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Editorial on the Research Topic
Advances in the understanding of the affective and cognitive effects of
physical activity, exercise, and sports

Recent research underscores the positive impact of physical activities, exercises, and
sports on enhancing cognitive and emotional wellbeing. Improvements have been noted in
areas such as attention (De Greeff et al., 2018), executive functions (Hoffmann et al., 2021;
Huang et al,, 2022), the process of memory and learning (Wanner et al., 2020; Hoffmann
et al,, 2021), creativity (Rominger et al., 2022; Chen, 2024), the ability to withstand stress
(Arida and Teixeira-Machado, 2021; Toth et al., 2023), and mental health (Chen et al.,
2017; Chen and Nakagawa, 2023a). Regular participation in physical activities has been
linked to a lower incidence of major neurological and psychiatric conditions, including
dementia (Chen and Nakagawa, 2023b), major depressive disorders (Harvey et al., 2018),
and anxiety disorders (Svensson et al., 2021).

Despite these well-documented benefits, recent research points to unresolved queries
(Chen et al,, 2022), notably the determination of the optimal type, intensity, and duration
of physical activities that maximize benefits across different demographic groups. This gap
calls for a deeper dive into individual differences that have been somewhat neglected in
past studies. Furthermore, there is an urgent call for the development of detailed strategies
to encourage physical activity, a domain still in need of refinement. This Research Topic,
through its 18 articles, seeks to address these critical questions, aiming to deepen our
knowledge of the cognitive and emotional advantages offered by physical activity.

A focal point of this Research Topic is the investigation into how different aspects of
exercise, including its frequency, duration, intensity, and type, influence its effectiveness.
One notable contribution is from Lin and Gao, who conducted a meta-analysis of nine
randomized controlled trials among college students. Their findings indicate that physical
activity interventions significantly reduce anxiety symptoms, demonstrating an effect size
of —0.55 in terms of standard mean difference. This analysis highlights that the benefits
of exercise on anxiety might be influenced by the exercise’s nature, with aerobic exercise
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and yoga showing effectiveness, whereas resistance training did
not yield significant improvements. Furthermore, interventions
were notably effective when conducted at least three times weekly,
lasting longer than 8 weeks, and at moderate to high intensities.
This data aligns with the theory that more vigorous exercise could
offer greater mental health and cognitive benefits (Nakagawa et al.,
2020), a notion further supported by a study from Gilbert et al.
This latter study, although not finding significant cognitive benefits
from a single 60-min games-based physical education lesson over
a regular academic lesson in adolescents, did observe enhanced
working memory in those who engaged in more moderate-to-
vigorous physical activity.

These insights, however, bring to light the practical challenges
in applying them within clinical settings. Patients with depressive
disorders—who often experience concurrent anxiety symptoms
(Chen, 2022) and cognitive deficits (Chen et al., 2015)—may have
lower physical capabilities and motivation. This dilemma has led
to the development of lower-intensity exercise therapies aimed
at enhancing participation and satisfaction among patients (Sakai
etal, 2021). A potentially optimal approach may involve initiating
treatment at lower intensities and incrementally increasing them as
patients’ physical fitness and motivation improve.

Further expanding on these findings, Liu T. et al’s cross-
sectional survey involving over 67,000 school-age children and
adolescents demonstrates that even minimal engagement in sports,
as infrequent as 1-3 times a month, can enhance subjective
wellbeing. This finding is echoed in the work of Bian and Xiang,
who, through a longitudinal study of 10,000 adults, observed that
regular participation in sports and exercise clubs, even on a weekly
or monthly basis, correlates with a reduced likelihood of depressive
symptoms 4 years later. These studies suggest that the threshold of
physical activity required for preventing future mental health issues
may be lower than what is needed to address existing psychiatric
symptoms, as demonstrated in the meta-analysis by Lin and Gao.

Additionally, Liu G. et al. sought to determine the optimal
exercise duration for academic performance among ~18,000
Chinese junior high school students. Their research revealed
an inverted-U shaped correlation between weekend physical
activity and academic achievement, with a noted sex difference
in the optimal duration of exercise-—2h for males and 1h
for females. The inverted-U shape finding aligns with another
recent study by Shimura et al. (2023), which examined the
association between the total duration of weekly physical activity
and mental health outcomes. Moreover, the gender-differentiated
impact in the above study is further explored by Wu et al,, who
found significant associations between physical activity levels and
depressive symptoms in males but not in females.

Jin et al’s study enriches this Research Topic by comparing
visual attention among basketball players, swimmers, and non-
athletes, revealing that basketball players exhibit superior visual
tracking accuracy. This highlights the advantages of open-
skill sports, which require constant adaptation to changing
environments, in enhancing visual attention and underscores the
broader cognitive benefits of specific types of physical activities.

The Research Topic also delves into the specific benefits of
physical activity across various populations and disciplines. For
instance, Wochynski et al. demonstrated improved physical fitness
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and cognitive functions in Polish male cadet pilots following 6
months of cadet aviation practice. Moreover, Alhumaid and Said
highlighted the positive correlation between physical activity and
self-esteem levels in Saudi individuals with physical disabilities.

However, not all studies showcased physical activity’s universal
benefits. Morava et al. indicated that acute stresss impact on
cognitive flexibility might not be alleviated by a single session of
vigorous cycling, contrasting with previous evidence that, under
stress-free conditions, vigorous cycling may enhance cognitive
flexibility (Aga et al, 2021). Moreover, Burns et al. suggested
the importance of considering covariates when assessing physical
activity’s effects on mental health.

The Research Topic also addresses athlete performance
enhancement strategies, with Selmi et al. emphasizing mood
monitoring in soccer players and Aras et al. investigating the
efficacy of mindfulness practices in aiding recovery among female
basketball players, albeit without significant findings.

Together, these articles offer a comprehensive perspective on
the multifaceted influence of physical activity, suggesting the
importance of tailored exercise regimens to optimize affective and
cognitive outcomes across diverse populations and settings.

Building on the diverse insights provided by these studies,
the Research Topic delves into understanding the factors that
influence physical activity behaviors, adding a crucial layer to
the narrative. Ma et al. explore how exercise intention and the
feelings induced by exercise, such as relaxation, correlate with
actual exercise behaviors, noting the moderating role of personality
openness in strengthening this relationship. This observation
highlights the critical need to consider the emotional responses
or mood shifts triggered by exercise when prescribing exercise
interventions. Beyond the Exercise-induced Feeling Inventory
(Gauvin and Rejeski, 1993) utilized by the researchers, recent
concise measures like the Chen-HAgiwara Mood Test (CHAMT,
Chen et al., 2024) emerge as promising alternatives. The CHAMT,
grounded in the two-dimensional valence-arousal theory of affect
and utilizing visual analog scales for a more intuitive assessment
than traditional Likert scales, represents a forward-thinking
approach to capture the psychological impacts of physical activity
(Aga et al, 2021; Matsumoto et al, 2022; Kawashima et al.,
2024).

Furthermore, Sheng et al. identify exercise self-efficacy and
peer support as key drivers of physical activity levels, while Zhang
et al. highlight the pivotal role of the family environment in
encouraging physical activity, introducing a novel scale for its
assessment. Emphasizing exercise as a family activity, this latter
study is in line with the proposal that communal exercise can
enhancing bonding, improve adherence to exercise routines and
boost overall family wellbeing (Chen, 2017; Koga et al, 2023).
This approach promotes incorporating physical activity into family
life, underlining its potential to not In addition, Martins et al,, in
their meta-analysis, highlight the positive correlation between pet
ownership and increased physical activity (with an effect size of
Cohen’s d being 0.55), and Bayraktar et al. suggest genetic factors,
such as the rs1800496 polymorphism in the ANKKI1 gene, may
influence competitive sports involvement.

These studies collectively underscore the complexity of exercise
behavior, emphasizing the interplay of psychological, social,
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environmental, and genetic factors in promoting physical activity.
This comprehensive approach not only enriches our understanding
of the multifaceted role of physical activity in enhancing mental
health, cognitive functions, and academic performance but also
highlights the importance of individualized approaches to exercise
prescription, catering to the diverse needs and influences affecting
different populations.
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Objective: Based on the theory of planned behavior, this study introduced
personality traits and exercise-induced feelings and other third variables,
aiming to explore the mechanism of personality traits and exercise-induced
feelings between exercise intention and exercise behavior, and explore the
internal mechanism of promoting exercise behavior of junior high school
students.

Methods: This research adopts the Exercise Intention Questionnaire, Simple
Big Five Personality Scale, Exercise-induced Feeling Inventory and Exercise
Rating Scale, from the three cities of Anhui province 1,166 junior high school
students selected from the group psychological measurement, and uses the
SPSS23.0 and Process plug-in exercise intention in exercise behavior analysis
of the direct and indirect effect.

Results: The results showed that: (1) Exercise intention significantly positively
predicted exercise behavior (=0.265, t=4.261, p<0.01). (2) The moderating
effect of openness personality between exercise intention and exercise
behavior was significant (§ =0.093, t=4.431, p<0.01). (3) Exercise-induced
feelings has a significant mediating effect on the relationship between exercise
intention and exercise behavior regulated by openness personality.

Conclusion: Exercise intention can effectively predict exercise behavior, and
the prediction level is affected by openness personality, and the moderating
effect of openness personality is partially realized through the mediating
variable of exercise-induced feelings.

post-epidemic era, exercise behavior, exercise intention, openness personality,
exercise-induced feeling
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Introduction

The COVID-19, a public health emergency, has greatly
affected the behavior of Chinese junior high school students.
Students stay indoors, and the courses are changed to “online”
teaching, especially physical education, which can not meet the
exercise needs of junior high school students and greatly affect
their physical and mental health. With the arrival of the post
epidemic era, the school has organized students to return to
school on a large scale, face-to-face classes have gradually returned
to the normal track, and physical education has also returned to
the playground. However, the loss of physical and mental health
caused to junior high school students during the epidemic is
difficult to recover. Therefore, how to improve the exercise
behavior of students in the post epidemic era has become a hot
topic in exercise psychology (Huang et al., 2021).

The social anxiety brought by the epidemic has greatly affected
the mental health of junior high school students. Physical exercise
is recognized as the most effective way to “reduce stress,” and a
large number of studies have confirmed that moderate physical
exercise can help improve the cognitive ability of junior high
school students (Wen, 2015). Improve their academic performance
(Grigolava et al., 2021), improve their interpersonal skills (Chen
et al., 2020; Montse and Claudio, 2020), cultivate their self-esteem
and self-confidence (Pan et al, 2022), and promote the
development of their social adaptability (Wan et al, 2021).
Therefore, it is an important significance to explore the
relationship between exercise behavior and its influencing factors.
Nowadays, the research on the influencing factors of exercise
behavior has gradually moved toward theorization and modeling.
There are many psychological theories applied to the study of
exercise behavior, such as self-determination theory, expected
value theory, stage development theory and planned behavior
theory, of which the theory of planned behavior (TPB) is the most
widely used. A large number of studies have explored the
intention-behavior relationship in adolescents on the basis of the
TPB, but current research cannot adequately explain the
mechanisms by which intention-behavior occurs and it is unclear
how to bridge the gap between intention and behavior (Xiang,
2016), in addition to which few studies have been conducted on
the exercise behavior of secondary school students in the post-
epidemic period. Based on the TPB model proposed by Ajzen
(2011), this paper explores the relationship between exercise
behavior and its influencing factors, and provides empirical
evidence for improving exercise behavior of junior high school
students in the “post epidemic period”

Exercise intention and exercise behavior

Exercise behavior refers to sports activities aimed at
developing body, improving health, strengthening physique,
regulating spirit, enriching cultural life and controlling leisure
time. The theory of planned behavior is one of the most important
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theoretical models in the field of sports (Hohmann and Garza,
2022). The theory of planned behavior holds that human behavior
is the result of deliberate planning. Therefore, exercise intention
can predict the generation of exercise behavior, and a large
number of studies have confirmed that exercise intention is an
effective predictor of exercise behavior (Chen et al., 2022; Teixeira
etal, 2022; Zhang et al,, 2022). Hou et al. (2022) confirmed in a
study of 242 college students in China that exercise intention can
effectively predict exercise behavior. Gu et al. (2022) found that
exercise attitude was a significant predictor of exercise behavior
based on TPA during COVID-19. Liu (2022) used meta-analysis
to find that exercise intention influenced exercise behavior to
some extent, but many studies have exaggerated the effect of
exercise intention in predicting exercise behavior. Therefore,
we propose the following hypotheses:

HI: Exercise intention of junior high school students can

positively predict exercise behavior.

At present, relevant scholars who study the theory of planned
behavior believe that the third variable often affects exercise
intention in the process of affecting exercise behavior, that is,
under different conditions, the degree of exercise intention
affecting exercise behavior will change (Liu, 2019). In order to
better promote the formation of physical exercise behavior of
junior high school students, it has important research value to
study how exercise intention affects exercise behavior.

The moderator role of personality

Junior high school is the golden age of individual development,
and it will also face various great challenges. With the arrival of
adolescence, there will be rapid changes both physically and
psychologically (Yang and Ma, 2014; Heilmann et al., 2021).
Personality is one of the important factors that affect how
individuals adapt to these changes after entering junior high
school. Since Goldberg (1990) discovered the five personality
factors through factor analysis, psychologists have invested a lot
of energy in exploring the five personality factors (Ka et al., 2021).
It is found that having different personalities will have a significant
impact on individual psychological and behavioral development
(Wilks et al., 2020; Pilch et al., 2021). Van den AkKker et al. (2021)
found that as adolescents enter puberty, their levels of
responsibility, extraversion and openness personality traits will
temporarily decline, and their neuroticism personality levels will
increase. In fact, this represents a decline in individual personality
maturity. At the same time, a study showed that junior high school
students’ exercise behavior was significantly reduced in
adolescence (Cao et al, 2011). So, will personality have a
significant impact on exercise behavior? Bandura’s (2004) theory
of interactive personality in behaviorism holds that behavior is the
result of the combination of personality traits and situations, and
situations have strong control over behavior. When predicting
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behavior, the focus should be on the specific stimulus conditions
that can be observed, not on the intrinsic characteristics.
Individuals are the active constructors of situations, and situations
are the results of interaction between social individuals and the
objective environment. That is to say, behavior will be affected by
the interaction between individuals and situations. Behavior is
often the result of the interaction between individual cognition
and the situation, and any individual has its distinctive personality
traits. Therefore, under different stimulus conditions (personality
traits), the execution of intention will be strengthened or
weakened. Research shows that during the COVID-19 epidemic,
long-term closure of schools will have harmful mental health
consequences for teenagers (Kim et al., 2021). And individuals
with higher openness personality have a higher degree of
deterioration of mental health (Proto and Zhang, 2021). The
characteristic of openness personality is imaginative creative and
curious, and closed management during the epidemic may have a
greater impact on individuals with openness personality. Research
shows that a high level of openness personality and extraversion
personality will be more conducive to individuals to put into
action and enhance their execution of exercise intentions (Han
etal, 2021). And the low-level openness personality does not care
about his own ideas and is unwilling to take action (Nave et al.,
2016). Therefore, we speculate that personality may affect the
extent to which an individual’s intention predicts behavior. Based
on this, we propose the following hypotheses:

H2: Personality plays a moderating role in the relationship
between exercise intention and exercise behavior of junior

high school students.

The mediated role of exercise-induced
feeling

Feeling usually refers to people’s attitude toward and
experience of objective things and corresponding behavioral
reactions, and is considered as a psychological activity when
individuals carry out activities (Heintzelman and King, 2014).
Previous studies on exercise intention and exercise behavior
mainly focused on their relationship, but few focused on the
specific mechanism of the effect of exercise intention on junior
high school students” exercise behavior (Mao and Guo, 2013).
According to the triadic reciprocal determinism (Bandura,
1989), behavior will be affected by the interaction between
environment, thinking, cognition and other individual subjective
factors. Research has confirmed that exercise intention will
be affected by the individual’s surroundings (Guo et al., 2022).
The difference in emotional benefits between individuals mainly
comes from the difference in cognition between individuals, that
is, behavior may be affected by both intention and feeling
benefits (Liu and Wang, 2020). Research shows that low level of
individual intention will inhibit the generation of positive
emotions, and bad emotional experience will reduce the
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enthusiasm of individuals to engage in activities and discourage
enthusiasm (Zhang et al., 2014). A high level of exercise intention
will significantly affect the development of exercise feelings. The
stronger the intention is, the easier it is for individuals to
experience positive feelings (Zhang and Mao, 2016). In addition,
the high level of feeling benefits of exercise is also the source of
promoting individual exercise behavior (Huellemann et al,
2021). Because the exercise-induced feeling is the result of
individuals’ high recognition of exercise intentions, it has
become the most direct motivation for junior high school
students to actively participate in exercise activities, and can help
them develop good exercise habits. At the same time, junior high
school students who have bad feeling benefits of exercise are
prone to the phenomenon of inactivity. It can be inferred that
while improving the level of exercise intention of junior high
school students, it may also improve their cognition of physical
exercise, meet their own exercise needs and interpersonal needs,
promote their participation in exercise activities to bring more
feeling benefits, and thus affect the behavioral results. Thus,
we propose the following hypotheses:

H3: Exercise-induced feeling plays a mediated role in the
relationship between exercise intention and exercise behavior
of junior high school students.

Does the mediating effect of exercise-induced feeling still
exist in the path of personality traits and exercise behavior?
Feeling is not only the core factor of personality formation, but
also related to all aspects of social life, playing a pivotal
psychological role in coordinating various elements of social life
(Damasio, 2021). According to embodied emotion theory,
feeling and body change are unified. In the process of emotional
information processing, they are an interactive whole. The
generation of feeling is the result of the interaction between
body, mind and the external world (Burkitt, 2021). Under the
framework of embodied cognition, cognition and feeling work
together, making it easier for human beings to adapt to the
challenge of evolution (Xu and Zhang, 2021). Good ability to
regulate feeling can promote the development of physical and
mental health, while cognition can promote individual feeling
regulation, and exercise intention comes from individual
cognition of their own needs (Hermann et al., 2021). Regular
physical exercise can promote the individual’s ability to adjust
feelings (Perchtold-Stefan et al., 2020). Previous studies have
found that exercise-induced feeling has a significant positive
predictive effect on personality and motivation (Zhu and Dong,
2016). Self-determination theory believes that personality traits
have an important impact on emotion or emotion regulation
strategies (Sheldon and Prentice, 2019). Exercise-induced
feeling is a cognitive factor, and the change of psychological
environment can significantly affect emotion. Halevy et al.
(2019) comprehensively investigated the relationship between
feeling, psychological environment factors and behavior results,
and found that feeling can affect behavior results by influencing
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FIGURE 1

Hypothetical model.

TABLE 1 Differences in gender.

Variable Gender Number M SD t P
(%)

EI Male 581(49.83) 6.32 125 7.372 <0.001
Female 585(50.17)  5.79 1.23

EIF Male 581(49.83) 391 043 1475 0.119
Female 585(50.17) 3.82 040

Extraversion Male 581(49.83) 2.77 025 -—2.394 0.038
Female 585(50.17)  2.89  0.27

Agreeableness Male 581(49.83) 329 0.51 1.576 0.095
Female 585(50.17) 327 043

Conscientiousness Male 581(49.83) 3.59 0.44 5.469 <0.001
Female 585(50.17) 317 039

Neuroticism Male 581(49.83) 3.53 0.57 0.713 0.261
Female 585(50.17)  3.52  0.51

Openness Male 581(49.83) 3.61 042 0.841 0.219
Female 585(50.17)  3.57 0.61

EB Male 581(49.83) 22.71 7.54 8.816 <0.001
Female 585(50.17) 18.74 6.55

EI exercise intention; EIFE, exercise-induced feeling; EB, exercise behavior.

psychological environment. Kim (2022) found that the openness
personality and extraversion personality in personality traits
can improve junior high school students’ motivation during
exercise, meet the needs of students’ autonomy, interpersonal
relationship and ability development, and thus enhance their
exercise induced emotions. Thus, we propose the
following hypotheses:

H4: The moderating effect of personality traits on exercise
intention and exercise behavior may be realized through the

mediating effect of exercise-induced feeling.

To sum up, this study built a conceptual model of exercise
intention and exercise impact mechanism (Figure 1).

Frontiers in Psychology

Materials and methods
Procedure and participants

From September to October 2021, a cross-sectional survey was
conducted by using the convenience sampling method in Anhui
Province. This study selected one junior high school in urban and
rural areas in the north, middle and south of Anhui Province (6
junior high schools in total). Two classes will be randomly selected
from each grade of each junior high school (36 classes in total), and
1,355 questionnaires will be issued. The students were tested in the
classroom, and the main testers were all psychology students who
had received professional training. The test was approved by the
school leaders, head teachers and participants, and all questionnaire
were completed within 10 min. After the questionnaire was collected,
the invalid questionnaires caused by regular answers and missing
data were removed, and 1,166 valid questionnaires were recovered,
with a recovery rate of 86.05%. The participants age ranging from 11
to 17years (Mg =14.51, SD,,=0.66), including 581 boys and 585
girls. There are 391 students in Grade One, 389 students in Grade
Two and 386 students in Grade Three.

The study complied with the principles of the Declaration of
Helsinki, and it is supported and approved by the Institutional
Review Board of Huaibei Normal University. Parents or guardians
of all participants signed informed consent. The informed consent
described the purpose and process of the study, the method used
and publication plans. It also included confidentiality assurance,
the principles for voluntary participation and included contact
information to the researcher and organization behind the study.

Demographic characteristics of the study
sample

As shown in Table 1, of the total sample, 49.83% (581) were
boys, and 50.17% (585) were girls. The exercise intention level of
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boys was significantly higher than that of girls, personality of
extraversion level of boys was significantly lower than that of girls,
personality of conscientiousness level of boys was significantly
higher than that of girls, exercise behavior level of boys was
significantly higher than that of girls, and there was no significant
difference between boys and girls in exercise-induced feeling,
agreeableness, neuroticism and openness.

As shown in Table 2, of the total sample, 33.53% (391) were
grade one students, 33.36% (389) were grade two students, and
33.10% (386) were grade three students. There are no significant
differences in each variable among different grades.

Measures and instruments

Exercise intention

Exercise Intention Scale was compiled by Ajzen (2006). Fang
(2012) translated and revised this scale to measure the exercise
intention among Chinese junior high school students. This study
adopted revised Exercise Intention Scale by Fang to measure
exercise intention. It is a 7-point-Likert scale consisting of 3 items.
(e.g., “T plan to exercise for at least 20 min at least three times a

» c

week, in the next 2 weeks,” “I intend to exercise for at least 20 min

at least three times a week, in the next 2 weeks” and “I hope to

TABLE 2 Differences in grade.

Variable Grade Number M SD F P
(%)

EI One 391(33.53) 5.81 123 246  0.659
Two 389(33.36) 5.88 1.22
Three 386(33.10) 5.97 1.20

EIF One 391(33.53) 3.88 0.57 148  0.753
Two 389(33.36) 3.84 0.52
Three 386(33.10)  3.86  0.55

Extraversion One 391(33.53) 2.84 023 187 0712
Two 389(33.36)  2.86  0.21
Three 386(33.10) 2.82 0.21

Agreeableness One 391(33.53) 3.31 0.57 235 0.675
Two 389(33.36) 3.25 0.55
Three 386(33.10) 3.27 0.54

Conscientiousness ~ One 391(33.53) 3.49 0.63 394 0.521
Two 389(33.36) 3.37 0.68
Three 386(33.10) 3.34 0.66

Neuroticism One 391(33.53) 3.48 0.59 273 0.618
Two 389(33.36) 3.55 0.61
Three 386(33.10) 3.38 0.64

Openness One 391(33.53) 3.68 0.66 198 0.703
Two 389(33.36) 3.49 0.58
Three 386(33.10) 3.55 0.60
One 391(33.53) 18.76  7.49

EB Two 389(33.36) 20.74 751 251 0.634
Three 386(33.10) 2223 6.58

EI, exercise intention; EIF, exercise-induced feeling; EB, exercise behavior.
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exercise for at least 20 min at least three times a week, in the next
2weeks”). Each item is rated from 1 (completely disagree) to 7
(completely agree), use average score to represent individual
exercise intention and a higher score means a stronger the
intention of exercise. Previous research has confirmed that
Exercise Intention Scale has good reliability and validity among
Chinese junior high school students (Liu, 2022). In the present
study, confirmatory factor analysis results demonstrated that a
single-factors model fit the data satisfactorily: y*/df=4.19,
CFI1=0.91, TLI=0.89, RMSEA =0.049, SRMR =0.048, and the
Cronbach’s a was 0.86.

Personality

NEO-PI-R (Revised NEO Personality Inventory) Scale was
compiled by Costa and McCrae (1995) and it is the most widely
used tool for measuring the five-factor model of personality (Jiang
etal, 2022). Wang et al. (2011) translated and revised this scale to
measure the five-factor model of personality among Chinese
junior high school students. This study adopted revised Chinese
Big Five Personality Inventory Scale (CBF-PI) by Wang et al. to
measure five-factor model of personality. The CBF-PI is a 5-point-
Likert scale consisting of 10 items and 5 dimensions: extraversion
(e.g., “T see myself as someone who is outgoing, sociable”
agreeableness (e.g., “I see myself as someone who is generally
trusting”), conscientiousness (e.g., “I see myself as someone who
does a thorough job”), neuroticism, (e.g., “I see myself as someone
who gets nervous easily”) and openness (e.g., “I see myself as
someone who has an active imagination”). Each item is rated from
1 (disagree strongly) to 5 (agree strongly), use average score to
represent the degree of various personality traits and a higher
score shows a higher level of this personality trait (Beatrice and
Oliver, 2007). Previous research has confirmed that CBF-PI has
good reliability and validity among Chinese junior high school
students (Jiang et al., 2015). In the present study, confirmatory
factor analysis results demonstrated that a five-factors model fit
the data satisfactorily: y?/df=3.21, CFI=0.97, TLI=0.95,
RMSEA =0.052, SRMR=0.038. The Cronbachs «a of the
extraversion dimension was 0.91, agreeableness was 0.85,
conscientiousness was 0.88, neuroticism was 0.86 and openness
was 0.82.

Exercise-induced feeling

The Exercise-induced Feeling Inventory (EFI) was compiled
by Gauvin and Rejeski (1993). Chen et al. (2007) translated and
revised this scale to measure the exercise-induced feeling of
Chinese junior high school students. This study adopted revised
EFI by Chen et al. to measure exercise-induced feeling. The EFI
is a 6-point-Likert scale consisting of 12 items and 4 dimensions:
energize (e.g., “During or after physical exercise, I feel
exhilarated”), calm (e.g., “During or after physical exercise,
I feel relaxed”), exhausted (e.g., “During or after physical
exercise, I feel tired”) and active, (e.g., “During or after physical
exercise, I feel passionate”). Each item is rated from 1
(completely disagree) to 6 (completely agree), use average score
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to represent the degree of various exercise feeling and a higher
score shows a higher level of conformity of this dimension
(Wang, 2015). Previous research has confirmed that EFI has
good reliability and validity among Chinese junior high school
students (Liu, 2016). In the present study, confirmatory factor
analysis results demonstrated that a single-factors model fit the
data satisfactorily: y?/df=4.15, CFI=0.88, TLI=0.94,
RMSEA =0.051, SRMR =0.047, The Cronbach’s a of the energize
dimension was 0.90, calm was 0.86, exhausted was 0.91 and
active was 0.89.

Exercise behavior

Physical Activity Rating Scale (PARS-3) was compiled by
Liang (1994). PARS-3 is widely used to measure the physical
exercise behavior among Chinese junior high school students
(Wang et al., 2022), and this study adopted it to measure
exercise behavior. The PARS-3 includs three aspects: exercise
intensity (e.g., “What is the intensity of your physical exercise?”),
exercise time (e.g., “How many minutes do you spend on the
physical activities?”) and exercise frequency (e.g., “How many
times do you do physical activities in a month?”). Each item is
rated from 1 to 5, and the following equation computes the total
score of physical activity: exercise intensity x (exercise
time-1) x exercise frequency, with a range of 0 to 100. A higher
score shows a higher amount of physical exercise. Previous
research has confirmed that PARS-3 has good reliability and
validity among Chinese junior high school students (Dong and
Mao, 2021). In the present study, the scale has high reliability
and validity, its retest reliability »=0.87, and Cronbach’s «
was 0.89.

Statistical analyzes

After the questionnaire data were collected, Amos 24.0 was
used for confirmatory factor analysis to test the validity of
variables, and IBM SPSS23.0 for Pearson correlation analysis and
common method bias test. According to the study of Ye and Wen
(2013). Using process macro in IBM SPSS$23.0 to examine our
model. Firstly, we used process Model 1 to test the moderating
effect of personality on exercise intention and exercise behavior.
Secondly, used process Model 1 to test the moderating effect of
personality on exercise intention and exercise-induced feeling.
Finally, used process Model 8 to test the relationship between the
moderating effect of personality on exercise intention and exercise
behavior with exercise-induced feeling. During the model test,
grade and gender were included in the model as covariates. The
continuous variables of normal distribution were expressed as
mean (M)z+standard deviation (SD) and the incomplete
questionnaire has been deleted when enter data, so there is no
missing date in this study. Goodness of fit index y°/df less than 5,
RMSEA less than 0.08, NNFI and CFI greater than 0.8, and SRMR
less than 0.05 are acceptable. In this study, significance level was
set as p<0.05 and effect sizes of the correlation coefficient r
(Wangzhou et al., 2021) to estimate the magnitude of significant
differences during statistical analysis.
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Results
Common method bias test

In this study, two common method bias test methods will
be used to test data to ensure that there is no serious man-made
covariant problem between predictive variables and standard
variables (Tang and Wen, 2020). First, Harman single factor was
used to test the common method bias (Aguirre-Urreta and Hu,
2019). The results showed that the characteristic roots of five
factors were greater than 1, and the first factor could explain
31.032%, which was less than the standard critical value of 40%.
The common method bias of this study was acceptable. Secondly,
a single common method factor control method is used to test the
common method bias. The results show that the model containing
common method factors cannot fit the data. To sum up, the results
of both test methods show that there is no obvious problem of
common method bias in this study.

Descriptive statistics and correlation
analysis

Descriptive statistics and related analysis results of each
research variable are shown in Table 3. Table 3 shows that exercise
intention, openness personality, exercise-induced feeling,
conscientiousness

extraversion  personality,

neuroticism personality are significantly positively correlated with

personality,

exercise behavior of junior high school students; Agreeableness
personality is negatively correlated with exercise behavior;
Exercise intention, openness personality, extroversion personality,
agreeableness personality, conscientiousness personality,
neuroticism personality and exercise-induced feeling were
significantly positively correlated; Openness personality,

agreeableness personality, ~conscientiousness personality,
neuroticism personality and exercise intention were significantly
positively correlated. The relationship between variables supports

subsequent hypothesis testing.

Test of mediated moderating model

In this study, the five dimensions of personality of the Big Five
Personality Scale were tested by regulatory analysis. The test
results showed that there was no regulatory effect on extraversion
personality in exercise intention and exercise behavior
(p=0.195>0.05), no
personality in exercise intention and exercise behavior

regulatory effect on agreeableness

(p=0.062>0.05), and no regulatory effect on conscientiousness
personality in exercise intention and exercise behavior
(p=0.736>0.05) Neurotic personality has no regulatory effect on
exercise intention and exercise behavior (p=0.658>0.05), but
only openness personality has significant regulatory effect on
exercise intention and exercise behavior (p<0.001, t=4.431).
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TABLE 3 Means, standard deviations, and correlations among variables.

10.3389/fpsyg.2022.1050918

Variable M SD 1 2 3 4 5 6 7 8
1. EI 5.93 1.22 1

2.EB 20.91 7.78 0.265%* 1

3.0penness 3.59 0.81 0.246%* 0.206%* 1

4. EIF 3.87 0.80 0.401%* 0.220%* 0.218%* 1

5. Extraversion 2.84 0.69 0.054* 0.074%* 0.121%% 0.140%* 1

6. Agreeableness 3.28 0.69 0.148%* —-0.019 —0.125%* 0.121%* —-0.015 1

7. Conscientiousness 3.39 0.71 0.167%* 0.124%* 0.234%* 0.126%* —0.016 —0.037 1

8. Neuroticism 3.52 0.82 0.310%* 0.159%* 0.296%* 0.293%* 0.123%* 0.308%* 0.118%* 1

El exercise intention; EIF, exercise-induced feeling; EB, exercise behavior. *#p <0.01, *p<0.5.

TABLE 4 Test of mediated moderating model.

Variable Model 1(Output variable:EB) Model 2(Output variable:EIF) Model 3(Output variable:EB)
B SE t B SE t B SE t

Constant 2.88 0.02 148.55%% 3.84 0.02 201.78% 2.89 0.02 146.15%%

EI(X) 0.16 0.02 9,977 0.26 0.07 16.48%% 0.14 0.02 7.38%%

Openness(U) 0.12 0.02 4.84%% 0.1 0.02 4,06+ 0.11 0.03 4.0

XxU 0.09 0.02 4.43% 0.11 0.02 5.15% 0.08 0.02 3,607

EIF(W) 0.1 0.03 3.66%*

R 0.102 0.189 0.111

AR? 0.101 0.188 0.108

F F(3,1,569) =59.695, p =0.000 F(3,1,569)=122.211, p =0.000 F(4,1,568) =49.019, p =0.000

EI, exercise intention; EIF, exercise-induced feeling; EB, exercise behavior. *#p <0.01.

Therefore, according to a procedure proposed of test mediated
moderating effects by Ye and Wen (2013), this study is conducted
according to the following steps:

1. Test whether the moderating effect of open personality on
the relationship between exercise intention and exercise
behavior of junior high school students is significant. If so,
continue with the following steps. Otherwise, stop
the analysis.

. Test whether the moderating effect of openness personality
on the relationship between exercise intention and exercise-
induced feeling of junior high school students is significant,
and whether the relationship between exercise-induced
feeling and exercise behavior is significant. If both are
significant, then at least one part of the moderating effect
of openness personality on exercise intention and exercise
behavior is realized through the intermediary variable
exercise-induced feeling.

. The interaction between exercise intention, openness
personality, exercise-induced feeling and exercise intention
and openness personality (U x X). The regression test of the
relationship between exercise intention and exercise
behavior is significant. If it is not significant, it indicates
that the regulatory effect is completely mediated; If
significant, it indicates that the moderating effect is
partially mediated. The inspection is completed.
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Except for the dependent variable exercise behavior, all
variables were standardized in this study. See Table 4 for specific
estimated parameters. The results showed that in Table 4, junior
high school students’ exercise intention, openness personality and
their interaction items were significantly positive predictors of
exercise behavior. Further simple slope test analysis results show
that (Figure 2), when the level of openness personality is high,
junior high school students’ exercise intention has a strong
predictive effect on exercise behavior (#=0.236, t=9.175, p<0.01).
When the level of openness personality is low, junior high school
students’ exercise intention has a weak predictive effect on exercise
behavior ($=0.085, t=4.094, p<0.01), that is, openness personality
can regulate the relationship between exercise intention and
exercise behavior of junior high school students. Table 4 shows that
junior high school students’ exercise intention, openness personality
and the interaction between exercise intention and openness
personality can significantly predict junior high school students’
exercise-induced feeling. That is to say, openness personality only
has a moderating effect between exercise intention and exercise-
induced feeling of junior high school students. Further simple slope
test shows that (Figure 3), when the level of openness personality is
high, exercise intention has a strong predictive effect on exercise-
induced feeling ($=0.347, t=13.730, p<0.01). When the level of
openness personality is low, the predictive effect of exercise
intention on exercise-induced feeling of junior high school students
is weak (f=0.175, t=8.540, p<0.01). Table 4 and Figure 4 show that
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FIGURE 2
The moderating effect of openness on exercise behavior and exercise intention.
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FIGURE 3
The moderating effect of openness on exercise-induced feeling and exercise intention.

exercise-induced feeling has a significant positive predictive effect relationship models of junior high school students’ exercise
on exercise behavior, and the interaction term of exercise intention intention, openness personality, exercise-induced feeling and
and openness personality has a significant predictive effect on exercise behavior conform to the mediated moderating model.

exercise behavior, indicating that exercise-induced feeling of junior
high school students plays a partial intermediary role in the
relationship between openness personality moderated exercise Discussion
intention and exercise behavior, and the intermediary effect value

is 0.106 x 0.10=0.0106, the proportion of intermediary effect in the Through correlation analysis and structural equation model
total effect is 0.0106/(0.0106+0.082) = 11.45%. To sum up, the four analysis, this study found that exercise intention can positively
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FIGURE 4
The mediated moderating model (**p<0.01)

0. 135%* 0. 100%

predict exercise behavior, that is, the stronger the exercise
intention, the higher the level of exercise behavior, which verifies
Hypothesis 1. This result reaffirms the TBAs view that intention
to exercise is a valid predictor of exercise behavior, and it is
consistent with the pre-epidemic research (Xiang, 2016; Liu et al.,
2017). The reason is that the stronger the junior high school
students’ exercise intention is, the higher the degree of effort they
are willing to pay in the planned exercise behavior, and the more
positive their attitude will be, which is bound to significantly
improve the level of junior high school students’ exercise behavior.
Therefore, in the post epidemic period, improving the exercise
intention of junior high school students is still one of the main
ways to improve exercise behavior.

Moderating effect of openness
personality

Bases on this result, this study also found that openness
personality plays a regulatory role in the relationship between
exercise intention and exercise behavior, which verifies Hypothesis
2. High level openness personality significantly enhances the
predictive effect of exercise intention on exercise behavior, while
low level openness personality weakens the predictive effect of
exercise intention on exercise behavior, which once again proves
that the executive power of different levels of openness personality
is significantly different, consistent with previous studies (Pérez-
Fuentes et al., 2019). The theory of personality traits points out
that personality traits have the ability to guide behavior intention
and individual behavior, and the behavior motivation that
individuals choose or show when facing social behavior may
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directly originate from personality traits (Mao, 2019). The social
communication ability and behavior motivation of the high level
openness personality individuals are significantly higher than
those of the low level openness personality individuals. In other
words, individuals will be moderated by openness personality in
the process of transforming from exercise intention to exercise
behavior. The stronger the exercise intention of high-level
openness personality individuals, the more motivated individuals
will be and the more positive emotions they will experience, and
the higher their ability to exercise behavior will be. Low level
openness personality individuals, due to their low social
interaction ability, lack of confidence, and dislike participating in
social interaction activities (Chen and Liu, 2018), reduce the
possibility of participating in exercise behavior, thus weakening
the positive relationship between exercise intention and exercise
behavior. This study suggests that, on the one hand, in the post
epidemic period, we can stimulate junior high school students’
exercise intentions by enriching teaching content, actively
organizing extracurricular sports activities and other diversified
ways. On the other hand, we should strengthen the intervention
of low level openness personality, promote its positive cognition
and self-evaluation, improve its social interaction ability, and
promote its active participation in physical exercise.

Mediating effect of exercise-induced
feeling

This study also found that the moderating of openness

personality on the relationship between exercise intention and
exercise behavior is realized through the mediator variable of

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1050918
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Ma et al.

exercise-induced feeling, which verifies Hypothesis 4. This result
supports the theoretical view that feeling is the key factor to
trigger and maintain the exercise intention of junior high school
students, and is the key factor to affect exercise behavior (Brunet
etal,, 2018; Zhang and Chang, 2019).

The results show that after adding the mediator variable of
exercise-induced feeling into the model, the moderating role of
openness personality increases, and it can still significantly predict
exercise behavior, which indicates that exercise-induced feeling
plays a part of the mediator role in the relationship between
openness personality and exercise behavior, which is consistent
with previous research conclusions (Zhu and Dong, 2016).
According to the theory of field dynamics, people are a field, and
their psychological activities occur in a psychological field or
living space. The direction and vector of individual behavior
depend on the environmental stimulus and internal motivation of
the individual. Individuals’ behavior is stimulated by internal
motivation, exercise intention stimulates exercise behavior, and
exercise-induced feeling and an openness personality stimulate
individuals to be more willing to participate in exercise. The
characteristics of openness personality, such as enthusiasm, good
communication, activity, optimism and openness, can help junior
high school students to encourage their ability to solve problems
when encountering difficulties, give students full freedom of
choice, and give students timely emotional interaction when they
need emotional comfort. These supports meet the students’
development needs in three aspects of autonomy, competence and
relationship, so as to enhance their exercise feeling. A high level of
exercise-induced feeling can then predict a higher degree of
exercise behavior. This result shows that exercise-induced feeling
is an important mediator variable between exercise intention and
exercise behavior. As an important variable at the level of
individual non cognitive factors, it is not only affected by the
external social environment, but also can effectively predict
exercise behavior, playing a connecting role.

Practical significance

The theoretical significance of this study is to expand the
application of planned behavior theory in Chinese junior high
school students. It explores the regulatory role of personality traits
in the relationship between exercise intention and exercise
behavior. Firstly, exercise intention remains an important
predictor variable of exercise behavior, as well as exercise-induced
feeling, which can mediate between exercise intention and
behavior, while openness personality plays a moderating role in
this process. It enriches the research related to the field of exercise
intention and exercise behavior.

The practical significance of this study is to provide practical
basis for Chinese junior high school students to improve their
exercise behavior in the post epidemic period. Junior high
school students are in the puberty stage. Students at this stage
are more sensitive and vulnerable to interference from the
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external environment. The COVID-19 epidemic led to the
closure of schools, which will cause a lot of damage to students.
From the perspective of the theory of planned behavior, this
paper discusses how personality traits and exercise induced
emotions affect the transformation of junior high school
students’ exercise intentions into exercise behaviors. Research
shows that the open personality in personality traits can
significantly enhance the transformation of exercise intentions
into exercise behaviors. At the same time, exercise induced
emotions play a mediating role in this process. This study also
found that the exercise behavior of girls will be significantly
lower than that of boys, which suggests that parents and teachers
need to improve the exercise situation of girls and the reasons
why girls do not like to exercise, so as to help them improve
their exercise behavior and promote their physical and
mental health.

Limitations and prospectives

Firstly, the study on the mechanism of exercise intention on
exercise behavior is based on cross-sectional study. Although
cross-sectional research can effectively answer many types of
questions and the findings can explain complex models, it is
difficult to obtain causal relationships between variables in this
type of study. In the future research, the longitudinal tracking
design can be combined to be more effectively explain how
exercise intention affects the exercise behavior of junior high
school students. Secondly, the scope of this research is only Anhui
Province, China. The research results may only apply to China or
Asia, but not to the world. In future research, we can expand the
sample range and conduct surveys around the world to obtain
more authoritative results. Thirdly, this study focused primarily on
junior high school students, and more samples are needed in the
future, such as college students and adults. Despite these
limitations, this study improves junior high school students’
exercise behavior by revealing the mediating and moderating
mechanisms between exercise intention and exercise behavior.

