits different physiological responses
(Nagle et al., 1984). Physical exercises per-
formed with the upper limbs seem to pro-
mote greater cerebral blood flow (Dalsgaard
et al., 2004) and greater production of cate-
cholamines than physical exercise performed
with the lower limbs (Davies et al., 1974).
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However, to the best of our knowledge,
only one study has investigated the effect of
the amount of muscle mass involved in per-
forming physical aerobic exercise on cogni-
tion. Hill et al., (2019) investigated the max-
imal and submaximal effects of cycling per-
formed with the upper limbs and cycling per-
formed with the lower limbs on executive
functions in healthy men. They found that
both physical exercise intervention at an in-
tensity of 50 % of the maximum workload
and physical exercise intervention at maxi-
mal intensity performed with upper limbs
improved cognitive performance. However,
Hill et al., (2019) did not include a group
without physical exercise and evaluated only
men in their study. Therefore, a study that
investigates women and includes a resting
control session can reduce bias from sex and
random error. Thus, the primary objective of
this study was to investigate the effect of the
amount of muscle mass involved in acute
moderate-intensity continuous aerobic phys-
ical exercise on executive function. Second,
we compared the rate of perceived exertion
(RPE), maximal heart rate (HRmax), and
maximum load achieved between maximum
progressive effort tests with different
amounts of muscle mass. The hypothesis of
this study was that a physical exercise ses-
sion performed with a larger amount of mus-
cle mass would have greater effects on per-
formance in executive functions than physi-
cal exercise that uses a smaller amount of
muscle mass. Clarification of the effect of
physical exercise performed with different
amounts of muscle mass can be useful for
developing physical exercise programs to
prevent and treat the decline in executive
functions.

MATERIALS AND METHODS

Participants

The sample size was calculated in
G*Power version 3.1.9.7 (Franz Faul, Uni-
versity of Kiel, Germany) (Faul et al., 2007).
A sample size of 51 participants was neces-
sary to achieve a power of 95 % and a p-

value of 0.05 with a small effect size (partial
eta squared: 0.05) (Takahashi and Grove,
2020). Participants were recruited through
social media (Instagram® and WhatsApp®),
direct contact, and announcements on our in-
stitutional website. A total of 62 healthy
young adults (women and men) were recruit-
ed to participate in the study (a convenience
sample). The inclusion criteria were age be-
tween 18 and 40 years and literacy. The ex-
clusion criteria were (i) contraindications to
performing physical activity (assessed using
the Physical Activity Readiness Question-
naire — PAR-Q), (ii) mood and/or anxiety
disorders according to a self-report made by
each participant, (iii) use of stimulants (e.g.,
psychotropic drugs) according to a self-
report made by each participant, (iv) being
on menstrual period or pregnant (applicable
for women), and (v) being color blind. Four
participants were excluded from the study
because they had an illness with repercus-
sions on mood, and three were excluded
from the study due to loss to follow-up.
Therefore, the final sample comprised 55
participants (23 women and 32 men) (Table
1). The flow diagram of the study is present-
ed in Figure 1. All participants were instruct-
ed to avoid eating two hours before exercis-
ing and to refrain from caffeine, alcohol, and
strenuous physical activity on the day of the
experiment.

Informed consent was obtained from all
participants included in this study. All exper-
imental procedures were approved by the
Federal University of Goids Ethics Commit-
tee (CAAE approval number: 44054121.4.
0000.5083) and were performed according to
the principles outlined in the Declaration of
Helsinki. Furthermore, this study was regis-
tered and approved by the Brazilian Registry
of Clinical Trials (ensaiosclinicos.gov.br)
(registration number: RBR-9v52jkd).

