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ABSTRACT

Background. Literature suggests cardiorespiratory fitness as a factor influencing cognitive improvement. The
authors of the present study sought to investigate if cardiorespiratory fitness related to cognitive performance after an
acute bout of game-based exercise of different intensities in adolescents.

Methods. As many as 37 adolescents (24 girls and 13 boys, 15-16 years of age) were assigned to three groups:
experimental group 1 (EX 1), experimental group 2 (EX 2), and control (CON) group. The experimental groups
experienced different levels of exercise intensity (EX 1 — light intensity, EX 2 — vigorous intensity). The Shuttle Run
Test was performed a week before the intervention and VO, was calculated. Symbol Digit Modalities Test (SDMT)
was evaluated before and after the acute intervention. A 2 x 3 repeated-measures ANOVA was used to analyse the
SDMT and Pearson’s correlation coefficient was used to estimate the relationship between the cognitive performance
(SDMT) and cardiorespiratory fitness (VO,,e,)-

Results. Comparing the SDMT scores before and after the intervention, there were no differences found between
the three groups. Neither in any of the experimental groups nor in the control group was a relationship between the
SDMT score and VO, observed.

Conclusion. Acute game-based exercise intervention did not prove to improve cognitive performance effectively.
The authors of the present paper did not confirm the relationship between cardiorespiratory fitness and cognitive
performance in adolescents.
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INTRODUCTION

influences cognitive functions (Chang et al., to be enhanced with acute exercise at both light

2014; Zuniga, Mueller, Santana, & Kelemen, (Zuniga et al., 2019) and high (Budde et al., 2012)
2019). While adolescents spend much of their time intensities. However, the above-mentioned studies
at school, school-based exercise intervention is an  analyzed the cognitive benefits in young adults and
appropriate and cost-effective way (Wu, Cohen, only one type of exercise — aerobic exercise.
Shi, Pearson, & Sturm, 2011) to improve cognitive Regarding the exercise type, cardiovascular
and academic performance. Exercise is a planned and motor-demanding  exercises enhance
and structured physical activity with a specific aim.  cognitive functions (Sibley & Etnier, 2003) and
Repeatedly performed exercise is called chronic especially when exercising in groups (Pesce,
exercise and a single bout of exercise — acute Crova, Cereatti, Casella, & Bellucci, 2009).
exercise (Buddeetal.,2016). Itisassumed thatacute ~ What is more, exercises, which bring pleasure
exercise induces neurochemical response, which, in  and enjoyment, for example games, encourage
turn, influences cognitive performance (Best,2010).  children’s participation (Thivel et al.,, 2011).

Existing literature suggests that exercise There are findings suggesting cognitive functions
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Hence, game-based exercises of light and vigorous
intensity were used in the present study.

Furthermore, there are findings that
cardiorespiratory endurance is the most important
factor of physical fitness related to cognitive
functions (Ruiz-Ariza, Grao-Cruces, de Loureiro,
& Martinez-Lopez, 2017). Regular participation
in physical activity improves cardiorespiratory
fitness (Etnier, Nowell, Landers, & Sibley, 2006),
which may moderate the cognitive performance
(Wengaard, Kristoffersen, Harris, & Gundersen,
2017). Previous research highlights the impact
of cardiorespiratory endurance on brain activity
and cognition across the lifespan (Themanson,
Pontifex, & Hillman, 2008). For example, Westfall
et al. (2018) reported better inhibitory control and
cognitive flexibility for adolescents with higher
cardiovascular fitness. Moreover, a review carried
out by Alvarez-Bueno et al. (2020) summarized the
evidence explaining the association between aerobic
fitness and language as well as mathematics —
related skills. However, most of the aforementioned
studies are non-interventional and the relationship
between cardiorespiratory fitness and cognitive
performance after the acute exercise intervention
remains unknown.

Overall, this study aimed to compare the
acute effect of light and vigorous intensity game-
based exercises on cognitive performance in
adolescents and determine if this effect is related to
cardiorespiratory fitness. The authors of the present
study hypothesized that cardiorespiratory fitness
would be related to cognitive performance after a
bout of game-based exercises.