Conclusion

(1) In the post-epidemic period, intention to exercise
significantly predicted exercise behavior in junior high school
students, with the openness personality of junior high school
students playing a moderating role in the process, i.e., influencing
the strength and direction of the relationship. The stronger the
intention to exercise, the lower the increase in exercise behavior
for junior high school students with a low level of openness, and
the stronger the intention to exercise, the higher the increase in
exercise behavior for junior high school students with a high level
of openness. It is important to be fully aware of the important role
of openness in the process of exercise intention to promote
exercise behavior.
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(2) Exercise intention not only directly predicts exercise
behavior, but also indirectly predicts exercise behavior through
exercise-induced feeling, with openness personality playing a
moderating role in this process. It suggests that in the post-
epidemic era, not only the cultivation of exercise intention but
also the cultivation of exercise-induced feeling in junior high
school students should be emphasized in improving their
exercise behavior.
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This study explored the influence of the exercise health belief model and peer
support on university students’ physical activity PA and clarified the related
mechanism. Three hundred and thirty-six healthy university students (aged
194 + 1.3 years, 166 male and 170 female) from Sichuan University of Arts and
Science in China were evaluated by the peer support scale, the health belief
model scale for exercise, and the physical activity scale (short volume). The results
showed that the male students’ exercise self-efficacy and PA were markedly
higher than female university students. Peer support was positively correlated with
perceived benefits, exercise self-efficacy, perceived severity, and cues to action,
and was adversely associated with perceived objective and subjective barriers. PA
was positively correlated with perceived benefits and exercise self-efficacy, and
negatively correlated with perceived objective and subjective barriers. Among the
components of the exercise health belief model, only exercise self-efficacy was
suitable for constructing a structural equation model (SEM) with peer support and
PA. The analysis showed that the predictive effect of exercise self-efficacy on PA
was more significant than peer support, and exercise self-efficacy played a critical
intermediary role. It is worth noting that, in the grouping model, the effect of
male college students’ exercise self-efficacy on PA was greater than that of female
students, and the model fit of male peer support was better than that of female
students. Although the impact of peer support on PA was less than that of exercise
self-efficacy and the direct effect of peer support was less than the indirect effect, the
impact of peer support on the PA of female university students was higher than that
of male university students. This study revealed the impact of exercise self-efficacy
and peer support on university students’ PA and suggested that exercise self-efficacy
is the main path to promoting university students’ PA, followed by peer support.
Peer support could affect university students’ PA not only through direct effects
but also through indirect effects. This study also suggested that female university
students’ peer support has a higher impact on PA than male students. Therefore,
when formulating physical exercise courses in the future, it is necessary to give more
peer support to female university students to compensate for their low exercise
self-efficacy.

perceived benefits, perceived barriers, perceived severity, self-efficacy of exercise, gender
differences
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Introduction

Insufficient PA is a global health crisis. The World Health
Organization (WHO) recently estimated that more than 25% of
adults and 80% of adolescents worldwide were physically inactive
(World Health Organization [WHO], 2022), increasing the risk of
them suffering from various chronic metabolic diseases. The latest
guidelines emphasized that people aged 18 to 64 should carry out
moderate-intensity aerobic PA for at least 75-150 min or 150-
300 min or the same amount of PA to maintain better or promote
their health. In recent years, the physical quality of Chinese college
students has been declining year by year. In past college students’
physical fitness tests, the excellent rate of physical performance
was far lower than the proportion of obesity and overweight. The
physical condition of college students from Tsinghua University in
China was studied (Wang, 2019), and the results showed that the
risk of obesity among college students with insufficient exercise
was 1.25 times higher than that of students with regular exercise.
There was consensus on the factors affecting the PA of teenagers
and college students, such as family support factors (Treiber et al,
1991), social support (Ling et al, 2014), and peer support (Sanz-
Martin et al,, 2022). Many studies have subdivided the influencing
factors into external and internal factors, such as interest, physical
exercise confidence and skills, and awareness of the exercise health
belief model. However, relying only on internal or external factors,
it was difficult to comprehensively and scientifically explain their
PA. Relevant studies in this field should be paid adequate attention
to explore the relationship between family support/peer support,
exercise health belief model and PA.

Peer support and PA

Peers play an essential role in adolescents’ behavior changes.
Peer support mainly includes physical exercise attitude and
exercise companionship; through physical exercise, adolescents can
make friends and establish a significant correlation between peer
relationships and motivation to participate in sports (Klint and
Weiss, 1987). Peers can influence teenagers’ exercise experience and
motivate them (Agans et al,, 2018), uninfluenced by the origin
country of the teenagers, whether China (Luo et al, 2011) or
the United States (Ling et al, 2014). With increasing age, peer
support has an increasingly significant impact on PA. For example,
Rajbhandari-Thapa et al. (2022) reported that, with the improvement
of a supportive school environment and peer support, students’
PA increased (Rajbhandari-Thapa et al, 2022). Through a survey
of families and adolescents from 74 countries, scholars found that
Western Pacific countries have the highest correlation between
parental support and adolescents’ PA, while in Southeast Asia, peer
support has the highest correlation with adolescents’ PA (Khan et al,,
2020). Treiber et al. (1991) reported that gender and ethnic factors
could affect PA through family and peer support. They found that
white women’s physical exercise and PA of leisure time positively
correlated with their friends’ support. In white men, PA and total
energy consumption correlated with support from family and friends,
and the PA of black women positively correlated with family support.
The PA of black men positively related to family support and support
from friends (Treiber et al, 1991). Based on the above research,
we propose hypothesis 1: Peer support is significantly positively
correlated with PA, and is affected by gender.
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Exercise health belief model and PA

The health belief model (HBM), as a framework theory, can
predict and explain PA (Rahmati-Najarkolaei et al,, 2015), and is
widely used in the research of people from different demographics,
such as PA of older adults (Gristwood, 2011; Kaushal et al., 2021)
or women (Hosseini et al, 2017; Shafieian and Kazemi, 2017).
The health belief model for exercise evolved from the HBM and
can effectively predict or explain PA. For example, Soleymanian
et al. (2014) developed and evaluated a tool based on the HBM
to estimate the factors affecting exercise behavior and preventing
pre-menopausal osteoporosis in women, indicating that the scale
has excellent reliability and validity (Soleymanian et al, 2014). Our
previous research structured a new scale based on the HBM; we
verified the reliability and validity of the exercise health belief model
and explored the relationship between the internal components
of the model. Further factors can be used to explain PAs impact
on college students (Gong and Sheng, 2022). Exercise self-efficacy
and perceived barriers are the two most essential elements in the
model. Exercise self-efficacy is a person’s confidence in implementing
physical exercise, which is not related to the exercise level or exercise
skills, and indicates the possibility of an individual adopting a specific
behavior to maintain or promote health (Bandura, 1977). A previous
study reported that increased self-efficacy significantly improved the
PA of Chinese immigrant women (Cho and Lee, 2013).

In contrast, in a survey of college students from Chongqing
(China), Ouyang et al. (2019) found that self-efficacy played
a significant mediating role between body image and exercise
participation (Ouyang et al., 2019). A cross-sectional survey of 1296
junior middle school students in Shanghai (China) was reported
by Yang (2016); he found that parents’ support for teenagers
exercise behavior do not affect their self-efficacy and satisfaction in
participating. It was worth noting that the higher the peer support
for exercise behavior, the easier it was for teenagers to overcome
barriers and participate in physical exercise. In the meantime, he
suggested that self-efficacy mediates the relationship between peer
support and PA. Dong (2017) surveyed 1,945 young students aged
13-18, and found that girls had a higher level of social support, while
boys had a higher health belief in physical fitness (Dong, 2017). Based
on the above research, we propose hypothesis 2: There are differences
in health belief model for exercise, peer support, and PA between
male and female university students, and hypothesis 3 is proposed
as follows: Exercise self-efficacy acts as a mediator on the association
between peer support and PA.

This study used the peer support scale, the health belief model
scale for exercise, and the PA scale to investigate university students
from China, compare and analyze the differences between male
and female students in peer support, exercise health belief and PA,
and investigate the role of exercise health belief in the relationship
between peer support and PA of college students.

Participants and methods

Participants

This study used random sampling to select 400 university
students from a Western China public university to complete the test
voluntarily. The criteria for the inclusion of participants in this study
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were as follows: (1) full-time college students without any action and
physical exercise disorders; (2) no mental illness or mental disorder;
and (3) the ability to independently understand language and words.
At each instance, the teacher provided the instructions in detail, and
then, the participants filled in the questionnaire and submitted it to
the teacher on the spot.

Data collection

The data collection period of this study was from May
to June 2022. Two staff members independently reviewed the
collected questionnaires. Incomplete or apparent contradictions in
the questionnaires were regarded as invalid questionnaires. There
were 192 questionnaires from the School of Physical Education
(including 25 invalid questionnaires) and 208 questionnaires from
the School of Teacher Education and the School of Health Caring
Industry (including 39 invalid questionnaires), resulting in 336 final
valid questionnaires (effective rate of 84%).

Ethical statement

The Human Academic Ethics Committee of the Sichuan
University of Arts and Science approved this study (approval No.
2022SASULL-002) following the Declaration of Helsinki. All the
participants completed the questionnaire after signing the informed
consent, and they volunteered to participate in the survey. The data
were collected with the intention to hide the participant’s name and
declared (before completing the questionnaire) that these data were
only available for research purposes.

General demographic information survey

The participants’ age, sex, BMI (body mass index), and monthly
family income were counted and scored. Our previous study detailed
the rules ( »2022).
PA survey

The International PA Questionnaire-Short Volume (Chinese

) was used to calculate the PA of the
participants. The questionnaire required the participants to recall

Version) ( ,

the physical activities (including high, moderate, and low-intensity)
carried out in the previous 7 days. The total amount of high-intensity,
moderate-intensity, and low-intensity activities was calculated by
multiplying the corresponding number of activities carried out per
day with the number of days of the type of PA. Previous relevant
investigations have confirmed that the scale has good reliability and
validity in a survey of the Chinese population ( , ;

»2008).

Peer support survey

The social support scale for physical exercise ( , )
was used to estimate peer support for PA. The current study drew
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on a report by ( ) which assessed peer support for
physical exercise of middle school students from Fuzhou (China),
and ultimately retained five independent factors, such as “changing
their schedule to exercise with me.” A Likert 5-point scoring method
indicated that attitudes ranged from 1 (very disagree) to 5 (very
agree). The internal consistency coefficient o was from 0.7 to 0.80 and
the coefficient was from 0.80 to 0.90, both of which are considered
good reliability ( , ). The internal consistency
coefficient o of peer support in the current study was 0.850, indicating
good reliability. Using exploratory factor analysis, we found that
the factor loadings of the five measurable variables were 0.811,
0.837, 0.798, 0.785, and 0.736, indicating that the scale had reliable

validity.

A survey of exercise health belief model

The exercise health belief scale based on the HBM can more
) developed
a scale comprising six dimensions for Chinese adults (

effectively predict or explain PA. (

R ), and the internal consistency coefficient of this
scale o (0.609) is considered acceptable. The scale consists of
perceived benefits (3 measurable variables), perceived subjective
barriers (3 measurable variables), perceived objective barriers
(4 measurable variables), exercise self-efficacy (5 measurable
variables), perceived severity (3 measurable variables), and cues
to action (3 measurable variables). The Likert 5-point scoring
method indicated that attitudes ranged from 1 (very disagree)
to 5 (very agree). At first, the corresponding dimensions were
perceived benefits 0.628, perceived objective barriers 0.713,
perceived subjective barriers 0.628, exercise self-efficacy 0.801,
perceived severity 0.676, and cues to action 0.838. Previous
research indicated that only those measured variables whose
Cronbach’s alpha coefficients are greater than or equal to 0.6
After
removing the factors with a coeflicient less than 0.6, the factors

should be retained in the scale ( , ).

constituting the exercise health belief model scale were as follows:
perceived benefits (3 measurable variables), perceived subjective
barriers (2 measurable variables), perceived objective barriers (3
measurable variables), exercise self-efficacy (4 measurable variables),
perceived severity (3 measurable variables), and cues to action
(3 measurable variables). The internal consistency coefficient o
of the exercise health belief model in the current research was
0.762, perceived benefits 0.712, perceived objective barriers 0.649,
perceived subjective barriers 0.637, exercise self-efficacy 0.798,
perceived severity 0.665, and cues to action 0.758. This showed
that the scale had good reliability. The factor load analysis of the
measurable variables included: perceived benefits (3 measurable
variables were 0.761, 0.839, and 0.711, respectively), perceived
subjective barriers (2 measurable variables were 0.690, and
0.630, respectively), perceived objective barriers (3 measurable
variables were 0.711, 0.645, and 0.697, respectively), exercise
self-efficacy (4 measurable variables were 0.720, 0.827, 0.662, and
0.654, respectively), perceived severity (3 measurable variables
were 0.693, 0.832, and 0.732, respectively), and cues to action (3
measurable variables were 0.735, 0.850, and 0.791, respectively).
The above data showed that the scale had good reliability, which
was consistent with the conclusion of our previous research report

( »2022).
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TABLE 1 Basic information of participants (M + SD).

Over all (336) Men (160) Women (176)

Age (year) 194+13 194+1.2 195+ 1.4 0.363
BMI (kg/mz) 21.0+24 21.8+2.1 20.3+2.4 0.000
Incoming 37+£23 41425 32420 0.000
(Yuan/
month)

TABLE 2 Physical activity (PA) of college students.

HQl Hao2 Haz Ma1 Mgz Mas Lai La2 Las

All (336) 0.0 | 120.0 | 247.0 | 30.0 | 120.0 | 240.0 | 140.0 210.0 | 420.0
Male (160) 90.0 | 180.0 | 300.0 | 60.0 | 180.0 | 360.0 ' 150.0 245.0 | 420.0
Female (176) | 0.0 | 40.0 | 180.0 = 12.5 | 60.0 | 195.0 | 101.3 210.0 | 420.0
P 0.000 0.001 0.310

QI, first quartile; Q2, second quartile; Q3, third quartile; H, high-intensity PA; M, moderate-
intensity PA; L, low-intensity PA.

Data analysis

SPSS 23.0 and Amos 23.0 were used to analyze the data.
Mean = standard deviation was used to summarize the participants’
demographic characteristics, peer support of physical exercise,
exercise health belief characteristics and PA. Independent T-tests were
used to evaluate the differences between male and female students
in peer support, exercise health belief and PA. Variance analysis
was used to evaluate the interaction between peer support, exercise
health belief and PA. Amos 23.0 software was used to evaluate the
hypothetical model fit, the direct/indirect relationship among peer
support, the constituent elements of the exercise health belief model
and PA. We followed the two-step method proposed by Gerbing and
Anderson (1988): The first step used confirmatory analysis to evaluate
the effectiveness of the measurement model (Gerbing and Anderson,
1988) and the second step used the SEM analysis to measure the
fitness and path coefficient of the model. According to the suggestions
of scholars, CMID/DE, GFI, AGFI, RMSEA, SRMR, TLI, IF], and
CFI were used to estimate the model’s fitness, and the difference was
statistically significant at a P-value of < 0.05.

Results

Characteristics of participants

The survey results showed that the PA level of male university
students was significantly higher than that of female students in
high-intensity and moderate-intensity; but there was no significant
difference in low-intensity PA (Tables 1, 2).

To compare the differences between male and female university
students in peer support and exercise health belief, we used an
independent sample T-test to evaluate. We found that male university
students’ peer support was significantly higher than that of female
students. Among the constituent elements of the health belief model
scale for exercise, male university students’ scores of perceived
subjective and objective barriers were lower than those of female
students, and their exercise self-efficacy was significantly higher than
that of female students (Figures 1A, B).
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Relationship between peer support,
exercise health belief model, and PA of
college students

Through Pearson correlation analysis, we found that peer
support significantly correlated with perceived benefits, exercise self-
efficacy, perceived severity, and cues to action, and was negatively
associated with perceived objective and subjective barriers. It
significantly correlated with high, moderate, and low-intensity PA.
Perceived benefits were significantly associated with moderate-
intensity PA, and perceived objective barriers and perceived
subjective barriers were significantly associated with high, moderate,
and low-intensity PA (and the correlation coefficient between
perceived subjective barriers and PA level parameters were more
significant than that of perceived objective barriers); exercise self-
efficacy was significantly positively correlated with the PA. Perceived
severity was significantly correlated with moderate-intensity PA. No
significant correlation was found between cues to action and PA
(Table 3).

Structural equation model has been used widely in the research
of social sciences. For example, it was used to assess the association
between self-efficacy, social support, and the PA level of Peking
University students in China (Wang et al,, 2019). A survey and SEM
of 2206 fourth-grade students and their parents in Turkey found
that (Mirzayi et al, 2021) students’ self-efficacy was significantly
correlated with moderate and high-intensity PA, and negatively
correlated with sedentary behavior. Therefore, we initially attempted
to build an SEM of the health belief model for exercise, the peer
support, and the PA of university students. After further statistical
analysis, we found that only exercise self-efficacy significantly affected
university students’ PA. Hence, we constructed an SEM of exercise
self-efficacy, peer support, and university students’ PA (see Figure 2),
and a grouping model of male and female university students (see
Figure 3). According to the total SEM, the effect of peer support
on university students PA was 0.14, and the indirect effect was
0.27 (0.47 * 0.58). The indirect effect was more significant than
the direct effect, suggesting that exercise self-efficacy mediated the
relationship between peer support and PA. The effect of exercise
self-efficacy on university students’ PA was 0.58, and the effect
of exercise self-efficacy on PA was substantially more significant
than that of peer support (see Figure 2). Further analysis showed
no interaction between peer support and exercise self-efficacy in
the relationship between PA. The exciting discovery was that the
results of the grouping model showed that the effect of exercise
self-efficacy on PA in the male group was 0.63, which was more
significant than 0.48 in the female group. The model fitting of
the SEM of male students was better that of female students
(Figure 3). Although the impact of peer support on PA was less than
that of exercise self-efficacy, and the direct effect of peer support
was less than the indirect effect, the impact of peer support on
the PA of female college students was higher than that of male
students.

Discussion

The main findings of this survey are as follows: (1) Male
university students’ peer support was markedly higher than that
of female university students, and moderate to high-intensity PA
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(A,B) Male college students’ sup was significant higher than female, the scores of sba and oba was significant lower than female, and eff-e was significant
higher than female. ben, perceived benefits; sba, perceived subjective barriers; oba, perceived objective barriers; sev, perceived severity; cues, cues to
action; eff-e, exercise self-efficacy. **p < 0.01, ***p < 0.001, ns, there was no statistical difference between two groups.
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TABLE 3 Relationship between peer support, Health Belief Model Scale for
Exercise, and physical activity (PA) (n = 336).

Items| sup ben | oba sba ‘ eff-e | sev | cues ‘
ben 0.186** - - - - - -
oba | —0.4320% —0.114* - - - - -
sba —0.376" —0.172%* | 0473  — - - -
eff-e 0.391%%  0.207* —0.426" —0.641*  — - -
sev 0.161%*| 0.129* | —0.079 |—0.137* | 0.168**  — -
cues 0.308* 0.069 |—0.100 | 0.050 | 0.186*| 0.165%  —
H 0.272°% 0.141%* | —0.274" —0.358"*  0.429* 0.049 | 0.020
M 0.251%%  0.142* | —0.285" —0.336**  0.399** 0.129* | 0.061
L 0.119% | 0.085 |—0.131* |—0.189**  0.243*% 0050 | 0.024

*p < 0.05, **P < 0.01, **P < 0.001. sup, peer support; ben, perceived benefits; oba,
perceived objective barriers; sba, perceived subjective barriers; eff-e, self-efficacy of exercise;
sev, perceived severity; cues, cues to action. H, high-intensity PA; M, moderate-intensity PA;
L, low-intensity PA.

was significantly higher than that of female university students. In
terms of the constituent elements of the exercise health belief model,
compared with female university students, male university students
had higher exercise self-efficacy and lower perceived subjective
barriers and perceived objective barriers, and other factors had no
significant difference. (2) Peer support was significantly positively
correlated with perceived benefits, exercise self-efficacy, perceived
severity, and cues to action. It was negatively correlated with
perceived subjective barriers and perceived objective barriers, and
was significantly positively correlated with high-intensity, moderate-
intensity, and low-intensity PA. Perceived subjective and objective
barriers were negatively correlated with high-intensity, moderate-
intensity, and low-intensity PA. Perceived benefits and exercise
self-efficacy were significantly correlated with high-intensity and
moderate-intensity PA. (3) Based on the SEM analysis, we found
that peer support and exercise self-efficacy significantly affected
university students’ PA, and exercise self-efficacy was higher than
that of peer support. Through further grouping, we found that
female university students’ peer support impact on PA was higher
than that of male students, and the impact of exercise self-efficacy

Frontiers in Psychology

on PA was lower than that of male students, reflecting significant
gender differences.

Relationship between demographic
information and PA

Insufficient or lack of PA is a complex and long-term problem that
needs to be evaluated for many factors. In the process of individual
development, boys were more active than girls, and their level of
PA was higher than girls. Hopkins et al. (2022) found that the self-
concept related to physical exercise was closely related to the physical
exercise of female adolescents through a comprehensive analysis. The
study emphasized the need for improvement in macro and micro
aspects to improve adolescents’ PA and promote fairness (Ricardo
et al, 2022). The most significant barriers for girls to participate
in PA most likely came from personal factors, such as the values
and support of family and friends, a safe environment and the
opportunity to participate in PA in school (Guthold et al,, 2022). In
our study, we found that male university students’ PA was higher
than that of females, consistent with the overall gender differences in
PA in adolescence. A previous study showed that in exercise practice
at the middle school stage, female physical education (PE) teachers
were more popular with male students in middle school, and male PE
teachers were more popular with female students (Cruz et al,, 2021).
This investigation affirmed that we should pay attention to the course
content, and create a good relationship between teachers and students
in the PE curriculum.

The relationship between peer support
and the PA of college students

With increasing age, the effect of peers on PA gradually became
more remarkable than that of family and had significant gender
characteristics. Hong et al. (2020) surveyed 61,429 school-age
children (aged 6-18, boys accounted for 50.7%) and their families
in Shanghai (China). They found that boys were more active than
girls, and the survey also showed that girls were more vulnerable
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FIGURE 2

The overall structural equation model. Model-fit indices were statistically ac
p = 0.001, CFl = 0.926, IFI = 0.906).
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FIGURE 3

The grouping structural equation model. The light blue represents the data of male college students, and red represents the data of female. In the male
group: CMID/DF = 1.948, GFI = 0.905, AGFI = 0.855, RMSEA = 0.073, p = 0.001, CFI = 0.929, IFl = 0.932, RMSEA = 0.05-0.08, it indicated model-fit was

04, GFI = 0.904, AGFI = 0.853, RMSEA = 0.083, p = 0.001, CFI = 0.908,

to family factors than boys. The research suggested that paying
attention to the role model of parents’ physical exercise may be
more important than other factors (Hong et al,, 2020). Khan and
Uddin (2020) investigated Malaysian adolescents (aged 11-17, boys
accounted for 49%) and their families, where 15.3% reported having
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a positive lifestyle, of which 22% were boys and 8.8% were girls,
47% reported having a higher level of peer support, and 31%
reported having higher parental support (Khan and Uddin, 2020).
Higher parental support significantly correlated with the positive
lifestyle of boys, and girls with higher parental support had a higher
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probability of a positive lifestyle, while girls aged 11-14 years had
a more significant correlation between peer support and a positive
lifestyle. ( ) conducted a cross-sectional survey
of sixth-grade students from South Carolina and found that the
instrumental social support of parents significantly correlated with
girls’ PA. It was worth noting that the emotional support of parents
negatively correlated with the PA of girls, and self-efficacy mediated
the relationship between parents’ instrumental social support and
boys’ PA ( , ).

( ) found that increasing peer support for
4 months significantly increased the PA of American girls, who
eventually lost weight. ( ) surveyed American college
students (North Carolina State University) and found that compared
with men, women’s reports showed that their healthy eating behavior
and exercise habits were more supported. The study further found
gender differences in the composition of peers. For example, when
more than half of their friends were men, female students received
more support in physical exercise and good eating habits. When more
than half of their peers or friends were female students, male students
reported the highest level of peer support. On the other hand, when
more than half of their peers were men, male students’ exercise habits
received a higher evaluation. When most of their peers or friends
were female students, female students reported the highest level of
peer support. In our study, male university students’ peer support was
significantly higher than female students. However, the peer support
of female university students was higher than that of male university
students in the impact of PA, and self-efficacy played a mediating role
in the relationship between peer support and PA.

Effect of exercise self-efficacy on the
relationship between peer support and the
PA of college students

Exercise self-efficacy is the confidence to perform physical
exercise behavior, which was compared to internal motivation.
However, peer support could be compared to the external support
environment for individual physical exercise and termed external
cause. Self-efficacy and perceived barriers were the two action items
that affect exercise behavior in the exercise health belief and were
the main factors that predict or explain the level of PA (

, ). Better exercise compliance was significantly related
to increased exercise self-efficacy. A cross-sectional investigation
of 101 menopausal women from Queensland was conducted by

( ). This survey showed that participants with
high self-efficacy in the preceding 7 days had a significantly greater
capacity to overcome barriers to physical exercise than those with
low self-efficacy. The study suggested that improving exercise self-
efficacy helps to reduce perceived barriers to exercise and helps to
assist menopausal women in obtaining health benefits from physical
exercise. As an essential predictor of exercise behavior adoption
and maintenance, exercise self-efficacy could express a person’s
confidence in successfully performing physical exercise (

, ), but it could also significantly predict the PA level of
sedentary individuals ( , ). For example,

( ) found that self-efficacy became the main
predictor (intrinsic motivation) of violent adolescent sports, followed
by support (extrinsic support) of friends; furthermore, friends’

support and self-efficacy were interrelated ( , ). In
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the youth group with high self-efficacy, the intention of PA had
nothing to do with peer support. In the group with low self-efficacy,
the physical exercise activities of peers made up for the lack of
self-efficacy. The research suggested that, for the group with poor
self-efficacy, giving enough peer exercise peer support is an effective
way to promote their participation in physical exercise.
( ) surveyed young people from Alberta (Canada) and found that
self-efficacy had a stronger correlation with girls’ PA ( ,
). In our research, exercise self-efficacy was the most significant
factor in explaining PA, whether in the overall model or the group
model, which is consistent with the conclusion of
( ). Furthermore, in our study, a stronger correlation was found
between exercise self-efficacy and PA of male college students (0.63
vs. 0.48) in the group analysis, which is significantly different from
the findings of ( ). Our study also showed that, in the
relationship between peer support and PA, the correlation coefficient
of female university students was higher than that of male university
students.

( ) conducted a cross-sectional study of college
students from South Korea. They found that the factors affecting
the PA of male college students were exercise self-efficacy and
personal economic level. In contrast, the factors affecting the PA of
female college students were exercise self-efficacy, subjective health
status, activity-related emotions, and peer support ( s

). It suggested that gender differences should be considered
when focusing on exercise self-efficacy and plans.
( ) surveyed 801 college students at a university in Chongqing
in Southwest China; using the college students” health belief model
scale for exercise and PA rating scale (PARS-3) ( ,

), multiple regression analysis showed that perceived exercise
benefits, self-efficacy, and exercise volume were positively correlated.
The effect of physical health belief-based self-efficacy on exercise
volume was greater than that of perceived exercise benefits. Aware of
the severity of illness and weakness, their research suggested that the
self-efficacy of physical evaluation can strongly predict the amount
of exercise of college students. Their data processing used a multiple
regression equation related to the single equation model method.
Regression analysis can only deal with dominant variables, while SEM
can more effectively find potential variables. A multiple regression
model has only one dependent variable and is unidirectional, while
SEM could be unidirectional or bidirectional. A multiple regression
model, was the basis of their study. However, in terms of statistical
methods, SEM has its advantages. In our study, using SEM, we found
that only exercise self-efficacy significantly correlated with college
students’ PA in exercise health belief. We also found that exercise
self-efficacy significantly mediated between university students’ peer
support and PA.

Limitations and future directions

Although this study investigated peer support, exercise health
beliefs, and PA of Chinese university students, analyzed exercise
self-efficacy’s significant mediating role in the relationship between
peer support and PA, and initially explored the practical path to
promote university students’ extracurricular physical exercise, it still
had the following limitations. First, the sampling method used
in this study was random sampling, which may not accurately
represent the situation of the whole school. Therefore, the stratified
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sampling method should be used in future research. Second, this
investigation was a cross-sectional survey, and the data obtained
could not provide conclusive evidence of causality between variables.
Therefore, future studies should include longitudinal cohort studies
and further evaluate the impact of increasing health education on
exercise health belief and PA. Third, the data collected in this study
were only from one public university in Western China, which
means that the conclusions obtained in this study have significant
regional characteristics, and need to be carefully inferred when
applying them to colleges and universities in other regions of China.
Therefore, future research should fully consider more geographical
factors (coastal cities in eastern China, cities in the southeast, cities
in the north, etc.), the attributes of colleges (public vs. private), and
larger sample sizes.

Conclusion

This study revealed the impact of exercise self-efficacy and peer
support on university students’ PA, suggesting that exercise self-
efficacy is the main path to promoting university students’ PA,
followed by peer support. Peer support affects university students’
PA not only through direct effects but also through indirect effects.
This study suggests that female university students’ peer support
impacts PA more than males. This research finding provides ideas for
more effective future development and guidance of physical exercise
practice. When formulating physical exercise courses in the future, it
is necessary to plan for more peer support for female college students
to compensate for their inadequate exercise self-efficacy.
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Introduction: Psychological aspects of sport are key in maintaining athlete
motivation and make a difference in competitive outcomes. Adjustments to
training may be necessary according to athletes’ emotional state. Therefore, it
is important to assess and quantify mood states throughout the season in team
sports, including among soccer players. The Profile of Mood States (POMS) is a
widely used questionnaire that assesses emotional states characterized by positive
or negative feelings and can be administered repeatedly to assess changes in
mood state. This review aims to assess and summarize the current literature on
mood state variation in soccer players with a specific focus on training loads,
training modalities, and competitive performance.

Methods: A literature search was systematically conducted and resulted in 156
records. After removing duplicates, items with irrelevant titles and abstracts were
screened out, and full texts were then screened for relevance and compared with
inclusion and exclusion criteria. The remaining 37 articles were included in the
final qualitative synthesis.

Results: POMS scores were related to variability in training load, intensity of the
training period, modality of training exercises, competitive performance and time
of day in soccer players. Common recommendations include monitoring the
mood state of soccer players during training sessions, matches, and throughout
training periods to detect early signs of psychological disturbance and aid in
optimizing high-level training performance.

Conclusion: The POMS allows for monitoring of players’ psychological state,
providing coaches with data to aid in adjusting acute program variables according
to players’ psychological states and improve performance. Results offer practical
support for the use of a simple POMS measurement as part of an overall program
to monitor the players’ psychological states. Results also highlight how training
choices (i.e., load and exercise modality) and competitive performance are related
to mood states (i.e., tension, anger, confusion, depression, fatigue, and vigor).

soccer, affect, exercise training, psychology, athletic performance
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1. Introduction

Optimization of sport performance is linked to multiple factors
such as physical, technical, tactical, and cognitive skills. The
importance of mental health as a factor in sport performance is
becoming increasingly recognized, including among soccer players
(Soyluetal, 2021). Mental health is a concept that includes emotional,
psychological and social states of athletes and affects the way they feel,
react, and behave (Souter et al,, 2018; Russell et al., 2020). Among the
many dimensions of mental health is mood state which may change
in response to the daily and periodic challenges that soccer players
face (Selmi et al,, 2017). Additive stressors from soccer players’
personal lives, wellbeing, and sport training can influence mood state
(Yagmaee, 2021). It is clear that soccer performance is closely linked
to mental health in general and to mood state specifically
(Yagmaee, 2021).

It is well known that in the field of sport, mood state is affected by
psychophysiological responses (Soylu et al., 2021) and influenced by
various factors such as training modality (Selmi et al., 2017), training
load (TL; Beykzade et al.,, 2011; Watson et al., 2017; Botelho et al.,
2022), competitive performance (Filaire et al., 2001; Casanova et al,
2016) and motivation and concentration of athletes during training
(Aydi et al.,, 2022). Therefore, sport psychologists have sought to
develop and validate reliable tools and inventories to assess athletes’
mood states (Filaire et al., 2001; Saidi et al., 2020). In fact, the validated
Profile of Mood States (POMS) questionnaire has been widely used to
assess mood state in different sport situations such as during
individual training sessions, throughout training periods, and before
or after competitions (Miranda et al., 2013; Saidi et al., 2020; Selmi
etal, 2020). Additionally, this tool has been widely used to explore the
relationship between training modalities, TL and athletes’
psychological state (Lovell et al., 2010; Aydi et al., 2022). For that
reason, it is suggested that psychological state should be assessed
during training to control and prevent negative mood states that are
related to training intensity and exercises’ modalities.

Increased TL during intense training periods in soccer is
associated with a lack of concentration, negative feelings, uncertainty,
and mental fatigue (Smith et al., 2016), which are reflected by mood
and behavior changes, increased anxiety and aggressiveness,
indifference, irritability, and sleep disturbance (Selmi et al., 2020).
Sleep quality is a key and vital factor which can affect athletes’ mood
state (Paryab et al., 2021). In fact, sleep loss is detrimental to vigor and
attention and increases fatigue, confusion, depression, and tension
(Benjamin et al., 2019, 2020). Moreover, sleep is essential to maintain
adequate recovery and stress tolerance among soccer athletes, and
needs increase with TL (De Morais Ferreira et al., 2022). Because of
the potential implications of psychological aspects of sport, a great
deal of attention has been focused on the impact of high TL on mood.
Several studies have confirmed that mood disturbances increase
during heavy training periods (Smith et al., 2016; Botelho et al., 2022)
alongside physiological variations (Filaire et al.,, 2001; Silva et al,
2008). Based on this body of work, Smith et al. (2016) suggested that
negative affective responses and reduced performance may be related
to physical fatigue accumulation, while positive affective responses
during the taper period were associated with positive physiological
changes and higher performance (Filaire et al., 2001; Beykzade et al,
2011). This is likely due to fatigue reduction and recovery during taper
which allow for improved physical performance (Schmiklietal., 2011).
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Additionally, mood state variation has been associated with
performance achievement or failure (Jones et al., 2010; Miranda et al,,
2013; Casanova et al., 2016; Picoli and Bueno, 2022). Therefore, mood
regulation strategies may be beneficial for the competitive
performance among soccer players (Hashim et al., 2011; Bijukumar,
2021). Mood regulation is associated with training modalities and
player motivation (Selmi et al., 2017). In fact, verbal encouragement,
a form of motivational training, improved mood state and resulted in
greater self-reported physical enjoyment among young soccer players
(Aydi et al,, 2022). Using the POMS to monitor players’ mood state
may allow the technical staff of the soccer teams to better adapt TL,
improve programming and select motivational training exercises to
maximize performance via improved mood state.

This brief review summarizes the current literature on mood state
variation in soccer players in the following areas: (1) TL and training
period; (2) exercises modality; (3) competitive performance; and time
of day. Additionally, a discussion of the impact of training on mood state
is presented. Practical applications and future research are suggested.

2. Materials and methods
2.1. Search strategy

This review included studies that examined the effect of training on
mood state within soccer players. The literature search was performed
using PubMed, Scopus, Web of Science, and Google Scholar and
included articles published until August 10, 2022. The oldest article
retrieved was published in 2001. Moreover, we performed manual
searches of relevant journals and reference lists obtained from published
articles. The following English terms and key words were searched using
Boolean operators: “mood state” AND “soccer” combined with the key
words “training load) “training period,” “training exercise” and
“performance”(i.e., “mood state” AND “soccer” AND “training load,”
“mood state” AND “soccer” AND “training period,” “mood state” AND
“soccer” AND “training exercise;” and “mood state” AND “soccer” AND
“performance”). The inclusion criteria for these articles were: (1) the
original studies were published in English; (2) data concerning training
load, training period, exercise training or performance; (3) players
included soccer players; and (4) studies examined mood state. The
exclusion criteria were: (1) studies that included sports other than
soccer; (2) studies that did not include any of the parameters evaluated
in this review; and (3) reviews, commentaries, interviews or expert
opinions, posters, or book chapters (Figure 1).

Two authors independently extracted and reviewed study data to
verify if a given study met the inclusion criteria. Disagreements
between the two authors on the inclusion criteria were resolved by a
third author with experience in the field.

2.2. Definition and measurement of mood
state

According to Lane (2001), mood is a set of sensations varying in
intensity and duration. Chennaoui et al. (2016) reported that
emotional mood contributes to an athletes’ likelihood of success or
failure in relation to training. This concept refers to the change in
emotional state. Athletes may think of this dichotomously and report
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FIGURE 1
Flowchart describing the study selection process.

being in a good or bad mood characterized by overall positive or
negative feelings, respectively ( ).

To identify practical assessments, researchers examined various
psychological dimensions related to training that require less
technology such as mood state questionnaires which have been
actively researched in recent years (

). The profile of mood states (POMS) is a self-
report questionnaire comprised of 65 items assessing seven mood
states subscales (i.e., tension-anxiety, anger-hostility, confusion-
bewilderment, depression-dejection, fatigue-inertia, vigor-activity,
and interpersonal relationship; ), with the interpersonal
relationship subscale often being eliminated from measurement by
researchers. Each item is rated on a 5-point Likert scale from 0 (not at
all) to 4 (extremely) in response to questions such as “How are
you feeling right now? ( ). The six subscales of POMS
can be combined into a total mood disturbance (TMD) score by
summing the (T) scores for the five negative mood subscales and
subtracting the T score for positive mood state and adding a constant
of 100 in order to prevent negative numbers.

published guidelines for the definition of each
emotional state assessed by the POMS. According to this work,
tension is characterized by sensations such as nervousness,
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apprehension, worry and anxiety. Anger is characterized by feelings
that vary in intensity from annoyance or mild aggravation, fury, and
irritation. Confusion described feelings of indecision associated with
a decreased ability to control alertness and emotions. Depression is
associated with a negative self-concept characterized by themes such
as disappointment, deficiency, ineffectiveness, and self-blame. Fatigue
is characterized by perception of mental and physical fatigue. Vigor
represents the state of well-being, power, excitement, concentration,
alertness, vitality, and strong ability to execute physical and mental
effort. Finally, interpersonal relationships describe more of a trait than
a specific state, but a strong score on this subscale is considered to
indicate positive emotional state ( ). These dimensions
can be expressed in terms of state or trait depending on whether the
instructions accompanying the form guide the participant to
concentrate on their feelings at the moment, throughout the day or
week of the assessment, or their usual feelings.

Some researchers have distinguished between high performers
and low performers based on their pre-competition mood states
( ). These studies reported that
positive emotional state and successful athletic performance are
strongly correlated. Specifically, the players who present lower tension,
depression, anger, confusion and fatigue scores and higher vigor
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TABLE 1 Summary of items making up each subscale.

10.3389/fpsyg.2023.1095238

Subscales Iltem numbers Total # of items Range of scores
Tension-anxiety (TEN) 2,10, 16, 20, 22%, 26, 27, 34, 41 9 0-36
Anger-hostility (ANG) 3,12,17, 24, 31, 33,39, 42, 47, 52, 53, 57 12 0-48
Confusion-bewilderment (CONF) 8, 28, 37, 50, 54*, 59, 64 7 0-28

Fatigue-inertia (FAT) 4,11, 29, 40, 46, 49, 65 7 0-60
Depression-dejection (DEP) 5,9, 14, 18, 21, 23, 32, 35, 36, 44, 45, 48, 58, 61, 62 15 0-28
Vigor-activity (VIG) 7,15, 19, 38, 51, 56, 60, 63 8 0-32
Interpersonal relationship (REL) 1,6, 13, 25, 30, 43, 55 7 0-28
Total Mood Disturbance (TMD) (TEN + ANG + CONF + FAT + DEP) - VIG + 100 - 68-300

scores generally have more competitive success than players with the
opposite profile as assessed by the POMS questionnaire. This positive
profile has been called the “iceberg” profile (i.e., high vigor score and
low scores for depression, tension, fatigue, confusion and anger)
(Filaire et al., 2001; Casanova et al., 2016).

3. Results

3.1. The relationship between training
loads, training periods, and mood state
variation

During high-intensity training periods characterized by heavy
TLs, athletes have usually reported significant mood changes (Filaire
etal., 2001; Lovell et al., 2010; Picoli and Bueno, 2022). For example,
Filaire et al. (2001) showed that mood disturbance increased
progressively with higher TL. It has also been shown that acute fatigue
during intense training periods was associated with worse mood state
and decreased vigor (Lovell et al., 2010; Saidi et al., 2020). Similarly,
Fields et al. (2021) reported higher intensities during soccer preseason
were associated with more negative mood scores (i.e., anxiety, anger,
depression, confusion, fatigue), while indicators of positive mood
states (i.e., vigor) decreased. These results are in line with those
reported by Filaire et al. (2001), which showed that mood disturbance
increased with the training stimulus. Amstrup et al. (2002) examined
the effects of sports season on mood states and found no change in
POMS scores during the pre-season period. However, vigor decreased
and fatigue and depression increased from the end of pre-season to
mid-season. Additionally, Miranda et al. (2013) studied changes in
mood across of10 weeks of training in young soccer players. This
study showed that as training intensity increased throughout the
training period, the mood state became more negative (Miranda et al.,
2013). However, Silva et al. (2008) reported that POMS scores were
stable after12 weeks of high training intensity, suggesting that athletes’
mood states may be more vulnerable during extended periods of
intense training.

The relationship between overtraining and mood state has also
been investigated. Schmikli et al. (2011) reported a significant increase
in depression and anger subscale scores and total mood disturbance
(TMD) with overreaching in soccer players. Lovell et al. (2010) found
that mood state shifted from more positive to more negative as the
competitive season progressed, likely due to increasing TL and
accumulating stress. Similarly, during a period of congested matches
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(10 games over 6weeks) soccer players reportedly significantly
increased fatigue, tension, anger and a decreased vigor compared to
the non-congested period of match play (6 games over 6 weeks). They
suggested that mood state disturbance is associated with increased
physical and physiological load. Additionally, Botelho et al. (2022)
showed significantly increased negative mood scores (i.e., tension,
depression, anger, fatigue, confusion, and TMD) after7 weeks of
intensive pre-season training in female soccer players, suggesting that
training intensity increase may be associated with negative mood
changes (Filaire et al., 2001). Results from these studies are consistent
with the finding that substantial increases in training intensity may
result in a decreased ability to concentrate and feelings of disorder,
uncertainty, and mental fatigue (Djaoui et al., 2017). These changes in
mood are also associated with poorer recovery state and well-being
changes in soccer players (Selmi et al., 2020).

The tapering period, characterized by reduced training intensity,
generally appears to have a positive effect on mood state. Beykzade
etal. (2011) reported that after the tapering period, TMD, fatigue and
depression decreased significantly compared to the beginning of the
intense training period. Reducing the training intensity during the
tapering period can produce a balance between effort and recovery
which leads to mood regulation (Beykzade et al., 2011).

Regarding the study during Ramadan, the study by Baklouti et al.
(2017) compared the effects of two small-sided game (SSG) training
formats (4 x4 min and 2 x 8 min) on mood state during Ramadan in
male professional soccer players. The results indicated that Ramadan
and not training increased subjective feelings of fatigue. Along the
same lines, the study by Chtourou et al. (2011) which examined the
effects of Ramadan fasting on RPE and mood state. They indicated
that RPE and fatigue score were higher during Ramadan in
comparison with before Ramadan.

Overall, results from studies using the POMS to assess mood state
reveal that extended intense training is associated with more negative
mood states, whereas periods of reduced training can be useful in
restoring more positive mood state. However, short-term intense
training may not negatively impact mood state. A summary of 13
studies examining the effects of both training intensity and periods on
mood state variation is presented in Table 2.

3.2. Training exercises and mood state

Limited research has investigated how acute mood state changes
with different training exercises in soccer. Those that have indicate
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TABLE 2 Findings from studies examining mood variations with different training periods or intensities.

Participant

(number, sex,
level, age)

Condition/
duration

Results

Findings

Amstrup et al.