Study design

This was an experimental study with re-
peated measures composed of five visits (a
within-subjects design). Visits were per-
formed with a minimum interval of 24 h be-
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Table 1: Characteristics of the participants

Variables Men (n = 32)
MeantSD
Age (years) 21 [3.0]*
Height (m) 1.76 +0.07
Body mass (kg) 73.9+85
Body mass index (kg/m?) 23.8 £ 3.1

Women (n = 23) P-value Overall (n = 55)
MeanzSD MeanzSD
21 [3.0* 0.6662# 21 [3.0]
1.63 £ 0.06 <0.001P 1.71 £ 0.09
56.9 [12.9]* <0.001a+ 68 +12.5
21.7 [3.4] <0.0342++ 23.2+3.4

SD: standard deviation. *Data presented as the median and interquartile range because they were not normally distributed.
aWilcoxon rank sum test was used to compare the age (years) and body mass (kg) between men and woman participants. #*Wil-
coxon rank sum test detected no difference in ages (years) between male and female participants (U = 393.00; p = 0.666). *
Wilcoxon rank sum test found a significant difference in body mass (kg) between male and female participants (U = 600; p <

0.001).

++ Wilcoxon rank sum test found a significant difference in body mass index (kg/m?) between male and female participants (U =
492.50; p = 0.034). *The independent samples t test was used to compare height (m) between men and woman participants.
The independent samples t test showed that women were shorter than men (t (53) = -7.59, p < 0.001).

| Recruitment

Assessment for eligibility

26 women and 36 men (n=62)

Excluded (n= 4)

e

Follow-up
Lost to follow up (n=3)

Not meeting inclusion criteria (n=4)

Analyzed (n=55)

23 women and 32 men

Excluded of the analysis (n=0)

Figure 1: Flow diagram of the study

tween them. At the first visit, the participants
underwent anamnesis, anthropometric as-
sessment, and randomization of subsequent
visits, which was performed using a website
randomizer (https://www.randomizer.org/).
At the first and second visits, all participants
were familiarized with the cycle ergometer
and performed maximal graded exercise test-
ing with a cycling ergometer (Airbike,
Movement, Brazil) using the upper and low-
er limbs or only the upper limbs (the order
was randomly determined). On the second
visit, the participants were familiarized with

the Stroop test according to the guidelines
(Bajaj et al., 2015). This familiarization was
important to minimize potential learning ef-
fects and achieve a consistent reaction time
and accurate performance. At the third,
fourth, and fifth visits, the participants per-
formed a moderate-intensity continuous
physical exercise session using the upper and
lower limbs or only the upper limbs or a con-
trol non- physical exercise session. Each of
these sessions lasted 30 min. Moderate-
intensity continuous physical exercise ses-
sions were conducted at the workload that
elicited a heart rate (HR) corresponding to
64 %76 % of HRmax (Garber et al., 2011)
obtained in maximal graded exercise testing
performed with upper and lower limbs or on-
ly upper limbs. The sessions started with a
three-minute warm-up to help the partici-
pants reach an HR corresponding to moder-
ate-intensity physical exercise. All sessions
were randomized and counterbalanced. Dur-
ing physical exercise sessions, HR and the
RPE were monitored. The Stroop test was
performed before and after control and phys-
ical exercise sessions. All visits were com-
pleted at the same time of day to account for
circadian rhythm effects (Hill et al., 2019)
but separated by a minimum of 24 h. The
study design is presented in Figure 2.
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Study design

[ Experimental protocols ]

Maximal graded test using only the
upper imbs or Maximal graded test
using the upper and lower limbs

|| FICF ” PAR-Q || anthropometric |

simultanecusly (counterbalanced) |
i I \ I ) ) |
0 2 4 15 Time (min) 45
24 -72 hours i S e
Maximal graded test using only the
e i upper limbs or Maximal graded test
Visit2 |- g = . using the upper and lower limbs
E || Familiarized with the stroop test simultaneously (counterbalanced) |
o [ |
' 2 i 32
Visit 3 : (Randomized and counterbalanced) i
! Immediately Immediately !
: . Pre-physical exercise Physical exercise using only the upper Post physical exercise
i : | Stroop test || Warm-up | limbs Stroop test :
24 -72 hours . I | | | | i
L0 4 7 Time (min) 37 a1
P Immediately Or Immediately '
: B | ica j 5 5 . Post physical exercise !
Visit 4 - FAEC (1Y SIEal SXEITISE. Physical exercise using the upper and Py E
i ‘| Stroop test H Warm-up | lower limbs simultaneously Stroop test | i
T i
L] I I | |
24 -72 hours P 0 4 7 Time (min) 37 41 |
i Immediately or Immediately i
P Pre-control Paost control i
P | | Control | | Stroop test | ‘ ;
Visit 5 } S | | \
i 0 4 Time (min) 34 38