METHODS

Participants. We assigned 37 adolescents

(24 girls; 13 boys; 15-16 years old) to one of the
following groups: the control group (n = 12)
(CON), experimental group 1 (EX 1) (n = 13),

and experimental group 2 (EX 2) (n = 12). The
basic characteristics of the participants are listed
in Table 1. Inclusion criteria were the absence of
physical and mental impairments and no usage
of psychotropic medications. Adolescents signed
informed assent forms and their parents signed
informed consent forms in accordance with the
Declaration of Helsinki. The study was approved
by Kaunas Regional Committee on Biomedical
Research Ethics (No. BE-2-68).
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Table 1. Mean values (SD) for the basic characteristics of two
experimental groups (EX 1 and EX 2) and control (CON) group

Characteristic CON EX1 EX 2
Age (years) 14.92 (0.29) | 15.46 (0.52) | 15.17 (0.39)
BMI (kg/m?) 20.77 (1.99) | 20.84 (1.97) | 20.42 (1.44)
Tanner (stage) 3.67 (0.49) | 3.77 (0.60) | 3.92(0.79)
VOZ cak
(mLI/)kg/min) 36.95 34.93 35.55

Note. CON — control group; EX 1 — experimental group 1; EX 2 —
experimental group 2.

Procedure. One week before the experiment,
the participants performed the necessary tests for
background information according to the study
protocol: height, weight, pubertal maturation and
Shuttle Run Test. Also, VO,,.,., as an indicator
of cardiorespiratory fitness, was calculated. They
were familiarized with the intervention and
testing procedures during the experiment. On
the experiment day, the Symbol Digit Modalities
Test (SDMT) was performed before and after the
intervention.

The intervention lasted 20 min. Participants
in both experimental groups performed exercises
usually in the form of a relay game. The exercises
required body balance, spatial orientation, and
motor skills management. The difference between
the experimental groups was the exercise intensity.
The heart rate during the intervention was
measured and the exercise intensity was evaluated
according to the percentage of maximum heart rate
(HR,,.,)- HR .. was calculated using the following
formula: 208 — 0.7 x age. The EX 1 intensity was
light (58.64% HR,,,,) and the EX 2 intensity was
vigorous (89.51% HR,,,) according to Garber et al.
(2011).

The control group condition consisted of being
sedentary for 20 min in a school classroom; the
students were not allowed to talk to each other.

Measurements. Height was measured to the
nearest 0.1 cm using a Harpenden anthropometer
set (Holtain, Crymych, Dyfed, Wales, UK). Weight
and body mass index were measured using a body
composition scale (TBF-300; Tanita, UK).

Pubertal maturation was assessed according
to the Tanner stages using drawings of breasts,
genitals, and pubic hair. This self-assessment tool
can be used to distinguish prepuberty and puberty
(Rasmussen et al., 2015).

max.
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The heart rate of the participants was measured
using a heart rate monitor (Polar FT1, Kempele,
Finland).

The written form of the SDMT was used
to evaluate attention, motor speed, and visual
scanning. It is a paper-pencil test, which is useful
to administrate in a group of people and does not
require special devices. Also, it is one of the tasks
showing an improvement after an acute exercise
(Basso & Suzuki, 2017). Participants were given
9 pairs of symbols and numbers (1-9). There were
110 boxes with the symbols and free spaces for
numbers. The instruction was to write the numbers
in free spaces according to paired symbols given
at the top of the page. Participants were allowed 90
s to complete the task. Correct substitutions were
counted (Sheridan et al., 2006).

Shuttle Run Test. A participant has to run
between 2 lines (20 meters between each) back
and forth with the intensity increasing. The rate
is regulated according to the acoustic signal. The
speed is 8km/h at the beginning, and it increases
by 0,5km/h every minute. If a participant cannot
keep the pace for two consecutive signals, the test
is stopped and the level and number of shuttles are
noted (Freedson, Cureton, & Heath, 2000).

The following equation was used to estimate
VO, from the 20-m shuttle-run test: VO, =
258-6.6 x G — 0.2 x BM + 3.2 x S (G — gender
(male = 0, female = 1); BM — body mass (kg); S —
speed at the end of the test (km/h)) (Moreira et al.,
2011).

Statistical analysis. Statistical procedures were
conducted using IBM SPSS for Windows (version
26.0; IBM, Armonk, NY, USA). A 2 x 3 repeated-
measures ANOVA was used to analyze the SDMT.
Partial 7’ effect sizes were calculated together
with observed power (OP). Pearson’s correlation
coefficient was used to evaluate the relationship
between variables with the effect size 7 (1 to .29 =a
small relationship; .3 to .49 = a medium relationship;
.5 to 1.0 = a large relationship). For all statistical
analyses, the significance level was o = .05.