(2002)

20, male, professional

(20.0+ 1.2 years)

Sports season

To monitor mood states
(POMS) at the start and end of
pre-season training, mid-
season and at the end of

competitive season

No change in POMS scores during the
pre-season period decrease in vigor
and increases in fatigue and depression

from end of pre-season to mid-season

Mood disturbance at the
mid-season with decline
in vigor and increases in

fatigue and depression

Baklouti et al. 24, male, professional Ramadan To compare the effects of two Compared to before Ramadan, fatigue = Ramadan and not training
(2017) (24 +4years) small-sided game (SSG) score was higher at end of Ramadan. increased subjective
training formats (4 x 4 min RPE measured during Ramadan were feelings of fatigue
(SSG-S) and 2 x 8 min higher after SSG-L than SSG-S sessions
(SSG-L)) on mood state and
RPE
Beykzade et al. 15, male, amateur Pre-season To assess the mood profile No significant change in mood after Fatigue and depression
(2011) (25.0 £2.2 years) (5weeks) during pre-season preparatory | 4weeks of progressive training load, have been shown to
except for fatigue score. After the taper = be more sensitive to the
period (1 week), fatigue and depression | change of training load
scores showed significant decrease
compared to the beginning of the
training period
Botelho et al. 24, female, elite Preseason To investigate changes and POMS scores (except vigor), Coaches and physical
(2022) (26.0+3.7 years) (7 weeks) correlations between mood testosterone, and cortisol coaches can use these data
states and various concentrations, as well as CK, showed to monitor, and control
physiological stress markers significant Changes after the Training load and training
preseason. Correlations were found programs, in particular
between cortisol and tension, cortisol throughout the preseason
and confusion period
Chtourou et al. 20, male, young soccer Ramadan To assess the effects of RPE and fatigue score were higher RPE and feelings of
(2011) players (17.6 £0.6 years) Ramadan fasting on RPE and during Ramadan in comparison with fatigue were higher
mood state before Ramadan during Ramadan
Fields etal. (2021) | 20, male, collegiate Pre-season To examine the relationship Morning ratings of negative mood Using POMS
(20.3£0.9 years) between external load and were positively predicted by previous questionnaire with GPS
mood state during soccer day’s afternoon practice high-speed may improve the
preseason distance. In addition, negative understanding of physical
morning mood states inversely and psychological
predicted high-speed distance, Total responses
distance, and player load for that day’s
afternoon practice
Lovell etal. (2010) | 16, male, professional Competitive To assess whether the At the start of the season, the players The extended competitive
(25.0+5.0years) season demands of the modern had a positive mood state, however, as | season, increased training
English competitive soccer the season progressed, they showed a load and increase in stress
season would be reflected in shift toward a negative mood state lead to negative mood
the mood states
Miranda et al. 13, male, youth players | At the beginning | To examine the influence of The positive score (i.e., vigor) was Mood disturbance is

program

(2013) (17.0£0.7 years) of the season 10-week soccer training reduced, the negative scores (i.e., associated with long
(10 weeks) program on mood state tension, depression, anger, fatigue, period of high training
confusion and TMD) were increased load (volume and
intensity)
Silva et al. (2008) 15, male, professional Competitive To investigate the change of Decrease in vigor score in T3 (week The training program
(23.4+2.5years) period (12weeks) = mood state in Brazilian soccer | 12) compared with T1 (week 0) and T2 | intensified between T2
players during a training (week 6) and T3 led to the

reduction of the positive

mood score (vigor)
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TABLE 2 (Continued)

Condition/ Results

duration

Participant

Findings
(number, sex,
level, age)

Saidi et al. (2020) 24, male, elite (19 to 6 weeks after the To analyze mood state in A significant increase was found in Mood state monitoring
22years) beginning of the relation to changes in training | fatigue, tension, anger and a significant | could be a practical and
competitive and match exposure during a decrease in vigor from the non- efficacy tool to verify the
period (12weeks) | congested period of match congested period of match play when degree of preparedness for
play the players played 6 games over match play during a
6weeks to the congested period when congested period
the players played 10 games over
6weeks
Schmikli et al. 77, male, young elite Competitive To examine the effects of The performance decrement group Disturbance in mood

(2011) (16-21years) season performance decrement on scored higher on depression and anger | state is associated with the

mood during overreaching than controls performance decrement

of players during
overreaching
Selmietal. (2020) | 24, male, professional Pre-season To compare the effects of two Negative POMS scores increased intensified training period
(17.0£0.2 years) (7 weeks) intensified training period on (tension, anger, confusion, depression, | affect negatively mood
mood state fatigue and vigor decreased) state

that intense training exercises can change mood state in soccer
players (Selmi et al., 2017). In fact, Selmi et al. (2018) assessed mood
responses to high-intensity interval training (HIIT) in soccer players,
with the POMS questionnaire administered immediately before and
within 5 min after training. Results indicated a significant increase in
negative mood scores (i.e., anxiety, fatigue, and global mood score)
and decrease in vigor score. Selmi et al. (2017) also reported that
physical small-sided games (SSGs) induced significant improvements
in mood state in professional soccer players. In the same study, both
HIIT and SSG sessions induced similar physiological responses; in
contrast, HIIT resulted in mood disturbance highlighted by increased
tension, fatigue and TMD scores, whereas SSGs provided mood
balance. The stability of POMS scores in this study may be due to
athletes’ motivation during preferred exercise modalities (i.e.,
exercises using the ball; Selmi et al., 2017). Similarly, Oliveira et al.
(2009) reported that fatigue scores increased following a HIIT
session in female soccer players. Broodryk et al. (2017) examined the
effect of an anaerobic fatigue test (Yo-Yo Intermittent Recovery) on
cortisol levels and mood state in female semi-professional soccer
players and found significantly increased cortisol, psychological
fatigue and TMD and decreased vigor. Sparkes et al. (2018) found
perturbed mood state for up to 24 h after intensive SSG during the
competitive period in professional soccer. Exercise motivation is
associated with positive mood in soccer players and may be achieved
using specific drills such as integrating the ball during physical tasks
or the use of verbal encouragement by coaches (Aydi et al., 2022).
Specifically, Aydi et al. (2022) showed that technical circuit dribbling
drills with verbal coach encouragement improved mood state
highlighted by decreased scores on negative mood subscales and
increased vigor. Together, these studies suggest that verbal
encouragement is an effective method to improve mood or prevent
mood disturbances during training.

A summary of 5 studies investigating the relationships between
exercise session characteristics and mood state variation is presented
in Table 3.

Frontiers in Psychology

3.3. Competitive performance and mood
state

Previous studies have examined the relationship between mood
state and performance using the POMS questionnaire (Filaire et al.,
2001; Miranda et al., 2013). In fact, mood state in soccer is related to
competitive performance in terms of win/draw/lose (Casanova et al.,
2016). Studies with professional soccer players have shown that
athletic performance can improve positive and decrease negative
POMS subscale scores (Robinson and Howe, 1987; Filaire et al., 2001;
Miranda et al., 2013). Furthermore, Silva et al. (2008) showed that
when professional team presented an “iceberg” profile during the
training program, with a fatigue score decrease from beginning to
middle season, coinciding with the team’s best performance during
the season (50% of wins). However, decreased vigor score at the end
compared to the beginning and middle of the season, corresponded
with poor performance (33.3% wins; Silva et al., 2008). Similarly,
Miranda et al. (2013) reported that the overall POMS score increased
significantly in male youth soccer players after 10 weeks of training
indicating greater TMD, and that the mood state disturbance was
correlated with the team ranking in the championship. Mood state
also appears to be related to match outcomes. Casanova et al. (2016)
indicated that positive mood state (vigor) score increased after lost
matches and anger score decreased after won matches during an
official female association football tournament while “Iceberg”
profiles were observed during all 5 matches regardless of outcome.
Lowther and Lane (2002) indicated that vigor was associated with
successful match performance and depression score were associated
with poor match performance in a soccer team. Oliveira et al. (2009)
examined the influence of match results on mood changes in
professional female soccer players. They found more positive mood
states among winners and more negative mood states among losers
at the end of the matches, suggesting that overall mood state is related
to match performance in female soccer players. Moreover, Dejongh
et al. (2006) examined the relationship between in-season team
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TABLE 3 Findings from studies examining relationships between training exercises and mood state.

Participant Condition/  Aim Results Findings
(number, sex, level, duration
age)
Aydi et al. (2022 16, male, soccer specialist Mid-season To investigate the effects of | The circuit exercise without VE showed The soccer dribbling
students (17.7 £ 0.5 years) (2 weeks) verbal encouragement lower vigor and higher total mood circuit exercise with VE
(VE) on mood state and disturbance and was associated with condition resulted in
physical enjoyment during | higher tension and fatigue, compared to | positive mood state,
a soccer dribbling circuit the circuit exercise with VE compared to that of the
exercise (the Hoff circuit) soccer dribbling circuit
exercise without VE
Broodryk et al. 47, female, semi- Competitive To examine the effects of Increase in fatigue and TMD from pre to | The anaerobic fatiguing
(2017) professional training period anaerobic fatiguing test post test. Decreased in vigor and test can be perceived as a
(22.0+2.7 years) (5-m multiple shuttles run | confusion from pre to post test psychological stressor by
test) in mood state female players
Selmi et al. 16, male, professional, Competitive To compare the effects of The HIIT compared with SSG resulted SSG ensured mood
(2017) (24.1£0.9years) period high-intensity intermittent | in: an increased total mood disturbance | balance while HIIT
training (HIIT) versus fatigue, tension decreased positive mood | produced a mood
small-sided games (SSG) (vigor) disturbance
on the mood state
Selmi et al. 20, male, amateur Competitive To examine the effects of HIIT leads to an increase in anxiety, HIIT causes negative
(2018) (23.9£0.9years) period HIIT on mood state and to | fatigue, total mood disturbance and a mood changes that
show the relationship decreased vigor. No correlation was trainers should consider
between RPE and POMS found between POMS scores and RPE optimizing fitness and
scores recovery
Sparkes et al. 16, male, professional Competitive To characterize the mood Immediate disturbances in mood SSG exercises result in a
(2018) (21 £2years) season response to a SSG exercises | following 42 min of SSG and +2h. On perturbation in mood
over 24h the following morning (+24h), POMS state for up to 24h
scores had returned to baseline values

TMD: total mood disturbance; SSG: small-sided games; HIIT: high-intensity interval training; RPE: ratings of perceived exertion.

performance and mood state in professional female soccer players.
They showed that tension, depression, anger, and confusion scores
were lower and vigor was higher when the team won indicating that
poor performance was related to negative mood state in female
players. In addition, Filaire et al. (2001) showed lower vigor scores
when the performance of a professional male soccer team was below
50.0% wins. It is likely that competition success can lead to improved
psychological states including more satisfaction, pleasure, and
reduced anxiety, while the effects of defeat can produce poor well-
being (Casanova et al., 2016). Alternatively, more negative mood state
may decrease competitive performance.

A summary of 6 studies regarding the relationship between
competitive performance and mood state variation is presented in
Table 4.

3.4. The effect of training on mood
regulation

Mood regulation strategies may benefit athletic performance
(Hashim et al., 2011). In fact, strong athletic performance among
soccer players is associated with high positive mood scores and low
negative mood scores (Hashim et al., 2011; Bijukumar, 2021). Indeed,
researchers have revealed several mood regulation strategies for
soccer players (Selmi et al., 2017; Bijukumar, 2021). For example,
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Hashim et al. (2011) compared the effects of two different relaxation
techniques, known as progressive muscle relaxation and autogenic
relaxation on the mood of young soccer players and showed that
these relaxation techniques induced equivalent beneficial mood
responses and can be used to regulate mood state (Hashim et al,,
2011). Akimoto et al. (2003) studied the effect of acupuncture
treatment on the mood state in 12 women soccer players during the
competition period. The results indicate that acupuncture treatment
has a positive effect on mood regulation with improved positive
mood and reduced negative mood scores. Other less obvious mood
regulation strategies may also be effective, such as choices in training
programming. For example, Progressive Muscle Relaxation training
(PMR)decreased mood disturbance, anger, tension, and fatigue
scores in university students (Bijukumar, 2021) suggesting positive
impacts on mood state. This may be a worthwhile strategy to examine
among soccer players. Selmi et al. (2017) showed that SSG, a training
exercise that soccer players found more enjoyable and motivating,
provided better mood state regulation compared to HIIT, a less
preferred training strategy, despite similar training intensities.
Likewise, previous studies have shown that using motivational
training exercises can reduce negative emotions and improve mood
in soccer players (Hashim et al., 2011; Aydi et al., 2022). Therefore,
implementing relaxation training and selection of preferred training
exercises could help to regulate the mood state of athletes (Hashim
et al., 2011; Bijukumar, 2021).
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TABLE 4 Findings from studies examining competitive performance and mood state.

Participant

(number, sex,
level, age)

Condition/
duration

10.3389/fpsyg.2023.1095238

Results

Findings

Casanova et al.

20, female, elite

Competitive period

To compare the mood state

“Iceberg” profiles of POMS were

Mood state variation is

(2016) (22.9£4.2years) (5 matches) during an official female observed during all the moments of influenced by match
association football evaluation (all matches), significant performances
tournament (5 matches) decrease in vigor score after loss

matches and a significant decrease in
anger score after win matches
Dejongh et al. 32, female, Competitive season To quantify the mood state Tension, depression, anger, vigor, Negative changes in
(2006) professional changes based on match fatigue, confusion increased mood states. May be due
(19.9£2.0years) results in female soccer concomitantly with match losses to the effect of defeats
athletes over seasonal play throughout seasonal play during the game and the

strength of opponents

Filaire et al.

(2001)

17, male, professional

(23.1£2.2years)

In-season period

To investigate the relationship
between mood state and

competitive performance

Iceberg profiles of POMS were
observed during periods, which
coincided with successful
performance. Decrease in vigor and
an increase in tension and
depression were observed during
periods, which coincided with

decreased performance

Change in mood is
related to competitive

performance

Lowther and

Lane (2002)

32, male, collegiate
(21.2£2.1years)

Competitive period

To examine relationships
between mood state and
performance in a soccer team

on a match-by-match basis

Relationships showed that vigor
were associated with successful
performance. Depression score were

associated with a poor performance

Mood state was related to

performance

Miranda et al.

13, male, youth

Competitive period

To determine the relationship

Relationships showed that Positive

Mood state was affected

(2013) players of mood state profiles and mood state were associated with by win or loss outcomes
(17.0£0.7 years) competitive performance outcomes

Oliveira et al. 33, female, Competitive period To investigate the change of More positive mood state found in These results suggest that

(2009) professional mood state at winners and in | winners and more negative mood mood state responds to
(24.2£4.7 years) losers at the end of the match | state found in losers at the end of the | the contest challenges

match

among females

A summary of 4 studies examining the relationship between
training and mood regulation is presented in Table 5.

3.5. Time of day and mood state

Mood state in soccer players is related to time of day and to
training time (e.g., morning versus evening training) (Chtourou et al.,
2012, 2014; Masmoudi et al., 2016; Irandoust et al., 2019; Hsouna
et al,, 2021; Masmoudi et al,, 2021). In male youth soccer players,
depression, RPE scores, Hooper Index, and stress were higher in the
afternoon than the morning (Masmoudi et al., 2016). In some studies,
training in the morning improved mood state (Masmoudi et al,, 2016;
Irandoust et al., 2019), whereas Masmoudi et al. (2021) showed that
only depression and vigor scores, but not anger, confusion, fatigue,
inter-relation, or TMD were significantly worse when training at
17:00h compared to 08:00 h. Across these studies, exercise/training in
the morning boosts physical performance and physiological status
including perceived energy levels that may have positive feedback
effects and perpetuate improved mood. These studies also indicated
that morning activities may also confer improved mental health status
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and productivity throughout the day. Dietary patterns, especially
periods of fasting like Ramadan, may be particularly important for
time-of-day studies to consider since fasting could impact mood and
performance. Chtourou et al. (2012) observed that professional soccer
players felt more fatigued in the evening versus morning during
Ramadan. However, among youth soccer athletes, aerobic training
during Ramadan had decreased anger, confusion, depression, fatigue,
tension, and TMD, and increased vigor scores regardless of whether
they trained in the morning or evening (Chtourou et al.,, 2014).

A summary of 4 studies examining the relationship between time
of day and mood in soccer players is presented in Table 6.

4. Limitations and recommendations
for further research

This work has assessed and summarized the current literature on
mood state variation in soccer players with a specific focus on training
loads, training modalities, and competitive performance. However,
the study was not without limitations. This review only examined
studies carried out in the context of soccer and not other sports

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1095238
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Selmi et al.

TABLE 5 Findings from studies examining the relationship between training and mood regulation.

Participant

(number, sex,

Condition/
duration

Aim

Results

10.3389/fpsyg.2023.1095238

Findings

Akimoto et al.

(2003)

level, age)

21, female, elite
(17.7 + 1.4 years)

Competitive

period

To examine the effect of
acupuncture treatment on the

mood state

POMS scores indicated a higher
mental fatigue in the control group

than in the acupuncture group

The acupuncture group
suggests that acupuncture
treatment had good effects
on mood states during the

competition period

Bijukumar

(2021)

16, male, adolescent
university level (15 to

18 years)

12 Sessions

To examine the effects of
program of Progressive
Muscle Relaxation Training
(PMR) in the profile of mood

states

PMR has made decreases in mood
disturbance, anger, tension, and

fatigue scores

PMR produce positive
mood responses. This
technique may be used to
regulate players’ mood

states

regulation compared to HIIT

Hashim et al. 16, male, youth In-season To examine the effects of Relaxation training results in Relaxation training may

(2011) (14.1£1.3years) relaxation training in regulate | reductions in confusion, depression, | be used to regulate mood
mood states fatigue, and tension scores states

Selmi et al. 16, male, professional Competitive To examine the effect training | No change in POMS scores during SSG ensured mood balance

(2017) (24.1+£0.9) period exercise with ball on mood training exercise with ball. HIIT while HIIT produced a

resulted in: an increased total mood
disturbance fatigue, tension

decreased positive mood (vigor)

mood disturbance

TABLE 6 Findings from studies examining time of day and mood regulation.

Participant

(number, sex,

Condition/
duration

Results

Findings

Chtourou et al.

(2012)

level, age)

10, male, junior (17+0.5)

During Ramadan

To investigate the effect of

timeofdayon mood states

Fatigue score significantly higher in
the evening versus morning. Anger,
confusion, and TMD scores were
not significantly affected by the
timeofday.

Fatigue recorded by the
POMS questionnaire are
higher in the afternoon

during Ramadan

Chtourou et al.

(2014)

30, male, young

players(17.8+0.5)

During Ramadan

To examine the effect of
time-of-day on mood

states

All subscales of mood such as anger,
confusion, depression, fatigue,
tension, vigor and TMD had a
significant improvement following

morning and evening aerobic

Exercise at different times
of the morning or evening
can improve the mood

state

(2021)

players (11+0.7 years)

timeofday on mood state

training programs
Masmoudi et al. 10, male, children soccer In-season To examine the effect of Negative mood (i.e., depression) Depression recorded by the
(2016) players (14.6 £0.8 years) time-of-day on mood significantly higher at 17:00 vs. POMS questionnaire are
state 08:00h higher in the afternoon
Masmoudi et al. 32, male, children soccer In-season To investigate the effect of | Depression and vigor scores were Positive mood was

significantly higher in the evening
compared to the morning. However,
anger, confusion, fatigue, inter-
relation, and the TMD scores were
not significantly affected by the
time-of-day.

observed in the morning

compared to the afternoon

disciplines. A comparison of the findings of the present study with
those of other sports disciplines would be a valuable addition to the
literature. Psychological responses during training for individual
versus team sports would be particularly interesting. This study did
not investigate the effects of Ramadan fasting on mood state since the
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training during Ramadan is very different from the other months of
the year. Such fasting leads to physical, physiological, metabolic, and
psychological changes. Moreover, this study did not examine effects
of the environment (e.g., climate, altitude) on mood state.
Environmental changes can also influence the physiological and
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psychological aspects of sport. Finally, we did not include relationships
between POMS scores and other psychological states such as physical
enjoyment or motivation. Such measures would be a valuable addition
for mood assessment in soccer players. Future investigations
examining mood state should be conducted with other sports
disciplines (individual and team sports), include other mental health
dimensions, and examine the influence of environmental condition to
extend the findings of the present work.

5. Conclusion

This review examined relationships between training load/period,
training exercises, and competitive performance on mood state in
soccer players. It offers practical support for the use of a simple POMS
measurement as part of an overall program to monitor the players’
psychological states. Results also highlighted how those training
program (e.g., training load, training modality) and competitive
performance are related to mood states (i.e., tension, anger, confusion,
depression, fatigue, and vigor).

6. Practical applications

This review was conducted to summarize the current literature on
the relationships between mood state in soccer players and: (1) TL and
training period; (2) training exercises (e.g., modality); and (3)
competitive performance. Methods of mood regulation also emerged
and were examined. POMS is a simple, non-invasive, non-fatiguing,
sensitive and effective measurement tool which can help coaches
monitor the psychological state of soccer players. Mood state
assessment can be useful in predicting mental fatigue and quantifying
emotional state of players during training. It follows that the technical
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This study was conducted to examine differences in visual attention according to
sports type and sex. In total, 132 participants [open-skill sport athletes (basketball
players), closed-skill sport athletes (swimmers), and non-athletes; n =22 men and
22 women each] aged 19-24years performed a multiple object tracking (MOT)
task, which is a well-established paradigm for the assessment of visual attention.
Visual tracking accuracy was affected by the sport type (p <0.001), being superior
among basketball players than among swimmers and non-athletes, with no
significant difference between the latter groups. It also varied by sex (p <0.001),
being superior among males than among females. Significant interaction between
the sport type and sex was observed (p <0.001), with male and female basketball
players showing similar tracking accuracy. Our results demonstrate that open-
skill sport activities strongly related to visual attention, as estimated by MOT task
performance, and that sex plays a role in this performance. They also indicate
that females might gain a greater visual attention advantage from open than from
closed-skill sports participation, as long-term open-skill sports training appeared
to minimize the sex difference in visual attention.

open skill sport, closed skill sport, multiple object tracking, visual attention, sex
difference

Introduction

Visual attention has perhaps been the most active area of study in perceptual-cognitive
research in the last several decades (Harris et al., 2020). Visual attention is widely accepted in
psychology and can be described as the cognitive systen’s selection of a subset of relevant
information for further processing (Meyerhoff and Papenmeier, 2020). It plays an important
role in most activities of daily living, including assessments of traffic, work, and sports
(Huttermann and Memmert, 2017). In sports, athletes must continuously pay attention to the
environment to execute timely and correct decisions (Walsh, 2014). This skill is especially critical
in sports such as basketball, in which players are required to track the ball in dynamically
changing and unpredictable situations while simultaneously monitoring the position of other
players, including teammates and opponents on the court (Gallotta et al., 2020; Legault et al,
2022). Thus, the investigation of visual attention in a sports environment may provide a deeper
understanding of the involved cognitive mechanisms to inform better performance of many
real-life tasks.
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Jinetal.

Several studies have examined the relationship of sports
participation to visual attention, and have yielded somewhat
conflicting results; sports training has been found to have positive
transfer effects on visual attention (Faubert, 2013; Zhang et al., 2021),
whereas other studies do not find this (Memmert et al., 2009). Some
of these discrepant findings may be because different types of sports
activities may exert differential influences on visual attention (Gallotta
et al., 2020). Thus, increasingly more investigations have focused on
the relationship between the type of sports training and visual
attention. Sports may be categorized into two types based on their
cognitive demands: open skill sports and closed skill sports (Poulton,
1957; Ke et al., 2021). In open skill sports (e.g., basketball, tennis,
squash, or boxing), participants are required to react and adapt in an
unpredictable and dynamically changing environment. By contrast,
closed skill sports (e.g., swimming, running, or cycling) are performed
in an environment that is internally paced, predictable, and highly
consistent (Gu et al., 2019; Coyne et al., 2021; Koch and Krenn, 2021).
Regarding the different characteristic by type of sport, researchers
have found that athletes in open skill sports show better performance
in cognitive function (Wang et al., 2013), visuospatial attention (Tsai
et al, 2016), and other cognitive tasks than have closed-skill sports
athletes (Voss et al., 2010). Despite these clear sport type-related
differences in cognitive abilities, however, evidence indicating which
types of sport activity are associated with superior visual attention
performance remains insufficient.

Sex differences in visual attention have also attracted research
interest. Some studies have investigated sex differences in visual
attention among the general population. For example, Roudaia and
Faubert (2017) found that males showed superior visual attention
compare with females in a visual tracking task, whereas Merritt et al.
(2007) found no sex difference in visual selection task performance.
Only a few studies have explored sex differences in visual attention in
athletes, highlighting the demand for more study in this area. One
study indicated that male athletes show superior cognition compare
with female athletes (Lum et al.,, 2002), and Legault et al. (2022)
reported a significant sex difference in visual tracking performance
favoring male athletes. By contrast, another study reported no superior
performance between male and female volleyball players on a visual
selective attention task (Alves et al., 2013). Similarly, another study
found no statistically significant sex difference on a visual spatial
attention task among volleyball players (Notarnicola et al., 2014b).
Thus, the existence of a sex difference in athletes” visual attention
remains controversial; previous findings should be further confirmed
and more investigation in this area is needed.

The multiple object tracking (MOT) task is a well-established
paradigm used for investigating visual attention in laboratory research
(Pylyshyn and Storm, 1988). In a classic MOT task, target and
distractor objects are presented on a screen. A subset of the objects are
cued as being target objects (typically by their changing color or
flashing) for a short period of time. Thereafter, all objects move
around on the screen for several seconds, and at the end of a given trail
the observer is asked to identify the original target objects (Meyerhoff
etal., 2017). The MOT task is considered to be one of the most popular
and powerful tools for exploring the underlying mechanisms involved
in visual attention, and the best method for the assessment of
distributed, selective, and sustained attention skills (Qiu et al., 2018).
Some previous studies demonstrating an expertise effect on

Frontiers in Psychology

10.3389/fpsyg.2023.1099254

performance in Mot task. In domains as varied as radar operator
expertise (Allen et al., 2004), video-game expertise (Green and
Bavelier, 2006), and sport expertise (Martin et al, 2017; Jin et al,,
2020), all of these studies have used the MOT task to display that
expertise in visual attention provides a greater advantages. In addition,
the MOT task paradigm is similar to the requirements of an open skill
sports situation (Mangine et al., 2014). In some open skill sports that
have high cognitive demands, such as basketball, players have to react
within continuously changing conditions. They need to concurrently
focus not only on the ball and the field but also on the movement and
position of opponents and teammates (Zaric¢ et al., 2018). In contrast,
closed skill sports, such as swimming, are performed in a predictable
and stable environments (Koch and Krenn, 2021) that require less
such cognitive activities and attention demands (Cooper et al., 2018;
Gallotta et al,, 2020). Therefore, it is reasonable to postulate that open
skill sports athletes may exhibit performance on the MOT task
superior to closed skill sports athletes owing to the nature of the type
of sport. However, this remains controversial. For example, one study
from Memmert et al. (2009) found that handball athletes show no
better tracking accuracy on the MOT task than either track athletes or
non-athletes. Thus, whether MOT task performance can be improved
by engaging in a given type of sport remains unclear. In addition, there
is a limited number of studies about sex differences in MOT task
performance, in general and according to sports type (open-vs.
closed-skill).

Thus, this study was conducted to examine whether there are
differences between types of sport and between men and women in a
visual attention task. The two main objectives were as follows: (1) to
investigate possible differences in performance measures on the MOT
task among athletes trained in an open skill sport, athletes trained in
a closed skill sport, and non-athletes; and (2) to assess whether there
is a sex difference in MOT task performance. Our hypotheses were
twofold. The first hypothesis was that basketball athletes would exhibit
better tracking accuracy performance on the MOT task than both
athletes trained in swimming and non-athletes. Based on the literature
we mentioned above (Alves et al., 2013; Notarnicola et al., 2014a), our
second hypothesis was that sex differences for MOT task performance
would be revealed only in non-athletes and swimmers, not in the
basketball players.

Materials and methods
Participants

Sample size calculations were computed by analysis of variance
(ANOVA) F-test and performed using G*Power 3.1.9.2 software.
Using a medium effect size of 0.25, an alpha level of 0.05, and power
0f 0.80 (Cohen, 1992), the result indicated that a sample size of at
least 158 participants was required. However, the number of
participants in present study was slightly below the limit due to
COVID-19 related restrictions at the time. Therefore, the final total
sample encompassed 132 participants in our study. We recruited 44
open-skill sport athletes, 44 closed-skill sport athletes, and 44
non-athletes (22 men and 22 women each). The open skill sport
athletes were recruited from eight China University Basketball
Association (CUBA) teams. These athletes comprised 22 men
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(mean age: 21.62 +2.07 years) with a mean of 9.46 (SD =2.92) years
of basketball training experience, and a mean of 12.36 (SD =2.14)
training hours per week as well as 22 women (mean age:
21.48+1.92years), with a mean of 9.17 (SD=2.44) years of
basketball training experience and a mean of 12.42 (SD=2.37)
training hours per week. All players were first-level national
athletes. The closed skill sport athletes were com-posed of 22 men
(mean age: 21.89 +2.32years) with a mean of 10.05 (SD=2.63)
years of swim training experience, and a mean of 12.87 (SD =1.82)
training hours per week as well as 22 women (mean age:
21.36 + 1.58 years), with a mean of 9.78 (SD = 1.53) years of swim
training experience and a mean of 12.62 (SD =2.37) training hours
per week. All of these athletes were also first-level national athletes.
The non-athlete group was composed of 22 men (mean age:
21.17 +1.28years) and 22 women (mean age: 21.05+ 1.41 years)
who were college students and had never participated in open skill
sports training or any other sports. All participants reported normal
or corrected-to-normal levels of visual function. All participants
received a verbal explanation of the research and experimental
procedures. The study protocol was approved by the Ethics
Committee of Shanghai University of Sport (No. 2015003SUS). All
participants provided written informed consent prior to the start of
the experiment. Each participant who completed the study received
a small monetary compensation for their time.

Stimuli, apparatus, and procedure

The experiment was conducted on a ThinkPad (ThinkBook Plus
17) laptop running Windows 10. Visual stimuli were created using
MATLAB R2016a (MathWorks, Natick, MA) and Psychtoolbox 3.0
software. Stimuli were presented on a 17-inch monitor with a
resolution of 3,072 x 1,440 pixels and a refresh rate of 120 Hz.
Individual participants were seated ~ 55 cm in front of the monitor
of the laptop and were tested individually in a quiet room. The
entire experiment consisted of 30 trials in two blocks separated by
a 3-min rest period (total, ~ 12 min). Before the start of the formal
session, the participants completed six practice trials to ensure that
they were familiar with the procedure. At the beginning of each test
block, the instruction “press the left mouse button to start the task”
was presented on the screen. In each trial, a white fixation symbol
(+) was displayed in the center of a gray background (visual field,
37.98%x21.0°) for 2,000 ms, followed by the presentation of 10
white-field circles (0.65 diameter) for 1,000 ms. Four filled circles
were highlighted blue and flickered three times for a total of 3s to
mark them as the targets. Thereafter, the target circles returned to
white so that no cue remained to discriminate them from the
untracked items (distractors). Next, the 10 filled circles moved in
random directions at a constant speed of 10°/s, with the movement
of each circle affected only by collisions (The dots changed their
directions randomly when they reached the edge of the screen
border. There were no extra constraints in the dots™ trajectories
hence there was the possibility that they crossing each other for an
instant). After 8s, the filled circles stopped moving. The participants
were instructed to identify the targets by pressing a mouse button
(Figure 1). Their responses also triggered the start of the next trial.
The tracking accuracy recorded with all other study data in
MATLAB R2016a (The Math Works).
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Statistical analysis

The statistical analyses were performed using SPSS 23.0. A
Univariate analysis of variance (UNIANOVA) was constructed with
sex (male and female) and group (basketball players, swimmers, and
college students) serving as independent variables and MOT task
tracking accuracy serving as the dependent variable. The simple
effects test was performed to identify any significant interaction and
simple comparisons followed by Bonferroni correction was used.
Effect sizes (Cohen’s f) were calculated; d =0.10 was considered to
represent a small effect, d =0.25 was considered to represent a
medium’ effect, and d =0.40 was considered to represent a large effect
P <0.05 was considered to be significant. The tracking accuracy was
calculated by determining the percentage of correctly selected targets
across all experimental times for each participant. For example, if a
participant identified all four targets 15 out of 30 times, the tracking
accuracy was 50%.

Results

The means and standard deviations of the tracking accuracy for
the groups of open skill sport and closed skill sport or college student
of both sex are shown in Figure 2. For the dependent variable of
tracking accuracy, our UNIANOVA results indicated significant main
effects for sex, F(1,126)=42.329, p <0.001, 5> =0.251 and for group,
F(2,126) =53.643, p <0.001, 175> =0.460 (see Table 1). Importantly, a
significant interaction was also observed between sex and group,
F(2,126)=7.874, p <0.001, 15" =0.111.

Further simple effects analyses showed that for sex, male
basketball athletes (M =0.52, SD=0.09) had significantly better
tracking accuracy than male swimming athletes (M =0.44, SD =0.08;
P <0.01, d=0.94) and then male college students (M =0.43, SD=0.08;
p <0.01, d =1.06). However, the difference in tracking accuracy
between male swimming athletes and college students failed to reach
statistical significance (p =0.26). An analysis by group revealed that
male swimmers (M =0.44, SD =0.08) had significantly better tracking
accuracy than female swimmers (M =0.33, SD=0.04; p <0.01,
d =1.73); similarly, the tracking accuracy among male college students
(M =0.43, SD=0.08) was significantly higher than among female
college students (M =0.30, SD=0.05; p <0.01, d =1.94). By contrast,
there was no significant difference in tracking accuracy between male
basketball athletes (M =0.52, SD =0.09) and female basketball athletes
(M =0.50, SD=0.08; see Table 2; Figure 2).

Discussion

The purpose of this study was to determine whether visual
attention as assessed in the MOT task by tracking accuracy
performance varied by type of sport (closed skill vs. open skill) or by
sex among first-level national athletes. The results provided evidence
to support our hypothesis that open skill athletes (in this case,
basketball players) exhibit performance on the MOT task superior to
closed skill athletes (swimmers) and to non-athletes (non-athletic
college students). However, there was no significant difference in
performance on the MOT task between swimmers and non-athletes.
The results of this study were also concordant with our hypothesis
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fixation
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preparation

press the left mouse button to start the test

FIGURE 1

Schematic diagram of the visual stimuli presented in one trial of the multiple object tracking task. Ten filled white circles are presented on the screen. In
each trial, four of the circles turn blue and flicker for 3s before turning back to white. The blue flickering circles indicate the targets for that trial. All 10
circles then move 10°/s for an 8-s tracking period. When the circles stop moving, the participants use a mouse to click over their choices for the target

response phase

tracking phase
8s

regarding sex in that significant sex differences in tracking accuracy
were observed for both the closed skill group and the non-athlete
group. As expected, in the open skill sport group, we did not detect a
difference between male basketball and female basketball players on
tracking accuracy on the MOT task, a finding that has been
little reported.

Regarding the differences by type of sport, we found that sport
type is closely linked to visual attention, with tracking accuracies on
the MOT task among basketball athletes being markedly better than
those in both the closed skill sport group and the non-athlete group.
A plausible explanation for this finding is that open skill athletes have
to monitor numerous changing stimuli and continuously shifting
positions to excel in their sport (Ong, 2017; Gokee et al., 2021). In
basketball, players have to allocate visual attention to track the targets
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circles.
TABLE 1 Univariate analysis of variance (UNIANOVA) results for between-
subjects effects.
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o - % & ? model
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5 0.2 . Intercept 23.504 1 23.504 4470.385 <0.001 0.973
©
S
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L 00\ Group 0.564 2 0.282 53.643 <0.001 0.46
.\\QQ \\QQ \96
o béé Q" Sex x group 0.083 2 0.041 7.874 0.001 | 0.111
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R & ° Error 0662 | 126 0.005
FIGURE 2 Total 25.036 132
Comparison of the tracking accuracy between groups. *p<0.05. Corrected 1.532 131
total

Dependent variable = tracking accuracy. *R2=0.568 (adjusted R2=0.550). SoS-1II, type III
sum of squares; df, degrees of freedom.

of the ball, teammates, and opponents while inhibiting irrelevant
information over time on the court. These tracking processes are
similar to those used in the MOT task. In comparison, because closed
skill sports take place in a predictable and relatively stable
environment, there are fewer cognitive activities required and fewer
demands on visual attention (Gu et al., 2019). Current evidence
suggests that an enriched environment, such as basketball training,
has positive effects on the brain (Qiu et al., 2019). Therefore, it is
reasonable to suggest that the superior performance of the basketball
players on tracking accuracy in the MOT task indicates that open skill
sports activities may improve visual attention. This conclusion aligns
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TABLE 2 Sex and group interactions.

Mean difference

10.3389/fpsyg.2023.1099254

95% CI

Lower limit

Upper limit

Open skill sport Male vs. Female 0.012 0.022 0.576 —0.031 0.056
Closed skill sport Male vs. Female 0.127% 0.022 <0.001 0.084 0.171
College student Male vs. Female 0.107* 0.022 <0.001 0.064 0.15

CI=confidence interval; SE, standard error.

Dependent variable = tracking accuracy. *The mean difference is significant at the.05 level. *Adjustment for multiple comparisons (least significant difference test, equivalent to no

adjustments).

with recent trends in research showing that open skill sports athletes
have better cognitive performance than closed skill sports athletes and
non-athletes (Mohammadi et al,, 2016; Holfelder et al., 2020).

We found no difference in the tracking accuracies between
swimming athletes and non-athletes, suggesting that closed skill
sports with low cognitive demands, such as aerobic exercise or
resistance training, yields no greater abilities in visual attention
(Diamond and Ling, 2019). The disagreement between our results and
the previous finding that the sport type is unrelated to MOT task
performance differences among handball players, track athletes, and
non-athletes (Memmert et al., 2009) may be related to the MOT task
structure. In the previous study, the MOT task had a lesser tracking
load, with 7 objects (3 targets and 4 distractors) used instead of the 10
objects used in our study, which may not have provided sufficient
sensitivity to detect a difference. It is also the reason why the tracking
accuracy is low in comparison to other studies. Another explanation
is that the object speed, in this study, the object speed is 10°/S, which
is faster than other studies (Zhang et al., 2021), the previous research
showed that tracking accuracy declines as object speed increases in
the MOT task (Ma and Flombaum, 2013). Taken together, our
findings extended those of previous studies and were consistent with
our hypothesis that open skill sports athletes would exhibit visual
attention as assessed in the MOT task superior to that of closed skill
sports athletes.

The present study also found that the differences of tracking
performance between male and female in the MOT task, with males
demonstrating tracking accuracy superior to that of females in
experimental groups. Our finding is consistent with existing research
assessing visual attention on a MOT task (Roudaia and Faubert, 2017).
Other studies using visual-spatial tasks (Notarnicola et al., 2014b),
Silverman et al. (2007) have also shown that males demonstrate
superior performance compared with females. This finding may
be attributable to asymmetry in brain structures and the percentages
of white vs. gray matter (Gur and Gur, 2017). Apart from potential
biological factors, a difference in opportunities to participate in
electronic video games and sports in daily life could result in the sex
effects observed in the MOT task (Green et al., 2010). Another reason
may be sociocultural environments; some findings have demonstrated
a relationship between sex differences and national indices of gender
equality for sustained attention (Riley et al., 2016; Roudaia and
Faubert, 2017). Our findings thus extend previous research and
further support the view that sex differences exist in visual attention.

We also found an interaction between group (open vs. closed
skill sports athletes vs. non-athletes) and sex in the present study.
A statistically significant sex difference was observed in tracking
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accuracy on the MOT task for the closed skill sport group
(swimmers), whereas male basketball players did not show
tracking accuracy performance superior to female basketball
players (open skill sport). As far as we know, only a few studies
have shown an absence of sex differences in visual attention
abilities among open skill sports athletes. One recent study
demonstrated that male basketball players did not exhibit better
tracking accuracy than women basketball players on the MOT
task (Jin and Fan, 2022). Two other studies also drew the same
conclusion although they used different designs to assess visual
attention in open skill sports athletes. One of those studies
reported that athletes of an open skill sport (volleyball) showed
no sex differences in the performance of a visual-spatial task
(Notarnicola et al., 2014b). The other study also failed to find a
statistically significant difference between female and male
volleyball athletes in visual selective attention (Alves et al., 2013).
A plausible explanation for these findings is that the athletes were
participating in sports in which the environmental conditions for
both men and women required similar perceptual skills (Mc Leod,
1987). Another possible explanation is that changes in hormone
levels among women undergoing such sports training appears to
get a higher advantage in related cognition function. Sex
hormones have been shown to have a strong impact on
performance in attention tasks (Hollinder et al., 2005). Another
study (Lord and Garrison, 1998) found that female basketball
athletes who showed a greater benefit compare with female
swimming and track athletes in spatial abilities had increased
androgen levels. These findings could explain why sex differences
only existed in the closed skill sports group, not in the open skill
sports group.

The current study is the first, to our knowledge, to show that the
sport type and sex affect visual tracking (MOT task) performance.
However, some limitations must be taken into consideration. The
main shortcoming was that the participating basketball players were
not representative of the whole open-skill sport population.
We recommend that future research be performed with athletes in
a wider range of open-skill sports, in particular individual sports
such as tennis and boxing. Furthermore, it is a cross-sectional
design, not a Randomized Controlled trial. It is impossible for our
study design to assign participants randomly, it is always possible
that females need not necessarily gain advantage from open sport;
maybe only those females with better MOT were able to remain in
the sport over the years. Therefore, a longitudinal studies are needed
to observe changes in open-and closed-skill athletes’ visual
attention abilities over time in the future study. Lastly, the small
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sample size limits the generalizability of our study. We did not reach
the sample size of 158 participants we expected, for the COVID-19
pandemic have made it difficult to recruit a larger number of
participants, future study design will consider increasing the sample
size to increasing the generalizability and validity of the results.

In conclusion, the current study demonstrates that open-skill
sports athletes have visual tracking accuracy superior to that of closed-
skill sport athletes and non-athletic college students on MOT task.
This finding indicates that the cognitive requirements of the sports
environment provided by open skill sports may transfer to enhanced
visual attention abilities. The present study also revealed a sex
difference in visual attention among non-athletes and among athletes
in a closed skills sport, highlighting the need to control for sex in
research comparing attentional tracking abilities across different
participant groups. Additionally, no difference in tracking accuracy
on the MOT task was found between female and male basketball
athletes, supporting the idea that training in open skill sports may
reduce sex differences in visual attention. These findings highlighting
the necessary to control for sex in researches comparing visual
tracking abilities in different participant groups, and also give sport
psychology practitioners and coaches clues to be used in identifying
athletes who might need to further improve this capacity.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of Shanghai University of Sport. The
patients/participants provided their written informed consent to
participate in this study.

References

Allen, R., Mcgeorge, P, Pearson, D., and Milne, A. B. (2004). Attention and expertise
in multiple target tracking. Appl. Cogn. Psychol. 18, 337-347. doi: 10.1002/acp.975

Alves, H., Voss, M. W,, Boot, W. R, Deslandes, A., Cossich, V., Salles, J. L, et al. (2013).
Perceptual-cognitive expertise in elite volleyball players. Front. Psychol. 4:36. doi:
10.3389/fpsyg.2013.00036

Cooper, S. B., Dring, K. J., Morris, J. G., Sunderland, C., Bandelow, S., and Nevill, M. E.
(2018). High intensity intermittent games-based activity and adolescents’ cognition:
moderating effect of physical fitness. BMC Public Health 18, 1-14. doi: 10.1186/
512889-018-5514-6

Cohen, J. (1992). Statistical power analysis. Curr. Dir. Psychol. Sci. 1, 98-101. doi:
10.1111/1467-8721.ep10768783

Coyne, J. O., Coutts, A. J., Newton, R. U,, and Haff, G. G. (2021). The influence of
mental fatigue on sessional ratings of perceived exertion in elite open and closed skill
sports athletes. J. Strength Cond. Res. 35, 963-969. doi: 10.1519/JSC.0000000000003980

Diamond, A., and Ling, D. S. (2019). Aerobic-exercise and resistance-training
interventions have been among the least effective ways to improve executive functions
of any method tried thus far. Dev. Cogn. Neurosci. 37:100572. doi: 10.1016/j.
den.2018.05.001

Faubert, J. (2013). Professional athletes have extraordinary skills for rapidly learning
complex and neutral dynamic visual scenes. Sci. Rep. 3, 1-3. doi: 10.1038/srep01154

Gallotta, M. C., Bonavolonta, V., Zimatore, G., Iazzoni, S., Guidetti, L., and Baldari, C.
(2020). Effects of open (racket) and closed (running) skill sports practice on

Frontiers in Psychology

10.3389/fpsyg.2023.1099254

Author contributions

PJ and Z-QZ: conceptualization. X-FZ: methodology and
supervision. PJ: writing—original draft. P] and X-FZ: writing—review
and editing. All authors contributed to the article and approved the
submitted version.