Figure 2: Study design. PAR-Q: Physical Activity Readiness Questionnaire. FICF: Free and informed

consent form

Experimental procedures

Anamnesis and anthropometric assessment
Anamnesis was performed using the
Physical Activity Readiness Questionnaire
(PAR-Q) (Canadian Society for Exercise
Physiology, 2002). This questionnaire con-
tained seven questions to evaluate the gen-
eral health condition of the participants and
whether they were fit to perform physical
exercise. If a participant answered “yes” to
one or more questions, the participant was
excluded from the study. The body mass of
the participant was measured using a digital
balance (Omron, HN-289, USA) to the near-
est 0.1 kg, and body height was measured us-
ing a wall stadiometer (Caumaq, Brazil) to
the nearest 0.1 cm. The participants’ body
mass indexes were calculated by dividing
body mass by body height squared (kg/m?).

Maximal graded exercise test

All participants performed two maximal
graded exercise tests, following the same
protocol, on an Airbike (Movement, Brazil)
on different days, separated by a minimum
of 24 h and a maximum of 72 h. One test
was performed using only the upper limbs
and the other using both upper and lower
limbs simultaneously. The protocol for the
two tests was incremental (progressive and
maximum) as described by the American
College of Sports Medicine (2014). The two
maximal graded exercise tests were used to
determine the HRmax and maximum load
achieved in the tests. The order for perform-
ing the maximal graded exercise tests was
counterbalanced so that 50 % of the partici-
pants first performed the test that used only
the upper limbs and the other 50 % of the
participants first performed the test per-
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formed with the upper and lower limbs sim-
ultaneously.

The tests started with a two-minute
warm-up at 50 W, and then 25 W was added
every 2 min until the participant became ex-
hausted (Tsuk et al., 2019). All participants
were verbally encouraged to perform at their
peak on the tests. The HRnax achieved was
used to prescribe sessions of interventions
that used physical exercise. The workload of
each session corresponded to the load neces-
sary to reach an HR between 64 % and 76 %
of the HRmax (Garber et al., 2011) achieved
in the maximal graded exercise test.

During the tests, the participants’ RPE
was recorded every minute using the Borg
scale, which ranges from 6 to 20, including
during warm-up (Borg, 1982). Likewise, HR
was continuously monitored using an HR
monitor (H10, Polar, Finland) placed at the
xiphoid process level.

The criteria adopted for ending the tests
were based on the Statement on cardiopul-
monary exercise testing of the American
Thoracic Society and the American College
of Chest Physicians (sudden pallor, loss of
coordination, mental confusion, dizziness or
fainting, and signs of respiratory failure)
(Ross, 2003). However, the inability to
maintain the requested load for more than 30
s or the participants’ exhaustion would end
all the tests.

Physical exercise intensity assessment

Physical exercise intensity was assessed
by measuring participants’ HR and RPE. HR
was measured using an HR monitor (H10,
Polar, Finland). RPE was measured using the
Borg Scale (6-20) (Borg 1982). The classifi-
cation of physical exercise intensity followed
the criteria adopted by the American College
of Sports Medicine (Garber et al., 2011).

Assessment of cognitive performance

The Stroop color-word test was used to
assess cognitive performance. To this end,
the Encephal App-Stroop test for Tablets,
translated and validated for Brazilian Portu-
guese (Bajaj et al., 2013, 2015; Cunha-Silva
et al., 2022), was used to assess cognitive

performance. This version was chosen be-
cause it is easy to apply and inexpensive.
The internal consistency of the Encephal App
Stroop test is acceptable (intraclass coeffi-
cient = 0.832) (Bajaj et al., 2015). The En-
cephal App Stroop test has been widely used
to evaluate the effect of physical exercise on
cognitive performance (Mullen et al., 2019;
Hurst et al., 2020; Bailey et al., 2021). The
Tablet used in this study was a Galaxy Tab
S6 Lite (Samsung, South Korea).