RESULTS

SDMT performance. The descriptive statistics
of the SDMT are shown in Table 2. The authors of
the present study found a significant effect of time
(F, = 30.96, p = .000, n* = .48, OP = 1.00). There
was no effect of the group (F, = 0.23, p = .798,
n* = .01, OP = 0.08) or time—group interaction
(F,=0.50, p = .612, n* = .03, OP = 0.13).

Table 2. Mean (SD) for pre-test and post-test co 1 5 G &
SDMT values in two experimental groups Variable _i\lz EE(IS Ez(lz rm;p ¢ eft
(EX 1 and EX 2) and the control group (n=12) (n=13) (n=12) p value (7’)
(CON) SDMT (score)
Notes. CON — control group; EX 1 — Before 52.00 (5.59) 51.08 (6.20) 53.67 (9.69) .680 (.02)
experimental group 1; EX 2 — experimental After 57.27(8.97) | 59.00(7.25) | 59.58 (10.92) | .901 (.01)
group 2; SDMT — Symbol Digit Modalities
Test; p-values were calculated via a repeated Time effect
measures ANOVA (time effect) and one-way p-value (77) 039 (.33) <.001(.73) 010 ( .45)
ANOVA (group effect).
Figure. Relationship between cardiorespira-
tory fitness (VO,,,) and the overall change s Experimental groups
in Symbol Digit Modalities Test (SDMT) . L Control
performance after an acute bout of game- ol 55‘““‘“““? )
based exercises in the control (CON), light cf:;z;’mmw
intensity (LIG) and vigorous intensity group -8 . o _ \\‘{-/'igh:r‘ﬁ‘::‘gmity
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Relationship between SDMT performance
and cardiorespiratory fitness. Pearson’s
correlation coefficient was calculated between the
overall change of SDMT scores and VO, values.
However, there were no relevant correlations
between these two variables in both experimental
groups (EX 1: p = .084, r = .50; EX 2: p = 443,
r=.25) and the CON (p = .801, r =— .08) (Figure).

DISCUSSION

The authors of the present study aimed to
investigate the effect of acute game-based exercise
of different intensities on cognitive performance
and if it is related to cardiorespiratory fitness
(VO,pe)- They did not confirm the relationship
between cardiorespiratory fitness and cognitive
performance after the acute game-based exercise
in adolescents.

SDMT performance. The results of the
present study revealed that there was no difference
between any of the groups comparing the results
of the SDMT. These findings are contrary to other
studies where the light (Zuniga et al., 2019) and
vigorous (Budde et al., 2012) intensity aerobic
exercises improved the cognitive function. One of
the explanations could be the exercise type, which
is important for exercise efficiency (Gronwald,
Torpel, Herold, & Budde, 2020). In addition,
there is a possible learning effect (Stieger &
Reips, 2016), even though the participants were
familiarized with the testing procedure. However,
previous meta-analysis showed no effect of active
school breaks on cognition (Masini et al., 2019).
Thus, the effect of acute game-based exercise on
cognitive performance in adolescents needs further
investigation.

Relationship between SDMT performance
and cardiorespiratory fitness. There was no
relationship between cardiorespiratory fitness

and cognitive performance (SDMT) after the
acute game-based exercise intervention. The
findings of this paper did not support the previous
studies showing a positive association between
cardiorespiratory fitness and cognitive functions
(Themanson et al., 2008; Westfall et al., 2018). On
the other hand, the study carried out by Chang et
al. (2014) showed an improvement in cognitive
performance after an acute aerobic exercise of
moderate intensity in participants of all fitness
levels. However, the participants were young adults
and the exercise type and intensity were different
comparing to the present study. Similarly, Niemann
et al. (2013) stated that a short bout of intensive
physical activity had a beneficial effect on cognitive
performance in preadolescent children independent
of their physical activity level. Thus, future
research that continues to analyze the relationship
between the cardiorespiratory fitness and cognitive
performance in adolescents is warranted.

Limitations. First, there was a small sample size
and the results should be interpreted with caution.
Second, there was a possible learning effect in the
analysis of cognitive performance. Finally, the
cardiorespiratory fitness was not evaluated directly
in a laboratory using a ergospirometric device.

CONCLUSIONS

There were no differences between the
experimental groups and the control group in
terms of the results of cognitive performance
before and after the acute game-based exercise
intervention in adolescents.

Cardiorespiratory fitness was not related to
cognitive performance after the acute game-
based exercise intervention in adolescents.
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