Acknowledgments

Many thanks to all the coaches, players, college students and other
staff members for their participation in the study. Our thanks also go
to Thressa Smith for his language assistance and editing of
the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1099254/
full#supplementary-material

Children’s attentional performance. Open Sports Sci. J. 13, 105-113. doi: 10.2174/
1875399X02013010105

Gokge, E., Giines, E., Ary, F, Hayme, S., and Nalgacy, E. (2021). Comparison of the
effects of open-and closed-skill exercise on cognition and peripheral proteins: a cross-
sectional study. PLoS One 16:¢0251907. doi: 10.1371/journal.pone.0251907

Green, C. S., and Bavelier, D. (2006). Enumeration versus multiple object tracking: the
case of action video game players. Cognition 101, 217-245. doi: 10.1016/j.cognition.
2005.10.004

Green, C. S,, Li, R, and Bavelier, D. (2010). Perceptual learning during action video
game playing. Top. Cogn. Sci. 2, 202-216. doi: 10.1111/j.1756-8765.2009.01054.x

Gu, Q,, Zou, L., Loprinzi, P, Quan, M., and Huang, T. (2019). Effects of open versus
closed skill exercise on cognitive function: a systematic review. Front. Psychol. 10:1707.
doi: 10.3389/fpsyg.2019.01707

Gur, R. C,, and Gur, R. E. (2017). Complementarity of sex differences in brain and
behavior: from laterality to multimodal neuroimaging. J. Neurosci. Res. 95, 189-199. doi:
10.1002/jnr.23830

Harris, D. J., Wilson, M. R., Crowe, E. M., and Vine, S. J. (2020). Examining the roles
of working memory and visual attention in multiple object tracking expertise. Cogn.
Process. 21, 209-222. doi: 10.1007/s10339-020-00954-y

Holfelder, B., Klotzbier, T. J., Eisele, M., and Schott, N. (2020). Hot and cool executive

function in elite-and amateur-adolescent athletes from open and closed skills sports.
Front. Psychol. 11:694. doi: 10.3389/fpsyg.2020.00694

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1099254
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1099254/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1099254/full#supplementary-material
https://doi.org/10.1002/acp.975
https://doi.org/10.3389/fpsyg.2013.00036
https://doi.org/10.1186/s12889-018-5514-6
https://doi.org/10.1186/s12889-018-5514-6
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1519/JSC.0000000000003980
https://doi.org/10.1016/j.dcn.2018.05.001
https://doi.org/10.1016/j.dcn.2018.05.001
https://doi.org/10.1038/srep01154
https://doi.org/10.2174/1875399X02013010105
https://doi.org/10.2174/1875399X02013010105
https://doi.org/10.1371/journal.pone.0251907
https://doi.org/10.1016/j.cognition.2005.10.004
https://doi.org/10.1016/j.cognition.2005.10.004
https://doi.org/10.1111/j.1756-8765.2009.01054.x
https://doi.org/10.3389/fpsyg.2019.01707
https://doi.org/10.1002/jnr.23830
https://doi.org/10.1007/s10339-020-00954-y
https://doi.org/10.3389/fpsyg.2020.00694

Jinetal.

Hollidnder, A., Hausmann, M., Hamm, J. P, and Corballis, M. C. (2005). Sex hormonal
modulation of hemispheric asymmetries in the attentional blink. J. Int. Neuropsychol.
Soc. 11, 263-272. doi: 10.1017/81355617705050319

Hiittermann, S., and Memmert, D. (2017). The attention window: a narrative review
of limitations and opportunities influencing the focus of attention. Res. Q. Exerc. Sport
88, 169-183. doi: 10.1080/02701367.2017.1293228

Jin, P, and Fan, M. T. (2022). Team ball sport experience minimizes sex difference in
visual attention. Front. Psychol. 13:987672. doi: 10.3389/fpsyg.2022.987672

Jin, P, Li, X., Ma, B., Guo, H., Zhang, Z., and Mao, L. (2020). Dynamic visual attention
characteristics and their relationship to match performance in skilled basketball players.
Peer] 8:€9803. doi: 10.7717/peerj.9803

Ke, L., Lanlan, Z., Jian, Z., and Jianing, W. (2021). Comparison of open-skill and
closed-skill exercises in improving the response inhibitory ability of the elderly: a
protocol for a randomised controlled clinical trial. BMJ Open 11:¢051966. doi: 10.1136/
bmjopen-2021-051966

Koch, P, and Krenn, B. (2021). Executive functions in elite athletes-comparing open-
skill and closed-skill sports and considering the role of athletes' past involvement in both
sport categories. Psychol. Sport Exerc. 55:101925. doi: 10.1016/j.psychsport.2021.101925

Legault, I, Sutterlin-Guindon, D., and Faubert, J. (2022). Perceptual cognitive abilities
in young athletes: a gender comparison. PLoS One 17:€0273607. doi: 10.1371/journal.
pone.0273607

Lord, T. R, and Garrison, J. (1998). Comparing spatial abilities of collegiate athletes
in different sports. Percept. Mot. Skills 86, 1016-1018. doi: 10.2466/pms.1998.86.3.101

Lum, J., Enns, J. T., and Pratt, J. (2002). Visual orienting in college athletes: explorations
of athlete type and gender. Res. Q. Exerc. Sport 73, 156-167. doi: 10.1080/02701367.
2002.10609004

Ma, Z., and Flombaum, J. I. (2013). Off to a bad start: uncertainty about the number
of targets at the onset of multiple object tracking. J. Exp. Psychol. Hum. Percept. Perform.
39, 1421-1432. doi: 10.1037/a0031353

Mangine, G. T., Hoffman, J. R., Wells, A. J., Gonzalez, A. M., Rogowski, J. P,
Townsend, J. R., et al. (2014). Visual tracking speed is related to basketball-specific
measures of performance in NBA players. J. Strength Cond. Res. 28, 2406-2414. doi:
10.1519/JSC.0000000000000550

Martin, A., Sfer, A. M., D'Urso Villar, M. A., and Barraza, J. E (2017). Position affects
performance in multiple-object tracking in rugby union players. Front. Psychol. 8:1494.
doi: 10.3389/fpsyg.2017.01494

Mc Leod, B. (1987). Sex, structured sport activity, and measurement of field
dependence. Percept. Mot. Skills 64, 452-454. doi: 10.2466/pms.1987.64.2.452

Memmert, D., Simons, D. J., and Grimme, T. (2009). The relationship between visual
attention and expertise in sports. Psychol. Sport Exerc. 10, 146-151. doi: 10.1016/j.
psychsport.2008.06.002

Merritt, P, Hirshman, E., Wharton, W., Stangl, B., Devlin, J., and Lenz, A. (2007).
Evidence for gender differences in visual selective attention. Personal. Individ. Differ. 43,
597-609. doi: 10.1016/j.paid.2007.01.016

Meyerhoft, H. S., and Papenmeier, F. (2020). Individual differences in visual attention:
a short, reliable, open-source, and multilingual test of multiple object tracking in
PsychoPy. Behav. Res. Methods 52, 2556-2566. doi: 10.3758/s13428-020-01413-4

Meyerhoff, H. S., Papenmeier, F,, and Huff, M. (2017). Studying visual attention using
the multiple object tracking paradigm: a tutorial review. Atten. Percept. Psychophysiol.
79, 1255-1274. doi: 10.3758/s13414-017-1338-1

Frontiers in Psychology

46

10.3389/fpsyg.2023.1099254

Mohammadi, N., Rostami, R., and Alborzi, M. (2016). Visual skills of the female
athletes in team and individual sports. Ann. Appl. Sport Sci. 4, 69-77. doi: 10.18869/
acadpub.aassjournal.4.4.69

Notarnicola, A., Maccagnano, G., Pesce, V., Tafuri, S., Novielli, G., and Moretti, B.
(2014a). Visual-spatial capacity: gender and sport differences in young volleyball and
tennis athletes and non-athletes. BMC. Res. Notes 7:57. doi: 10.1186/1756-0500-7-57

Notarnicola, A., Maccagnano, G., Pesce, V., Tafuri, S., Novielli, G., and Moretti, B.
(2014b). Visual-spatial capacity: gender and sport differences in young volleyball
and tennis athletes and non-athletes. BMC. Res. Notes 7, 1-5. doi: 10.1186/1756-
0500-7-57

Ong, N. (2017). Reactive stress tolerance in elite athletes: differences in gender, sport
type, and competitive level. Cognitie, Creier, Comportament/Cognition, Brain, Behavior
21, 189-202. doi: 10.24193/cbb.2017.21.11

Poulton, E. (1957). On prediction in skilled movements. Psychol. Bull. 54, 467-478.
doi: 10.1037/h0045515

Pylyshyn, Z. W,, and Storm, R. W. (1988). Tracking multiple independent targets:
evidence for a parallel tracking mechanism. Spat. Vis. 3, 179-197. doi: 10.1163/
156856888X00122

Qiu, E, Pi, Y, Liu, K., Li, X,, Zhang, J., and Wu, Y. (2018). Influence of sports expertise
level on attention in multiple object tracking. Peer] 6:€5732. doi: 10.7717/peerj.5732

Qiu, E, Pi, Y, Liu, K., Zhu, H,, Li, X., Zhang, ., et al. (2019). Neural efficiency in
basketball players is associated with bidirectional reductions in cortical activation and
deactivation during multiple-object tracking task performance. Biol. Psychol. 144, 28-36.
doi: 10.1016/j.biopsycho.2019.03.008

Riley, E., Okabe, H., Germine, L., Wilmer, J., Esterman, M., and DeGutis, J. (2016).
Gender differences in sustained attentional control relate to gender inequality across
countries. PLoS One 11:¢0165100. doi: 10.1371/journal.pone.0165100

Roudaia, E., and Faubert, J. (2017). Different effects of aging and gender on the
temporal resolution in attentional tracking. J. Vis. 17:1. doi: 10.1167/17.11.1

Silverman, I., Choi, J., and Peters, M. (2007). The hunter-gatherer theory of sex
differences in spatial abilities: data from 40 countries. Arch. Sex. Behav. 36, 261-268. doi:
10.1007/s10508-006-9168-6

Tsai, C.-L., Wang, C.-H., Pan, C.-Y,, Chen, E-C., Huang, S.-Y., and Tseng, Y.-T. (2016).
The effects of different exercise types on visuospatial attention in the elderly. Psychol.
Sport Exerc. 26, 130-138. doi: 10.1016/j.psychsport.2016.06.013

Voss, M. W,, Kramer, A. E, Basak, C., Prakash, R. S., and Roberts, B. (2010). Are expert
athletes ‘expert’in the cognitive laboratory? A meta-analytic review of cognition and
sport expertise. Appl. Cogn. Psychol. 24, 812-826. doi: 10.1002/acp.1588

Walsh, V. (2014). Is sport the brain’s biggest challenge? Curr. Biol. 24, R859-R860. doi:
10.1016/j.cub.2014.08.003

Wang, C.-H., Chang, C.-C,, Liang, Y.-M., Shih, C.-M., Chiu, W.-S,, Tseng, P, et al.
(2013). Open vs. closed skill sports and the modulation of inhibitory control. PLoS One
8:¢55773. doi: 10.1371/journal.pone.0055773

Zari¢, 1., Dopsaj, M., and Markovi¢, M. (2018). Match performance in young female
basketball players: relationship with laboratory and field tests. Int. J. Perform. Anal. Sport
18, 90-103. doi: 10.1080/24748668.2018.1452109

Zhang, Y., Lu, Y., Wang, D., Zhou, C., and Xu, C. (2021). Relationship between
individual alpha peak frequency and attentional performance in a multiple object
tracking task among ice-hockey players. PLoS One 16:€0251443. doi: 10.1371/journal.
pone.0251443

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1099254
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1017/S1355617705050319
https://doi.org/10.1080/02701367.2017.1293228
https://doi.org/10.3389/fpsyg.2022.987672
https://doi.org/10.7717/peerj.9803
https://doi.org/10.1136/bmjopen-2021-051966
https://doi.org/10.1136/bmjopen-2021-051966
https://doi.org/10.1016/j.psychsport.2021.101925
https://doi.org/10.1371/journal.pone.0273607
https://doi.org/10.1371/journal.pone.0273607
https://doi.org/10.2466/pms.1998.86.3.101
https://doi.org/10.1080/02701367.2002.10609004
https://doi.org/10.1080/02701367.2002.10609004
https://doi.org/10.1037/a0031353
https://doi.org/10.1519/JSC.0000000000000550
https://doi.org/10.3389/fpsyg.2017.01494
https://doi.org/10.2466/pms.1987.64.2.452
https://doi.org/10.1016/j.psychsport.2008.06.002
https://doi.org/10.1016/j.psychsport.2008.06.002
https://doi.org/10.1016/j.paid.2007.01.016
https://doi.org/10.3758/s13428-020-01413-4
https://doi.org/10.3758/s13414-017-1338-1
https://doi.org/10.18869/acadpub.aassjournal.4.4.69
https://doi.org/10.18869/acadpub.aassjournal.4.4.69
https://doi.org/10.1186/1756-0500-7-57
https://doi.org/10.1186/1756-0500-7-57
https://doi.org/10.1186/1756-0500-7-57
https://doi.org/10.24193/cbb.2017.21.11
https://doi.org/10.1037/h0045515
https://doi.org/10.1163/156856888X00122
https://doi.org/10.1163/156856888X00122
https://doi.org/10.7717/peerj.5732
https://doi.org/10.1016/j.biopsycho.2019.03.008
https://doi.org/10.1371/journal.pone.0165100
https://doi.org/10.1167/17.11.1
https://doi.org/10.1007/s10508-006-9168-6
https://doi.org/10.1016/j.psychsport.2016.06.013
https://doi.org/10.1002/acp.1588
https://doi.org/10.1016/j.cub.2014.08.003
https://doi.org/10.1371/journal.pone.0055773
https://doi.org/10.1080/24748668.2018.1452109
https://doi.org/10.1371/journal.pone.0251443
https://doi.org/10.1371/journal.pone.0251443

& frontiers

@ Check for updates

OPEN ACCESS

Chong Chen,
Yamaguchi University Graduate School of
Medicine, Japan

Md. Dilsad Ahmed,

Prince Mohammad bin Fahd University,
Saudi Arabia

Nadhir Hammami,

University of Jendouba,

Tunisia

Jiazhi Sheng,

School of Sports and Physical Education,
China

Majed M. Alhumaid
malhumaid@kfu.edu.sa

These authors have contributed equally to this
work

This article was submitted to

Movement Science and Sport Psychology,
a section of the journal

Frontiers in Psychology

23 November 2022
06 February 2023
23 February 2023

Alhumaid MM and Said MA (2023) Increased

physical activity, higher educational attainment,

and the use of mobility aid are associated with
self-esteem in people with physical disabilities.
Front. Psychol. 14:1072709.

doi: 10.3389/fpsyg.2023.1072709

© 2023 Alhumaid and Said. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Psychology

Frontiers in Psychology

Original Research
23 February 2023
10.3389/fpsyg.2023.1072709

Increased physical activity, higher
educational attainment, and the
use of mobility aid are associated
with self-esteem in people with
physical disabilities

Majed M. Alhumaid ®'*' and Mohamed Ahmed Said®* 2!

!Department of Physical Education, College of Education, King Faisal University, Al-Ahsa, Saudi Arabia,
2Higher Institute of Sport and Physical Education of Kef, University of Jandouba, Jendouba, Tunisia

Background: High self-esteem can help people with disabilities overcome barriers
and improve their mental health and well-being. This study sought to examine
self-esteem levels among Saudis with physical disabilities based on socio-
economic factors. It also aimed to determine the minimum weekly duration of
physical activity performed by participants and examine its effects, along with
those of other socio-economic factors, on participants’ self-esteem.

Methods: A participant sample (N=582) consisting of Saudi individuals aged
33.78+9.81years with physical disabilities (males, n=289; females, n=293) was
recruited to participate in this study. Levels of self-esteem were measured using
the Arabic version of the Rosenberg Self-Esteem Scale.

Results: Compared to women, men demonstrated significantly higher levels
of overall self-esteem, positive feelings, and negative feelings (p<0.01). The
respondents’ average levels of overall self-esteem (p<0.001), positive feelings
(p<0.01), and negative feelings (p<0.001) also varied by type of physical disability.
Wheelchair-using participants had the highest values for self-esteem and positive
feelings; cane-using participants or those who did not use mobility aids had the
lowest values. Weighted least squares regression showed that weekly physical
activity was the factor that most affected self-esteem (=0.002), followed by
education level (=0.115), then type of mobility device used (8=-0.07).

Conclusion: Increased weekly physical activity, higher education levels, and the
use of mobility aids were the factors likely to improve the self-esteem of Saudis
with physical disabilities.

quality of life, educational level, assistive devices, multiple sclerosis, cerebral palsy,
physical activity

Introduction

A disability is a condition or function that is considered to be significantly reduced from the
usual norm for an individual or group. The term is used to refer to a person’ ability to function
and includes physical, sensory, cognitive, and mental disorders, as well as mental illness and
various types of chronic disease (Disabled World, 2022). The World Health Organization (2021)
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stated that people with disabilities face barriers, stigma, and
discrimination when accessing health and related services and
strategies. These barriers often prevent people with disabilities from
fully and effectively participating in society on an equal basis with
others (Howard et al., 2022).

Up-to-date statistics indicate that in Saudi Arabia, the overall
prevalence of disability was around 7.1%, of which 3.9% are affected
by physical disabilities. These rates are expected to increase due to the
continued increase in health risk factors such as obesity, physical
inactivity, road accidents, and chronic diseases (Zahra et al., 2022).
People with physical disabilities are sometimes stigmatized by their
families, excluded from social gatherings, and sometimes are not
authorized to receive family visits. The family perspective is based on
simple notions of disability including helplessness, lifelong
dependence, home isolation, poor quality oflife, etc. (Al-Jadid, 2013).

High self-esteem (SE) can help people with disabilities overcome
these barriers, simplify their daily lives, and improve their mental
health and well-being. SE is usually defined as “the extent to which one
prizes, values, approves, or likes oneself” or “the overall affective
evaluation of one’s own worth, value, or importance” (Blascovich and
Tomalka, 1991, p. 115). The benefits of high SE fall into two categories:
increased initiative and pleasant feelings. People with high SE report
that they are more likable, more attractive, have better relationships,
and make a better impression on others than people with low
SE. Conversely, low SE is associated with anxiety, depression, suicide,
alcoholism, aggression, antisocial behaviors, and criminality (Serafin
etal., 2022).

Self-esteem in people with disabilities can be mediated and
moderated by several factors, including the occurrence of SE (Ekeland
etal., 2005), perceived stigma and social relationships (Zhang et al.,
2014), socioeconomic status (Twenge and Campbell, 2002), and
support from family members or others (Stark et al., 2017). In a
literature review on gender and age differences in SE, Bleidorn et al.
(2016) reported that men generally had significantly higher levels of
SE than women. However, despite the huge gender differences in SE,
men and women often follow similar life trajectories. For both sexes,
SE is relatively high during childhood, declines during adolescence,
increases gradually throughout adulthood, and then declines in old
2013). Thus,

age (Trzesniewski et al, we propose the

following hypothesis:

H1Ia: Saudis with physical disabilities generally report lower levels
of SE and men report significantly higher levels of SE than women.

H1b: The level of SE of people with physical disabilities depends
on their age.

Relevant studies have also shown that physical activity (PA) has
many positive effects on the SE of people with disabilities as mobility
and exercise improve a person’s fitness and performance (Nemcek,
2017). However, the extant literature indicates poor adherence to the
prescription of PA among those with disabilities (Maynou et al.,
2021). Liu et al’s (2015) systematic review and meta-analysis
identified that PA-based interventions were associated with
significant improvements in overall personal achievement, self-
concept, and SE. The authors also revealed that PA-based
interventions are potentially important in mediating the effect of PA
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on SE and that such interventions produce more beneficial outcomes
in school and gymnasium settings compared to other contexts. Ahn
et al. (2021) also revealed that participation in sports activities
increases the SE of individuals with disabilities, may help them
overcome feelings of pain or sadness, and can positively influence
their acceptance of their disability. Jung et al. (2022), in a four-year
follow-up study assessing the impact of disability acceptance on SE
in adults with disabilities, reported that uncompromising people
with disabilities had reduced disability acceptance; moreover, when
self-denial was maximized, there was a pathological risk of
depression and suicide. It can also be accompanied by the social
risks of selfish behavior and aggression. Therefore, it is necessary to
care for people with disabilities to ensure that they have high SE by
healthily accepting their disability, not only individually but also
socially. Thus, we propose the following hypothesis:

H2a: A greater amount of weekly PA is associated with a higher
level of SE in participants with physical disabilities.

The literature also indicates that there is a significant and mostly
positive relationship between SE and education level (Zhao et al,
2021; Al Awaji et al., 2022). However, Vialle et al’s (2005) study on the
relationship between SE and the achievement of gifted students is at
odds with this assertion: It reported that there is no significant
difference in SE between gifted and non-gifted students. Besides, the
study found no relationship between SE and academic performance
in the gifted group. Studies have also shown that SE is strongly linked
to opportunities to make meaningful decisions (Nemcek et al., 2014;
Sandjojo etal,, 2019). A greater level of independence has been related
to increased feelings of happiness and satisfaction and a higher quality
of life (Sandjojo et al., 2019). An independent person is usually
someone who has high levels of SE and self-worth. Independence is
essential in life and plays a substantial role in what a person achieves
in school, work, and relationships. This leads to a sense of
accomplishment that will improve how they view themselves. Le
Breton (2004) argues that risky behaviors may have benefits because
they are associated with the development of autonomy and survival
without the benefit of parental protection. It can also be argued that
risky behaviors can promote autonomy in adolescence and are
believed to help in forming an identity. Thus, we propose the
following hypothesis:

H2b: Higher education level positively modulates SE among
Saudis with physical disabilities.

Assistive devices are also widely regarded as powerful tools for
increasing the independence of people with disabilities while
simultaneously allowing them to participate in PAs and all tasks of
daily living (Brown et al., 2011). By definition, assistive devices refer
to products whose primary purpose is to support the functioning and
independence of individuals with disabilities to promote their
academic, social, and physical well-being (VcNicholl et al., 2021).
According to these authors, inadequate assistive device training, the
inadequacy of assistive devices, the availability of external support,
and the challenge of negotiating multiple sources of information can
impede the effective use of assistive devices and thus limit individuals’
engagement in the higher education environment. Therefore, choosing
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the right assistive device is the key to effective assistance in all of these
activities. Tamakloe and Agbenyega (2017) argued that assistive
devices if used effectively, could create a positive environment for the
independence and development of people with disabilities. Assistive
devices allow people with disabilities to overcome their weaknesses by
increasing the strength needed to reach their potential and improving
their motivation (Robitaille, 2010). Although several studies indicate
that technical assistance can improve the quality of life of people with
disabilities, much less is said about the potential of everyday technical
assistance to promote SE for these individuals (Nemcek, 2021; Howard
et al., 2022). This is a major omission, as assistive devices enable
people to be more independent and engaged in PA through a wide
range of participation, from observation to practice (Bryant and
Bryant, 2011). Referring to the studies described above, we expect the
following hypotheses:

H2c: Mobility assistance correlates with SE in people with
physical disabilities.

H2d: The type of physical disability affects SE in people with
physical disabilities.

This study sought to examine SE levels among Saudis with
physical disabilities based on socio-economic factors such as gender,
age, education level, type of physical disability, and the use of mobility
aids. It also aimed to determine the minimum weekly duration of PA
performed by participants and examine its effects, along with those of
other socio-economic factors, on participants’ SE.

Materials and methods
Participants and procedure

The Arabic version of the Rosenberg Self-Esteem Scale (RSES)
(Rosenberg, 1965) was used to examine the SE of people with physical
disabilities in Saudi Arabia. This version was previously translated
from English by ALAhmari et al. (2019), and our research group
studied its validity and reliability in a group of volunteer participants
with disabilities (N =30). The construct validity was assessed using
exploratory factor analysis and principal component analysis, while
the reliability was assessed by Cronbach’s alpha. An electronic copy
was then distributed through emails sent to representatives of the
Association of Motor Disabled for Adult Mobility, located in the city
of Riyadh, which caters to all Saudi people with physical disabilities.
Some participants were also invited to participate in our study. Each
email contained a Google Form link that led to a page with details
about the study’s objectives and instructions for participants. All
participants voluntarily participated in the study, and informed
consent was obtained by asking participants to click on the
questionnaire to begin. Participants were informed that the
questionnaire would take approximately 10min to complete.
The results were then uploaded (N =645) and checked for accuracy,
and incomplete or disputed questionnaires were discarded (1 =63). In
total, the results from 582 participants (289 males and 293 females)
aged 18-59years were stored and analyzed. Ethical approval was
granted by the Research Ethics Board of King Faisal University,
Saudi Arabia (KFU-REC-2021-DEC-EA000307).
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Reliability and validity of the Arabic version of the
Rosenberg self-esteem scale

The analysis revealed two factors in the Arabic version of the
RSES: (1) Factor 1, which included Items 1, 3, 4, 7, and 10, labeled as
positive feelings, and (2) Factor 2, which included Items 2, 5, 6, and 9,
labeled as negative feelings. The eighth item was removed because its
load factor was <0.30, whereas the remaining nine items achieved an
acceptable item-to-total correlation. The positive factor alone
explained 27.70% of the total variance; however, combined with the
second factor, it indicated a cumulative eigenvalue of approximately
53.5% of the total variance, indicating good validity of the scale.
Cronbach’s alpha was then calculated separately for the two factors
and combined. The respective values were 0.79, 0.77, and 0.83, which
indicated good reliability of the Arabic version of the RSES. Therefore,
the validity and traceability were met, and the Arabic RSES was a
reliable and valid measure of the SE of people with physical disabilities.

Measures

Sociodemographic factors and weekly physical
activity

The demographic form was used to collect data on age, gender,
educational level, type of physical disability, type of physical assistive
device used, PA participation in units/week, and daily PA duration in
minutes/unit. The last two items were measured on a 4-point Likert
scale based on responses to two questions indicating whether or not
the participant engaged in physical activity/exercise. The first question
asked about the number of days per week, while the second question
asked about the duration of PA in minutes per session. The responses
were used to calculate the minimum weekly PA time in minutes by
multiplying the lowest reported number of sessions performed per
week by the lowest reported time in minutes per session (Strath et al.,
2013). The scoring method used distinguished 4 levels of weekly
physical practice by adding four times the product of the range
divided by four to zero (<50 min/week, from 50 to <100 min/week,
from 100 to <150 min/week, and > 150 min/week). The Cronbach’s
alpha value of this study was 0.661 indicating an acceptable level of
reliability (Taber, 2018).

Assessment of the level of self-esteem

The Arabic version of the RSES whose validity and reliability have
been previously verified was used. RSES is a 10-point scale that
measures overall SE by measuring positive and negative feelings about
oneself. The scale is meant to be uni-dimensional and all questions are
answered on a 4-point Likert-type scale ranging from “strongly agree”
(4 points) to “strongly disagree” (1 point) for items 1, 3, 4, 7, and 10
and vice versa (4 points for “strongly disagree” and 1 point for
“strongly agree”) for items 2, 5, 6, 8, and 9. The RSES results have been
interpreted differently in previous studies (Ryszewska-Labedzka et al,,
2022). In our study, we used the following scoring: the sum of all
answers divided by 10 is taken as the participant’s score differentiated
into 4 levels by adding four times the product of the range divided by
four to one: scores of 1.0-1.75 indicate low SE; scores of 1.76-2.50
indicate moderate SE; scores of 2.51-3.25 indicate high SE; and scores
of 3.26-4.0 indicate very high SE. The 10 statements of the
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questionnaire are as follows: (1) In general, I am satisfied with myself;
(2) Sometimes I think I'm no good at all; (3) I feel that I have several
good qualities; (4) I can do things as well as most people; (5) I feel that
I do not have much to be proud of; (6) I feel useless sometimes; (7)
I feel like a person of value, and that I am at least on an equal footing
with others; (8) I wish I had more respect for myself; (9) In general,
I tend to feel like a failure; and (10) I have a positive attitude
toward myself.

Statistical analysis

The first objective of the research was addressed by calculating
the mean and standard deviation of the components of the RSES
based on socioeconomic factors. The normality of the data
distribution was tested using the Kolmogorov-Smirnov test, which
found nonnormal distributions for all dependent variables. Data
were compared using the Mann-Whitney nonparametric U test and
the Kruskal-Wallis test. The second objective of the research was
analyzed using weighted least squares (WLS) regression to deal with
inefficiency-based problems due to biased estimates and standard
errors resulting from unequal variance observed (violation of
homoscedasticity; Akari and Giindogdu, 2013). The linear regression
assumptions were examined by examining the scatterplots of the
matrix, the normality of the residuals, the relationship between all
the independent variables, and the variance inflation factor values.
These were obtained by regression analysis with the SE score as the
dependent variable. The residuals were normally distributed
according to the results of the Kolmogorov-Smirnov test, and the
highest variance inflation factor value was 1.266; therefore,
multicollinearity was ruled out. Finally, the independent variables
were not strongly correlated with each other; therefore, the linearity
of the data was checked. Statistical analysis was performed with SPSS
26 (IBM, United States) using a significance level of p <0.05.

Results
Demographic data

A total of 582 Saudi participants with physical disabilities
completed the RSES questionnaire, and their data were stored and
analyzed. There were 289 men (49.66%) and 293 women (50.34%)
between the ages of 18 and 59 (33.78 £9.81years), including 276
participants (47.42%) aged 18-31, 208 participants (35.74%) aged
32-45, and 98 participants (16.84%) aged 46-59. A total of 133 of the
participants (22.85%) did not use mobility aids; however, 449
participants (77.15%) used mobility assistive devices, including 335
who used wheelchairs, 55 who used crutches, and 38 who used canes.
Most of the participants (71.65%) reported having a secondary school
diploma (36.08%) or university-level degree and above (35.57%),
while the remainder had a primary (14.09%) or intermediate (14.26%)
degree. Approximately 46% of the respondents also reported having
types of physical disabilities other than those listed in the questionnaire
(Others); however, polio was the most prevalent disability across the
study population (23.02%), followed by cerebral palsy, spinal diseases,
progressive muscular dystrophy, and multiple sclerosis, with
prevalence values of 9.8, 9.28, 8.93, and 3.44%, respectively.
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Self-esteem levels among participants with
physical disabilities

Table 1 illustrates the SE levels of participants with disabilities
stratified by the category of each independent variable. The results
showed that the participants reported moderate overall SE
(2.997 £0.516) levels, with moderately high positive feelings and low
negative feelings. The participants’ average SE levels on the positive
feelings factor was 3.22+0.57, while the mean SE level related to the
negative feelings factor was 3.01+£0.72. Compared to female
participants, male participants reported significantly higher levels of
overall SE, positive feelings, and negative feelings (p <0.01 for all).
Regarding the participants’ levels of education, the data showed that
those who reported the lowest level of education (primary school) also
reported the lowest levels of SE, positive feelings, and negative feelings
(p <0.01 for the intermediate level; p <0.001 for the rest). No
significant difference was found among the other groups stratified by
level of education. The respondents’ average levels of overall SE
(p <0.001), positive feelings (p <0.01), and negative feelings (p <0.001)
also varied by type of physical disability. The lowest values were
observed in participants with multiple sclerosis and, to a lesser extent,
in those with cerebral palsy; however, the highest values were noted
in participants with poliomyelitis (Table 1). Importantly, significant
differences (p <0.001) were observed when comparing the positive
feelings factor and the total scale among participants stratified by the
type of mobility aid used. Participants using wheelchairs had the
highest values of SE and positive feelings, while those using canes or
those who did not use mobility aids had the lowest values. The levels
of negative feelings did not differ significantly among groups stratified
by the type of mobility assistive device used.

Physical activity levels according to
sociodemographic variables

Figure 1 shows the total PA level and its subdomains. The level of
PA in men was statistically higher than that in women (Kruskal-
Wallis test, p <0.001). A significantly shorter PA duration was also
observed in the group of participants with a primary education level
compared to the other three groups stratified by level of education
(p <0.001). No significant differences were noted between groups
stratified by age category or by type of disability (Figure 1). However,
multiple comparisons showed that participants using crutches as
physical assistive devices were significantly more active than those
using wheelchairs (p <0.01) and those who did not use mobility aids
(p <0.001).

Self-esteem at different levels of physical
activity

According to the World Health Organization’s (2020) PA
recommendations for adults with disabilities, only 13.23% of the
surveyed population achieved the required weekly amount of PA
(150-300 min/week; Figure 2). However, 74.91% of the participants
reported practicing PA for less than 50 min/week, 8.25% reported
practicing PA for 50 to <100 min/week, and 3.61% reported practicing
PA for 100 to <150 min/week. The data also showed that participants
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TABLE 1 Exploring the overall self-esteem and positive and negative feelings scores for independent variables (N=582).

Positive Negative feelings Self-esteem
feelings score score
score
Age (years) KW
1 18-31 276 3.25(0.58) 3.819 NS 2.96 (0.77) 3.577 NS 2.98 (0.55) 1.915 NS
2 32-45 208 3.15(0.57) 3.04 (0.66) 2.98 (0.48)
3 46-59 98 3.24 (0.54) 3.11 (0.66) 3.06 (0.49)
Gender ™
Male 289 328(0.57) | —2.615  0.009 3.11 (0.76) -3.778 | 0.001 3.06 (0.51) -3.097  0.002
Female 293 3.15(0.57) 2.92 (0.66) 2.94(0.51)
Educational level*"
1 Primary 82 2.96 (0.59) 19.939 0.001 2.72 (0.63)dd, 111,066 21.168 0.001 2.76 23.055 0.001
&, 17T, 006 (0.50), 11,0
2 Intermediate 83 3.21 (0.44) 3.00 (0.56) 2.97 (0.36)
3 Secondary 210 3.22(0.63) 3.08 (0.79) 3.02 (0.56)
4 University level and 207 3.30 (0.52) 3.07 (0.70) 3.08 (0.50)
above
Type of physical disability*"
1 Cerebral palsy 57 3.05 17.584 0.004 2.78 (0.69) &4, 44,9 40.801 0.001 2.78 35.527 0.001
(0.63)04.9 (0.56) 84,4 44,99
2 Spinal disease 54 3.21(0.57) 3.13(0.58) 3.09 (0.50)
3 Progressive muscular 52 3.10 (0.60) 2.84(0.73) 2.89 (0.49) &, ¢ ¢
dystrophy
4 Sclerosis multiplex 20 2.87 (0.55) 2.51 (0.39) b, 7,06 4,99 2.65
899 (0.31)8. 404,99
5 Poliomyelitis 134 | 3.32(0.49) 3.25 (0.68)111,9¢ 3.13 (0.45)9
i)
6 Others 265 3.24(0.58) 2.99 (0.74) 3.00 (0.53)
Mobility assistive device®"
1 With Wheelchair 356 3.23(0.58) 1.983 NS 3.13 (0.65)1 1,066 24.014 0.001 3.05 (0.52) 11,046 17.769 0.001
2 Crutches 55 3.19 (0.50) 3.01 (0.83)& 2.99 (0.55)
3 Cane 38 3.15(0.62) 2.74 (0.76) 2.86 (0.43)
4 Without 133 3.18 (0.56) 2.80 (0.77) 2.89 (0.51)
(independent)

MWThe Mann-Whitney U Test was used; <" The Kruskal-Wallis Test was used. Z/H, Z score or H-Value. % <0.05, #& <0.01, & <0.001 differs from subgroup 2; +<0.05, +1<0.01, +1+<0.001
differs from subgroup 3; #<0.05, ##<0.01, #éa <0.001 differs from subgroup 4; 4 <0.05, ¢4 <0.01, 44 <0.001 differs from subgroup 5; §<0.05, €9 <0.01, §4¢ <0.001 differs from

subgroup 6.

who were physically active for less than 50 min/week had the lowest
levels of SE and positive and negative feelings. No significant
differences were observed among the other groups (Figures 3A-C).

Predictors of self-esteem

Weighted least squares regression showed that a significant
regression pattern was identified among participants with physical
disabilities, with r-squared values of 0.138 for positive feelings,
0.143 for negative feelings, and 0.161 for overall SE (Table 2).
Therefore, the regression analysis results indicated that the
independent variables accounted for 13.8, 14.3, and 16.1% of the
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variation in the SE levels of the participants for the positive
feelings factor, negative feelings factor, and the total scale,
respectively. Variance inflation factor values varied between 1.041
and 1.33 for all predictors, indicating a lack of collinearity in the
results and therefore sufficient statistical significance. Of note,
age, gender, and disability type were not labeled as potential
covariates and were considered regressors of overall SE, positive
feelings, and negative feelings. This is due to the lack of correlation
(or weak correlation) observed between these variables and the
dependent variables, and the negligible effects of these parameters
on the regression results. Indeed, the WLS was calculated four
consecutive times for each dependent variable and each time
gender, age, or disability type was subtracted with no noticeable
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FIGURE 1
Weekly physical activity levels according to sociodemographic variables in Saudi participants with physical disabilities (N=582). PA, physical activity.
***<0.001 differs from subgroup 1; ##<0.01, #&&<0.001 differs from subgroup 2; t11<0.001 differs from subgroup 3; a##<0.001 differs from
subgroup 4.

change in the association of the other regressors with the
dependent variables (Supplementary Material).

Table 2 shows the extent, direction, and strength of the
relationships between individual predictors and levels of overall SE,
positive feelings, and negative feelings in the overall sample. Note that
the scores for the items related to negative feelings were reversed
during data processing. Weekly PA, as the first predictor of positive
beta scores, suggested that participants with physical disabilities could
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increase their levels of SE and its two related subdomains (positive
feelings factor and negative feelings factor) by increasing their amount
of weekly PA. The f values were 0.002 for all groups. Educational level
(f =0.115; p <0.001), as the second predictor that achieved positive
beta scores, suggested that participants with higher levels of education
had higher levels for SE and its subdomains. The type of physical
disability was the third factor that positively impacted SE and the
magnitude of positive and negative feelings, suggesting that
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Exploration of weekly physical activity duration in Saudi participants with physical disabilities (N=582).
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participants with polio had the highest SE, while those with sclerosis
multiplex and cerebral palsy had the lowest. The values of f were
0.029, 0.033, and 0.029, respectively. The type of mobility aid used also
had an impact on SE but returned only negative feelings. The f§ scores
were —0.07 and —0.153, respectively, indicating that participants who
used wheelchairs had the highest levels of SE and negative feelings;
however, those who used canes or did not use mobility aids had the
lowest scores.

Discussion

The purpose of this study was to examine the levels of SE among
Saudis with physical disabilities and, at the same time, to select and
highlight the factors that most enhance positive feelings and overall
SE and reduce negative feelings. The results showed that Saudis with
physical disabilities reported moderate overall SE, with significant
inferiority among women compared to men and among participants
with primary education compared to those with higher levels of
education. There was no effect of age on the participants’ SE. Extensive
research has identified that gender and age have clear effects on the
level of SE (Bleidorn et al., 2016). Regardless of cohort, sample, or
measure, men tend to have higher SE than women, and regardless of
gender, all individuals show an increase in SE from late adolescence
to middle adulthood before it narrows in old age. The reported effect
size is almost the same at all life stages, varying from low to moderate,
except in adolescence where it tends to increase slightly. These two
effects are now considered the most established findings in the SE
literature (Trzesniewski et al., 2013; Orth and Robins, 2014). These
studies also suggest that gender differences are determined, at least in
part, by universal mechanisms that reflect both universal sociocultural

Frontiers in Psychology

53

factors and genetic biological processes that transcend culture and
context (Gao et al., 2020; Liu, 2022). Moderate global SE, which was
slightly higher than that in our study [2.997 (0.516) vs. 3.14 (0.56)],
was also reported in 292 Saudi people with disabilities, with a clear
male superiority over females. Narimani and Mousazadeh (2010) also
reported lower SE scores in people with physical disabilities than in
those without disabilities and in men than in women. Heydari et al.
(2009), examining SE levels between students with and without
disabilities, found that SE and life satisfaction were lower in people
with physical disabilities than in those without physical disabilities.
Nemcek (2016) also confirmed lower SE in a group of sedentary
people with disabilities compared to a comparable group of healthy
people. However, contrary to our results, this author surveyed people
with different types of disabilities and found no significant gender
differences in SE scores, but the mean scores showed higher SE in
females than in males (Nemcek, 2013).

The lower levels of SE in people with disabilities can be explained
by noting that body limb defects and injuries are important
determining factors in the structure of human personality, so scientists
know that self-depreciation is a consequence of personality defects
and disorders. Therefore, based on Adler’s psychological principles,
any factor that robs a person of their pride and SE can be a major
factor causing senseless emotions. Such a factor can turn a person into
a mentally ill and insane person. These results show that SE is lower
in people with disabilities (Narimani and Mousazadeh, 2010).
Regarding gender differences, Twenge and Campbell (2002) suggested
that one reason for the differences between men and women is that
women’s participation in forced labor has increased significantly over
time. While women have increasingly pursued professional careers in
recent decades, the changes for men during this time have been more
subtle. Men’s participation in the labor force has not changed, so they
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Levels of overall self-esteem (A) and positive (B) and negative (C) feelings according to the weekly physical activity level in Saudi participants with
physical disabilities (N=582). *<0.05, **<0.01, ***<0.001 differs from subgroup 1.

no longer dominate occupations as they used to. In addition, men  roles have increased the psychological centrality of socioeconomic
have given up the role of breadwinner, as fewer and fewer men are  status to women’s SE and decreased it for men’s SE. It is important to
solely responsible for supporting their families. These shifts in gender ~ note that only beginning in 2017 were Saudi women allowed to drive
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TABLE 2 Weighted least squares regression models for the effect of sociodemographic factors and weekly physical activity on the levels of overall self-
esteem and positive and negative feelings among Saudi participants with physical disabilities (N=582).

Unstandardized 95.0% Cl for g
coefficients
p Std. error Lower Upper
bound bound

Overall self- (Constant) 2.498 0.144 0.161 17.328 0.001 2.215 2.781

esteem Gender 0.011 0.045 0.256 NS —0.076 0.099 1.306
Age (years) 0.002 0.002 0.978 NS —0.002 0.006 1.159
Type of physical 0.029 0.012 2.469 0.014 0.006 0.052 1.041
disability
Educational level 0.115 0.019 5,908 0.001 0.077 0.153 1.096
Mobility assistive —0.07 0.016 -4.39 0.001 —0.101 —0.038 L111
device
Weekly Physical 0.002 0.000 6.162 0.001 0.001 0.002 1213
Activity

Positive (Constant) 2.883 0.163 0.138 17.671 0.001 2.563 3.204

feelings Gender —0.015 0.051 ~0.306 NS —0.115 0.084 133
Age (years) —0.003 0.002 -1.232 NS —0.008 0.002 1.141
Type of physical 0.029 0.013 2.196 0.028 0.003 0.055 1.052
disability
Educational level 0.101 0.023 4.429 0.001 0.056 0.146 1.089
Mobility assistive —0.034 0.018 —1.889 NS —0.07 0.001 1122
device
Weekly physical 0.002 0.000 6.493 0.001 0.001 0.002 1.245
activity

Negative (Constant) 2.442 0.196 0.143 12.455 0.001 2.057 2.827

feelings Gender 0.060 0.062 0.967 NS —0.061 0.181 1.289
Age (years) 0.004 0.003 1.47 NS —0.001 0.01 1.15
Type of physical 0.033 0.015 2.124 0.034 0.002 0.063 1.049
disability
Educational level 0.133 0.026 5.167 0.001 0.082 0.183 1.107
Mobility assistive —0.153 0.024 —6.517 0.001 0.2 —0.107 1.094
device
Weekly physical 0.002 0.000 4.753 0.001 0.001 0.003 1.235
activity

Age, gender, and disability type were considered as regressors. NS, not significant; VIF, variance inflation factor.

vehicles and access government services such as education and health
care without requiring the consent of a male guardian. This may partly
explain the lower SE of Saudi women compared to men, but this is
likely to change in the future.

The Social Model of Disability (Oliver, 1983) suggests that to
improve the quality of life of people with disabilities, we must first
change societal attitudes (Hughes and Paterson, 2006). This includes
removing stigma and reducing social inequalities while empowering
people with disabilities. In this sense, PA was considered an
important factor that can improve SE in people with disabilities,
although research shows that the participation rates of people with
physical disabilities remain lower than those of older comparison
groups without disabilities. Hollis et al. (2020) found that less than
half (45.2%) of US adults with motor disabilities engaged in aerobic
PA, and 39.5% met one or both PA guidelines. The same data
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collected from Americans in 1997 revealed that compared to 16%
of people without disabilities, only 12% of people with disabilities
engaged in moderate PA for at least 30 min a day, 5days a week. If
only leisure-time PA was considered, the difference between people
with and without disabilities was even greater: 56 and 36%,
respectively, engaged in no leisure-time PA (U.S. Department of
Health and Human Services, 2000). Alfermann and Stoll (2000)
reported a significant association between PA and higher levels of
SE in healthy middle-aged adults. In a longitudinal cohort study
among kindergarten to fourth-grade females, Noordstar et al.
(2016) found that changes in global SE were significantly associated
with perceived athletic proficiency and moderate-to-vigorous
PA. Recently, Romero et al. (2022) reported on the positive effects
of endurance and strength exercises on SE in male college students.
There was a statistically significant relationship between exercise
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frequency and SE, while the relationship between exercise type and
SE was not significant.