The Stroop test involved two sections.
The first section comprised an easier congru-
ent “Off” state, and the second section con-
sisted of a harder incongruent “On” state. In
the Off State (congruent condition), the app
randomly displayed color symbols in the
form of four hashtags (####) in green, red,
and blue. At the bottom of the Tablet screen,
it also randomly showed the colors green,
red, and blue. The participants were instruct-
ed to name the color of the symbol as quick-
ly as possible.

In the second section, called the “On”
state, an incongruent stimulus (incongruent
condition) was presented to the participants
(e.g., the word “red” printed in green font),
for which they had to identify the color of
the font rather than the word. In this section,
the app randomly displayed color names in
green, red, and blue. At the bottom of the
Tablet screen, it also randomly showed the
names of the colors green, red, and blue. The
participants were instructed to identify the
font color. The participants completed
matches if they performed 10 stimuli marked
correctly consecutively in each section. If
participants made an error during any stage,
the test would restart from the beginning of
that stage. Furthermore, the app automatical-
ly stopped the test if more than 20 attempts
were required at any stage.

The Encephal App-Stroop test provided
the following variables: time to complete
five current off trials (OffTime) and time to
complete five current on trials (OnTime),
psychomotor speed, inhibitory control (in-
congruent condition), number of trials re-
quired to complete five successive trials
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without error (congruent and incongruent
condition), and interference (difference be-
tween OffTime and OnTime). All times were
presented in seconds according to the rec-
ommendations of the procedures for applica-
tion of the test (Bajaj et al., 2013, 2015), and
the participants performed the 14 trials in the
following order: 1) two practice Off trials of
“Off State™; (i1) five trials “Off State”; (iii)
two practice On trials of “On State”; (iv) five
trials “On State.” Two practice trials for “On
State” and two practice trials for “Off State”
were not used for statistical analysis. Before
and after control and physical exercise ses-
sions, participants completed the Encepha-
1App Stroop test to evaluate cognitive per-
formance. Participants were instructed to re-
spond as quickly and precisely as possible to
a target presented centrally on a Tablet
screen at eye level and at a distance of ap-
proximately one meter.

Statistical analysis

Data were analyzed using Jeffrey’s
Amazing Statistics Program (JASP, version
0.16.4, University of Amsterdam, Nether-
lands). The Kolmogorov—Smirnov test was
used to test data for normality in the Statisti-
cal Package for the Social Sciences software
(SPSS, version 26.0, IBM Corp., USA). As
the cognitive performance data did not con-
form to the normal distribution, the nonpar-
ametric Friedman test was used to compare
performance between the control and physi-
cal exercise session times (pre Vvs. post).
When necessary, Bonferroni post hoc analy-
sis was used for pairwise comparisons to
identify differences between treatments. Stu-
dent’s t test was used to compare the mean
HRmax achieved in the graded maximal exer-
cise test between conditions (upper and low-
er limbs vs. lower limbs). The Wilcoxon
signed rank test was used to compare the
maximal workload achieved in the graded
maximal exercise test. Independent Student’s
t-test was used to compare the height be-
tween sex. The Wilcoxon rank sum test was
used to compare age, body mass and body
mass index between sex. Kendall’s W was
used as the effect size for the Friedman test.

The Kendall’s W values were classified ac-
cording to Cohen’s as “trivial” (<0.10),
“small” (0.10< to <0.30), “medium” (0.30<
to <0.50), and “large” (>0.5) (Cohen, 1988).
Cohen’s d was used as the effect size for
Student’s t test (Cohen, 1988). According to
Cohen (1988), the d values were classified as
“trivial” (d < 0.2), “small” (0.20 < d < 0.5),
“medium” (0.5 < d < 0.8), and “large” (d >
0.8). The effect size used for the Wilcoxon
signed rank test was the rank-biserial corre-
lation (rg). The value classification was
based on Pearson’s correlation coefficient
(r). The values were classified as “trivial” (rg
< 0.10), “small” (0.10 < rg < 0.30), “medi-
um” (0.30 < rg < 0.50) and “large” (rg >
0.50) (Munro, 1986). Normally distributed
data are expressed as the meantstandard de-
viation, and data that deviated from the nor-
mal distribution are expressed as the median
and interquartile range (IQR). The level of
significance adopted for all analyses was a <
0.05.