Nevertheless, the association between PA and SE in people with
physical disabilities remains unclear (Jalayondeja et al, 2016).
Crawford et al. (2008) found that high fitness levels in people with
physical disabilities affect the likelihood of returning to as-normal-as-
possible community life. These authors also noted that highly active
people with physical disabilities participated more in recreational and
social activities than inactive non-disabled people. In contrast,
Gutierrez et al. (2007) examined the association between subjective
quality of life, PA, and community involvement among 80 paraplegic
subjects with shoulder pain, and found a weak correlation between
PA, quality of life, and community involvement. Also, Jalayondeja
etal. (2016) revealed that while PA did not significantly explain the
quality of life, 34.7% of the quality of life was explained by SE. These
authors also found that those with disabilities who reported good
quality of life engaged in high-intensity PA compared to those who
reported a fair to poor quality of life.

Importantly, the results of the present study showed that among
Saudi Arabians with physical disabilities, there was a positive
association between participation in PA and SE. Our results showed
that at least 40 min/week of PA resulted in significant improvements
in the levels of positive feelings and overall SE and, to a lesser extent,
in the level of negative feelings. Moreover, and in accordance with the
practical recommendations required by different health organizations,
a minimum of 150 min/week of PA provides more benefits for SE and
its components. Participation in PA appears to be a critical predictor
of SE. In other words, people with physical disabilities who are
physically active tend to report higher levels of SE than those who are
inactive. This finding largely supports the work of other studies on
different types of disabilities reaching a consensus that exercise can
effectively improve the SE of people with disabilities (Yan et al., 2019;
Shang et al., 2021). Nemcek et al. (2014) found that the differences
between active and sedentary people with disabilities show that those
who preferred active lifestyles and played sports (elite and all levels of
sports) were happier with their lives than those who did not exercise.
Therefore, it has been recognized that to promote these benefits for
people with disabilities, work must be directed toward increasing
opportunities for their participation in PA and sports (Groff et al.,
2009). This is particularly important given the societal shift from
segregation to inclusion for people with physical disabilities and can
therefore be further facilitated through PA and sports. It is believed
that people with disabilities can also benefit from physically active
lifestyles. People’s health states and secondary health problems can
lead to problems in everyday life (disability). Such functional problems
and, in particular, mobility problems can be positively influenced by
a physically active lifestyle and thus reduce disabilities. In addition,
secondary health and functioning problems in people with disabilities
that could be prevented or reduced by a physically active lifestyle
include the risk of coronary artery disease, type 2 diabetes mellitus,
osteoporosis, osteoarthritis, colon cancer, high blood pressure,
decreased balance, decreased health-related fitness, spasticity, weight
problems including obesity, depression, urinary tract infections,
decreased SE, impaired ability to have normal social interactions and
increased dependence on others. This shows that a physically active
lifestyle is probably even more important for the health and well-being
of people with disabilities than for the general population (van der
Ploeg and Bull, 2020). In contrast, other studies have shown much
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smaller and even non-significant associations between PA and SE
among people with disabilities. According to Bondar et al. (2020),
these inconsistent findings likely reflect the methodological differences
between the studies mainly in terms of the conceptual measures of SE
and the prescribed activity types, intensities, and durations of PA.

The literature also supports our claim that SE is associated with
the level of education. Bano et al. (2015) compared the levels of SE in
students with and without disabilities and found that both groups of
participants had high levels of SE. The result also showed that
disability and gender did not significantly affect the students’ levels of
SE. The study concluded that education plays an important role in
improving students’ SE and eliminating gender-related stigma. The
study also concluded that the provision of education can lead students
with disabilities to recognize, accept and use their skills. This will also
increase their value in their ranking (Bano et al., 2015). Previous
studies have also shown that higher levels of education lead to a better
quality of life, especially regarding psychology and the environment
(Jani et al., 2020). Naturally, a higher education level is likely to help
people with disabilities understand their rights, gain a higher level of
respect, find better jobs, and improve their interpersonal relationships
(Singal et al., 2015). In general, education improves SE and well-being
by providing access to non-alienated economic and labor resources;
this increases feelings of control over life, as well as access to stable
social relationships such as marriage, which increases social support
(Addabbo et al,, 2016). In contrast, Jalayondeja et al’s (2016) study of
the associations between quality of life, education, PA, and SE found
that quality of life was explained by SE and daily life, but was not
significantly related to education level. The differences may
be explained by the fact that all the participants were in vocational
education and training at school. The authors also reported that all
respondents who reported having a good quality of life claimed that
they were satisfied with education and training that matched their
skills and interests for their future careers.

The type of physical disability and the assistive device used can
also affect SE scores. The lowest SE among our participants was found
in patients with multiple sclerosis or cerebral palsy, while the highest
was found in participants with polio. Participants who used
wheelchairs also had higher SE and positive feelings than those who
used other assistive devices. According to Miyahara and Piek (2011),
people with physical disabilities may be concerned about their
functional disabilities, body structure, and appearance, which may
not conform to sociocultural norms. Therefore, a physical disability
is considered an obstacle to development. The inconsistency of the
impact of physical disabilities on people with disabilities could
be explained by the multidimensional interactive model of self-
concept, which takes multiple dimensions of the self and the socio-
cultural impact on the individual into account. From this perspective,
self-perceptions in several domains could be interpreted as reflecting,
or at least being influenced by, the sociocultural values in each
dimension. Jung et al. (2022) found that low disability acceptance
contributed to low SE. On the Disability Acceptance Scale, adults who
were struggling with their disability were more likely to have low
SE. This may be because hiding the limitations of their disability
made them more aware of their alienation. To overcome their sense
of inferiority, they refused to accept their disability by distorting
reality or fooling themselves, resulting in low SE. The greater the
distortion process, the greater the disability and the greater the
resulting integration difficulties. Disability paradox theory refers to
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people who are satisfied with themselves, can achieve their life goals,
and enjoy a high quality of life despite or because of a disability.
People who respond better to their disability have higher levels of SE,
social participation, and quality of life (Brown et al., 2011). In other
words, whether people with disabilities can hide their disability
affects their disability acceptance and SE. Therefore, the acceptance
of a disability requires that people avoid devaluing a person because
of their disability, hiding the disability out of shame, and
overestimating the disability. It is about recognizing the discomfort
caused by the disability and trying to find and accept the reality and
limitations that it brings (Jung et al., 2022).

The results of this study should be interpreted with some
limitations in mind. First, although the research team made several
efforts to minimize bias by making the Arabic version of the RSES
clear and readable for all people, the team was unable to exclude
responses or recall biases that may have affected the results. Second,
regarding the different types of physical disabilities assessed, five types
were identified (cerebral palsy, spinal diseases, progressive muscular
dystrophy, multiple sclerosis, and poliomyelitis), while the rest were
grouped under the heading “Other;” in which almost half of the
participants were included. It is necessary to examine the impact of
other specific disability types on SE. Focusing on other disability types
may show implications beyond those found in our study for the types
of disabilities already identified. Finally, the questionnaire was used as
an indirect method to assess PA participation and duration, which
does not exclude the possibility of recall bias and social desirability
results. In addition, it was difficult to distinguish among the PA
patterns the participants engaged in (aerobics, muscular strengthening,
or a combination of aerobics and strengthening). Using direct
measurement methods such as pedometers or motion sensors can
provide much greater accuracy, mainly depending on the type and
intensity of the PA performed (Hollis et al., 2020).

Conclusion

The data showed that the participants reported moderate levels
of overall SE. Compared to women, men demonstrated significantly
higher levels of overall SE, positive feelings, and negative feelings.
Participants with the lowest level of education (i.e., primary school)
also reported the lowest levels of SE, positive feelings, and negative
feelings. The respondents’ average levels of overall SE, positive
feelings and negative feelings also varied depending on the type of
physical disability and the type of mobility device used. WLS
regression analysis noted that the factors influencing positive feelings
included weekly PA, the level of education, and the type of physical
disability; factors influencing negative feelings included weekly PA,
the type of mobility assistance device, the level of education, and the
type of physical disability; and factors influencing overall SE included
weekly PA, the level of education, the type of mobility aid used, and
the type of physical disability. More attention should be also given to
participants with multiple sclerosis and cerebral palsy, and
appropriate tools should be provided to all participants who
need them.

The results of the present study may provide useful guidelines for
the Saudi Arabian Ministry of Sport and other related organizations
and associations for people with physical disabilities in terms of
raising awareness of the importance of weekly PA for people
with disabilities.
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Effects of a games-based physical
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Despite the importance of physical education (PE) lessons for physical activity in
adolescents, the acute cognitive responses to PE lessons have not been explored;
a gap in the literature that this study addresses. Following familiarisation, 76 (39
female) adolescents (12.2+0.4 y) completed two trials (60min games-based PE
lesson and 60min academic lesson) separated by 7-d in a counterbalanced,
crossover design. Attention, executive function, working memory, and perception
were assessed 30min before, immediately post, and 45min post-lesson in both
trials. Participants were split into high-and low-fit groups based on a gender-
specific median split of distance run on the multi-stage fitness test. Furthermore,
participants were split into high and low MVPA groups based on a gender-specific
median split of MVPA time (time spent >64% HR max) during the PE lesson.
Overall, a 60min games-based PE lesson had no effect on perception, working
memory, attention, or executive function in adolescents (all p >0.05) unless MVPA
time is high. The physical activity-cognition relationship was moderated by MVPA,
as working memory improved post-PE lesson in adolescents who completed
more MVPA during their PE lesson (time*trial*MVPA interaction, p <0.05, partial
n? =0.119). Furthermore, high-fit adolescents displayed superior cognitive
function than their low-fit counterparts, across all domains of cognitive function
(main effect of fitness, all p <0.05, partial n? 0.014—0.121). This study provides
novel evidence that MVPA time moderates the cognitive response to a games-
based PE lesson; and emphasises that higher levels of fitness are beneficial for
cognitive function in adolescents.

physical education, physical activity, cognition, intensity, fitness

Introduction

Chief Medical Officer guidance states that young people aged 5-18 years should participate
in an average of 60 min per day moderate-to-vigorous physical activity (MVPA) to enhance
health and well-being (UK Chief Medical Officers, 2019); yet recent data suggest that only 44.6%
of children and adolescents in England achieve these recommendations (Sport England, 2021).
Given the large proportion of time that young people spend in school, schools present a unique
opportunity to assist young people in meeting the daily physical activity recommendations (Hills
et al., 2015). Consequently, schools are often designated as a promising environment for
increasing physical activity in all young people, irrespective of their background (Slingerland
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etal., 2012; van Slujis et al., 2021). Within the school environment, as
it is compulsory in most Western school systems, physical education
(PE) lessons have been identified as an important source of physical
activity (Fairclough and Stratton, 2005) and provide adolescents with
the opportunity to achieve the recommended 60 min of MVPA per
day (Hills et al., 2015). Physical activity opportunities provided by PE
lessons are of particular significance for the least active students
(Fairclough and Stratton, 2005), with evidence that 30% of adolescents
from Western Europe derive all of their daily MVPA from PE lessons
(Westerstahl et al., 2005); suggesting that PE lessons are indeed the
only form of MVPA for some adolescents (Association for Physical
Education, 2020).

Despite the significance of PE as an opportunity for adolescents
to participate in MVPA (Zhou and Wang, 2019), the time allocated for
PE (and physical activity more broadly) in the school curriculum has
often been reduced to accommodate increased instructional time for
academic subjects (Rasberry et al., 2011; van den Berg et al., 2016). In
the UK for example, the prioritisation of academic subjects is
illustrated by a 13% reduction in the number of taught hours for PE
since 2011/12; during which time mathematics, English, and science
have increased by 13, 11, and 14%, respectively (National Statistics,
2021). However, the reduction in teaching hours for PE is somewhat
counterintuitive given that physical activity is positively associated
with cognition and academic achievement (Sneck et al., 2019; Garcia-
Hermoso et al., 2021). Furthermore, evidence suggests that increasing
PE time does not negatively impact academic achievement, even when
less time is dedicated to subjects other than PE (Rasberry etal., 2011);
thus, reducing PE time (and subsequently physical activity) could
be counter-productive for enhancing academic achievement and
cognitive function.

Cognitive function can be defined as a variety of brain-mediated
functions and processes (Schmitt et al., 2005). These functions allow
us to perceive, evaluate, store, manipulate, and use information from
external (e.g., environment) and internal (e.g., experiences, memory)
sources, before responding to this information (Schmitt et al., 2005).
Cognitive functions are clustered into the six domains of executive
function, memory, attention, perception, language, and psychomotor
functions (Schmitt et al, 2005). A recent meta-analysis by
Haverkamp et al. (2020) concluded that acute exercise interventions
improved cognitive outcomes (Hedges g =0.31). Specifically,
processing speed (g =0.39), attention (g =0.34) and inhibition (a
component of executive function; g =0.32), were enhanced in
adolescents following physical activity. This is of importance given
that these cognitive domains are the foundation of academic ability
(Esteban-Cornejo et al., 2015), Furthermore, as adolescence is a
critical stage for the development of cognitive function (Romeo and
McEwen, 2006), and a period during which cognitive function and
academic achievement are a key focus of the education sector,
physical activity opportunities in schools are of particular
importance for this population.

The positive effects of physical activity on cognitive function are
influenced by several factors such as physical fitness (Garcia-
Hermoso et al., 2021), the characteristics of the physical activity
(intensity, duration, and modality) and the domain of cognitive
function assessed (Williams et al., 2019). Despite the influence of
these moderating factors, running is the most common exercise
modality in research examining the acute effects of physical activity
on adolescent cognitive function. Whilst running appears to be an
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effective modality (e.g., Budde et al., 2010; Cooper et al., 2012; 2016),
it does not reflect typical activity patterns in adolescents (Rowlands
et al., 2008) and does not foster long-term adherence (Howe et al,
2010). Recent research has attempted to replicate the high-intensity
and intermittent activity patterns that are preferred by adolescents
(Bailey et al., 1995) and has demonstrated the positive acute effects
of games-based activity (such as basketball) on subsequent cognitive
function (Cooper et al.,, 2018). The positive influence of games-based
activity, an activity that requires cognitive engagement, is consistent
with the belief that cognitively engaging physical activities elicit a
greater effect on subsequent cognitive function (Crova et al., 2014).
However, previous studies that have examined games-based
activities have done so through direct intervention of researchers
and the provision of a games-based activity that was not delivered
within the PE curriculum. The applicability of such findings to
curriculum delivered PE lessons is thus unknown. Therefore,
developing an understanding of the activity patterns of PE, and how
PE influences subsequent cognitive function, is an important gap in
existing research that should be addressed.

Previous research investigating PE in adolescents has primarily
focussed on the activity volume, intensity, and patterns (Fairclough
and Stratton, 2005; Slingerland et al., 2011; Hollis et al., 2017; Lyyra,
etal, 2017; Mooses et al., 2017; Cheung, 2019; Zhou and Wang, 2019;
Wallace et al., 2020); with no examination of the acute cognitive
response to a single PE lesson in adolescents. Whilst a recent
systematic review and meta-analysis concluded that there were no
statistically significant effects of secondary PE interventions on
cognitive function in adolescents (i.e., aged >1lyears; Garcia-
Hermoso et al,, 2021), the review was only able to analyse the effect of
chronic (> 12weeks) PE interventions on adolescent cognitive
function due to a paucity of research that has examined the acute
cognitive responses to a single bout of PE.

To date, the only study to investigate the acute cognitive response
to a single PE lesson was conducted in primary school-aged children
(aged 8-9years) and reported no effect of a single PE lesson on
memory and attention, when compared to no physical activity (Pirrie
and Lodewyk, 2012). However, as the PE lesson, through various
activities, required students to undertake 20 min of MVPA by moving
around the room performing specific movements (e.g., hopping), it
was not reflective of the national curriculum for PE (Department for
Education, 2013) or a typical PE lesson. Additionally, cognitive
function testing was not administered simultaneously for all
participants, with testing ranging from 10 min to 60 min post lesson.
The timing of post-exercise cognitive function testing is an important
consideration given that this timing has been shown to moderate the
subsequent effects on cognition (e.g., Cooper et al., 2018; Hatch et al.,
2021). Therefore, the lack of control of this key variable in previous
work limits the conclusions that can be drawn regarding the acute
effects of a PE lesson on subsequent cognitive function.

Therefore, the primary aim of the study was to examine the
acute effects of a curriculum-based PE lesson on subsequent
cognitive function in adolescents. A secondary aim was to quantify
the physical activity characteristics of a game-based PE lesson,
given that these activity patterns are likely to influence the
subsequent effects on cognition. Finally, the third aim was to
analyse whether there was a moderating effect of physical fitness,
or the amount of MVPA completed during the lesson, on
subsequent cognitive performance.
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Materials and methods
Participant characteristics

To estimate our sample size, an a priori power analysis was
conducted using G*Power version 3.1.9.7 (Faul et al., 2007). For a
repeated measures approach (two groups, three measurements;
two-tailed test; o =0.05, power=0.80), and a small effect size of 0.14
[based on the previous work by Cooper et al. (2018)], the minimum
sample size was n=_84. Subsequently, eighty-five young people (aged
12-13years) were recruited to participate in the study. However, nine
participants failed to complete the study due to absence from school for
one of the experimental trials. Therefore, a total of 76 participants
completed the study (37 male, 39 female). During familiarisation, all
participants underwent anthropometric measures of height, body mass,
sitting height, waist circumference and skinfold thickness. A Leicester
Height Measure (Seca, Germany), accurate to 0.1cm, was used to
measure height and a Seca 770 digital scale (Seca, Germany), accurate to
0.1kg, was used to measure body mass. An estimation of maturity offset
was made by measuring sitting height, to subsequently estimate years
from peak height velocity using methods previously described (Moore
etal, 2015). Body mass index (BMI) was calculated and subsequently
age-and gender-specific centiles for BMI were derived based on national
reference values (Cole et al., 2000). Four skinfold sites were measured
(triceps, subscapular, supraspinale, and front thigh) using previously
described methods, as a marker of body composition (Dring et al., 2018).
Participants were split into high-fit and low-fit groups based on a gender-
specific median split of distance run on the multi-stage fitness test (as per
previous research (Cooper et al., 2018; Williams et al., 2020)). Likewise,
participants were split into high MVPA and low MVPA groups based on
the gender-specific median split on MVPA time during the PE lesson.
Descriptive participant characteristics are presented in Table 1.

Study design

Following approval from the institution’s ethical advisory
committee (approval number SST-659), participants were recruited

10.3389/fpsyg.2023.1098861

from a secondary school in the East Midlands, UK. As per the
guidelines for school-based research, head teacher consent was gained.
Additionally, written informed consent from parents/guardians and a
health screen questionnaire were completed for each participant; this
determined each participant’s eligibility for participation by screening
for health conditions which may be affected by participation (e.g.,
exercise-induced asthma). Participants also provided their written
assent to participate in the study.

The study employed a randomised, order-balanced, crossover,
within-subjects design, consisting of two main experimental trials (PE
lesson and academic lesson). A familiarisation took place ~7 d before
the first main trial, whereby the protocol of the study was explained to
the participants, and they were provided with the opportunity to
practice and become familiar with the procedures to be used, including
the cognitive function tests. The procedures of the study were also
provided to parents/guardians before the study via both written
information and a phone call from a member of the research team.
Opportunities were provided for participants/parents/guardians to ask
questions to clarify any aspect of the study they did not fully understand.

To assess physical fitness participants completed the multi-stage
fitness test (MSFT; Ramsbottom et al., 1988) during the familiarisation
trial. The MSFT involves progressive 20 m shuttle runs in time with an
audio signal, until volitional exhaustion or the point at which
participants could not maintain the required running speed to keep
time with the audio signal. The MSFT commenced at a speed of
8.0kmh™, increased by 1.0kmh™" to 9.0kmh™" for stage two, and
increased by 0.5kmh™ for every completed stage thereafter. To
monitor heart rate throughout the MSFT (and record maximum heart
rate upon completion), participants were fitted with a chest-worn
heart rate monitor (Firstbeat Team Sport System; Firstbeat
Technologies Ltd., Finland). To encourage maximum effort from the
participants, the research team provided verbal encouragement and
participants were paced by an experienced member of the research
team familiar with the test. Performance on the MSFT was determined
by the total distance covered (m). Using a gender-specific median split
of distance ran on the MSFT, participants were split into high-fit and
low-fit groups [as per previous research (Cooper et al., 2018; Williams
et al., 2020)].

TABLE 1 Participant characteristics for the group overall, as well as for the high-and low-fit groups, and high and low MVPA groups.

Variable Overall High-fit pvalue® High-MVPA Low-MVPA pvalue®
(n=38) (n=35) (n=36)
Age (y) 122404 122404 12.2+0.4 0.695 122404 12.2+0.4 0.959
Height (cm) 157.348.1 157.9+7.7 156.7 8.5 0.547 156.6 + 7.4 158.0 + 9.1 0.484
Body mass (kg) 49.0+10.3 46.3+7.1 51.6+12.2 0.025% 47.6+9.7 512+ 11.1 0.159
Body mass index (BMI; kgm?) 197434 185418 20.9+4.0 0.002 193+3.1 204+3.6 0.175
BMI percentile 64.5+25.7 56.9422.0 71.6427.1 0.012% 61.2+28.1 70.7 £22.5 0.120
Waist circumference (cm) 66.8+8.1 63.6+4.6 69.7+9.6 <0.001%* 66.1 8.0 68.4+82 0.242
Sum of 4 skinfolds (mm) 64.2+24.7 545+16.4 734278 <0.001* 61.5+23.2 68.1+27.1 0.273
Maturity offset © —0.30+0.91 —0.26+0.89 —0.36+0.93 0.645 —0.44 +0.93 —0.20+0.86 0.245
MSFT distance (m) 880+320 1,100+ 260 660+ 180 <0.001% 900 + 300 860 + 340 0.655

Abbreviations: MSFT Multi-Stage Fitness Test

“comparison between high and low fit, independent samples ¢ -test.

comparison between high and low MVPA during the PE trial, independent samples ¢ -test.
“calculated using the method of Moore et al. (2015).

*significant difference (p <0.05) between high and low fit groups.

Frontiers in Psychology 62

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1098861
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Gilbert et al.

As outlined in Figure 1, 60 min following breakfast, participants
attended either a 60 min PE lesson or a 60 min academic lesson. A
battery of cognitive functions tests were completed 30-min pre-,
immediately post-and 45-min post-each lesson.

Pre-trial control

The evening before their first experimental trial, participants
consumed a meal of their choice and repeated this for their subsequent
experimental trial. Subsequently, participants were asked to fast from
10pm the evening before each experimental trial. To maintain
euhydration, water was allowed ad libitum during this time.
Additionally, for 24h prior to each experimental trial participants
were also asked to avoid any unusually vigorous physical activity.
Parents/guardians were contacted by telephone the evening prior to
each experimental trial to ensure compliance with these requirements.
All participants followed the pre-trial requirements. On the morning
of each experimental trial, participants reported to the school
(between 8:45am and 8:55am) and consumed a standardised
breakfast consisting of cornflakes, milk, and toast; providing 1.5g
carbohydrate per kg of body mass, identical to the breakfast of
Williams et al. (2020). A standardised breakfast was provided to
control for the potential of breakfast and exercise to interact and affect
cognitive function in young people (Cooper et al., 2015).

Lesson protocol

The single-gender PE lessons consisted of a 60min football
session, completed outdoor on a rubber crumb pitch. Football was
selected as the activity given its popularity among young people and
within the PE curriculum. A single researcher was present during the
PE lesson to facilitate heart rate and GPS data collection and to
provide a description of the lesson. The single researcher present
played no active part in the lesson, and they did not interact with the
participants or teacher. The PE lessons consisted of a warm-up, skill-
based drills, and small-sided games. All lessons were delivered by the
participants’ normal PE teacher and the research team did not
influence the nature or focus of the session. Throughout both
experimental trials, participants were fitted with a heart rate monitor
(Firstbeat Team Sport System; Firstbeat Technologies Ltd., Finland).
Heart rate was monitored continuously throughout both trials.
Maximum heart rate and average heart rate were recorded for each
trial. Participants were removed from analyses where heart rate data
was incomplete or missing (n=>5), thus 71 participants were included
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for heart rate analysis. For the PE trial only, participants were also
fitted with a PlayerTek Global Position System (GPS) unit (Catapult
Sports, Melbourne, Australia). The units were placed outside and left
stationary to enable an accurate number of satellite signals to
be obtained (> 6 satellites). Once satellite signals were obtained, units
were placed between the scapulae using an elasticated shoulder
harness. The mean satellite signal strength was 9+ 1 and horizontal
dilution of precision was 1.00 £ 0.16. Participants were removed from
analyses where GPS data was incomplete or missing (n=13), thus 63
participants were included for GPS analysis. Variables of interest were
total distance covered (m) and distance covered at low (<9kmh™!),
moderate (9-13kmh™"), and high-speed (>13kmh™) (based on the
speed zones of previous research; Randers et al., 2014). MVPA time
was calculated as the percentage of the timetabled lesson time spent
above 64% HR max, in accordance with ACSM guidelines (American
College of Sports Medicine, 2017). For the academic lesson,
participants attended their timetabled 60 min lesson in mathematics
(n=32), geography (n=16), philosophy and ethics (n=13), or
personal development (n=14); as per their normal school timetable.
As outlined in Figure 1, both trials followed a time-matched protocol,
with the only difference being the lesson attended (i.e., PE
or academic).

Cognitive function tests

The battery of cognitive function tests lasted approximately 12 min
and consisted of the Stroop test, Sternberg paradigm, and visual search
task; completed in that order on a laptop computer (Lenovo ThinkPad
T450; Lenovo, Hong Kong). Preceding each cognitive function test
and level, the instruction was presented on the screen to each
participant and participants completed 3-6 practice stimuli to
re-familiarise with the test, negating any potential learning effects;
data for these practice stimuli were discarded. The battery of cognitive
function tests were completed in silence, in a classroom, and
participants were separated such that they could not interact during
the tests. To minimise external disturbances, participants wore sound
cancelling headphones and the room lights were dimmed to enhance
screen visibility. For all cognitive function tests, participants were
instructed to respond as quickly and accurately as possible. This
testing procedure has been previously used successfully in a similar
study population (e.g., Cooper et al., 2018; Williams et al., 2020). For
each cognitive function test, the variables of interest were response
time (ms) of correct responses and the proportion (%) of correct
responses made. To prevent the influence of unusually slow or fast
responses on the analyses, response times were filtered in accordance

BF CF
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0 15 30
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CF = Cognitive Function Tests
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FIGURE 1
Experimental protocol.
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with procedures previously conducted (Cooper et al., 2018), with
minimum (< 100 ms) and maximum (2,000-10,000 ms, depending on
task complexity) response time cut-offs applied.

Stroop test

To measure selective attention and executive function, the
Stroop test was administered (Miyake et al., 2000). The Stroop test
consists of two levels, simple and complex. Both levels of the Stroop
test involved a test word being presented in the centre of the laptop
screen, with a target and a distractor randomly presented on the left
and right sides of the screen. Using the appropriate arrow key (left
or right), participants were instructed to select their responses. For
the simple level, the test word, target word and distractor word were
all presented in a white font; a total of 20 stimuli were presented.
On the complex level (colour-interference) there were 40 stimuli,
with the participant selecting the colour the word was written in
rather than the word itself (e.g., if ‘green’ was written in blue font,
the correct response would be blue). Choices remained on the
screen until the participant responded, with an inter-stimulus
interval of 1s.

Sternberg paradigm

The Sternberg paradigm is a commonly used test that measures
the domain of working memory (Sternberg, 1969). The test consists
of three levels of ascending complexity that utilise a different working
memory load (one, three or five items). The one item level consisted
of 16 test stimuli and the number ‘3’ is always the target. Whereas on
the three and five item levels, the target is three (e.g., A F P’) or five
(e.g» ‘B E H R V’) randomly generated letters, respectively; with each
containing 32 test stimuli. At the start of each level, the target items
were displayed along with instructions to press the right arrow key if
a target item was presented and the left arrow key otherwise. The
correct response was counterbalanced between the left and right
arrow keys for each level. On all levels, the choice stimuli were
presented in the centre of the screen, with an inter-stimulus
interval of 1s.

Visual search

The visual search test comprised two levels; simple and
complex. When completing both levels of the visual search test,
participants were instructed to press the space key as soon as they
could detect a triangle on the screen. Following each response, a
new target would appear following a random delay (minimum
500 ms delay). The simple level assessed simple visuomotor speed
and required participants respond to 20 targets, which were
triangles drawn in solid green lines on a black background. For the
complex level, participants responded to 40 targets. The additional
complex visual processing component of a background distractor
was introduced, induced by random moving dots on the screen (to
induce the distracting visual effect of a flickering background, a
new set of distractor dots were re-drawn on the screen every
250 ms). Target triangles were initially drawn with just a few visible
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dots of each line, and the density of these points increased linearly
with time until the participants responded.

Statistical analysis

Response time and accuracy analyses for the cognitive function
tests were conducted using R (www.r-project.org). Analyses were
conducted using a two-way (trial*time) repeated measures analysis of
variance (ANOVA) for each test level, as each level requires a different
level of cognitive processing. Prior to analyses, response times were log
transformed to exhibit the right-hand skew, typical of human response
times. To assess the moderating effect of fitness and MVPA on the
exercise-cognition relationship, three-way (trial*time*fitness and
trial*time*MVPA) repeated measures analysis of variance (ANOVA)
were conducted for each variable from the cognitive function tests.
Collinearity between fitness and MVPA time was assessed using
Spearmans rank-order correlation. Where statistically significant
three-way interactions existed, post-hoc two-way (trial * time) ANOVA
were conducted separately for high-and low-fit adolescents (for trial *
time * fitness interactions) and high-and low-MVPA adolescents (for
trial * time * MVPA interactions). For all statistically significant effects,
partial eta squared effect sizes are included and interpreted as per
convention (i.e., 0.01: small; 0.06: medium; 0.14: large).

Maximum heart rate, average heart rate, total distance covered,
and distance covered at low, moderate, and high speed during the PE
lesson were compared between groups (high-vs low-fit; high-vs
low-MVPA) using SPSS (version 28; SPSS Inc., Chicago, IL., USA)
using independent samples t-tests. All data are presented as
mean * standard error of the mean (SEM), unless stated otherwise.
Statistical significance was accepted as p <0.05.

Results
Lesson characteristics

Descriptive data for the PE lessons are presented in Table 2. During
the PE lessons, time spent in MVPA (p =0.445), average heart rate
(p =0.093), total distance covered (p =0.094), and the distance covered
atlow (<9kmh™; p =0.181), moderate (9-13kmh™"; p =0.096), and high
(>13kmhr.™'; p =0.200) speeds were similar between the high and low
fit adolescents. However, the maximum heart rate during the PE lessons
was significantly higher for the high fit adolescents when compared to
low fit adolescents (high-fit; 200+8 beatsmin™', low fit; 195+11
beatsmin™; 0 =0.768, p =0.046, d =0.48). Furthermore, during the PE
lesson, total distance (p =0.807), and the distance covered at low
(p =0.398), moderate (p =0.884), and high (p =0.290) speeds were
similar between the high and low MVPA adolescents. There was no
relationship between fitness and MVPA time during the PE lesson
(r,=0.130, p =0.281).

Cognitive function tests
Data for each of the cognitive function tests, across both trials, are

displayed in Table 3 (overall), Table 4 (split by fitness group) and
Table 5 (split by MVPA group).

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1098861
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://www.r-project.org

Gilbert et al.

10.3389/fpsyg.2023.1098861

TABLE 2 Descriptive data and inferential statistics for the PE lessons overall, as well as for the high fit and low fit groups, and the high MVPA and low

MVPA groups.

Variable Overall

High-fit

Low-fit

pvalue® High-MVPA Low-MVPA

MVPA [% total time] 67 + 14 68 + 15 65+ 13 0.445 78 £5 56 £ 11

Average heart rate [beatsmin™'] 149 + 12 151 +12 146 + 12 0.093 157 £ 8 140+ 9 < 0.001%*
(% HR max) 726 73+6 70+ 6 75+4 67 +4

Maximum heart rate [beatsmin~!] 197 + 10 200+ 8 195+ 11 0.046* 204+7 191+9 < 0.001%*
(% HR max) 95+5 96 + 4 94+5 98+3 92+4

Total distance [km] 2.49 £ 0.46 2.58 £0.44 2.39+0.47 0.094 247 £0.47 2.50£0.48 0.807
Distance at low speed [km] 1.88 £ 0.26 1.92+£0.21 1.84 £0.29 0.181 1.85+0.28 1.90 £0.25 0.398
Distance at moderate speed [km] 0.41+0.16 0.44 +0.17 0.37+£0.16 0.096 0.41+0.16 0.41+0.18 0.884
Distance at high speed [km] 0.20+£0.12 0.22+0.13 0.18 £0.11 0.200 0.21 £0.12 0.18 £0.13 0.290

Data presented as mean + SD.

“comparison between high and low fit, independent samples t-test.

comparison between high and low MVPA during the PE trial, independent samples t-test.
*significant difference (p <0.05) between high and low fit groups.

*#significant difference (p <0.05) between high and low MVPA groups.

Stroop test

Response times

Response times on the simple level of the Stroop test were similar
between the PE and academic lesson trials (main effect of trial,
p=0.811), but did get quicker across the morning (main effect of time,
Fouu =23.79, p <0.001, partial n* =0.077). Additionally, response
times on the simple level of the Stroop test were quicker overall in
high-fit adolescents (main effect of fitness, F; ;) = 141.73, p <0.001,
partial n* =0.067); and in those who spent less time in MVPA during
the PE lesson (main effect of MVPA, F, 4, =40.70, p <0.001, partial
n? =0.021). However, the pattern of change in response times was
similar between trials (trial * time, p =0.823); and the pattern of
change was not affected by fitness (trial * time * fitness, p =0.476) or
MVPA time (trial * time * MVPA, p =0.416).

Overall, response times on the complex level of the Stroop test
were quicker on the academic lesson trial than on the PE lesson trial
(main effect of trial, F, ;4 =38.59.4, p <0.001, partial n* =0.008) and
got quicker across the morning (main effect of time, F, 145 =33.39,
p <0.001, partial n? =0.078). Furthermore, response times on the
complex level of the Stroop test were quicker overall in high-fit
adolescents when compared to low-fit adolescents (main effect of
fitness, F; 74 =294.11, p <0.001, partial n* =0.074); and in those who
spent more time during the PE lesson in MVPA compared to those
who spent less time in MVPA (main effect of MVPA, F, 4, =106.52,
p <0.001, partial n*> =0.034). However, the pattern of change in
response times was similar between the academic lesson and PE lesson
trials (trial * time, p =0.232); and was not affected by fitness (trial *
time * fitness, p =0.933) or the time spent in MVPA (trial * time *
MVPA, p =0.128).

Accuracy

Accuracy on the simple level of the Stroop test was similar
between trials (main effect of trial, p =0.691); however, accuracy
did improve across the morning (main effect of time, F, 44y =10.13,
p <0.001, partial n* =0.119). Additionally, accuracy for the simple
level of the Stroop test was not affected by fitness (main effect of
fitness, p =0.849) or MVPA (main effect of MVPA, p =0.946). The
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pattern of change in accuracy was similar between the academic
lesson trial and the PE lesson trial (trial * time, p =0.129); and it
was not affected by time spent in MVPA during the PE lesson (trial
* time * MVPA, p =0.483) or fitness (trial * time * fitness,
p=0.269).

Overall, accuracy on the complex level of the Stroop test was
similar between trials (main effect of trial, p =0.120) and did not
change across the morning (main effect of time, p =0.351).
Additionally, accuracy for the complex level of the Stroop test was not
affected by fitness (main effect of fitness, p =0.220) or MVPA time
during the PE lesson (main effect of MVPA, p =0.150). Furthermore,
the pattern of change in accuracy was similar between trials (trial *
time, p =0.987); and it was not affected by MVPA (trial * time *
MVPA, p =0.946) or fitness (trial * time * fitness, p =0.746).

Sternberg paradigm

Response times

Overall, response times on the one item level of the Sternberg
paradigm were quicker in the academic lesson trial than PE trial
(main effect of trial, F(, ;4 =4.20, p =0.04, partial n* =0.006) and got
quicker across the morning (main effect of time, F, 45 =19.45,
p <0.001, partial n* =0.122). Additionally, response times on the one
item level of the Sternberg paradigm were quicker overall in high-fit
adolescents (main effect of fitness, F(, ;4) =175.84, p <0.001, partial
1> =0.121); and in those who spent less time in MVPA compared to
those who spent more time in MVPA during the PE lesson (main
effect of MVPA, F(; 49 =73.11, p <0.001, partial n* =0.052). The pattern
of change in response times was similar between trials (trial * time,
p =0.114) and not affected by MVPA (trial * time * MVPA, p =0.191).
However, there was a trial * time * fitness interaction (F, 4 = 3.88,
p =0.021, partial n* =0.017; Figure 2). Upon further inspection, in
high fit adolescents the improvement in response times across the
morning was greater on the academic trial (trial * time, F,, =6.80,
p =0.001, partial n* =0.089; Figure 2A); whilst in low fit adolescents
the pattern of change in response times was similar between the PE
and academic trial (trial * time, p =0.746).
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TABLE 3 Cognitive function data across the academic and PE trials.

Level Variable

Pre-
exercise

Academic trial

Immediately
post-
exercise

10.3389/fpsyg.2023.1098861

PE trial

45min
post-
exercise

45min
post-
exercise

Pre-
exercise

Immediately
post-
exercise

Stroop test Simple Response time [ms] 811+20 766 + 18 773 £ 20 800+ 17 770 +18 768 £ 18
Accuracy [%] 97.6 £0.5 95.7£0.7 94.6+0.9 97.4+0.4 95.7£0.7 96.2 £0.6
Complex Response time [ms] 1,103 £33 1,032 + 30 1,037 £ 29 1,111 £ 26 1,068 + 24 1,065 + 25
Accuracy [%] 93.0+1.2 922+1.0 923 +1.0 94.1 £0.7 93.3+0.6 93.3+0.7
Sternberg One item Response time [ms] 560 + 15 510+ 10 525+13 549+ 13 529 +13 533+ 12
paradigm
Accuracy [%] 923+ 1.6 93.3+0.9 93.4+0.8 95.1+0.7 94.8£0.7 94.8£0.7
Three item | Response time [ms] 674 + 15 661 + 14 663 + 14 697 + 14 681 + 15 664 + 14
Accuracy [%] 93.5+£0.9 93.4+0.6 92.7+£0.8 932+13 93.1+£0.7 93.4+0.9
Five item Response time [ms] 847 +19 796 + 19 771+ 19 840 + 19 779 £ 17 793 +17
Accuracy [%] 92.0+0.7 88.0+1.3 875+1.4 90.2+1.2 89.3+1.2 869+1.3
Visual search | Simple Response time [ms] 591+38 585+ 6 590+ 7 587+8 594+38 592+8
Accuracy [%] 89.4+23 913+1.7 89.8+£2.0 92.6 £2.1 933+19 90.3+2.4
Complex Response time [ms] 1,633 £ 46 1,580 + 43 1,551 £ 42 1711 + 38 1,574 £ 40 1,593 + 44
Accuracy [%] 924 +1.3 91.9+1.4 92,6+ 1.0 945+ 1.2 92.7+1.8 91.0 2.1
Data are mean + SEM.
A . ' . . . B . ) .
O HIZH-Fit PE = eg@eeHigh-Fit Academic o= Que LON-FIt PE = == @ Low-Fit Academic
630 630
o 600 w 600
E £
w 570 w 570 - - =5
E ._g_ - -
= 540 540 -~
@ W
w w
c S
S 510 2 510
w w
Ly W
e 430 e 480
450 450
Pre-lesson  Immediately 45 minPost- Pre-Lesson Immediately 45 min Post-
Post-Lesson Lesson Post-Lesson Lesson
FIGURE 2
Response times across the morning on the one item level of the Sternberg paradigm on the PE and academic lesson trials for the high-fit (trial * time,
p =0.001; A) and low-fit (trial * time, p =0.746; B) groups (trial * time * fitness, p =0.021).

Response times on the three item level of the Sternberg paradigm
were quicker in the academic lesson trial than PE trial (main effect of
trial, F(; 74 =13.07, p =0.001, partial n* =0.041) and got quicker across
the morning (main effect of time, F,45 =10.13, p <0.001, partial
1?> =0.044). Response times on the three item level of the Sternberg
paradigm were also quicker overall in high-fit adolescents when
compared to low-fit adolescents (main effect of fitness, F,, ;4 =260.28,
P <0.001, partial n* =0.100), and were influenced by MVPA, with high
MVPA adolescents demonstrating a greater reduction in response
times when compared with low MVPA adolescents (main effect of
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MVPA, F ) =31.28, p <0.001 partial n*> =0.012). Furthermore,
response time improved immediately post-lesson in both trials, with
a tendency for further improvement 45 min post-lesson in the PE trial,
this did not reach statistical significance (trial * time, F; 45 =2.97,
p =0.052). Additionally, the pattern of change in response times was
not affected by fitness (trial * time * fitness, p =0.745). However, the
pattern of change in response time across the morning was affected by
the amount of MVPA completed in the PE lesson (time * trial *
MVPA, Fg,135 =3.10, p =0.045, partial n*> =0.025; Figure 3). Upon
further inspection, whilst response times improved across the
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TABLE 4 Cognitive function data across the academic and PE trials for the high and low fitness groups.

Variable Participant Academic trial PE trial
Group Pre- Immediately  45min Pre- Immediately 45min
exercise post- post- exercise post- post-
exercise exercise exercise exercise

Stroop Simple Response time Low Fitness 840 + 32 812 30 834 £33 830 £29 805 29 807 + 30
test [ms]

High Fitness 781 +23 721 +18 713 £19 770 + 16 735+ 21 729 = 16

Accuracy [%] Low Fitness 97.6 £ 0.6 96.3+£0.9 95.0+ 1.0 97.5+£0.5 95.0+ 1.1 95.6+0.8

High Fitness 97.5+£0.7 950+ 1.1 942+1.4 97.2+0.5 96.3+£0.7 96.6 0.7

Complex = Response time Low Fitness 1,167 + 48 1,095 + 45 1,123+£44 1,160+ 44 1,107 £ 39 1,126 + 40
[ms]

High Fitness 1,039 £43 968 + 37 951 +32 1,063 £ 24 1,030 £ 28 1,004 + 28

Accuracy [%] Low Fitness 91.3+2.0 91.1+1.8 915+1.5 935+1.3 924+038 929+ 1.1

High Fitness 946+ 1.0 93.2+0.8 93.1+1.1 94.6 £ 0.6 94.1£0.8 93.6+0.7

Sternberg | Oneitem | Response time Low Fitness 586 + 24 535+15 574 +22 581 +21 540 + 21 563 +20
paradigm [ms]

High Fitness 534+ 18 483+ 11 47310 515+ 12 518+ 15 502+ 11

Accuracy [%] Low Fitness 91.2+1.7 934+1.2 92.1+1.3 944+ 1.1 94.4+1.1 952+0.9

High Fitness 93.4+2.6 931+ 14 948+ 1.1 96.0 + 0.8 952+0.8 944+ 1.0

Three Response time Low Fitness 715 %21 692 22 701 23 727 £23 706 + 21 689 £ 19
item [ms]

High Fitness 630 + 20 628 + 16 623 +13 665 + 14 654+ 19 638 £18

Accuracy [%] Low Fitness 94.1+0.9 93.7+0.8 934+ 1.1 921125 924+ 1.1 925+ 1.5

High Fitness 93.0+ 15 932409 919+ 13 943408 93.8+£0.9 943 +0.9

Fiveitem | Response time Low Fitness 863 +23 817 £28 786 + 30 871+ 31 796 +27 776 £ 26
[ms]

High Fitness 830 + 31 774 +24 755 +22 808 +22 761 21 810 =22

Accuracy [%] Low Fitness 91.4+1.0 873+1.7 86.0 £2.0 88.5+2.2 88.1+1.8 853+22

High Fitness 92.6+0.8 88.6+1.9 89.2+1.9 919+ 1.1 90.5+ 1.5 886+ 1.5

Visual Simple Response time Low Fitness 605+ 11 596 = 10 587 +11 600 =12 601 £ 12 603 = 10
search [ms]

High Fitness 576 £ 10 574+7 593 +8 573 £10 586 + 11 580 + 12

Accuracy [%] Low Fitness 87.3+£39 90.6 £2.8 91.0+1.8 920+3.2 93.6 £2.5 89.1+£3.5

High Fitness 91.6+22 92.0£2.0 88.5+3.7 93226 93.1£29 914+33

Complex | Response time [ms] | Low Fitness 1,620 + 62 1,579 + 64 1,551 + 62 1758 £ 51 1,586 + 62 1,656 + 70

High Fitness 1,647 £ 70 1,580 £ 59 1,551 £ 56 1,661 + 56 1,562 + 50 1,525 £ 51

Accuracy [%] Low Fitness 91.8+2.1 923+19 92.7+1.3 954+ 1.6 90.1 £3.1 88.0£3.5

High Fitness 93.1+1.6 914 +2.1 925+ 1.6 93.6£1.8 954+ 1.5 942+2.0

Data are mean + SEM.

morning on the PE trial in those who completed more MVPA during
the PE lesson (trial * time, F, ) =4.41, p =0.012, partial n*> =0.063;
Figure 3A), the pattern of change in response times across the
morning was similar between the PE and academic trials for those
who completed less MVPA (trial * time, p =0.443; Figure 3B).
Overall, response times on the five item level of the Sternberg
paradigm were similar between the academic lesson trial and the
PE lesson trial (main effect of trial, p =0.693), but response times
got quicker across the morning (main effect of time, F(; 145 = 34.98,
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p <0.001, partial n* =0.157). Additionally, response times on the
five item level were quicker overall in high-fit adolescents when
compared to low-fit adolescents (main effect of fitness, F, ;4 =26.15,
p <0.001, partial n* =0.014); and were influenced by MVPA time
during the PE lesson (main effect of MVPA, F, ¢ = 12.76, p <0.001,
partial n* =0.005) as high MVPA adolescents had quicker response
time overall. Whilst the pattern of change in response times was
similar between the academic lesson and PE lesson trials (trial *
time, p =0.071), and it was not affected by MVPA (trial * time *
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TABLE 5 Cognitive function data across the academic and PE trials for the high and low MVPA groups.