RESULTS

There were no medical intercurrences
during the experimental procedures of the
study.

Graded maximal exercise test

Heart rate, workload and rating of perceived
exertion

There was a significant difference be-
tween HRmax obtained using the maximal
upper and lower limbs (189+10 bpm) and
that obtained using only upper limbs
(177£13 bpm) tests (mean difference: —12
[95 % CI: —15.06; —8.76], p < 0.001, d =
—1.02 “large” [95 % CI: —1.35; —0.69]).
There was a significant difference in maxi-
mal workload obtained between the test per-
formed with upper and lower limbs (225
[IQR: 100] W) and that performed with only
upper limbs (150 [IQR: 25] W) (median dif-
ference: —87.50 [95 % CI: —100; —75], p <
0.001, rg = —1 “large” [95 % CI: —1; —1]).
There was no significant difference in max-
imal RPE between the test performed with
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the upper and lower limbs (20 [IQR: 1]) and  higher than that measured before physical
that performed with only the upper limbs (20  exercise with the upper and lower limbs
[IQR: 1]) (median difference: —0.50 [95 %  (Bonferroni’s post hoc analysis, p-value =
CI: —1.50; 0.50], p-value = 0.36, rg = —0.25  0.003). However, there was a significant dif-

“small” [95 % CI: —0.67; 0.27]) (Table 2). ference in cognitive performance before and

after the control session (Bonferroni’s post
Cognitive performance hoc analysis, p-value = 1.000). Furthermore,
Section “Off time" cognitive performance after both physical

There was a significant time effect on exercise conditions was higher than that

» . 2 measured after the control session (Bonfer-
cognitive performance (Friedman test, x~ [5] ., s
— 46211. p-value < 0.001. Kendall’s W = roni’s post hoc analysis, p-value = 0.002 and
oo b PO 0.004 for physical exercise with upper limbs

and physical exercise with upper and lower
limbs, respectively). In contrast, there was
no significant difference in cognitive per-
formance between the two physical exercise
conditions (Bonferroni’s post hoc analysis,
p-value = 1.000).

0.168 “small”) (Figure 3). Cognitive perfor-
mance after physical exercise with the upper
limb was higher than that measured before
the upper limb physical exercise (Bonferro-
ni’s post hoc analysis, p-value = 0.002). Sim-
ilarly, cognitive performance after physical
exercise with the upper and lower limbs was

Table 2: Values of the HRmax, maximal workload, and maximal RPE achieved in the graded maximal
exercise test performed with upper limbs and with upper and lower limbs (n = 55)

Variables Upper limbs only Upper and lower limbs ~ P-value
Median [IQR] Median [IQR]
HRmax (bpm)? 177113 189£10 <0.001P
Maximal workload (W) 150 [25] 225 [100] <0.001®
Maximal RPE 20 [1] 20 [1] 0.36

aData are presented as the mean + standard deviation because they conformed to a normal distribution. *There is a significant
difference in HRmax and maximal workload between tests. IQR: interquartile range. HRmax: maximal heart rate (beats per minute).
RPE: rating of perceived exertion

80

* p=0.004
75 | * p=0.002 |
| |
70 ' % p=0002 * p=0.003

65

L1 1

55

50

R e i

35

Performance cognitive (s)

30

Pre Post Pre Post Pre Post
Control Physical exercise Physical exercise with
session with upper limbs upper and lower limbs

Figure 3: Cognitive performance before and after physical exercise sessions (physical exercise with
upper limbs and physical exercise with upper and lower limbs) and control session
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Section “On time”

The Friedman test detected a significant
time effect on cognitive performance (¥ [5]
= 43.332, p-value < 0.001, Kendall’s W =
0.158 “small”) (Figure 4). Cognitive perfor-
mance after physical exercise with upper
limbs was higher than that measured before
the physical exercise (Bonferroni’s post hoc
analysis, p-value < 0.001). Additionally,
cognitive performance after physical exer-
cise with both upper and lower limbs was
higher than that measured before the physi-
cal exercise (Bonferroni’s post hoc analysis,
p-value < 0.001). However, there was no dif-
ference in cognitive performance before and
after the control session (Bonferroni’s post
hoc analysis, p = 1.000). Furthermore, cogni-
tive performance after physical exercise with
upper limbs only did not differ from that
measured after the control session (p-value =
0.175). Similarly, cognitive performance af-
ter physical exercise with the upper and low-
er limbs was not significantly different from
that measured after the control session (Bon-

100

ferroni’s post hoc analysis, p-value = 0.130).
Additionally, cognitive performance after
physical exercise with the upper and lower
limbs did not differ from that measured after
physical exercise with upper limbs (Bonfer-
roni’s post hoc analysis, p-value = 1.000).

Number of matches in the “Off State”
section

The Friedman test detected no significant
time effect on the number of matches (y* [5]
= 7.925, p-value = 0.160, Kendall’s W =
0.029 “trivial”). Table 3 shows values of the
number of matches of the congruent condi-
tion.

Number of matches in the section “On state”
(incongruent condition)

The Friedman test did not detect a signif-
icant time effect on the number of matches
(% [5] = 6.664, p-value = 0.247, Kendall’s
W =0.024 “trivial”). Table 4 shows the val-
ues of the number of matches of the congru-
ent condition.

% p <0.001
— % p<0.001

" ]
n .
S 80
=2
o
g 0 ‘|'
] T T
Q
o
©
E &0
S
g =
Q
o 5o

40 J' J- l l

30

Pre Post Pre Post Pre Post
Control Physical exercise Physical exercise with

session

with upper limbs

upper and lower limbs

Figure 4: Cognitive performance before and after physical exercise sessions (physical exercise with
upper limbs and physical exercise with upper and lower limbs) and control session. There was a sig-

nificant difference between times (p-value < 0.005).
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Table 3: Number of matches of the section “Off State” (congruent condition) (n = 55)

Sessions

Physical exercise with upper and lower limbs
Physical exercise with upper limbs only

Control

IQR: interquartile range

Table 4: Number of matches of the section “On state” (incongruent condition) (n = 55)

Sessions

Physical exercise with upper and lower limbs

Physical exercise with upper limbs only

Control

IQR: interquartile range

Condition congruent less incongruent
(interference effect)

The Friedman test detected a significant
time effect on the interference effect ( [5] =
12.672, p-value = 0.027, Kendall’'s W =
0.046 “trivial”). However, Bonferroni’s post
hoc analysis did not show statistical signifi-
cance for any of the peer comparisons (p-
value > 0.005). Table 5 shows the values of
the interference effect. (Raw data are pre-
sented in the Supplementary data file).

Pretest Posttest
Median [IQR] Median [IQR]
6[1] 6[2]
6[1] 6[2]
6[2] 5 [1]
Pretest Posttest
Median [IQR] Median [IQR]
6 [2] 6 [2]

6 [2] 6 [2]
5[2] 6[2]

DISCUSSION

The main aim of this study was to char-
acterize and compare the acute effect of
muscle mass involved in physical exercise of
moderate intensity on the performance of ex-
ecutive functions. Second, we compared the
RPE, HRnax, and maximum load achieved
between maximum progressive effort tests
with different muscle mass. We found that
both physical exercise interventions im-
proved Stroop task performance in a congru-
ent trial. Additionally, physical exercise in-
tervention similarly improved Stroop task
performance in an incongruent trial but
without any difference from the resting con-
trol condition. Therefore, the results partially
confirmed our initial hypothesis.