Level Variable Participant Academic trial PE trial
Group Pre- Immediately  45min Pre- Immediately 45min
exercise post- post- exercise post- post-
exercise exercise exercise exercise

Stroop Simple Response time Low MVPA 790 +23 746 +23 748 +27 775 +22 742 +20 744 + 18
test [ms]

High MVPA 834 + 35 782 + 30 795 + 32 810+28 785+ 32 778 + 31

Accuracy [%] Low MVPA 97.9£0.6 96.5+0.9 93.9+1.0 96.7 £ 0.6 956 £ 1.1 95.4+0.9

High MVPA 97.1£0.9 943+1.2 95.0+ 1.6 97.7£0.5 95.6 £ 1.0 96.6 +0.8

Complex Response time [ms] | Low MVPA 1,066 + 38 994 + 41 992 + 36 1,064 + 30 1,022 +25 1,027 + 34

High MVPA 1,138 £ 57 1,086 + 47 1,075 + 49 1,143 £ 42 1,097 + 44 1,095 + 40

Accuracy [%] Low MVPA 945+ 1.0 93.2+1.0 93.4+0.8 94.9 £ 0.6 93.3+0.8 93.8+0.7

High MVPA 90.5+2.3 91.2+1.9 90.6 £ 1.9 929+1.4 93.1+1.0 923+1.2

Sternberg | Oneitem | Response time Low MVPA 543 £ 21 503 +£13 506 + 17 517 £13 505+ 14 518 £15
paradigm [ms]

High MVPA 591 +28 512+17 539+21 567 +22 539+18 543 +18

Accuracy [%] Low MVPA 89.7£3.0 93.4+1.2 939+1.3 949+ 1.1 943+1.1 94.8 £0.9

High MVPA 94.1+1.2 923+1.7 923+1.2 95.7+0.9 952+1.0 943+ 1.0

Three Response time Low MVPA 655+ 22 673 +22 644 + 16 673+ 18 669 + 21 662 + 20
item [ms]

High MVPA 688 £22 658 +22 676 £22 713 +£22 684+ 19 663 + 20

Accuracy [%] Low MVPA 93.4+1.4 94.1+0.8 93.5+1.0 941+1.0 92.1+1.2 94.0 £ 0.8

High MVPA 933+1.1 925+ 1.0 91.3+1.4 91.6 2.7 93.2+0.9 92.1+1.7

Five item | Response time Low MVPA 842 +29 800 + 27 773 £26 797 £23 766 + 24 792 +24
[ms]

High MVPA 858 +29 793 £28 762 + 30 874 + 31 802 +26 786 + 26

Accuracy [%] Low MVPA 91.6 £ 0.9 89.2+1.8 89.5+ 1.6 91.0+1.2 88.1+1.9 88.3+1.8

High MVPA 922+0.9 86.4+1.9 85.1+2.4 89.0+23 90.7 + 1.4 854+21

Visual Simple Response time Low MVPA 595 %11 602 =10 581+7 598 £13 597 12 606 = 12
search [ms]

High MVPA 585+ 11 568 +7 601 +12 576 +9 591 +12 580 +11

Accuracy [%] Low MVPA 89.0 £ 3.6 90.0 £3.1 883 %34 923+£28 943 %22 92.1+£3.2

High MVPA 88.9+34 92.6 £ 1.8 90.4 +£2.7 944 +2.6 953423 87.9+4.0

Complex Response time Low MVPA 1,653 £ 69 1,657 £ 60 1,560 + 56 1,666 + 53 1,533 £ 62 1,616 + 64
[ms]

High MVPA 1,613 + 66 1,525 + 61 1,537 + 66 1753 £58 1,604 + 56 1,589 + 67

Accuracy [%] Low MVPA 91.4£2.0 90.3+2.3 924+ 1.4 92.0+2.4 91.8+2.4 87.2+3.8

High MVPA 942+ 1.6 934 +1.8 925+1.7 97.4 0.6 93.6+2.9 954+ 1.4

Data are mean + SEM.
MVPA, p =0.203); the pattern of change in response times was ~ Accuracy

significantly affected by fitness (trial * time * fitness, F,, 45 =3.76,
p =0.023, partial n* =0.028; Figure 4). Upon further inspection,
response times improved immediately and 45 min following the PE
lesson in high fit adolescents when compared to the academic trial
(trial * time, F, ;5 =6.59, p =0.001, partial n*> =0.093; Figure 4A).
However, there was no difference in the change in response times
between the PE and academic trials in the low fit adolescents (trial
* time, p =0.863).
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Accuracy on the one item level of the Sternberg paradigm was
similar between the PE and academic trials (main effect of trial,
p =0.839), but did improve across the morning (main effect of time,
Fi148 =6.86, p =0.011, partial n* =0.002). In addition, accuracy on the
one item level of the Sternberg paradigm was not different between
low and high-fit adolescents (main effect of fitness, p =0.297). Neither
was accuracy affected by MVPA when comparing those adolescents
with a high MVPA against those with low MVPA in the PE lesson
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FIGURE 3

Response times across the morning on the three item level of the Sternberg paradigm on the PE and academic lesson trials for the high MVPA (trial *
time, p =0.012; A) and low MVPA (trial * time, p =0.443; B) groups (trial * time * MVPA, p =0.045).
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Response times across the morning on the five item level of the Sternberg paradigm on the PE and academic lesson trials for the high-fit (trial * time,
p =0.001; A) and low-fit (trial * time, p =0.863; B) groups (trial * time * fitness, p =0.023).

(main effect of MVPA, p =0.774). The pattern of change was similar
between trials (trial * time, p =0.659) and was not affected by fitness
(time * trial * fitness, p =0.453) or MVPA during the PE lesson (trial
* time * fitness, p =0.312).

Overall, on the three item level of the Sternberg paradigm, accuracy
was similar between trials (main effect of trial, p =0.850) and did not
change across the morning (main effect of time, p =0.987). Additionally,
when comparing high and low-fit adolescents, accuracy was not
different (main effect of fitness, p =0.767), nor was it different when
comparing adolescents with high and low MVPA during the PE lesson
(main effect of MVPA, p =0.344). The pattern of change for accuracy
was similar between trials (trial * time, p =0.633) and the pattern of
change was not affected by fitness (time * trial * fitness, p =0.807) or
MVPA time during the PE lesson (time * trial * MVPA, p =0.206).
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For the five item level of the Sternberg paradigm, accuracy was
similar across trials (main effect of trial, p =0.669), but accuracy was
reduced across the morning (main effect of time, F 4 =9.99,
p <0.001, partial n* =0.117). Accuracy on the five item level of the
Sternberg paradigm was not affected by fitness (main effect of fitness,
p =0.175) or by MVPA (main effect of MVPA, p =0.407). Whilst the
pattern of change for accuracy was similar between trials (trial * time,
p =0.128), and it was not affected by fitness (trial * time * fitness,
p =0.805); it was affected by MVPA during the PE lesson (trial * time
* MVPA, F, 135 =3.41, p =0.036, partial n* =0.047; Figure 5). Upon
further inspection, accuracy improved immediately following the PE
lesson in those who completed more MVPA during the PE lesson when
compared to the academic lesson (trial * time, F, ¢ =4.30, p =0.023,
partial n? =0.119; Figure 5A). However, there was no different in
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accuracy between the PE and academic trials in those who completed
less MVPA during the PE lesson (trial * time, p =0.946; Figure 5B).

Visual search

Response times

Opverall, response times on the simple level of visual search were
similar for the academic lesson and PE lesson trials (main effect of
trial, p =0.534) and did not improve across the morning (main effect
of time, p =0.822). Response times on the simple level of the visual
search were quicker overall in high-fit adolescents when compared to
low-fit adolescents (main effect of fitness, F, ;) =34.74, p <0.001,
partial n* =0.043); and quicker in those who spent more time during
the PE lesson in MVPA compared to those who spent less time in
MVPA (main effect of MVPA, F ) =16.69, p <0.001, partial
1?=0.022). Whilst the pattern of change in response times was similar

10.3389/fpsyg.2023.1098861

between the academic lesson and PE lesson trials (trial * time,
p =0.305), the pattern of change in response times was affected by
fitness (trial * time * fitness, F(, 145 =4.02, p =0.018, partial n* =0.021;
Figure 6). Upon further inspection, in high fit adolescents response
times were slower immediately following the PE lesson and 45 min
following the academic lesson (trial * time, F,;, =3.34, p =0.036,
partial n? =0.049; Figure 6A); whilst the pattern of change in response
times was similar following the PE and academic lesson in low fit
adolescents (trial * time, p =0.130; Figure 6B).

Additionally, response times on the simple level were also affected
by the amount of MVPA completed during the PE lesson (trial * time
* MVPA, F;135 =10.18, p <0.001, partial n* =0.071; Figure 7). Upon
further inspection, in those who completed more MVPA response
times were slower immediately following the PE lesson and 45 min
following the academic lesson (trial * time, F, ¢ =7.53, p <0.001,
partial n? =0.117; Figure 7A); whilst in those who completed less
MVPA, response times were maintained across the morning on the
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Accuracy presented as the proportion of correct responses across the morning on the five item level of the Sternberg paradigm for the high MVPA (trial
* time, p =0.023; A) and low MVPA (trial * time, p =0.946; B) groups (trial * time * MVPA, p =0.036).
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A) and low-fit (trial * time, p =0.130; B) groups (trial * time * fitness, p =0.018).
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PE trial, and improved 45 min following the academic lesson (trial *
time, F,7,) =3.64, p =0.026, partial n* =0.046; Figure 7B).

Opverall, response times on the complex level of the visual search
test were quicker on the academic lesson trial than in the PE lesson trial
(main effect of trial, F 4 = 7.97, p =0.005, partial n*> =0.024) and
improved across the morning (main effect of time, F, 35 =16.39,
P <0.001, partial n* =0.115). Response times on the complex level of
the visual search test were not affected by fitness (main effect of fitness,
p =0.147) or MVPA time during the PE lesson (main effect of
MVPA, p =0.616). Whilst the pattern of change in response times was
similar between the academic lesson and PE lesson trials (trial * time,
p =0.062), and was not affected by fitness (trial * time * fitness,
p =0.334); the pattern of change was affected by MVPA (trial * time *
MVPA, F; 135 =3.31, p =0.037, partial n* =0.030; Figure 8). Specifically,
the pattern of change in response times was similar across the PE and
academic trials in adolescents who completed more MVPA during the

10.3389/fpsyg.2023.1098861

PE lesson (trial * time, p =0.265; Figure 8A). However, in those
adolescents who completed less MVPA, response times improved
immediately following the PE lesson (trial * time, F, ;» =5.72, p =0.003,
partial n? =0.093; Figure 8B).

Accuracy

Accuracy on the simple level of the visual search was similar
between the PE and academic lesson trials (main effect of trial,
p =0.212), and did not change across the morning (main effect of
time, p =0.525). Additionally, when comparing high-fit to low-fit
adolescents, accuracy was not affected by fitness (main effect of fitness,
p =0.681). Likewise, when comparing those adolescents with high
MVPA during the PE lesson against those with low MVPA, accuracy
was similar (main effect of MVPA, p =0.812). The pattern of change
was similar between trials (time * trial, p =0.701) and the pattern of
change between trials was not affected by fitness (time * trial * fitness,
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FIGURE 7

Response times across the morning on the simple level of the visual search on the PE and academic lesson trials for the high MVPA (trial * time,
p <0.001; A) and low MVPA (trial * time, p =0.026; B) groups (trial * time * MVPA, p <0.001).
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p =0.405) or by MPVA during the PE lesson (time * trial * MVPA,
p=0415).

Overall, accuracy on the complex level of the visual search was
similar between the PE and academic lesson trials (main effect of trial,
p =0.665), and did not change across the morning (main effect of
time, p =0.475). Furthermore, when comparing high-fit to low-fit
adolescents, accuracy was not affected (main effect of fitness,
p =0.358). However, adolescents who completed more MVPA in the
PE lesson had greater overall accuracy than those who completed less
MVPA (main effect of MVPA, F,4) =3.96, p =0.050, partial
1? =0.054). The pattern of change was similar between trials (time *
trial, p =0.355) and the pattern of change between trials was not
affected by fitness (time * trial * fitness, p =0.358) or by MPVA during
the PE lesson (time * trial * fitness, p =0.227).

Discussion

The main findings of the present study are that a 60 min games-
based PE lesson had no effect on perception, working memory,
attention, or executive function in adolescents, when compared to a
standard academic lesson. However, adolescents who spent a higher
percentage of their PE lesson undertaking MVPA experienced some
cognitive benefits, as evidenced by improvements in the speed (three
item level) and accuracy (five item level) of working memory (as
assessed by the Sternberg paradigm). Additionally, the cognitive
response to the PE lesson was influenced by fitness as high-fit
adolescents demonstrated improvements in speed of working
memory, as evidenced by improved response times on the five-item
level of the Sternberg paradigm. Furthermore, the present study also
shows that high fit adolescents display superior cognition when
compared to their lower fit counterparts, across all domains of
cognitive function. Finally, MVPA time in the single-gender games-
based PE lessons observed in this study was greater than that
previously reported for adolescents. On average, adolescents spent
67% of the lesson time undertaking MVPA; although considerable
inter-individual variation was evident as time spent in MVPA ranged
from 23% in the least active, to 90% in the most active, adolescents.

The present study is the first to examine the acute cognitive response
to a games-based PE lesson in adolescents. Overall, perception, working
memory, and attention were unchanged following a games-based PE
lesson. These results are consistent with those previously reported by
Williams et al. (2020), whereby, overall, cognitive function remained
unchanged in adolescents following a 60min football session. The
unaffected cognitive response to the 60min games-based activity
reported in this study, and by Williams et al. (2020), could be attributed
to the duration of the exercise protocol. Haverkamp et al. (2020) recently
reported a larger effect on cognitive function when the acute exercise
interventions are of a shorter duration. However, Cooper et al. (2018)
previously reported enhanced working memory and executive function
in adolescents following a 60 min games-based activity (basketball). The
inconsistent findings could be attributed to the activity patters of the
respective exercise protocols, as Cooper et al. (2018) reported higher
average heart rate than that reported by Williams et al. (2020) and the
current study. The pedagogical requirement of a PE lesson could have
attributed to a less intense exercise protocol, and resultantly, a lower
average heart rate in the current study. Future work should investigate
the acute cognitive response to games-based activity of varying intensity
and duration.
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The present study also demonstrated that high fit adolescents
displayed superior cognition compared to their lower fit counterparts,
with high fit adolescents exhibiting quicker response times for all
domains of cognitive function assessed. The effect of fitness on
perception (visual search test) is consistent with the findings of
Williams et al. (2022), whereby, the beneficial effect of fitness on visual
processing speed was first demonstrated. High fit adolescents also
demonstrated quicker response times for attention and working
memory, which is consistent with recent evidence of the enhancing
effect of fitness on these domains of cognitive function (Cooper et al.,
2016; Aadland et al., 2017; Haverkamp et al., 2020; Williams et al.,
2020). It has previously been stated that participation in exercise
modifies the capacity of the nervous system to adapt its organisation
to altered demands and environment, termed neuroplasticity (Hotting
and Roder, 2013). Engaging in repetitive aerobic physical activity
induces increases in angiogenesis (Best, 2010) and the availability of
certain neurotrophins, especially brain-derived neurotrophic factor
(BDNF; Cho et al,, 2012), which are prerequisites for neuroplasticity
(Hotting and Roder, 2013). Consequently, increased angiogenesis and
BDNF have been suggested as an explanation for the beneficial effect
of fitness on cognitive function (Haverkamp et al., 2020). However, it
has recently been demonstrated that there is no association between
fitness and BDNF concentration in young people (Williams et al.,
2022). Therefore, whilst the current study supports the beneficial effect
of fitness on cognitive function, future work should seek to explore the
potential mechanisms for this association.

The acute cognitive response to exercise was influenced by the
participant’s fitness in the present study, with high-fit adolescents
demonstrating greater improvements in working memory following
the PE lesson. This finding is consistent with the previous evidence that
cognitive function is enhanced to a greater extent in high-fit adolescents
following an acute bout of games-based activity, when compared to
low-fit adolescents (Cooper et al., 2018; Williams et al., 2020). However,
in the present study, high-fit adolescents only demonstrated improved
working memory following their PE lesson, whereas Cooper et al.
(2018) were also able to evidence improved attention and executive
function in high-fit adolescents following an acute bout of games-based
activity. As the acute exercise-cognition relationship is influenced by
moderating factors (e.g., age, physical fitness) and exercise
characteristics (e.g., duration, intensity) (Williams et al., 2019), a
potential explanation for the discrepant findings could be the higher
exercise intensity reported by Cooper et al. (2018) than in the present
study. Furthermore, the enhanced cognitive function reported by
Williams et al. (2020) in low-fit adolescents when not undertaking
exercise, was not reflected in the current study. A potential explanation
for not replicating these findings could be that on average, overall
fitness was higher for adolescents in the present study when compared
with the overall average fitness reported by Williams et al. (2020); and,
the difference between fitness for the low and high fit groups was
smaller for the present study than previously reported (Williams et al.,
2020). The current study presents the novel finding that games-based
PE lessons improve cognitive function in high-fit adolescent. Also
highlighting that the exercise protocol and individual participant
characteristics influence the cognitive response and should
be considered in future research.

Supporting the concept that the intensity of physical activity is
important for the subsequent cognitive effects, a novel finding of the
present study is that the acute cognitive response to a games-based PE
lesson is enhanced for those adolescents who spent more time
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undertaking MVPA during their PE lesson. Specifically, adolescents with
high MVPA during the PE lesson demonstrated improved working
memory immediately post-PE lesson; working memory was also
enhanced 45-min post-PE lesson. The absence of collinearity between
fitness and MVPA amongst participants in the present study, when
combined with the positive effect of MVPA on working memory,
suggests MVPA enhances acute cognitive function, independent of
fitness. An explanation for these findings could be the potential influence
of physical activity intensity on functional connectivity across brain
regions, primarily those involved in memory and executive function
(Moore et al., 2021); resultantly, the efficiency of evaluating the stimulus
is increased (Chang et al., 2013). The findings from previous studies
investigating the role of physical activity intensity on cognitive function
are equivocal, with positive (Syvioja et al, 2013; Lee et al,, 2014),
inconsistent (Aadland et al., 2017), and negative (Cadenas-Sanchez et al,,
2020; Ludyga et al., 2020; Williams et al., 2022) results. The discrepancy
between our findings and those previously reported could be attributed
to methodological differences, such as utilising self-report measures of
physical activity (Syvioja et al., 2013; Aadland et al., 2017); or, the
assessment of habitual physical activity intensity (Lee et al., 2014;
Cadenas-Sanchez et al., 2020; Williams et al., 2022). Whereas, due to the
dynamic relationship between exercise and circulating neurotrophic
factors that enhance cognitive function (Cho et al., 2012), the present
study investigated the impact of physical activity intensity on cognitive
function immediately following a bout of physical activity. Therefore, to
the authors’ knowledge, our study is the first to examine the effect of
device-measured intensity during a single bout of physical activity on
acute cognitive function in adolescents, demonstrating that physical
activity behaviour impacts working memory in adolescents.

The present study provides valuable insight into the activity
patterns during 60min single-gender, games-based PE lessons.
Overall, across the four lessons observed, MVPA was undertaken for
67+14% (40+8min) of the timetabled lesson time (60min).
Therefore, the recommended minimum 50% of PE lesson time spent
in MVPA was exceeded (Association for Physical Education, 2020).
Interestingly, MVPA time did not differ between high and low fit
adolescents, suggesting that MVPA time during a PE lesson is
independent of fitness. Whilst average MVPA time exceeded 50%,
time spent in MVPA ranged from 23% in the least active to 90% in the
most active adolescents. Consequently, the opportunity for PE to allow
all students meet the 60 min of MVPA per day recommendation was
not maximised and future work should explore how PE can
be modified to increase the amount of MVPA time for the least active
students. The MVPA time reported in the present study is higher than
the 48.6% (41.3-55.9%) of lesson time previously reported for
adolescent PE lessons by Hollis et al. (2017) in their systematic review
and meta-analysis. It has previously been stated that MVPA time
varies according to the type of activity students engaged in, with team
invasion game lessons (e.g., basketball and football) eliciting higher
MVPA time than dance, gymnastics, or individual direct competition
lessons (Fairclough and Stratton, 2005). However, the MVPA time in
the present study is higher than that reported by Fairclough and
Stratton (2005) for team invasion game lessons (46%). The higher
MVPA reported in the present study could be a result of changes in
PE over time and/or the recommendation by the Association for
Physical Education (2020) to increase MVPA time in lesson; or,
methodological inconsistencies, including the use of observational
methods to monitor MVPA time in previous work (Fairclough and
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Stratton, 2005). Whilst the present study provides a novel contribution
to the understanding of MVPA during PE lessons using device-based
measures of activity, future studies should examine device measured
MVPA in PE lessons across all domains of the national curriculum.

Whilst the present study provides novel insight regarding the
effects of curriculum PE lessons on subsequent cognitive function in
adolescents, it is not without limitations. Firstly, the present study
only recruited participants from a single school year (UK year 8), and
given the changes in physical activity and fitness that occur across
adolescence, the influence of the PE lesson on cognitive function
might be different across stages of adolescence. Additionally, as the
present study observed football PE lessons at a single school, the
generalisability is limited. Future work should observe PE lessons
across several secondary schools to better reflect PE nationally.
Moreover, future work across multiple secondary schools would
permit further exploration of fitness and MVPA as continuous
variables, rather than categorical variables as used in the present
study. Furthermore, whilst a games-based PE lesson is a domain of
the national curriculum for PE in the United Kingdom (team direct
competition), the cognitive response to a PE lesson was not assessed
across the remaining domains of the national curriculum; and it
cannot be assumed that the responses to all types of PE would be the
same. Therefore, future work should explore the influence of all
domains of the national curriculum for PE on cognitive function,
across all stages of adolescence. Likewise, the examination of MVPA
time and exercise intensity was limited to a games-based activity
lesson; MVPA and the intensity for all domains of PE lessons should
be established in future works.

Conclusion

In summary, the present study highlights that the acute cognitive
responses to a games based-PE lesson are moderated by physical
activity intensity, whereby adolescents who completed more MVPA
during the PE lesson experienced greater cognitive benefits. The
findings of the present study would suggest that, if physical activity
intensity during PE lessons is high, those lessons will enhance
subsequent cognition and ultimately contribute to enhancing academic
achievement. Furthermore, the acute cognitive response to a games
based-PE lesson is moderated by fitness, whereby high-fit adolescents
experienced improved cognitive function compared to their lower-fit
peers. Finally, the present study contributes to the growing body of
evidence that high fit adolescents demonstrate superior cognition than
their lower fit counterparts; highlighting the importance of
interventions aimed at improving fitness in this population.
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Objective: This study aimed to evaluate the effect of an exercise intervention
on improving and alleviating anxiety symptoms in college students with a meta-
analytical approach.

Methods: Several databases (e.g., PubMed, Embase, and the Cochrane Library)
were used to search for randomized controlled trials (in short, RCTs) on
interventions for physical exercise or aerobic exercise in college students with
anxiety symptoms. Stata software, version 16.0, was applied sequentially for
traditional meta-analysis, subgroup analysis, and publication bias analysis.

Results: A total of nine papers were included. The total literature effect
[SMD = —-0.55, 95% Cl = —0.76 to —0.35, Z = 5.38 (P < 0.001)] indicated
that physical activity had a significant effect on alleviating anxiety. Subgroup
analysis also showed that exercise interventions using aerobic exercise or yoga
were effective in relieving anxiety (SMD = —0.39, 95% Cl = —0.74 to —0.04;
SMD = -0.76, 95% Cl = —1.14 to —0.39).

Conclusion: Physical activity interventions were shown to have a positive effect
on alleviating anxiety in college students. Aerobic exercise was found to be
the optimal mode.

aerobic exercise, type of exercise, exercise intensity, psychology, exercise time

1. Introduction

Anxiety is composed of complex emotional states, such as tension, worry, and
uneasiness, that arise from upcoming situations that could pose a danger or threat (Shihua
et al, 2016). If anxiety states become severe, they have the potential to develop into
undesirable symptoms and eventually become anxiety disorders (Menghuan and Qingqi,
2021). An anxiety disorder is mainly characterized by anxious emotional experiences, which
are manifested as fear, restlessness, etc., that can damage the original healthy life and greatly
reduce the effect of disease treatment.

Anxiety is becoming a pervasive public health problem that has been associated with
unhealthy behaviors, such as lack of physical activity, smoking, and poor diet, subsequently
leading to an increased risk of health problems, even among healthy individuals (Bonnet
et al, 2005). College students are among the most affected groups of people due to their
potentially having to manage their stress, anger, or frustration on their own for the first
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time (Liu et al,, 2022). They must not only face various problems
in their studies, work, and feelings but also solve problems of
interpersonal communication. Without guidance and support,
college students could feel anxious and pressured (Guo et al,
2018). A substantial proportion of anxious college students have
sub-health problems due to unhealthy living habits, such as
drinking, smoking, staying up late and eating irregularly. During
the outbreak of the novel coronavirus, the mental health problems
of college students have been reported as becoming more serious,
and the physical inactivity caused by the lockdown has caused
student’s mental status to become even worse (Rogowska et al,
2020; Xiang et al., 2020).

When college students encounter mental health problems, they
tend to solve them on their own, and professional psychological
counseling treatment or medication is their last option (Fortney
et al, 2016). According to previous studies, current treatments
for anxiety disorders include pharmacotherapy with serotonin
reuptake inhibitors and cognitive behavioral therapy (CBT) (Taylor
et al, 2012), with medication being the most common treatment
for anxiety (Barlow, 2004). The effectiveness of medication has
been confirmed in treating anxiety disorders, but medication’s side
effects are significant. Treatment with medication also has the
possibility of relapse after stopping the medication, so it might not
be a long-term solution for some patients (Broocks et al,, 1998). At
the same time, some scholars have demonstrated that exercise can
bring many physiological changes that could improve emotional
status and reduce stress and anxiety levels (Warburton et al., 20065
Wipfli et al,, 2008; Carter et al,, 2021). Exercise interventions have
become a complementary and alternative method for relieving
anxiety. Mind-body exercises are increasingly used as adjunctive
and alternative therapies to manage psychological stress. Some
studies have also suggested exercise as a possible option for
treating anxiety symptoms and anxiety disorders, playing a dual
role in adjunctive therapy (pharmacotherapy or psychotherapy)
and exercise (Paluska and Schwenk, 2000; Hovland et al., 2013;
Mohamed and Alawna, 2020; Wang et al, 2020). However,
exercise interventions can only be used as an auxiliary means (in
conjunction with other treatments) and cannot be used as the only
means to treat psychological disorders.

Exercise interventions are planned and organized with the goal
of improving physical fitness and enhancing positive mood. For
studies aimed at determining the effects of exercise on mental
health, most have preferred a form of exercise that can benefit
cardiopulmonary regulation, such as aerobic exercise (Broman-
Fulks et al., 2004; Abd El-Kade and Al-Jiffri, 2016). Other forms
of exercise, such as yoga and tai chi, have also been found to be
effective in improving anxiety (Berger and Owen, 1992; Huston and
McFarlane, 2016).

For people with anxiety disorders, exercise can be a treatment
option that is promising, affordable and accessible. Numerous
observational studies have demonstrated that exercise, especially
aerobic exercise, is inversely associated with anxiety symptoms
(Larun et al, 2006; Wegner et al, 2014; LeBouthillier and
Asmundson, 2015; Stonerock et al, 2015). Both qualitative and
quantitative studies have illustrated the effects of aerobic exercise
on anxiety symptoms. For example, people who perform physical
activity regularly can have higher self-confidence and less anxiety
and depression. There have also been studies linking aerobic
exercise to cognitive abilities that have confirmed that aerobic
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exercise can improve cognitive performance (Masley et al., 2009;
Stern et al,, 2019). Aerobic exercise is effective for people’s cognitive
behavior, subjective wellbeing and mental health, and people’s
cognitive control and attention are also enhanced after aerobic
exercise (White et al, 2017; Pontifex et al, 2019). However,
excessive, inappropriate movement can still cause some damage to
the body and increase the risk of anxiety. At the same time, few
studies have compared the effectiveness of aerobic exercise with
that of other exercises in improving anxiety symptoms. Therefore,
the main purpose of this study was to explore the efficacy of
different modes of exercise as a treatment regimen for anxiety
disorders in college students. Additionally, the relationships of
different exercise intensities, exercise times and exercise types with
anxiety in college students were also determined.

2. Materials and methods

2.1. Literature search strategies

The literature search used the Boolean logic algorithm to obtain
subject words and free words, covering databases including China
national knowledge infrastructure (CNKI), Wanfang, Weipu,
PubMed, Embase, Cochrane Library, and Web of Science for
articles published up to January 19, 2022. The search strategy was
generated as follows: [(Anxiety OR Angst OR social anxiety OR
Anxieties OR anxiety social OR Hypervigilance OR Nervousness
OR Anxiousness) AND (Exercise OR physical activity OR Exercises
OR activities physical OR activity physical OR physical activities)
AND (randomized controlled trial OR randomized OR placebo)].

2.2. Inclusion and exclusion criteria of
literature

The literature screening applied population, intervention,
comparison, outcome and study design (PICOS) strategies, which
have been widely used in evidence-based medicine or practice. It
is necessary to specifically identify the acronyms for all or some
of the elements in clinical trials (Akobeng, 2005). Specifically,
P refers to the research object (participants), I the intervention
method (intervention), C the control group (comparison), O the
outcome index (out-come), and S the study design. In the current
study, the literature inclusion criteria were: (1) the research target
was college students; (2) the intervention methods were aerobic
exercise, yoga, etc.; and (3) the studies were randomized, controlled
experiments. The exclusion criteria were gray literature and review
literature.

2.3. Literature quality evaluation

This study used the he Physiotherapy Evidence Database
(or “PEDro” for short) scale to evaluate the quality of RCTs
(Verhagen et al,, 1998). Literature quality scoring was conducted
independently by two authors. If there was any disagreement, a
third author was consulted until a unanimous decision was made.

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1136900
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

Lin and Gao

Search databases for relevant
literature(n=3808)

Eliminate duplicate literature
and invalid literature(n=2345)

10.3389/fpsyg.2023.1136900

Preliminary screening of
literature (n=1500)

Excluded literature (n=845)

Full-text browsing included(n=97)
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FIGURE 1
Literature screening flowchart.

2.4. Statistical methods

The included literature was analyzed using Stata software,
version 16.0. The outcome measures in the included literature
were continuous variables, which were combined with the effect
amounts. The effect indicators were calculated using the standard
mean difference (SMD) and 95% CI calculation method. The
heterogeneity between the studies was statistically analyzed by
I2. If P > 50%, the heterogeneity was analyzed by a random
effects model. Otherwise (2 < 50%), a fixed-effects model was
applied. Stata software, version 16.0, was used for bias analysis and
subgroup analysis.

3.1. Included meta-analyses

The PRISMA flowchart in
literature search process. A total of 3,808 relevant documents were

depicts the specific

obtained through computer searches, and 2,345 were retained
after removing duplications. During the screening process, 854
articles were excluded after reading the titles and abstracts. Nine
documents were finally included after eliminating interventions
that did not include exercises or physical activity, targeted
non-university students, or had inconsistent outcome indicators
(n = 1,491 removed).

Frontiers in

Excluded literature(n=1403)

Inconsistent title abstracts(n=986)

Interventions did not match(n=156)

The research object is not college students(n=186)
Subjects with disease(30)

Outcome indicators do not match(n=45)

3.2. Basic features of the included
literature

Nine studies and 483 participants were included in the current
study, including four aerobic exercise interventions, two yoga
interventions, one intervention applying aerobic exercise combined
with resistance training, and two other forms. All of the studies
included were written in English. demonstrates the basic
features of these studies, including the intensity and frequency
of exercise and the outcome indicators. Specifically, three studies
used social anxiety as the outcome indicator, and one used

heart rate.

3.3. Inclusion in literature quality
evaluation

For the literature quality evaluation, all of the included

» .

literature achieved the criteria of “random allocation,” “intention-

» «

to-treat analysis (ITT) intentional treatment analysis,” “statistical
analysis between groups,” and “point measurement and variation
value measurement.” For the PEDro scoring, 1 article received
5 points, 7 received 6 points, and 1 received 8 points. The
average PEDro score of the included literature was approximately
6 points. The overall methodological quality was adequate

( )
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TABLE 1 Basic features of the included literature.

Experimental Exercise Duration |Frequency Outcomes
interventions intensity
Anshel, 1996 Aerobics exercise 60 High 10 weeks 1 time/week 30 min Heart rate
Albracht-Schulte and Yoga 40 Medium 4 weeks 2 times/week 30 min STAI rating
Robert-McComb, 2018
Jazaieri et al., 2012 Mindfulness intervention 56 Low 12 weeks 3 times/week 70 min SIAS rating
Broman-Fulks and Storey, 2008 | Aerobics exercise 24 Medium 2 weeks 3 times/week 20 min ASI-R score
Blough and Loprinzi, 2018 Aerobics exercise 57 High 24 weeks 3 times/week 50 min PHQ-9
Herring et al., 2012 Aerobic exercise, resistance 30 High 6 weeks 2 times/week 40 min PSWQ score
Smits et al., 2008 Aerobic exercise 60 High 3 weeks 2 times/week 20 min ASI, BAI
Tekur et al., 2012 Yoga 80 Medium 1 week 5 times/week 60 min STAI rating
Tsai et al., 2003 Tai Chi 76 High 12 weeks 3 times/week 50 min STAI rating

STAI score, Status-Trait Anxiety Scale; SIAS score, Social Anxiety Scale; ASI-R score, anxiety sensitivity index revision; PHQ-9 score, depression screening scale; NIMH-SR, The National
Institute of Mental Health Self-Rating Scale; ASI, anxiety sensitivity index; BAI, beck anxiety inventory.

TABLE 2 Methodological quality assessment of the included literature using the tool PEDro scale.

ITT Statistical Point
WEIE intentional| analysis |measurements
blinded treatment | between | and variance
EREWAHN groups magnitudes
Anshel, 1996 1 0 1 0 0 0 1 1 1 1 6
Albracht- 1 0 1 0 0 0 0 1 1 1 5
Schulte and
Robert-
McComb,
2018
Jazaieri 1 0 1 0 0 0 1 1 1 1 6
et al., 2012
Broman- 1 0 1 0 0 0 1 1 1 1 6
Fulks and
Storey, 2008
Blough and 1 0 1 0 0 0 1 1 1 1 6
Loprinzi,
2018
Herring 1 0 1 0 0 0 1 1 1 1 6
et al., 2012
Smits et al., 1 0 1 0 0 0 1 1 1 1 6
2008
Tekur et al., 1 1 1 0 0 1 1 1 1 1 8
2012
Tsai et al., 1 1 1 0 0 0 1 1 1 1 6
2003
34. Meta-ana[ysis results 95% CI = —4.69 to 8.34, P = 0.52-demonstrated that there was no

publication bias in the included literature (Figure 3).

Forest maps were used for heterogeneity testing. The
results showed that there was heterogeneity between the studies
(P = 63.5%, P < 0.05); thus, a random effects model was adopted for 3.6. Su bg roup ana lySiS
the combined effect size of SMD. The combined effect size test was
statistically significant (Z = 5.38 p < 0.001). The total SMD = —0.55,

Subgroup analysis was conducted according to exercise type,
and the 95% CI = —0.76 to —0.35, as shown in Figure 2.

exercise frequency, exercise duration, and exercise intensity.
In terms of the exercise type, studies were divided into four
different groups for analysis: aerobic exercise (included four
3.5. Publication bias articles), resistance exercise (2), yoga (1) and other exercises
(2). Aerobic exercise, yoga, and other types of interventions

Egger regression analysis was used to test for the publication  were statistically significant (P < 0.05) for improving anxiety
bias of the nine included articles. The results of Egger’s test—t = 0.67,  symptoms, while resistance exercise was not statistically significant
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Study %
ID SMD (95% CI) Weight
Anshel (1996) : + -0.16 (-0.87, 0.56) 10.12
Kembra (2018) R -0.12 (-0.74, 0.50) 11.38
1
Jazaieri (2012) | —t— 0.13 (-0.40, 0.66) 12.68
L
Broman-Fulks (2008) - : -0.67 (-1.49,0.16) 8.86
Blough (2018) -+ : -0.77 (-1.43,-0.11) 10.83
Herring (2012) + - -0.83 (-1.74,0.09) 7.90
1
|l
Smits (2008) —_— -0.08 (-0.70, 0.54) 11.37
Tekur (2012) _— -1.14 (-1.61, -0.66) 13.47
Tsai (2003) —0—5 -1.02 (-1.50, -0.54) 13.39
Overall (I-squared = 63.5%, p = 0.005) <> -0.52 (-0.86, -0.18) 100.00
i
Ll
NOTE: Weights are from random effects analysis |
T * T
-1.74 0 1.74
FIGURE 2
Forest diagram of physical activity and anxiety symptoms.
Begg's funnel plot with pseudo 95% confidence limits
5
o]
0 -
8 o
T T T T
0 2 A 6
s.e of: SMD
FIGURE 3
Publication bias graph.

(P > 0.05). In terms of exercise frequency, the included
studies were divided into three groups: high frequency (>5
times/week) (included one article), moderate frequency (3-4
times/week) (4) and low frequency (1-2 times/week) (4). Both
high frequency (SMD = —1.14, 95% CI = —1.61 to —0.66)
and moderate frequency (SMD = —0.57, 95% CI = —0.87 to
—0.28) were found to be statistically significant for improving

anxiety symptoms. Compared with the control group, the effects
of the interventions with high and moderate exercise frequencies

were statistically significant (P < 0.001), but the low exercise

Frontiers in Psychology

frequency was not (P > 0.05). The specific results are shown in
Table 3.

In terms of duration, the included studies were divided into
three groups: short duration (<8 weeks; 5 articles included),
medium duration (8-14 weeks; three articles included) and long
duration (>14 weeks; one article included). Compared with the
control group, the medium and long durations were found to be
statistically significant for anxiety (P < 0.001), while the short
duration was not (P > 0.05). In terms of exercise intensity, the

included studies were divided into three groups: high intensity
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TABLE 3 Summary of meta-analysis results.

Moderator

95% ClI

10.3389/fpsyg.2023.1136900

Subgroup compared
with control group

Subgroup comparison

Type of exercise Aerobics exercise —0.39 —0.74 to —0.04 2.22 0.027 2.1% 0.382
Resistance exercise —0.83 —1.74 t0 0.09 1.77 0.077 — —
yoga —0.76 —1.14to —0.39 3.98 0.000 84.5% 0.011
Other —0.50 —0.85to —0.14 2.76 0.006 90% 0.002
Exercise frequency High (=5 times/week) —1.14 —1.61 to —0.66 4.70 0.000 — —
Medium (3-4 times/week) —0.57 —0.87 to —0.28 3.84 0.000 71% 0.015
Low —0.22 —0.57t0 0.13 1.23 0.217 0.00% 0.573
Exercise duration Short (<8 weeks) —0.29 —0.61 to0 0.03 1.75 0.080 0.00% 0.563
Medium (8-14 weeks) —0.93 —1.32to —0.54 4.71 0.000 50.0% 0.553
Long (>14 weeks) —0.57 —0.92to —0.22 3.18 0.001 91.8% 0.000
Exercise intensity High —0.41 —0.76 to —0.05 2.26 0.024 14.1% 0.322
Medium —0.84 —1.12to —0.57 5.90 0.000 59.0% 0.063
Low 0.13 —0.40 to 0.66 0.48 0.629 - —

(included four articles), moderate intensity (4) and low intensity
(1). High-intensity exercise (SMD = —0.41, 95% CI = —0.76
to —0.05) and moderate exercise intensity (SMD = —0.84, 95%
CI = —1.12 to —0.57) were found to be statistically significant
for anxiety, but low exercise intensity was not (SMD = 0.13, 95%
CI = —0.40 to 0.66). Compared with the control group, the effects
of the interventions with high and moderate exercise intensity were
statistically significant (P < 0.05), while low exercise intensity was
not (P > 0.05). The findings revealed that exercise interventions
with higher intensity or longer durations could be more effective
for relieving anxiety symptoms.

4. Discussion

In this section, firstly we study the intervention effects of
physical activity on anxiety. Then, the effect of different exercise
intensities on anxiety will be discussed briefly.

4.1. Intervention effects of physical
activity on anxiety

The results of this study showed that exercise interventions play
a certain role in reducing the symptoms of psychological anxiety in
college students. Exercise type, time, and frequency have differing
effects on reducing the symptoms of anxiety. In the literature
included within this study, most of the interventions consisted of
aerobic exercise (Kramer et al., 2005; Marcos de Souza Moura et al,,
2015; Yin et al,, 2021; Brinsley et al.,, 2022). Aerobic exercise can
be used as an adjunctive therapy to improve the physical health of
people with anxiety disorders and has benefits in reducing anxiety
symptoms (Bartley et al., 2013). It also helps to prevent heart disease
and obesity (Bauman, 2004). With the continuous development
of society and the variety of forms of exercise, intervention
methods have also diversified, such as resistance training and
yoga. The results demonstrated in Table 3 confirmed that, in
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the subgroup analysis of exercise type, in addition to resistance
exercise, aerobic exercise, yoga and other exercise intervention
types were statistically significant. Earlier studies have found that
low or moderate resistance training might not have an effect on
anxiety (Garwin et al,, 1997; Focht and Koltyn, 1999). Conversely,
high-intensity resistance training might be associated with an
increase in state anxiety (Arent et al, 2005). The decrease in
anxiety was not significant under resistance exercise (Hill et al,
2019), and resistance exercise was not statistically significant in
relieving anxiety symptoms in this study. Aerobic exercise and
other types of exercise have greater effects than yoga, indicating
smaller group-to-group differences in the included literature.
Different exercise modes, exercise durations and exercise
intensities have different effects on improving physical function and
have effects on relieving state anxiety and anxiety (Ryzkova et al,
2018; Margulis et al,, 20215 Ji et al, 2022). A subgroup analysis
of exercise frequency revealed that the frequency of exercise is
also necessary for anxiety relief. Therefore, in this study, exercise
frequency was divided into three levels for analysis to seek the best
exercise effect (Russell, 2002; Broman-Fulks et al,, 2018). Both the
high-frequency exercise group and the medium-frequency exercise
group were statistically significant, but the low-frequency exercise
frequency was not statistically significant. A higher frequency
of exercise in an anxious state can prompt patients to devote
more time and energy to exercise so that some anxiety in life or
work can be relieved and released during exercise. For anxious
states, the need for more treatment options has been emphasized
(Ezekowitz et al, 1995). The choice of non-pharmacological
interventions can also promote the reduction of anxiety symptoms
in college students, and exercise can effectively relieve anxiety
symptoms (Carek et al, 2011). Currently, due to the increased
psychological burden of learning pressure and social interaction,
college students must alleviate their anxiety through a series of
exercise interventions or auxiliary therapies (Beiter et al.,, 2015).
Aerobic exercise, such as jogging, as the daily exercise of college
students, is easy to popularize and apply in colleges and universities
and can be used as an effective intervention measure to prevent
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college students’ anxiety, stress, and depression (Ibrahim et al,
20135 Stubbs et al,, 2017). Exercise can reduce negative emotions
and promote the transformation of these negative emotions into
positive aspects.