Table 5: Condition congruent less condition incongruent in seconds (n = 55)

Sessions

Physical exercise with upper and lower limbs
Physical exercise with upper limbs

Control

Pretest Posttest
Median [IQR] Median [IQR]
4.26 +4.422 2.23[3.78]

3.85[5.16] 2.76 [4.65]
3.97 £5.332 2.68 [3.55]

IQR: interquartile range. ?Data presented as the mean * standard deviation because they presented a normal distribution.
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Maximal graded exercise test

The results obtained from a maximal
graded exercise test are particularly useful
for assessing the functional capacity of the
subject, monitoring the effects of a training
program, detraining, and the presence of dis-
eases (Takken et al., 2019). Although we did
not evaluate the oxygen consumption re-
sponses, we evaluated the HR and used the
HRmax to prescribe moderate physical exer-
cise intensity. Additionally, the comparison
of the variables between the tests was im-
portant for demonstrating that the protocol
used evoked different physiological respons-
es as a function of the amount of muscle
mass involved in the task. As expected, we
found significant differences in HRmax and
maximum workload between the tests; these
variables were significantly higher for the
test involving the upper and lower limbs
simultaneously.

Regarding HRmax, our results are in
agreement with those of Nagle et al., (1984),
who found that the combination of 10 % up-
per limbs/90 % lower limbs evoked a higher
HRmax than the test using 100 % upper limbs.
However, the HRmax obtained for the combi-
nation of 10 % upper limbs/90 % lower
limbs was not significantly different from
that obtained for the test performed with
100 % lower limbs and the test performed
with lower limbs. These results suggest that
the higher the contribution of the upper
limbs (from 20 % upper limbs/80 % lower
limbs), the lower the HR max.

Regarding the maximum workload
achieved in the maximal graded exercise
tests, Nagle et al., (1984) reported that the
highest loads were achieved for the combina-
tions of 10 % upper limbs/90 % lower limbs
and 20 % upper limbs/80 % lower limbs,
without a significant difference between the
two combinations. However, these two com-
binations evoked a maximum workload sig-
nificantly higher than that of all the other test
combinations (100 % upper limbs [125 + 6
W], 100 % lower limbs [239 + 11 W], and
30 % upper limb/70 % lower limb [229 + 15
W]). Likewise, the highest maximal oxygen

uptake was obtained for the 10 % upper
1imb/90 % lower limb combination.

Executive performance

We found that a single 30-min session of
moderate-intensity aerobic physical exercise,
regardless of the amount of muscle mass in-
volved in its performance, significantly de-
creased the reaction time to complete the
Stroop task (congruent trial) immediately af-
ter physical exercise interventions (without a
significant difference between conditions)
relative to the reaction time before physical
exercise interventions. In contrast, the rest-
ing control session did not alter executive
performance. Furthermore, the reaction time
after both physical exercise interventions
was lower in the congruent trial than in the
postresting control session. Notably, the im-
provement (decrease) in the times to com-
plete the congruent trial after the two inter-
ventions with physical exercise occurred
without compromising the accuracy of per-
forming this task because the number of at-
tempts needed to complete the section
showed no statistically significant difference
(before vs. after).

Regarding the incongruent trial, reaction
times after interventions (physical exercise
and control) were not significantly different.
However, there was a statistically significant
decrease in the reaction time to complete the
section in the two interventions with physical
exercise relative to the pre- and post-times,
without compromising the precision, a fact
that did not occur in the resting control inter-
vention. This implies that, when comparing
the pre- and post-times, there was only im-
provement in interventions with aerobic
physical exercises performed with different
amounts of muscle mass involved in their
performance. However, when we compared
the post-reaction time of all interventions,
they did not differ.

Several previous studies have reported
that moderate-intensity aerobic physical ex-
ercise can improve performance on several
tests that assess executive functions (includ-
ing different versions of the Stroop test)
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(Ludyga et al., 2016). For example, Rattray
and Smee (2013) found that physical exer-
cise caused a statistically significant de-
crease in reaction time without a decrease in
accuracy for performing the task relative to
the control condition without physical exer-
cise. Furthermore, when comparing the reac-
tion times in the 10" minute of each inter-
vention, the intervention with physical exer-
cise showed a reduction of approximately
3 % in reaction time compared to the control.

Our results are somewhat in line with
those of Tam (2013), who reported that the
physical exercise of climbing stairs im-
proved (decreased) the time to perform the
Stroop test immediately after the physical
exercise intervention. Additionally, there
was also a reduction in errors (improvement
in accuracy) when performing the test. De-
creases in errors (precision) were greater in
incongruent trials than in congruent trials.
There was no significant improvement in the
test performed after the resting control situa-
tion. The author concluded that a single stair-
climbing physical exercise session promoted
improvements in the processing of executive
functions (mainly for tests, our results are in
line with those of Hill et al., (2019), who re-
ported that cycling physical exercise per-
formed only with upper limbs and cycling
exercise performed with lower limbs caused
similar benefits for executive functions be-
cause there was a significant and moderate
reduction in reaction time in congruent and
incongruent trials without impairing accura-
cy.

Although it is not clear how aerobic
physical exercise affects executive functions,
some previous studies suggest that physical
exercise can cause neurophysiological
changes that influence brain functioning
(Basso and Suzuki, 2017; Mehren et al.,
2019). For example, physical exercise can
increase cerebral blood flow in the prefrontal
region of the brain, which is highly im-
portant for executive functions. Additionally,
physical exercise can also increase the re-
lease of neurotransmitters such as catechol-
amines, dopamine, and norepinephrine and

can also promote increases in BDNF (Chang
et al., 2012; Basso and Suzuki, 2017), which
influence the functioning of the brain. Alt-
hough such neurophysiological changes were
not evaluated in this study, it is reasonable to
assume that they may be responsible for the
positive changes found here. Furthermore, it
is also legitimate to assume that the amount
of muscle mass involved in a physical exer-
cise does not impact neurophysiological re-
sponses differently, contrary to what occurs
with the cardiovascular, respiratory, and
muscular systems.

Another possible explanation of how
physical exercise improves the performance
of executive functions, from a psychological
point of view, is that physical exercise caus-
es excitation (at appropriate levels) that im-
proves resource allocation to mental pro-
cesses, thereby facilitating the cognitive pro-
cess (Yanagisawa et al., 2010; Byun et al.,
2014; Tsukamoto et al., 2016; Mandolesi et
al.,, 2018). Likewise, although we did not
measure this arousal in this study, it is rea-
sonable to assume that the two types of phys-
ical exercise invoke the same degree of
arousal, which could explain why the physi-
cal exercise interventions improved perfor-
mance on the Stroop test.

Moreover, no difference was observed
between the two types of physical exercise
relative to the control on “congruent minus
incongruent.”  Takahashi and  Grove
(Takahashi and Grove, 2020) stated that in-
terference may have low reliability for re-
search with a design similar to that used in
this study, since this variable may present a
lower interclass correlation index than con-
gruent and incongruent trials. Therefore, the
use of this variable can mask the significance
of the effect of a single physical exercise
session on the performance of the Stroop
test. We suggest that analyzing and compar-
ing the results of congruent and incongruent
trials in the Stroop task (as done in the pre-
sent research) may be a better approach for a
more comprehensive understanding of the
effect of physical exercise on executive func-
tions.
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Future perspectives

Further studies can evaluate the effects of
other types of physical exercise (e.g., high-
intensity interval physical exercise and re-
sistance physical exercise) performed with
different amounts of muscle mass on cogni-
tive function. Furthermore, caution is needed
in extrapolating the findings of this study to
other populations, such as athletes, elderly
people, and people with clinical cognitive
disorders. Therefore, further studies investi-
gating these populations are needed. Finally,
it is desirable to conduct studies investigat-
ing the chronic effects of physical exercises
performed with different amounts of muscle
mass on executive functions.

Study limitations

This study had some limitations. The ab-
sence of biochemical and physiological
measures, such as serotonin, endorphin,
BDNF and cerebral blood flow, compro-
mised the reliability of the results. However,
we believe that these limitations do not war-
rant dismissal of the conclusions presented
here.

CONCLUSIONS

The findings of this study suggest that
for purposes of improving executive func-
tion, moderate-intensity continuous aerobic
physical exercise performed using the upper
limbs or using the upper and lower limbs
simultaneously improves executive func-
tions. Therefore, we recommend that health
professionals consider moderate-intensity
aerobic continuous physical exercise with
less or more muscle mass to improve cogni-
tive function.
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