4.2. The effect of different exercise
intensities on anxiety

Exercise load is a concrete manifestation of exercise time and
exercise intensity, and it is a factor that affects the outcome of an
exercise. The results of the subgroup analysis showed that medium-
and long-term exercise had certain regulatory effects on the
intervention effect, and the 95% CI did not contain 0, confirming
the significance. Short-term exercise did not have a good effect on
awakening body function, and there was no significant difference
between the groups. Short-term aerobic exercise has little effect
on improving mood and anxiety. This subgroup analysis primarily
reported the effect of moderate- or vigorous-intensity physical
activity on anxiety, reflecting that a subjective, transient emotional
state was also associated with a larger effect size of exercise. A study
comparing the effects of swimming, fencing, body conditioning,
and yoga classes found that only the yoga treatment group showed
that short-term and long-term yoga exercise significantly reduced
state anxiety (Berger and Owen, 1988). We also found large
differences in exercise interventions due to the studies involving
different exercise patterns, times, frequencies, and intensities. The
differences in each subgroup were large in the analysis. From the
overall subgroup analysis, the effects of lower intensity exercise,
lower exercise frequency, and short exercise intervention cycles on
anxiety were not statistically significant, and the 95% CI contained
0. The duration, frequency, and intensity of exercise had effects on
the experimental intervention. In the process of relieving anxiety,
it is not possible to rely solely on physical activity, and it should
be used in conjunction with medication, psychological counseling,
and psychotherapy to establish a good psychological state.

4.3. Limitations

This study had some limitations. First, the included study
subjects were university students. Therefore, applying these
findings to others in the same age group might be restricted, such
as in young people who are already working or young women of
childbearing age. Second, the limited number of included studies
might have led to some degree of selection bias. Finally, this
study included diverse indicators of outcome evaluation, and the
heterogeneity test results were relatively large. Therefore, quality
control standards for future clinical trials should be based on
evidence-based medical standards.

5. Conclusion

In summary, aerobic exercise and yoga, as well as other
types of exercise, can relieve anxious states. Moderate to high
intensity, longer duration periods, aerobic exercise with a higher
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exercise frequency, and other types of exercise have significant
effects on anxiety relief. The current study suggested incorporating
appropriate exercise into the lives of people with anxiety symptoms
for the significant benefits of alleviating anxiety and developing
physical and mental health.
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Background: While the association between physical activity (PA) and depression
has been established, there is limited research on the effect of PA on the risk of
depression among Chinese individuals. Thus, this study aimed to investigate the
relationship between PA and depression among Chinese individuals.

Methods: We used a stratified random sampling approach to recruit participants
from five urban districts in Wuhan, China. A total of 5,583 permanent residents
aged 18years or older completed questionnaires, which included the International
Physical Activity Questionnaire Short Form (IPAQ-SF) to measure PA, and the
9-item Patient Health Questionnaire (PHQ-9) to evaluate depressive symptoms.
To control for potential confounders, multiple logistic regression was employed
to assess the association of PA with depression.

Results: The depression group had significantly lower weekly PA levels, measured
in metabolic equivalent of task-minutes per week (MET-min/w), compared to the
non-depression group [1,770 (693-4,200) MET-min/w vs. 2,772 (1,324-4,893)
MET-min/w, p<0.001]. In the fully adjusted model, the moderate and high PA
level groups had lower odds ratios (ORs) for depressive symptoms compared to
the low PA level group [OR (95% confidence interval (Cl))=0.670 (0.523-0.858),
0.618 (0.484-0.790), respectively]. Among males, moderate and high levels of
PA were associated with lower risk of depression compared to low PA levels [OR
(95% Cl)=0.417 (0.268-0.649), 0.381 (0.244-0.593), respectively]. However, this
association was not observed in females [OR (95% Cl)=0.827 (0.610-1.121), 0.782
(0.579-1.056), respectively]. The study found a significant interaction between PA
levels and gender in relation to depression (P for interaction=0.019).

Conclusion: The findings suggest a negative association between PA and risk of
depressive symptoms, indicating that moderate to high levels of PA may serve as
a protective factor against depressive symptoms.

depression, physical activity, mental health, China, female
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1. Introduction

Depression is a leading cause of disability worldwide and has a
profound impact on the mental health of the general population (1-4).
In recent years, several studies have indicated a significant rise in the
prevalence of depression (5-7). A 2020 meta-analysis, which included
12 studies, reported a pooled prevalence of 25% for depressive
symptoms (8). To develop effective treatments and preventive
measures for depression, it is crucial to investigate the patterns of
depression and their associated factors.

Research findings indicate that there is a connection between
physical activity (PA) and depression, and that PA may serve as a
protective factor against depression (9, 10). These effects are thought
to be mediated by several mechanisms, including changes in brain
structure and function, social interaction and self-efficacy, and
improvements in sleep quality (11). Although the most effective level
of PA for reducing the risk of depression is still a topic of debate, PA
is generally considered beneficial for depression. Some studies suggest
that moderate and vigorous PA may both be effective in preventing
depression, while other studies raise concerns that high levels of PA
may not provide any additional benefits (12-14).

Previous research that examined the link between PA and
depression has mostly focused on special subpopulations, such as
older adults, teenagers, women, or college students (10, 13-17).
However, there is limited evidence from epidemiological studies
conducted on large sample populations, particularly among the
general adult population in Chinese communities.

The objective of this study was to examine the relationship
between PA and depression among a sample of adult residents in
China. Considering the differences in prevalence of depression and
mediating mechanisms between the genders (18), we aimed to
investigate potential gender differences in this association.

2. Materials and methods
2.1. Study population

Between October and December, 2021, we conducted a cross-
sectional household survey of permanent residents aged 18 years and
older in Wuhan, Hubei Province, China. Wuhan is a large city with a
population of 11.21 million, which is fairly representative of the
central region of China. By using a stratified random sampling
approach, two central districts and three suburban districts in Wuhan
were randomly selected in the first stage of the sampling. From each
of the selected districts, we chose two streets, and subsequently,
we randomly selected three communities or villages from each street.
Within each community or village, we randomly selected 180
households. Finally, we randomly selected one adult participant from
each selected household, provided that they had resided in the selected
community or village for at least six consecutive months.

Sample size was calculated using the formula N = deffu’p (1 —
p)ld*. A 95% confidence level (two-tailed) was used, corresponding to
1 =1.96. Based on the research of Lu et al., the prevalence of depression
among Chinese was 3.4% (19). The design efficiency (deff) was set at
2. The relative error (r) was 20%, and d was calculated as 0.68
(20% x 3.4%). Using these values, the sample size was determined to
be 5,457.
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In order to ensure that residents were aware of the procedure and
purpose of the study, informed consent was obtained before the
survey. The study was approved by the Ethics Committee of Wuhan
Mental Health Centre.

2.2. Measurements

Trained investigators conducted face-to-face interviews with
residents and completed questionnaires on-site. The survey utilized a
self-developed online platform to collect data. The questionnaires
included information on PA, depressive symptoms, and socio-
demographic characteristics.

PA was measured using the International Physical Activity
Questionnaire Short Form (IPAQ-SF)—Chinese version in the present
study (20). The IPAQ-SF was considered a reliable instrument to
assess the total amount of PA obtained in common people aged
15-65years (21). It is a 7-item self-report scale that calculates daily
metabolic equivalents (METs) for the past 7 days. The PA level was
classified into three groups (high, moderate, and low) based on the
IPAQ-SF scoring protocol (22). IPAQ-SF has been used extensively
and its reliability is well-documented (Intraclass Correlation
Coeflicient (ICC)=0.79) (20).

The presence and severity of depression were estimated by the
Chinese version of the 9-item Patient Health Questionnaire (PHQ-9)
(23). This questionnaire has 9 items, and each item was scored on 4
point-scale (0=Not at all to 3=Nearly every day) and the total score
ranged from 0 to 27. The total score of >5, >10, >15, and >20 are
identified as mild, moderate, moderately severe, and severe depressive
symptoms, respectively (23). Thus, this study used a total score of 5 as
a cut-off point to generate the binary depression variable. The
Cronbach’s alpha of PHQ-9 was 0.863 in this study.

Socio-demographic information collected in the study included
gender, age, body mass index (BMI), education level, marital status,
monthly family income, smoking status, alcohol drinking status,
presence of insomnia, and the number of chronic diseases. The
Insomnia Severity Index (ISI) was used to evaluate insomnia status
(24), with a cutoff value of 7 and a total score range of 0 to 28 points
(25). The internal consistency of ISI was 0.929 for the current study.
The number of chronic diseases was determined by a multiple-choice
question inquiring whether respondents were currently suffering from
any of the 12 chronic diseases listed, including hypertension, gastritis,
and diabetes, with an additional option for “other”

2.3. Statistical analyses

For descriptive analysis, Students ¢-test was used to compare
continuous variables, and differences in categorical variables were
compared using the chi-square ()?) test. When continuous data was
not normally distributed, the nonparametric Mann-Whitney U-test
was employed. Logistic regression was then used to examine the
association between PA and depression, controlling for potential
confounding factors in three models. Model 1 adjusted for gender
(female or male), age (continuous), and BMI (continuous); model 2
added marital status (unmarried or married), education (primary
school and below, middle school, high school or college and above),
monthly family income (<3,000 RMB, 3,000-5,999 RMB, 6,000-9,999
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RMB or>10,000 RMB), current smoking status (no or yes), and
current alcohol drinking status (no or yes); and model 3 additionally
accounted for insomnia (no or yes) and the number of chronic
diseases (0, 1 or >2). Stratified analyses were performed to evaluate
the consistency of the association between PA and depression,
considering gender (female or male), age (<60 or>60years), BMI
(<18.5kg/m? 18.5-23.9kg/m? 24.0-27.9kg/m* or>28.0kg/m?),
monthly family income (<3,000 RMB, 3,000-5,999 RMB, 6,000-9,999
RMB or >10,000 RMB), insomnia (no or yes) and the number of
chronic diseases (0, 1 or >2). The odds ratios for depression of PA
levels were calculated across different subgroups, adjusted for gender,
age, BMI, marital status, education, monthly family income, current
smoking status, and current alcohol drinking status, insomnia and the
number of chronic diseases. Likelihood ratio tests were conducted to
examine interactions. All data were analyzed using SPSS 25.0 (IBM
Corp., Armonk, NY, United States), and statistical significance was set
at p<0.05.

3. Results

A total of 5,887 residents were enrolled, and 5,583 completed the
assessment. In our study, 765 participants (13.7%) exhibited depressive
symptoms. The mean value and standard deviation of age and BMI
were 55.66+ 15.11 years and 23.37 +3.33 kg/m’, respectively.

The sociodemographic characteristics were compared between
individuals with and without depression (Table 1). Compared with
non-depression participants, individuals with depression had higher
odds of being younger, female, unmarried, and not currently smoking
nor drinking alcohol, while with lower levels of BMI, education, and
monthly family income. Moreover, individuals with depression had a
higher prevalence of chronic diseases, as well as a greater incidence of
insomnia. The group reporting depressive symptoms had a
significantly lower median (IQR) of PA at 1,770 (693-4,200)
MET-min/w compared to the group without depressive symptoms,
which had a median (IQR) of 2,772 (1,324-4,893) MET-min/w
(p<0.001).

The relationships were examined between PA levels and
depression, as shown in Table 2. In the final model, a significant
association between depression and PA was observed after adjusting
for gender, age, BMI, marital status, education, monthly family
income, current smoking status, current alcohol, insomnia and the
number of chronic diseases. Participants with moderate or high level
of PA had a significant lower risk of depression than those with low
PA level in the fully adjusted model [OR (95% CI)=0.670 (0.523-
0.858), 0.618 (0.484-0.790), respectively].

Table 3 presented the adjusted ORs for depression of PA levels by
subgroups. The PA-depression association was not significantly
differed by age, BMI, insomnia and the number of chronic diseases.
In male group, lower ORs for depression of moderate and high PA
levels were observed [OR (95%)=0.417 (0.268-0.649), 0.381 (0.244-
0.593), respectively], whereas similar result was not found in female
group [OR (95%)=0.827 (0.610-1.121), 0.782 (0.579-1.056),
respectively]. In households with a monthly income of less than 3,000
RMB, moderate to high levels of PA decreased the ORs for depression
[OR (95% CI)=0.434 (0.267-0.706), 0.462 (0.294-0.727),
respectively]. However, in the 3,000-5,999 RMB group, the protect
role was only found for high PA level [OR (95% CI)=0.678 (0.387-
1.188)], and in the group of monthly family income higher than 6,000,
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the protect effect was not observed for both moderate and high PA
levels [6,000-9,999 RMB: OR (95% CI)=0.689 (0.408-1.162), 0.705
(0.417-1.191), respectively; >10,000 RMB: OR (95% CI) =0.960
(0.594-1.551), 0.944 (0.570-1.565), respectively]. In addition,
moderate to high levels of PA had a protective effect for individuals
with a BMI of 18.5-23.9kg/m? [OR (95% CI)=0.637 (0.460-0.882),
0.579 (0.419-0.799), respectively] and without chronic diseases [OR
(95% CI)=0.620 (0.439-0.877), 0.651 (0.460-0.923), respectively].

4. Discussion

The present study investigated the association between PA and
depression among Chinese adults. We observed a significant negative
correlation between PA level and odds of depression, although this
association was only evident in men but not in women.

Our study found a prevalence rate of 13.7% for depressive
symptoms among permanent residents aged 18years or older in
Wuhan, China. Our results are consistent with previous studies, which
have also shown that depressive symptoms are more common in
females than in males (14.9% vs. 11.3%) (13, 26). This may
be attributed to females’ high sensitivity to psychological and physical
stress, which may increase their susceptibility to depression,
particularly during emergencies (18, 27).

Our study revealed that both moderate and high levels of PA were
associated with a lower risk of depressive symptoms. These findings
are consistent with the results of previous studies by Chi et al. and
Mumba et al., which have shown that moderate to high levels of PA
are associated with lower levels of depression compared to lower levels
of PA (13, 14). In contrast, other studies have shown that vigorous PA
does not have additional protection against depression and that it may
increase the risk of depression (12, 28). Our results supported the
former view, suggesting that both moderate and high levels of PA had
a protective effect against depression, and the risk of depression
decreased with increasing levels of PA. Many studies have
demonstrated the positive effects of PA on mental health through
several neurobiological, psychosocial, and behavioral mechanisms.
The neurobiological mechanism hypothesis suggests that PA results in
changes in the structure and function of the brain, which enhances
mental health (11, 29). The psychosocial mechanism hypothesis
proposes that PA provides opportunities for social interaction, self-
efficacy, and improved body image, leading to better mental health
(30, 31). Lastly, the behavioral mechanism hypothesis posits that
engaging in vigorous PA may increase the need for sleep, which
promotes energy conservation and body restoration, ultimately
contributing to better mental health (32, 33).

According to our findings, PA may not have protective effect on
women, which differed from previous studies. Meng et al’s study of
1,892 elderly women (aged 55-70) found that moderate leisure-time
physical activity (LTPA) was associated with reduced depression,
whereas vigorous LTPA could increase the risk (28). Similarly, Luo
et al’s study on middle-aged women (aged 42-52) found that adequate
PA (at least 150-300 min of moderate-intensity aerobic activity per
week) was a protective factor against depressive symptoms (17). The
protective effect of PA on women in our study was not significant,
probably due to the type of PA performed. Several studies have shown
that aerobic and strength exercises are the most effective in alleviating
depression (34, 35). However, it is possible that some of the individuals
in our study may have reported doing household chores as part of
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TABLE 1 Demographic characteristics according to depression status.

Parameters Non-depression

(n=4,818)

10.3389/fpsyt.2023.1179417

Depression (n=765)

p-value

Gender, 1(%) 13.732 <0.001
Female 3,148 (85.1) 552 (14.9)
Male 1,670 (88.7) 213 (11.3)
Age (years) 56.1+14.9 53.1+16.4 4.743 <0.001
BMI (kg/m?) 23.4+33 23.0£3.5 2.963 0.003
Education, n (%) 84.945 <0.001
Primary school and below 1,439 (84.4) 265 (15.6)
Middle school 1,480 (90.6) 153 (9.4)
High school 1,034 (89.4) 122 (10.6)
College and above 865 (79.4) 225(20.6)
Marital status, 7 (%) 30.738 <0.001
Married 4,139 (87.4) 598 (12.6)
Unmarried and others 679 (80.3) 167 (19.7)
Monthly family income, n (%) 19.339 <0.001
<3,000 RMB 1,098 (83.6) 216 (16.4)
3,000-5,999 RMB 1,037 (85.9) 170 (14.1)
6,000-9,999 RMB 1,446 (89.1) 177 (10.9)
>10,000 RMB 1,237 (86.0) 202 (14.0)
Current smoking status, 1 (%) 10.487 0.001
No 4,023 (85.7) 674 (14.3)
Yes 795 (89.7) 91 (10.3)
Current alcohol drinking status, # (%) 4.889 0.027
No 4,168 (85.9) 684 (14.1)
Yes 650 (88.9) 81 (11.1)
Insomnia, 1 (%) 1172.54 <0.001
No 4,367 (93.2) 319 (6.8)
Yes 451 (50.3) 446 (19.7)
Number of chronic diseases, 1 (%) 88.657 <0.001
0 2,693 (89.1) 328 (10.9)
1 1,260 (87.1) 187 (12.9)
>2 622 (76.5) 191 (23.5)
Physical activity (MET-min/w) 2,772 (1324-4,893) 1770 (693-4,200) #-6.068 <0.001

“Mann-Whitney U-test was conducted.

their PA. Previous studies have suggested that increased workload and
lack of skill utilization during household chores may be risk factors for
depression in women (36), and that women with high household
workload have higher rates of mental disorders than women with low
household workload (37). Moreover, the age range of women in this
study was wider (18-95years). The effect of PA may vary among
women of different age groups, which calls for further research.

Our study suggested that the protective effect of PA against depression
may vary across income groups. PA had no significant protective effect
against depression in high-income households, but had a significant
protective effect in low-income households. PA may be an inexpensive
and feasible way to reduce depression in low-income households.
Conversely, high-income households may have more options available to
alleviate depression, which could reduce the protective effect of PA. As for

Frontiers in Psychiatry

the role of BMI and number of chronic diseases in the relationship
between PA and depression, further research is needed due to the small
sample size in some of the subgroups of these variables.

Several limitations of the present study should be acknowledged.
Firstly, the cross-sectional design of our study precluded making causal
inferences, even though we controlled for relevant covariates. Future
research should consider more comprehensive longitudinal studies to
better understand the relationships between the variables. Secondly, PA
was collected through self-reported instruments, which may be subject
to biases resulting from social expectations and memory errors. Thirdly,
it should be noted that the PHQ-9 assessment of depression served as a
screening tool and does not provide a clinical diagnosis. As a result,
future studies may need to incorporate diagnostic interviews to ensure
that results are more precise and reliable. Fourthly, the study only
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TABLE 2 Association of physical activity levels with depression.

Physical activity, OR (95% Cl)

10.3389/fpsyt.2023.1179417

Moderate
Crude 1 0.595 (0.482, 0.735) 0.493 (0.400, 0.607) <0.001
Model 1 1 0.610 (0.493, 0.754) 0.506 (0.409, 0.625) <0.001
Model 2 1 0.657 (0.529, 0.815) 0.550 (0.444, 0.682) <0.001
Model 3 1 0.670 (0.523, 0.858) 0.618 (0.484, 0.790) <0.001

Model 1: adjusted for gender, age, BMI. Model 2: additionally adjusted for marital status, education, monthly family income, current smoking status, current alcohol drinking status. Model 3:
additionally adjusted for insomnia, number of chronic diseases.

TABLE 3 Odd ratios for depression of physical activity levels by subgroups.

Subgroups Physical activity P for interaction
Moderate

Gender 0.019
Female 3,700 1 0.827 (0.610, 1.121) 0.782 (0.579, 1.056)
Male 1,883 1 0.417 (0.268, 0.649) 0.381 (0.244, 0.593)

Age 0.434
<60 3,136 1 0.724 (0.531, 0.988) 0.644 (0.470, 0.882)
>60 2,447 1 0.554 (0.365, 0.840) 0.583 (0.390, 0.870)

BMI 0.249
<18.5kg/m’ 288 1 0.595 (0.233, 1.516) 0.917 (0.369, 2.281)
18.5-23.9kg/m’ 3,130 1 0.637 (0.460, 0.882) 0.579 (0.419, 0.799)
24.0-27.9kg/m* 1,692 1 0.842 (0.515, 1.376) 0.624 (0.382, 1.020)
>28.0kg/m’ 473 1 0.362 (0.142, 0.924) 0.740 (0.309, 1.769)

Monthly family income 0311
<3,000 RMB 1,314 1 0.434 (0.267, 0.706) 0.462 (0.294, 0.727)
3,000-5,999 RMB 1,207 1 0.678 (0.387, 1.188) 0.539 (0.313, 0.927)
6,000-9,999 RMB 1,623 1 0.689 (0.408, 1.162) 0.705 (0.417, 1.191)
>10,000 RMB 1,439 1 0.960 (0.594, 1.551) 0.944 (0.570, 1.565)

Insomnia 0.871
No 4,686 1 0.637 (0.463, 0.877) 0.606 (0.442, 0.831)
Yes 897 1 0.670 (0.452, 0.995) 0.605 (0.411, 0.890)

Number of chronic diseases 0.768
0 3,021 1 0.620 (0.439, 0.877) 0.651 (0.460, 0.923)
1 1,447 1 0.710 (0.421, 1.197) 0.688 (0.415, 1.141)
>2 813 1 0.696 (0.419, 1.156) 0.546 (0.333, 0.896)

All models are adjusted for gender, age, BMI, marital status, education, monthly family income, current smoking status, and current alcohol drinking status, insomnia and the number of

chronic diseases.

involved permanent residents in Wuhan, which may limit the
generalizability of our findings to residents of other Chinese provinces

due to differences in economy and living habits.

5. Conclusion

PA is negatively associated with depression. The risk of depression
decreases with the increasing of PA, and both moderate and high

Frontiers in Psychiatry

levels of PA may play a protective role. Further study is warranted to

clarify the sex difference in the effect of PA.
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The deteriorating trends of unbalanced income, progressive age-related health
problems, and loss of traditional ties necessitate ever-flexible interventions that
are helpful to overcome a decline in Chinese adults’ mental health. This study
aimed to test whether engagement in different domains of leisure is associated
with a composite index of mental health, both concurrently and subsequently.
Longitudinal data including 10,968 participants (females = 5,804) with a mean
age of 46.01 years in the Chinese General Social Survey (CGSS) were analyzed
using generalized estimating equations with a logit link. The results showed that
face-to-face experiences, such as sports with all ORs of <1 at the significance
level of a = 0.01 and meeting with all ORs of < 1 at the significance level of a
= 0.01 except daily in-person meeting frequency, are important for protecting
mental health owing to the increasing social support by building close ties. The
results also indicate that online leisure with all ORs < 1 at the significance level
of a = 0.01 has positive effects on lowering the odds of depression. In addition,
receptive cognitive leisure, such as watching television or movies with all ORs <
1 at the significance level of a = 0.05 level, was not consistently associated with
depression. However, active cognitive leisure, such as reading with all ORs of <1
at a significance level of o = 0.01, was associated with lower odds of depression.

KEYWORDS

leisure, classification, self, assessment, psychology

1. Introduction

Currently, China suffers from collective mental health decline. Based on the data from
the Chinese Mental Health Report (1), the percentage of adults satisfied with their mental
health was 31.4%, while the percentage of those dissatisfied with their mental health was
45.9%. Furthermore, the report also indicated that the total mental health condition of the
population has decreased compared with that 10 years ago. Despite this, mental distress or
depression is commonly undiagnosed and underestimated and is often undertreated (2).
Distress causes functional impairments in daily life and is associated with increased risks of
cardiovascular disease, dementia, diabetes, stroke, and both specific and unspecific mortality
(3-6). Against these backgrounds, identifying ways to reduce or prevent mental health
concerns is particularly important. Furthermore, the deteriorating trends of unbalanced
income, progressive age-related health problems, and loss of traditional ties necessitate ever-
flexible interventions that are increasingly related to maintaining or achieving a healthy
lifestyle (7).
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In China, participating in cultural activities and organized
travel trips are popular leisure trends that may help reduce
depression (8). However, these activities require physical, social,
creative, and imaginative participation from the participants.
Although previous studies provide strong evidence that engaging
in cultural activities (such as going to galleries and museums)
and organized travel is associated with lower rates of depression
(9, 10), organized travel may not be easily or equally accessible to
all as it may be subject to higher socioeconomic barriers unlike
other activities, like reading, watching television, or meeting with
relatives or friends. Furthermore, cultural activities depend on the
contextual environment of a person’s life, and inequalities in access
may likely increase with aging. It raises the question of whether
a wide range of self-selected and participatory leisure activities
that can be done at home, many of which are inexpensive or free,
contribute to effectively preventing depression. Leisure activity is
one of the known determinants of health and wellbeing. Previous
studies have compellingly indicated that exercise as a form of leisure
is consistently identified as having antidepressant effects in terms
of physiological and neurological functions (11, 12). However, the
effects of other flexible leisure activities such as reading, watching
television, sewing, and digital leisure in protecting mental health
have, to date, received less attention.

The current study investigated how engaging in different forms
of leisure, such as exercise, reading, sewing, watching television or
movies at home, meeting friends, and digital leisure, are associated
with mental health protection. Considering social ties as a well-
known element in protecting mental health in the real world, one
possible mechanism of how digital leisure connects with mental
health is that the interpersonal virtual networks allow for the
exchange of social resources, which generates a sense of control and
competence, thereby creating beliefs of resilience that make stress
more bearable (13, 14). These perceptions of virtual social ties are
described as “buffers” against life stress, especially when life stress is
high. In addition, choosing reading and watching television/movies
may be alternative elements in protecting mental health because
cognitive stimulation, one possible mechanism connecting leisure
and mental health, improves symptoms of depression and anxiety
(15). However, the mechanism behind those is still unclear, and
understanding the role of leisure is an important topic that merits
further exploration.

Thus, choosing certain leisure forms should imply having
greater opportunities to activate social ties and maintain the
levels of social ties that may be beneficial for mental health, as
leisure can become a source of happiness and personal growth
(16) and detachment from stressful activities (17). Therefore,
this study (1) tested the concurrent and subsequent associations
between different leisure forms and a composite index of mental
health; (2) discerned which leisure activities, including exercise,
reading, sewing, watching television or movies at home, meeting
friends, and digital leisure, help the most to protect mental
health; and (3) discussed the possible anti-depressive effects of
specific leisure activities that seem particularly important post-
pandemic, partially after witnessing the exceptional consequences
of the global COVID-19 pandemic: social distancing and whole-
city lockdowns.
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1.1. Literature review and hypothesis
development

1.1.1. Online and offline leisure and mental
health: a social capital perspective

Previous research has stressed that leisure creates different
contexts that can facilitate the development of companionship,
friendship, and social support, thus reducing feelings of loneliness
and protecting people from psychological distress (18, 19). While
leisure provides many interactive contexts that can be beneficial for
mental health, studies involving issues of social capital and support
suggest that many of these processes occur in settings where leisure
is experienced through in-person scenarios (1, 20, 21).

The social capital theory is an umbrella term that broadly
refers to the resources embedded in social ties that can be accessed
through individual or collective social connections (22). Processes
of social capital circulation are, thus, key to activating those kinds
of resources that have been conceptualized as social capital since
the studies by Akdere (23). From this perspective, Spini et al.
(24) stressed the importance of being actively engaged in social
connections to establish forms of social support that can provide
protection against mental problems. In-person social interactions
fostered feelings of reciprocity and help to circulate those kinds of
social resources embedded in the social ties (25), e.g., emotional and
material aids provided by strong social ties. In addition, China’s
high-speed economic development has induced large changes in
society. For instance, some traditional social ties have been lost,
meaning that residents are more likely to live alone. Against
this background, some individuals spend their time engaging in
sedentary and domestic activities, and Alkahtani argued (26) that
they have fewer opportunities to actively foster social ties, thus
losing their capacity to cultivate and circulate social capital. On
the one hand, existing research suggests that traditional forms
of leisure involving face-to-face social ties can provide enough
opportunities to create a process of social capital circulation
that helps to protect mental health (25). On the other hand,
online communication and digital leisure vary in style but are
becoming indispensable, especially due to the pandemic, and have
provided many different opportunities for participants to connect
through sporting apps, outdoor adventure comments, and sharing
cultural activities.

Although digital leisure has been gaining popularity, the
question of whether social capital is activated by virtual social ties
remains unclear, as do the relationships between digital leisure
and the odds of depression. It is easy to understand that the
digital world can facilitate peer communication beyond time and
space. Nakagomi et al.’s (27) findings supported the role of online
communication with friends in preventing clinical depression
among young people. In addition, online communication could be
particularly useful among older adults as, today, families are often
geographically dispersed. Bano (28) attributed the positive effects of
virtual interactions with others to affect wellbeing via a decreased
sense of loneliness as well as increased social engagement, which
are core elements of activating social resources. Although Gardiner
(29) described in his study that many requests for help in and
through virtual interactions often go unanswered, prevention of
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social capital circulation is decreasing due to flourishing online-
specific communities, such as running groups on Facebook or
sharing tourism tips on Twitter. Furthermore, some studies have
demonstrated that increases in virtual engagement are correlated
with fewer in-person social connections, but the positive effects of
digital leisure on preventing mental health should be not ignored.
Thus, it is reasonable to develop a digital leisure hypothesis.

H1: Increasing in-person exercise participation is associated
with a lower probability of mental depression.

H2: Increased participation in meetings with friends is
associated with a lower probability of mental depression.

H3: Increased participation in digital leisure is associated with
a lower probability of mental depression.

1.2. Leisure and mental health: cognitive
behavioral perspective

Although leisure involving social interactions was most
consistently associated with lower odds of depression, there were
still associations between participating in hobbies, baking, and
cooking and depression, suggesting that these activities involve
another active ingredient of protecting mental health, although
they do not necessarily result in social connections (29, 30). Based
on a cognitive behavioral therapy perspective, effective stimulation
has three critical components: collaborative construction, verbal or
visible intervention, and reframing (31). Each of these components
involves a simulated objective in the participants mind, which
means that the aforementioned leisure activities such as hobbies,
baking, or cooking actually do not involve interacting with peers
virtually or in person but instead create simulated interactions to
protect mental health.

In this aspect, there has been a growing body of research
that demonstrates the effects of engagement in cultural activities
on reducing depression. These cultural activities are commonly
split into those with active engagement, such as singing, dancing,
or doing artistic activities, and those with receptive engagement,
involving art that has been created and then experienced by
an audience (10). Cognitive stimulation, corresponding to those
forms of active and receptive cultural activities, is not ignored,
although there are many physical and social components involved.
Previous studies have indicated that cultural engagement (such
as going to galleries and art museums) is associated with lower
odds of depression (9, 32), but these activities may not be
accessible to all. Participating in cultural activities may be subject
to more socioeconomic barriers than other leisure activities, and
inequalities in access may increase with age (33). On the contrary,
due to their cognitive stimulation and similarity to cultural
activities, at-home activities like reading, watching television, and
sewing, which are affordable or free, can help prevent depression.
Specifically, considering that there is a difference between active
and receptive cognitive stimulations, developing these cognitive
stimulation spheres of leisure is reasonable.

H4: Higher rates of active reading are significantly associated
with a lower probability of mental depression.

H5: Higher rates of receptive TV or movie watching at home
have negative effects on protecting mental health.
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Hé6: Higher rates of sewing are associated with a lower
probability of mental depression.

2. Materials and methods
2.1. Sample

Participants were drawn from the Chinese General Social
Survey (CGSS), which is a nationally representative study of 10,968
individuals with a mean age of 46.01 years in China. The initial
cohort was first investigated in 2011 and followed up every 2 years.
We used public data from CGSS waves with which engagement
in leisure activities was consistently measured (2013-2017). Those
three waves of investigation datasets were treated as longitudinal
investigations in at least two respects. First, this national survey
sample is replenished with younger cohorts every 8 years, which
means those three waves of samples should be not replenished.
Second, each wave survey is strongly representative of the whole
population due to strict probability sampling. Specifically, each
wave investigation considered its representativeness from two
aspects: economic factors as a vertical axis and geographic units as
a horizontal axis. For instance, while 2,801 counties were treated
as primary sampling basic units, five different sampling frames
were employed depending on the economic factors such as Gross
Domestic Product (GDP) and human development index (detailed
information shown in Table 1). Ultimately, 125 first sampling units
were conducted by simple random sampling, and the ratio between
urban and rural blocks was 295:205 in the second sampling unit and
the ratio of people living in urban and rural areas was 5,900:4,100,
which satisfies the sampling design. Each sampling unit had a
confidential interval of 95% and a sampling error of no more than
3%. The least sample size was 5,335. However, considering the
issues of invalid response and response rate, the sample size of
each wave was set at 10,000. Restricting the sample in the current
study to participants with complete data on depression and leisure
activity participation in three waves produced a final sample of
10,968 participants and 32,904 observations.

2.2. Measurement

2.2.1. Outcome

Depression was measured at every wave with a 3-item self-
evaluated depression scale (SEDS), as specified in Table 2. This self-
reported measurement can identify people at risk of developing
depression. The total score ranges from 1 to 5, with lower scores
indicating more severe symptoms. The SEDS had good internal
consistency across waves (Cronbach’s alpha ranged from 0.71 to
0.85). We recoded a cutoff value of three or fewer to indicate the
presence of depression (34).

2.2.2. Independent variables

We selected six items from this CGSS questionnaire that were
measured consistently from 2013 to 2017, including questions on
a wide range of leisure activities. Participants were asked how
often they (1) read books, magazines, or newspapers (Reading);
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TABLE 1 A summary of sampling strategy.

Sampling-frame First unit Second unit Third unit Ultimate unit
Frame-1 15 60 120 1,200
Beijing 5 5x4=20 20 x 2 =40 40 x 10 = 400
Tianjin 5 5x4=20 20 x 2=40 40 x 10 = 400
Shanghai 5 5x4=20 20 x 2 =40 40 x 10 =400
Frame-2 16 64 128 1,280
Eastern 5 5x4=20 20 x 2 =40 40 x 10 = 400
Central 6 6x4=24 24x2=148 48 x 10 = 480
Western 5 5x4=20 20 x 2=40 40 x 10 =400
Frame-3 30 30 x 4=120 120 x 2 =240 240 x 10 =2,320
Frame-4 42 42x4=168 168 x 2 =336 336 x 10 = 3,360
Frame-5 22 22x4=88 88 x 2 =176 176 x 10 = 1,760
Total 125 500 1,000 10,000

TABLE 2 Standardized factor loadings, composite reliability coefficients, and average variance extracted for the self-evaluated depression scale.

Construct/items CR AVE

2017 2013 2015 2017 2013 2015 2017
Ttem-1 0.849"* 0.718" 0.727" 0.878 0.726 0.775 0.707 0.642 0.654
Ttem-2 0.894** 0.762* 0.703*
Ttem-3 0776 0.567* 0.563"

N = 10,968, B, standardized factor loadings; CR, composite reliability coefficients; AVE, average variance extracted. **p < 0.01. Item-1: How do you rate your mental wellbeing? Item-2: In the

past 4 weeks, how often have the mental problems interfered with your work or other daily activities? Item-3: In the past 4 weeks, how often have you felt depressed?

(2) attend meetings with friends or relatives, community, or
other interest groups (Meeting); (3) watch TV or movies at
home (Watching); (4) play a sport or attend an exercise club
(Exercising); (5) carry out sewing, knitting, or embroidery (Sewing);
and (6) browse the internet for leisure (Internet). We collapsed
the responses into four categories, representing daily engagement
(once a day/several times daily), weekly engagement (once
a week/several times a week), monthly engagement (once a
month/several times a month), and yearly or no engagement
(never/not in the last half year, and once a year/several
times a year).

2.2.3. Moderated effects of demographic
characteristics

We included a range of demographic and socioeconomic-
related confounders. Demographic confounders were age in years
and gender (men vs. women). The socioeconomic confounders
were educational attainment (none, elementary school, middle and
high school, vocational school, undergraduate degree, graduate
degree, and above).

2.3. Statistical analyses

We first described the sociodemographic characteristics
of the sample at baseline. We then investigated whether
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engagement in leisure activities was associated with
concurrent and subsequent depression. Concurrent models
included
depression measurement, with estimates averaged across all
waves (2013-2017).

Longitudinal models tested the association between activity

simultaneous leisure activity engagement and

engagement in one wave (2013-2017) and depression in the
subsequent wave (2013-2017). Thus, the longitudinal model
estimated the associations between leisure activity engagement
and change in depression after 4 years. We fitted population-
averaged panel data models using generalized estimating equations
(GEE) with the logit links. This allowed us to include repeated
measures, with waves clustered within an individual. We used
an exchangeable correlation matrix to optimize model power
and efficiency, although GEE is relatively robust to the choice
of correlation structure (35). We modeled depression with a
binomial distribution, logit link, and robust standard errors.
All models were presented before and after adjustment for
confounders. Each leisure activity was treated as a continuous
variable ranging from daily to monthly to indicate whether
there was overall evidence for the moderation effect of the
demographic variables on the odds of depression. The missing
data on exposures and confounders were imputed using multiple
imputations. We used logistic regression according to variable
type, generating 20 imputed data sets using all variables included
in the analyses. The analyses were performed using R 4.3
and SAS 9.4.
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3. Results

In total, 10,968 participants provided data on leisure activities
and depression in the three waves of CGSS. More than half of
the participants (52.92%) were women, 11.30% did not receive any
education, and 73.36% received medium education. The mean age
of the participants was 46.01 years. Overall, 16.08% of the sample
size met the diagnostic criteria for depression. The prevalence of
depression differed according to several socioeconomic and health-
related factors, as did the frequency of engagement in leisure
activities (Table 3). Specifically, the frequency of engagement
differed considerably across leisure activities; moreover, 58.28%
of participants participated in Watching weekly, whereas <10%
of participants participated in Sewing. After Watching, the most
common categories of activity were Internet and Meeting (Table 4).

3.1. Concurrent association

Before adjusting for confounders, we found evidence that
more frequent activities, such as Reading, Meeting, Internet, and
Exercising were associated with lower odds of depression (Table 5).
In contrast, there was no evidence that more frequent Sewing was
associated with decreased odds of depression. After adjustment
for confounders, there was also no evidence that more frequent
Sewing was associated with lower odds of depression. Compared
to participants who did not spend time exercising, those exercising
weekly had 39% [OR = 0.61, 95% CI (0.50, 0.71)] lower odds
of depression, which was very similar to those who reported
browsing the internet weekly [OR = 0.57, 95% CI (0.44, 0.70)]. In
addition, engagement in exercise showed more of a dose-response
relationship with lower odds of depression. Daily, weekly, and
monthly participation in sport were respectively associated with a
43% [OR = 0.57, 95% CI (0.49, 0.67)], 39% [OR = 0.61, 95% CI
(0.50, 0.71)], and 21% [OR = 0.79, 95% CI (0.60, 0.98)] decrease
in the odds of depression when compared to not participating in
sports or exercising.

3.2. Longitudinal association

Before adjusting for confounders, we found evidence that
indicated that a higher frequency of Reading, Meeting, Internet,
and Exercising was associated with lower odds of depression
(Table 6), which was the same with the concurrent model. However,
in the fully adjusted model, it was evidenced that daily reading was
associated with subsequent lower odds of depression. Participants
who read daily had 20% [OR = 0.80, 95% CI (0.64, 0.96)] lower
odds of depression 4 years later and participants who met with
friends or organized activities weekly had 23% [OR = 0.77, 95%
CI (0.62, 0.92)] lower odds of subsequent depression. Both weekly
and monthly sports and Exercising were associated with a 39% and
21% [weekly 95% CI (0.60, 0.98) and monthly 95% CI (0.5, 0.7)]
reduction in the odds of depression 4 years later, respectively. The
effects of higher rates of Internet were associated with lower odds of
depression 4 years later. Finally, reading weekly was not statistically
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TABLE 3 A summary of the sample at the baseline and percentage of the
sample with depression at the baseline according to demographic
characteristics.

Overall

Depression

No Yes

Overall 9,204 (83.92%) | 1,764 (16.08%)
Gender

Male 5,164 (47.08%) | 4,333 (83.91%) 831 (19.09%)
Female 5,804 (52.92%) | 4,871 (83.92%) 933 (16.07%)
Education

None 1,239 (11.30%) | 1,038 (83.78%) 201 (16.23%)

Elementary school 2,386 (21.75%) 2,003 (83.95%) 383 (16.05%)

Middle and high school 5,031 (45.87%) 4,200 (83.48%) 831 (16.52%)

Vocational school 63 (5.74%) 51 (80.95%) 12 (19.05%)

College and university 2,066 (18.84%) 1,756 (85.00%) 310 (15.00%)

Graduate and above 183 (1.67%) 156 (85.25%) 27 (14.75%)

Age 46.01 (16.84)

associated with lower odds of subsequent depression [OR = 0.85,
95% CI (0.67, 1.04)].

3.3. Moderated effects of confounders on
association

Before and after adjusting for confounders, we found evidence
of interactions between Watching and gender, on the one hand, and
of lower odds of depression, on the other hand (Table 7). Men had
more than 15% [OR = 0.85, 95% CI (0.72, 0.96)] and 18% [OR =
0.82, 95% CI (0.70, 0.95)] lower odds of depression concurrently
and sequentially 4 years later, respectively.

Adjusting for age as a confounder, the more the older adults
engaged with the internet, the higher their odds of depression,
based on the concurrent and longitudinal models [OR= 1.01,
95% CI (1.00, 1.02)]. Longitudinally, there was one more piece
of evidence showing that the association between Meeting and
depression differed according to age group, but this was not present
in the concurrent model (Table 8). For those who were older,
meeting with friends and relatives was associated with 1% lower
odds of subsequent depression [OR = 0.99, 95% CI (1.00, 1.01)].

Similarly, for educational levels (Table 9), we found evidence
that the higher the participants’ education levels, the higher the
odds of depression, when looking at the category “Internet”
[OR = 1.06, 95% CI (1.01, 1.10)], from the unadjusted model.
In contrast, this evidence is not present in the adjusted and
longitudinal models.

4. Discussion

We explored the associations between engagement in a wide
range of leisure activities and a composite index of mental health

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1134854
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Bian and Xiang

TABLE 4 Frequency distribution of leisure activities at baseline.

10.3389/fpubh.2023.1134854

Frequency Reading Meeting Watching Exercising Sewing Internet ‘
Daily 1,245 (11.35%) 324 (2.95%) 6,392 (58.28%) 1,998 (18.22%) 202 (1.84%) 4,848 (44.20%)
Weekly 1,189 (10.84%) 1,253 (11.42%) 2,565 (23.39%) 1,926 (17.56%) 333 (3.04%) 906 (8.26%)
Monthly 1,272 (11.60%) 2,926 (26.67%) 818 (7.46%) 906 (8.26%) 527 (4.80%) 242 (2.21%)
None 7,261 (66.21%) 6,464 (59.37%) 1,192(10.87%) 6,137(55.96%) 9,905 (90.35%) 4,971 (45.33%)

TABLE 5 Concurrent models testing the associations between frequency of engagement in leisure activities and the odds of depression.

Model 1: Unadjusted

Model 2: Adjusted

95%Cl p-value 95%Cl p-value

Watching

Daily 1.01 0.83-1.18 0.93 0.94 0.77-1.11 0.49
Weekly 0.92 0.74-1.10 0.42 0.94 0.74-1.13 0.53
Monthly 0.87 0.63-1.10 0.30 0.87 0.62-1.12 0.36
Reading

Daily 0.87 0.71-1.03 0.14 0.80 0.64-0.96 0.02
Weekly 0.80 0.63-0.97 0.04 0.85 0.67-1.04 0.15
Monthly 0.71 0.56-0.86 <0.01 0.79 0.62-0.95 0.03
Meeting

Daily 1.07 0.77-1.37 0.61 0.98 0.70-1.25 0.88
Weekly 0.71 0.58-0.85 <0.01 0.77 0.62-0.92 <0.01
Monthly 0.59 0.50-0.68 <0.01 0.68 0.57-0.78 <0.01
Exercising

Daily 0.64 0.54-0.73 <0.01 0.57 0.49-0.67 <0.01
Weekly 0.57 0.47-0.67 <0.01 0.61 0.50-0.71 <0.01
Monthly 0.72 0.55-0.89 <0.01 0.79 0.60-0.98 <0.01
Sewing

Daily 112 0.70-1.53 0.56 111 0.69-1.52 0.59
Weekly 0.95 0.64-1.24 0.73 0.92 0.62-1.21 0.60
Monthly 1.02 0.75-1.28 0.88 1.03 0.75-1.30 0.87
Internet

Daily 0.22 0.19-0.24 <0.01 0.52 0.43-0.61 <0.01
Weekly 0.34 0.26-0.40 <0.01 0.57 0.44-0.70 <0.01
Monthly 0.32 0.19-0.44 <0.01 0.51 0.29-0.71 <0.01

N = 10,968. For all leisure activities, no engagement was the reference category. Model 2 was adjusted for gender, education, and age. The bold text indicates a p-value of <0.05.

in a large nationally representative cohort of adults in China,
concurrently and consequently. The study aimed at identifying
which types of leisure domains were associated with psychological
distress and the possible mechanism behind them. Leisure is well-
known for creating a context for social interaction, and it is vital
to further investigate whether there is a clear distinction between
online and offline scenarios when dealing with the rise in the
popularity of online leisure (36, 37), while looking at whether
the required social capital is activated equally both online and
offline and exploring how different leisure domains can provide
benefits to mental health through exercise, cognitive stimulations,
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and virtual social ties. Such questions are attracting more attention
due to online leisure becoming indispensable, especially during a
global pandemic.

As expected in the face-to-face and online leisure hypotheses
(H1, H2, and H3), participating in sport daily, weekly, or monthly
was consistently associated with lower odds of concurrent and
subsequent depression (H1). In addition, engagement in sports
showed more of a dose-response relationship with lower odds of
depression. Meeting with friends or relatives weekly or monthly
was consistently associated with lower odds of concurrent and
subsequent depression (H2), but there was no evidence to support
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TABLE 6 Longitudinal models testing associations between the frequency of engagement in leisure activities and the odds of depression in the
subsequent waves (4 years later).

Model 1: Unadjusted

Model 2: Adjusted

95%ClI p-value 95%ClI p-value
Watching
Daily 1.01 0.83-1.18 0.93 0.94 0.77-1.11 0.49
Weekly 0.92 0.74-1.10 0.40 0.94 0.74-1.13 0.53
Monthly 0.87 0.63-1.10 0.28 0.87 0.62-1.12 0.36
Reading
Daily 0.87 0.71-1.03 0.14 0.80 0.64-0.96 0.02
Weekly 0.80 0.63-0.97 0.04 0.85 0.67-1.04 0.15
Monthly 0.71 0.56-0.86 <0.01 0.79 0.62-0.95 0.03
Meeting
Daily 1.07 0.77-1.37 0.61 0.98 0.70-1.25 0.88
Weekly 0.72 0.58-0.85 <0.01 0.77 0.62-0.92 <0.01
Monthly 0.59 0.50-0.68 <0.01 0.68 0.57-0.78 <0.01
Exercising
Daily 0.64 0.54-0.73 <0.01 0.57 0.49-0.67 <0.01
Weekly 0.57 0.47-0.67 <0.01 0.61 0.50-0.71 <0.01
Monthly 0.72 0.55-0.89 <0.01 0.79 0.60-0.98 <0.01
Sewing
Daily 112 0.70-1.53 0.58 111 0.69-1.52 0.59
Weekly 0.95 0.64-1.24 0.73 0.92 0.62-1.21 0.60
Monthly 1.02 0.75-1.28 0.88 1.02 0.75-1.30 0.87
Internet
Daily 0.22 0.19-0.24 <0.01 0.52 0.43-0.61 <0.01
Weekly 0.34 0.26-0.40 <0.01 0.57 0.44-0.70 <0.01
Monthly 0.32 0.19-0.44 <0.01 0.51 0.29-0.71 <0.01

N = 10,968. For all leisure activities, no engagement was the reference category. Model 2 was adjusted for gender, education, and age. The bold text indicates a p-value of <0.05.

the association between meeting daily and depression. Moreover,
leisure activities that involve social connections are particularly
beneficial for protecting mental health (38, 39). Similarly, we have
found that both participating in sports or attending fitness clubs
and meeting friends or relatives were most strongly associated
with lower odds of depression. Interestingly, experiencing leisure
through browsing the internet was also strongly associated with
lower odds of depression (H3). To understand these virtual
interaction benefits, we can posit that virtual interactions through
the internet provided feelings of support and care from virtual
networks, which may involve the causal mechanism of how social
capital is activated (25, 40). For example, one active benefit of
the internet is the provision of social resources that can reduce
loneliness (41), which helped answer the research hypothesis (H3),
i.e., whether online leisure should be associated with a lower
probability of mental depression due to activating social capital.
Another objective of the current study was to investigate
whether leisure activities involving different types of cognitive
stimulations—active vs. receptive—provide different benefits in
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terms of preventing depression from the cognitive therapy
perspective. The results indicated that reading weekly was
associated with lower odds of depression, but only concurrently
and not longitudinally (H4). There was no evidence to support
that sewing was associated with concurrent and sequent depression
(H6), although the reason may be related to the fact that sewing
is not popular in China (participatory frequency of <10%).
However, we did not only find strong evidence, for example, of
the relationship between exercise and depression, but we found
strong evidence that the higher the frequency of reading activities,
the lower the odds of depression. Monthly reading activities
were associated with lower odds of depression concurrently and
subsequently, which was consistent with previous research. Leisure
activities involving cognitive elements have been shown to have
additional effects in reducing the risk of depression in adults
(42) and the more obvious effects of cognitive interventions
than traditional social engagement for older adults experiencing
depression (43). Although it was widely accepted that the primary
reasons for Exercising and Meeting in reducing the odds of
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TABLE 7 Models testing whether the association between the frequency of leisure activities and the odds of depression differs according to gender.

Concurrent (n = 10,968)
Model 2: Adjusted

Model 1: Unadjusted

Longitudinal (n = 10,968)
Model 1: Unadjusted = Model 2: Adjusted

95% ClI 95% ClI 95% ClI P 95% ClI
Watching 085 | 072-096 & 0.02 | 0.82 | 070-0.95 | 0.01 085 072-097 | 001 | 0.82 | 0.70-0.95  0.01
Reading 090 | 0.79-1.01 008 | 094 | 082-106 | 034 | 090 & 0.79-1.01 008 | 094 | 083-116 | 034
Meeting 106 | 096-115 | 024 105 | 095-115 | 034 | 1.06 | 096-116 | 024 105 | 095-114 | 033
Exercising 100 | 087-1.12 | 099 | 097 | 084-1.09 & 064 | 100 | 087-1.13 = 099 | 097 | 0.85-1.10 | 0.64
Sewing 093 | 077-1.09 | 041 093 | 077-1.09 | 040 | 093 | 077-1.09 | 043 | 093 | 077-1.09 | 0.40
Internet 1.06 | 0.86-126 | 0.54 1.09 | 091-128 | 029 | 106 | 085-126 | 0.6l 109 | 091-128 | 029

Interaction terms are reported (gender s activity), the female group was the reference category, with each activity treated as continuous to indicate whether there was overall evidence for an

interaction. The bold text indicates a p-value of <0.05.

TABLE 8 Models testing whether the association between the frequency of leisure activities and the odds of depression differs according to age.

Concurrent (n = 10,968)
Model 2: Adjusted

Model 1: Unadjusted

Longitudinal (n = 10,968)
Model 1: Unadjusted Model 2: Adjusted

95% CI 95% ClI p 95% CI P 95% ClI P
Watching 0.99 0.99-1.00 0.97 0.99 1.00-1.01 0.804 1.00 0.99-1.01 0.969 0.99 0.99-1.00 0.809
Reading 0.99 0.99-1.00 0.12 0.99 1.00-1.01 0.224 0.99 0.99-1.00 0.117 0.99 0.99-1.00 0.196
Meeting 1.00 1.00-1.01 0.01 1.00 1.00-1.01 0.032 0.99 1.00-1.01 0.002 0.99 1.00-1.01 0.025
Exercising 0.99 0.99-1.00 0.37 0.99 0.99-1.00 0.229 1.00 0.99-1.00 0.370 0.99 0.99-1.00 0.231
Sewing 0.99 0.99-1.00 0.43 0.99 0.99-1.00 0.461 1.00 0.99-1.00 0.411 0.99 0.99-1.00 0.453
Internet 1.01 1.00-1.02 <0.01 1.01 1.01-1.03 <0.01 1.01 1.00-1.02 0.001 1.01 1.01-1.02 <0.001

Interaction terms are reported (age s activity), with each activity treated as continuous to indicate whether there was overall evidence for an interaction. The bold text indicates a p-value

of <0.05.

depression were related to social interactions (44), there were
still associations between Reading and depression. Although
reading activities do not involve social interactions, the process
of reading produces cognitive and imaginative simulations, which
is a key element of treatments for depression, such as cognitive
behavioral therapy (CBT), and is effective in reducing depressive
symptoms (45). In addition, the relationship between Reading
and depression was not a direct dose-response relationship,
which needs further investigation in the future. In summary,
leisure involving cognitive elements should not be limited to
reading. Leisure activities containing imaginative and creative
elements should be extended into daily life due to the evidence
that reading activities provide positive benefits for reducing the
odds of depression. In contrast, watching television or movies
was not consistently associated with lower odds of depression
(H5), which may be related to its sedentary and passive nature
(46-48).

When considering the effects of confounders, the effect of
Exercising was independent of a range of confounders. However,
Watching (e.g., TV, movie at home), Meeting (friends and
relatives), and Internet were not consistently associated with
depression with the influence of confounders. Specifically, older
adults that were sensitive to meeting with friends or relatives
were associated with lower odds of depression. More frequent
Internet was only associated with higher odds of subsequent
depression in those with higher educational backgrounds. Men
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had more than 15% lower odds of depression than women
concurrently [OR = 0.85, 95% CI (0.72, 0.96)], and subsequently
4 years later for Watching, which may be explained by a large
proportion of housework taken by women at home traditionally in
China. For confounders, we found no evidence that engagement
in leisure activities differentially affected depression in men
and women except for Watching, which may be related to
large gender differences in the frequency of this category. We
found age differences in the association between Meeting and
depression. For those who were older, the frequency of meeting
with friends and relatives was higher, which was associated
with lower odds of subsequent depression. Similarly, the higher
the educational level of participants, the higher the odds
of depression.

5. Strengths and limitations

One of the strengths of the current study was the use
of a large nationally representative cohort of adults, which
allowed us to investigate population-averaged concurrent
and longitudinal associations between leisure activities and
depression while controlling for a range of confounders.
However, the way in which questions were asked in CGSS
limited the investigation of previous factors that influence

depression. In addition, one limitation of the measurement
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TABLE 9 Models testing whether the association between the frequency of leisure activities and the odds of depression differs according to education.

Concurrent (n = 10,968)
Model 2: Adjusted

Model 1: Unadjusted

Longitudinal (n = 10,968)
Model 1: Unadjusted = Model 2: Adjusted

OR 95%Cl OR 95%Cl OR 95%Cl p OR 95%Cl
Watching 100 | 0.98-1.03 0.61 101 | 098-1.03 | 037 | 100 | 098-1.03 060 | 099 | 099-1.00 | 037
Reading 101 | 0.99-1.03 025 101 | 099-1.03 | 026 | 101 | 099-103 | 026 | 099 | 099-1.00 | 027
Meeting 099 | 097-1.00 | 017 | 099 | 097-1.01 | 070 | 098 | 0.97-1.01 020 | 099 | 1.00-1.01 | 0.71
Exercising 099 | 097-1.02 | 070 | 099 | 097-1.02 | 094 | 1.00 | 0.97-1.01 072 | 099 | 099-1.00 | 095
Sewing 1.02 | 098-1.04 | 021 1.02 | 098-1.04 | 026 = 101 | 098-1.04 023 099 | 099-1.00 | 028
Internet 1.06 | 1.01-1.10 | 0.01 1.03 | 098-1.07 | 015 106 | 1.00-1.10  0.04 | 101 | 1.00-1.02 | 0.20

Interaction terms are reported (education s activity), with each activity treated as continuous to indicate whether there was overall evidence for an interaction. The bold text indicates a p-value

of <0.05.

of engagement was that leisure activities were measured by
frequency, without considering other dimensions such as artistic
creativity and exercise intensity. Future research should focus
on the measurement of different types of creativity, which
clearly explain the causality between activity engagement
and depression.

6. Conclusion

Our findings indicate that engagement in a wide range of
leisure activities is associated with lower odds of depression for
adults. Although we found no evidence that a higher frequency of
reading activities is associated with lower odds of depression, the
results indicated that leisure activities involving active cognitive
stimulations provide additional active benefits for reducing
depression compared with receptive stimulations. Alternatively,
online leisure is another source of social resources that can be
helpful in overcoming depression. Given the protective nature of
easily accessible activities in lowering depression, policymakers
should consider how adults can be supported to engage in leisure
activities involving exercise, cognitive stimulations, and virtual
social ties. While the current study results have contributed to the
existing body of social capital and cognitive behavior theory in
the mechanism of mental health protection, an egocentric network
behind depression should be not ignored. The core point behind
the different modes of leisure mobilizes social resources, and a
simulated objective is created and activated at first, giving up an
egocentric idea, which will help to further determine which online
leisure activities beneficially cultivate participation in communities
or group activities that occur in real interactions. Although the
potential of online leisure has been evident in our maintenance of
ties with peers virtually, close in-person interaction seems to be
irreplaceable, and further research on social capital and cognitive
behaviors is needed to advance our understanding of how social
capital is circulated between the real and digital worlds of leisure
and its links with mental health.
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Abstract: The benefits of the human-animal bond on owners’ health and quality
of life have been the focus of research in recent decades. However, the results
are still inconsistent. Thus, this study aims to investigate whether the presence of
a pet, compared to a control group, influences daily physical activity levels and
mental health using a meta-analytic method.

Methods: The PubMed, Web of Science, and Scopus databases were searched for
all research articles that included pets as an object of study and related mental
health and quality of life variables between pet owners and non-owners until April
2022. The PRISMA 2020 checklist was used, and the Downs and Back checklist
was used to assess the methodological quality of the studies. Standardized mean
differences and 95% confidence intervals were used to assess the difference
between a group of pet owners and non-pet owners.

Results: An initial search located 11,389 studies, but only 49 studies fulfilled all
requirements. Our results indicate that pets have a moderately significant positive
effect on the physical activity of owners compared to non-pet owners. Among
the moderating variables, the frequency of physical activity showed a highly
significant effect, indicating that owners had a higher frequency of physical
activity than non-owners. Moreover, our results indicate a significant impact but
with a low effect size of pets on owners’ mental health when compared to non-
pet owners.

Conclusion: Pet ownership does not seem to influence owners' mental health,
but it does influence their physical activity. Specifically, owners show a higher
frequency of physical activity than non-owners.

active lifestyle, health, pet ownership, physical activity, quality of life

1. Introduction

Pets play an important role in human life and human health (1). Improvements in physical,
mental, psychological, and social health have been described in several works (1-7).

Physical activity (PA) is a determinant of health and quality of life and has been indicated
for the prevention and treatment of various diseases (8, 9). There is also evidence that the
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strength of the relationship between owner and pet is strongly
associated with increased PA (10, 11). Once again, dogs are the most
commonly reported animals related to the increase in PA (7, 12)
possibly due to social support (13), increased motivation to exercise
(14, 15), or even the sense of responsibility to take care of the pet (16).
Responsibility is often highlighted as a potential strategy to increase
PA levels in older adult individuals (10, 17, 18) and in general
population (19). However, confounding variables such as housing
conditions, pet attachment, and the number of household members
can modify the frequency of walks with the pet and interfere with the
magnitude of the results.

Nowadays, mental health is one of the main global concerns, with
an estimated 970 million people in the world having a mental
disorder (20). A mental disorder is a syndrome characterized by
cognitive, emotional, or behavioral dysfunction that reflects an
impairment in the psychological, biological, or developmental
processes underlying mental and behavioral functioning (20). These
disorders not only have an impact on an individual’s daily life but also
entail substantial costs to society (21). According to the OECD, up to
13% of total health spending is directed toward mental health services
(22). According to Statista Research, Portugal invested approximately
136.2 million Euros in mental health hospitals in 2019 (23). As a
result, several studies have investigated the possible influence of pets
on human mental health, including loneliness, depression, anxiety,
stress, satisfaction with life, happiness, social support, and
other factors.

Interactions with pets have positive influences on the owner, with
overall positive effects on mental health, such as reducing depression
and anxiety (6, 24). Moreover, owning a pet may increase social
connections (25-27). The human-animal bond, strengthened by the
acquisition of a pet, is associated with psychological and physical
benefits in children, adults, and elders (6, 10, 25, 28, 29). These aspects
have a significant overall effect on the mental health of the human
population, as their continued failure or dysfunction can translate into
poor mental health, possibly contributing to increased morbidity and
mortality (30-32). Growing evidence indicates that pets may trigger
feelings of comfort, security, and emotional support, which probably
have positive effects on humans by counteracting feelings of anger,
sadness, anxiety, and depression (24, 33, 34). Considering the
importance of social health, evidence supports that relationships with
pets confer similar support to humans (35, 36), particularly in cases
of mental disorders (37). Dogs have been proposed as promoters for
the initiation of shared interpersonal interactions that enhance social
networks (e.g., daily walks) (38). Despite the growing literature,
contradictory results have been described regarding different human
dimensions, namely human health variables and quality of life (15,
39). A possible explanation may rely on the value that the family or
the subject gives to the pet, which may interfere with the overall
mental and physical benefits of the pet’s relationship (40). Some
authors have suggested a negative influence of the pets
non-psychological parameters (41, 42) such as lower psychological
well-being (18, 30), depression (41), and anxiety (41) compared to
Non-Pet Owners (NPOs). Moreover, pet owners (POs) showed a
lower perception of health as well as a higher prevalence of disease
than non-pet owners (NPOs) of different ages, which may contribute
to a worse quality of life in specific situations such as the COVID-19
pandemic (43). Although some studies have pointed out this trend,
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Mueller et al. (4) highlighted that POs may have adopted the pet as a
way to cope with depressive symptoms or other mental disorders they
were already experiencing.

As mentioned, despite a large number of studies, some results are
contradictory, possibly due to the different variables considered in
each study and the different study designs. To our knowledge, no
meta-analysis considering this evidence has been published. Therefore,
this article aims to (a) estimate the levels of physical activity (PA) of
pet owners (PO) and non-pet owners (NPO) and their relation with
the quality of life and human health, and (b) quantify the effect of pets
on mental health and, consequently, on the quality of life of human
beings. The hypotheses tested in this meta-analysis are: H1: PO tends
to show higher levels of daily PA than NPO. H2: Pets have a significant
and positive influence on the mental health of PO. H3: PO shows
better results regarding anxiety, loneliness, depression, stress, life
satisfaction and happiness, social support, quality of life, health and
well-being, general mental health and resilience, and mood and self-
regulation (affections, emotions, relationships) than NPO.

2. Methods
2.1. Search strategy

Electronic database searches were conducted in PubMed, Web
of Science, and Scopus for all articles published before April 2022,
following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (44, 45). The search terms
were “Pets” OR “Pet” OR “Pet companion” OR “Pet owner” OR
“Human-animal relationship” OR “Pet-interaction” OR “Dog
walking” AND “Human health” OR “Quality of life” OR “Benefit”
OR “Mental health” OR “Physical health” OR “Health” OR “Life
satisfaction” OR “Well-being” The search was adapted for each
database as needed, and filters were used to exclude observational
studies, reviews, posters, and other studies that were not eligible for
meta-analysis.

2.2. Inclusion/exclusion criteria

No studies were excluded based on the type of pet selected since
the focus of this study is to investigate the influence of pet ownership
on human mental health, daily physical activity, and quality of life. The
inclusion criteria for article selection include reporting the impact of
animals on human mental health or quality of life, having a control
group without any kind of pet, statistical treatment and feasible data
for meta-analysis, and writing in English, Portuguese, or Spanish.
Articles are excluded if they are reviewing articles, systematic reviews,
meta-analyses, or conference reports, have no focus on live animals
(for example, robot pets), use pets for animal-assisted therapy, or are
studies conducted with working animals. Study selection parameters
were not limited to the year of publication, intra-human variability,
age of participants, or sample size since the goal of this meta-analysis
was to conduct a comprehensive search. However, studies that were
published only in abstract form or were not accessible via inter-library
loan were excluded from this meta-analysis. Study eligibility was
determined individually by the group members, with each study
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classified as include, exclude, or unclear. Articles that were classified
as “include” or “unclear” by both reviewers were included for full-text
review, and any discrepancies in the determination of study eligibility
were resolved through mutual consensus.

2.3. Review strategy

After the articles were searched, duplicates were removed using
Zotero. The article selection process involved screening the titles and
abstracts for inclusion and exclusion criteria. In cases of doubt, the
articles were read in their entirety to verify if the study design was
suitable for the aim of this meta-analysis. Another reviewer then
checked all the excluded and included articles for validity.
Subsequently, the included articles were read in their entirety by two
reviewers, and any inclusion/exclusion conflicts were resolved by a
third and fourth reviewer. An acceptable concordance rate of 90% was
predefined. The reviewers achieved a concordance rate of 93%,
resolving 19 inclusion/exclusion conflicts.

The references of the included articles were manually searched to
identify possible relevant articles that were not included in the initial
search, to achieve a wider scope of relevant studies and reduce
publication bias. This search was conducted from December 20th,
2021 to April 3rd, 2022.

2.4. Data extraction

Data from each study included in the meta-analysis were double-
extracted by two authors into a table using Microsoft Excel software.
Disagreement between the extractors, which consisted mainly of small
additional details, was easily resolved between all authors.

Data extracted from each study included: title, author(s), journal,
year of publication, study, characteristics (date of data collection, study
design), participant characteristics (age, sample sizes), outcomes,
intervention description, control condition description, adverse
effects, adherence, dropouts, and results.

The identified studies were divided into two groups and assigned
to two pairs of reviewers, who independently conducted data
extractions and assessed the quality of the studies using the Downs
and Black (DB) quality assessment tool (46). The DB tool consists of
27 criteria that assess study reporting (10 items), external validity (3
items), and internal validity, including design, bias, and power (14
items). The maximum score achievable is 27 points. For cross-
sectional studies, the modified version of the DB tool was used, which
includes 16 criteria that assess study reporting (9 items), external
validity (2 items), and internal validity, including design, bias, and
power (5 items). The maximum achievable score was 16 points. Any
discrepancies in the DB scoring were resolved through consensus
among the reviewers (Supplementary material A).

2.5. Data analysis

The Comprehensive Meta-Analysis V2.2.057 software was used
for the meta-analysis. Design-specific meta-analyses were conducted
for cohort and cross-sectional studies on mental health and
PA. Preference was given to the use of mean and standard deviation,

Frontiers in Public Health

10.3389/fpubh.2023.1196199

and if the not possible, mean difference with a 95% CI was used in all
analyses. Separate analyses were performed for PA and mental health.

The statistical heterogeneity was assessed using the Cochran Q
(47) test and I? statistics (48). We used the random effects model and
set the significance level at p<0.05. We evaluated the risk of
publication bias by visually inspecting the funnel plot and using the
Egger test (49) and Begg’s test (50). Subgroup analyses of mental
health were performed by grouping the age of the sample into three
categories: children and adolescents (<18), adults (>18 to <60), and
older adults (>60). Subgroup analyses also included domain-specific
analyses of mental health, such as loneliness, depression, anxiety,
stress, life satisfaction and happiness, social support, quality of life,
health and well-being, general mental health and resilience, and
humor and self-regulation (affections, emotions, relationships).
Subgroup analyses of PA considered the domain-specific of physical
activity (measured by minutes, frequency, counts, and mets), as well
as the form of data collection and defined age groupings. Notably, if a
study reported results for more than one specific type or domain of
PA separately (e.g., walking and gardening), all types of PA were
included in the analysis as independent variables. However, if a study
also reported on the wider spectrum of physical activity measures
(e.g., total PA, total LTPA), only the broader measure was used to
avoid duplication.

3. Results
3.1. Search and screening

A total of 11,389 records were identified in the electronic
databases. After removing duplicates and articles irrelevant to the
analysis, 289 full-text publications were assessed for eligibility. Based
on the inclusion and exclusion criteria, 238 articles were also excluded.
A total of 49 articles met the eligibility criteria and were included in
this meta-analysis. Details of the search strategy are provided in
Figure 1.

3.2. Included study characteristics

From a total of 320,971 participants, 10,233 were children and
adolescents, 79,108 adults, and 2,308 were old adults.

Of the 49 included studies that evaluated pet ownership and its
influence on mental health and daily PA parameters. Regarding
mental health, 27 were concerned (4, 24, 25, 30, 43, 51-73). The
distribution of these articles by subcategory of mental health can
be observed in Table 1. Relative to physical activity 22 studies were
considered for analysis (10, 12, 13, 16, 29, 74-77, 79-90). Additionally,
5 studies were included in both analyses (13, 74-77). Descriptive data
of the included studies are presented in Tables 2, 3 for PA and mental
health, respectively.

3.3. Pet influence on physical activity
The main analysis showed that pets had a significant and positive

effect on the PA of owners compared to non-owners, with an effect of
moderate and significant magnitude (Cohen’s d=0.554; p=0.000;

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1196199
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Martins et al.

10.3389/fpubh.2023.1196199

Records identified through database searching (n=11394)

PubMed (n=2093); Scopus (n=3852) e Web of Science (n=5449)
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Full-text articles assessed for
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Duplicates removed (n=1353)

Records excluded after title and abstract’s review
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Non-living Animals: n=54
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FIGURE 1
Flowchart of the search strategy to include studies.

Full-text papers excluded, for the following reasons
(n=238):

Qualitative methodology n=55

Opinion papers n=2

No control group n=145

Irrelevant outcome indicators n=23

Unable to get datan=12

Unclear data n=3

Figure 2). The studies showed high heterogeneity (I* =99.586%;
p=0.000). Although the asymmetry in the funnel plot indicated a
likelihood of publication bias, it was not confirmed by Begg’s
(p=0.06171) and Egger’s (0.21448) tests.

Regarding the analysis of moderating variables by owner’s age
group there was a significant and positive influence but of low
magnitude in adults (Cohen’s d=0.009; 95% CI [0.001-0.016];
p=0.000), and older adults (Cohen’s d =0.009; 95% CI [0.135-0.184];
p=0.000). No significant values were observed in children. The results
indicated a moderate and high heterogeneity (I* =99.932%,
> =99.063%, respectively, for adults and older adults).

Considering the analysis of the PA moderator variables, the
frequency of performing physical activity showed a high magnitude
(Cohen’s d=1.386; 95% CI [1.297-1.476]; p=0.000), with high
heterogeneity (I* =99.574%). The moderator variables of PA counts
(Cohen’s d=0.423; 95% CI [0.295-0.551]; p=0.000) and Met (Cohen’s
d=0.147; 95% CI [0.124-0.171]; p=0.000) showed low but significant
effect magnitude. Duration did not show a significant value. The
heterogeneity presented in the significant variables was high
(I =99.917%, I> =72.678%, respectively for met and counts).
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The analysis of the moderating variables regarding the instruments
used for measuring PA revealed a small effect magnitude for the
objective (Cohen’s d=0.180; 95% [0.136-0.224)]; p=0.000) and
subjective measure (Cohen’s d=0.018; 95% [0.010-0.025]; p=0.000),
but significant. The heterogeneity presented was high for both objective
(I* =81.523%) and subjective (I* =99.923%) moderating variables.

3.4. Pet influence on mental health

In the main analyses, it was found that pets have a significant and
positive effect on owners. Additionally, a significant and positive effect
on owners mental health was reported, albeit of low magnitude
(p=0.021; Cohen’s d=0.068; Figure 3). The studies showed high
heterogeneity (I* =95.987%; p=0.000). However, the symmetric
funnel plot analysis revealed a low risk of publication bias, as
evidenced by Begg’s (p=0.11060) and Egger’s tests (p=0.34245)
(Supplementary material B).

Owner’s age group as a moderating variable has a significant and
positive influence but of low magnitude in children (Cohen’s d=0.030;
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TABLE 1 Distribution of articles by subcategory of mental health.

10.3389/fpubh.2023.1196199

Author?

Amiot et al. (30)

Antonacopoulos (51)

Ballin et al. (74)

Black (25)

Bennett et al. (24)

Bradley and Bennett (52)

Branson et al. (53)

Brkljacic et al. (54)

Canady and Sansone (55)

Carr etal. (75)

Cloutier and Peetz (56)

Curl et al. (57)

Endo et al. (58)

Feng et al. (76)

Grajfoner et al. (59)

Hajek and Konig (60)

Hill et al. (61)

Kim and Chun (62)

Mickova et al. (77)

Mueller et al. (78)

Muldoon et al. (63)

Muraco et al. (64)

Phillipou et al. (43)

Pruchno et al. (65)

Ramirez and Herndndez (66)

Reis et al. (67)

Roux and Wright (68)

Taniguchi et al. (13)

Teo and Thomas (70)

Watson and Weinstein (71)

Wright et al. (72)

Wright et al. (73)

1 - Loneliness; 2 — Depression; 3 — Anxiety; 4 — Stress; 5 — Life satisfaction and happiness; 6- Social Support; 7 — Quality of life, health and well-being; 8 - General mental health and resilience;
9 - Humor and self-regulation (affections, emotions, relationships).“The articles have been arranged in alphabetical order.

95% CI [0.009-0.05; p=0.005]), adults (Cohen’s d=0.037; 95% CI
[0.0024-0.05]; p=0.000), and older adults (Cohen’s d=0.091; 95% CI
[0.061-0.121]; p=0.000). The results indicated a moderate and high
heterogeneity of moderating variables by owner’s age group
(I* =98.397%, I* =77.605%, I* =60.934%, respectively for children,
adults, and older adults).

Considering the analysis of moderating variables by mental health,
all showed a low effect magnitude but with a significant and positive
influence on the humor and self-regulation (affections, emotions,
relationships; Cohen’s d=0.241; 95% CI [0.203-0.280]; p=0.000),
social support (Cohen’s d=0.100; 95% CI [0.064-0.137]; p =0.000) life
satisfaction and happiness (Cohens d=0.063; 95% CI [0.044-0.081];
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p=0.000). Loneliness had a significant influence, but a negative effect
(Cohen's d=—0.036; 95% CI [—0.088-0.017]; p=0.005), anxiety,
loneliness depression, stress, life satisfaction and happiness, social
support, quality of life, health and well-being, general mental health
and resilience showed low magnitude and non-significant values.
Despite exploration among the moderating variables, heterogeneity
remained moderate to high (I* =0.000%, I* =82.205%, I* =65.479%,
I? =66.963%, 1> =83.883%, I =67.735%, I* = 740,739%, I* =76.147%,
I* =97.371%, respectively for anxiety, loneliness depression, stress, life
satisfaction and happiness, social support, quality of life, health and
well-being, general mental health and resilience, humor and self-
regulation (affections, emotions, relationships).
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TABLE 2 Studies reference to physical activity.

Physical activity (PA)

Collected data

*The information in columns’ purpose and major findings are quoted directly from the original publications.
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Country Population Pet Purpose Intervention Evaluation  Petowner  Non- Major ]
methods exercise M(SD) or IC owner M findings QlLElay
(SD) or IC SEOIE
Ballin (74) Sweden DO =199 Older adult Dog “Investigated the | Accelerometer: LPA | Mins/wk 283.2 (77.4) 266.7 (75.8) “DO was
NDO=1,207 association of DO | Accelerometer: Mins/wk 43.4(30.3) 32.6 (23.1) associated with
with MVPA Counts 8,712 (3724) 7,131 (2932) higher levels of
accelerometer- Accelerometer: daily LPA. MVPA.
measured PA of Steps and steps” 5
different
intensities and
daily steps in
70-year-old
individuals”
Byers (80) USA DO=10; Adults Dog “Understanding Pedometer: Steps Counts/day Ist Evaluation 1st Evaluation “Both groups
NDO=21 how owner-pet 8,040 (978) 8,349 (972) increased the
bonding can 2nd Evaluation 2nd Evaluation number of daily S
leverage 8,734 (3252) 8,940 (2845) steps from pre to
increased PA for post”
owner and pet”
Brown and Jensen | USA T=536 Adults Dog “Examines TPAQ: Walk to get Mins/wk Ist Evaluation Ist Evaluation “Dog walkers
(79) whether places Mins/wk 326.20 (422.06) 311.27 (374.55) reported high
perceived and TPAQ: Walk for Mins/day 2nd Evaluation 2nd Evaluation levels of leisure
audited leisure Mins/day 281.24 (382.86) 300.08 (389.98) walking. But these
walkability and Accelerometer: LPA 1st Evaluation 1st Evaluation high levels were
activity Accelerometer: 289.83 (386.34) 233.27 (339.61) not corroborated
differentiate MVPA 2nd Evaluation 2nd Evaluation by objective
across three dog 383.48 (445.86) 269.74 (370.29) accelerometer -
owner and walker 1st Evaluation 1st Evaluation measures”
groups. With 216.76 (52.45) 210.21 (60.90)
separate analyses 2nd Evaluation 2nd Evaluation
across 2years” 221.41 (53.34) 215.57 (64.78)
Ist Evaluation Ist Evaluation
19.97 (17.05) 20.59 (18.08)
2nd Evaluation 2nd Evaluation
20.70 (17.70) 21.75(18.31)
(Continued)
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TABLE 2 (Continued)

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Physical activity (PA)

Collected data

Author Country Population | Pet Purpose Intervention = Evaluation  Petowner Non- Major
(year)? methods exercise M(SD) or IC owner M findings
(SD)or IC
Brown and Rhodes | Canada DO=70; Older adults Dog “Examined the GLTEQ: Mild Freq/wk 137.79 (182.72) 59.27 (89.43) “The analyses
(16) NDO=281 relationship walking Mins/wk 136.39 (164.46) 89.55 (111.54) revealed that dog
between walking. | GLTEQ: Moderate Mins/wk 28.43 (64.19) 19.80 (60.79) owners spent more
PA levels. and walking Mins/wk 300.18 (223.38) 168.38 (163.62) time in mild and
potential GLTEQ: Strenuous Freq/wk 155.62 (189.30) 96.41 (131.37) MPA and walked
psychological walking Mins/wk 164.93 (179.79) 115.21 (129.54) an average of
mediators GLTEQ- Walking Mins/wk 82.71 (108.05) 72.30 (127.19) 300 min per week
between people GLTEQ- Mild PA compared to s
who owned dogs | GLTEQ- MPA non- dog owners
and those who GLTEQ- Strenuous who walked an
did not own dogs = PA average of 168 min
in the Capital per week”
Region District of
Greater Victoria.
British Columbia.
Canada”
Carr (75) Canada DO =20; Adults with Dog “Explore whether | GLTEQ Mins/wk 56.95 (11.23) 56.81 (15.42) “The two groups
NDO=36 chronic low back a relationship do not differ
pain exists between significantly in
dog ownership their physical 13
and well-being functioning or
for people with physical health”
chronic LBP”
(Continued)
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TABLE 2 (Continued)

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Physical activity (PA)

Collected data

110

Country Population  Pet Purpose Intervention Evaluation Petowner Non- Major .
methods exercise M(SD) or IC owner M findings Cley;
(SD) or IC SEOIE
Coleman (81) USA DO walker=429; = Adults Dog “Examined how Accelerometer: Mins/day Owner walker 33 (24) “Dog walking was
DO non- demographics MVPA 35(24) 33 (24) associated with a
walker=183; PA. weight status. Non-walker higher proportion
NDO=1,578 and 27 (21) of participants
neighborhood who met national 5
characteristics recommendations
varied among for MVPA when
households with compared to
and without non-dog owners”
dogs”
Corrigan (82) USA DO=54; Adults Dog “Determine IPAC: MPA Mins/wk 87.81(136.23) 34.69 (41.62) “Dog ownership
DO=57 whether there IPAC: VPA Mins/wk 116.56 (116.84) 80.73 (84.1) was significantly
DO=74; was a relationship = IPAC: Walking Mins/wk 223.53 (188.36) 115.27 (119.2) associated with
NDO=28; between dog meeting physical 16
NDO=32 ownership and activity guidelines
NDO=33 PA” in veterinary
students”
Curl (17) USA DO=173; Older Dog “Explored the Self-reports: Freq/wk Owner walker 2.10(0.07) “Dog walking was
NDO =500 Adults associations Frequency MPA Freq/wk 2.48 (0.09) 2.10 (0.07) associated with
between dog Self-reports: Non-walker 1.09 (0.08) more frequent
ownership and Frequency VPA 1.76 (0.16) 1.09 (0.08) moderate and
pet bonding with Owner walker vigorous exercise 16
walking behavior 1.69 (0.12) and was associated
and health Non-walker with better
outcomes in older 0.95 (0.16) physical health or
adults” health behaviors”
(Continued)

‘le 1 sunJep

6619611'£202°Uand}/6855°0T


https://doi.org/10.3389/fpubh.2023.1196199
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

U1eaH 21gNd Ul S49NUO0IS

B1o"uISIa1U0Ly

TABLE 2 (Continued)

Physical activity (PA)

Collected data

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Author Country Population | Pet Purpose Intervention = Evaluation  Petowner Non- Major
(year)? methods exercise M(SD) or IC owner M findings
(SD)or IC
Dall (10) United Kingdom DO =46; Older Dog “Measures of PA Accelerometer: Mins/day 119 (109. 131) 96 (88. 106) “Owning a dog
NDO=42 adults and sedentary Walking Mins/day 32(23.43) 11 (8.15) indicated a large.
behavior (SB) Accelerometer: Hours/day 4.44 (4.13.4.75) 4.35 (4.04. 4.66) Potentially health
provide Walking at a Hours/day 9.94 (9.54.10.35) 10.25 (9.84.10.66) | improving. The
opportunities to moderate cadence average effect of
gain insight into | Accelerometer: 22 min additional
both the intensity | Standing time spent walking
and pattern of PA | Accelerometer: and 2,760
and SB. allowing | Sedentary additional steps 14
closer scrutiny of per day. With this
the potential additional walking
relationship undertaken at a
between dog moderate intensity
ownership and cadence. Dog
health” owners had
significantly fewer
sitting events”
Feng (76) United Kingdom DO=50; Older adults Dog “Examine Accelerometer Counts 180.853 (13.257) 142.71 (3469) “Dog ownership is
NDO =497 whether dog associated with PA
ownership in later life”
amongst
community
dwelling older e
adults is
associated with
objectively
measured PA”
(Continued)
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TABLE 2 (Continued)

Physical activity (PA)

Collected data

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Author Country Population | Pet Purpose Intervention = Evaluation  Petowner Non- Major
WEEDR methods exercise M(SD) or IC  owner M findings
(SD) or IC
Dall (83) USA DO =36,984; Postmenopausal Dog “Examine cross- WHIPAQ: Walking | Mins/wk 87.5(100.7) 87.2(99.9) “Dog ownership is
NDO=115,645 women sectional WHIPAQ: Total Mins/wk 176.8 (182.7) 182.8 (178.9) associated with
associations WHIPAQ: Walking | MET hour/wk 4.60 (5.92) 4.71 (6.03) increased PA in
between dog WHIPAQ: Total MET hour/wk 11.9 (13.8) 12.6 (13.7) older women.
ownership and Particularly among
PA measures in a women living
well- alone. Health
characterized. promotion efforts 16
Diverse sample of aimed at older
postmenopausal adults should
women” highlight the
benefits of regular
dog walking for
both dog owners
and non-dog
owners”
Koohsari (84) Japan DO=119; Adults Dog “Examined the Accelerometer: Mins/day 473.1 (129.9) 506.3 (117.6) “Owning a dog is
NDO =574 associations Total sedentary Mins/day 155.7 (99.0) 175.9 (91) associated with
between dog time Mins/day 376.9 (115.6) 344.7 (109.1) several types of
ownership with Accelerometer: Mins/day 74.0 (40.1) 67.3 (37.4) adult sedentary
objectively- sedentary bouts Mins/day 1.9 (8.8) 1.9 (5.6) behaviors. But not
assessed Accelerometer: LPA | Mins/day 69.2 (38.7) 75.9 (41.7) medium to high 15
sedentary Accelerometer:MPA intensity PA”
behaviour and PA | Accelerometer:VPA
among a sample | Accelerometer:
of middle-aged MVPA
adults in Japan”
(Continued)
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TABLE 2 (Continued)

Physical activity (PA)

Collected data

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Author Country Population  Pet Purpose Intervention Evaluation Petowner Non- Major
(year)? methods exercise M(SD) or IC  owner M findings
(SD) or IC
Lail (85) Canada DO=115; Adults Dog “Investigated the =~ NPAQ: Walking for | Mins/wk 213.6 (206.8) 123.3 (157.7) “Dog-owners
NDO=313 extent to which recreation Mins/wk 253.2(211.8) 107.1 (135.9) reported more
dog-ownership (summer) Mins/wk 59.1(128.2) 74.9 (123.7) walking for
influences NPAQ: Walking for | Mins/wk 59.9 (112.6) 69.8 (119.3) recreation in their
seasonal patterns | recreation (winter) neighbourhoods
in NPAQ: Walking for than did non-
neighbourhood- | transportation owners. Both in
based walking (summer) summer and in
among adults NPAQ: Walking for winter. Dog- 16
living in highly- transportation owners and non-
variable climate” (winter) owners did not
differ in the
amount of walking
that they reported
for transportation.
Either in summer
or in winter”
Machova (86) Czech Republic PO=60; young adult Any type of pet “Compare PA IPAQ: VPA Mins/wk 77.5 (105) 60 (70) “Animal owners
NPO=51 women levels between IPAQ: VPA MET-min/wk 1920 (3840) 1,080 (2400) generally reported
animal owners IPAQ: MPA Mins/wk 60 (150) 60 (78) higher PA levels
and non-owners IPAQ: MPA MET-min/wk 900 (2280) 320 (960) compared to
and to research IPAQ: WPA Mins/wk 120 (120) 120 (120) people who do not 3
potential IPAQ: WPA MET-min/wk 2,772 (2772) 2,376 (2772) own any pets”
differences IPAQ: Total PA Mins/wk 294 (240) 210 (180)
between owners IPAQ: Total PA MET-min/wk 6212 (4772) 3,990 (3363)
of different kinds
of animals”
(Continued)
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TABLE 2 (Continued)

Author

Country

*The information in columns’ purpose and m

Population

Pet

Physical activity (PA)

Purpose

Intervention

Collected data

Evaluation

Pet owner

findings are quoted directly from the original publications.

Non-

Major

(year)? methods exercise M(SD) or IC  owner M findings
(SD) or IC
Michovié (77) Czech Republic DO=26; Older adults Dog “To see if dog Accelerometer: Mins/day 127 (62) 73 (28) “Dog-owners
NDO=18 ownership affects | Activity time counts/day 9,961 (5213) 5,247 (2644) reported higher
PA. sleep and Accelerometer: Mins/wk 50 (70) 8(29) total PA time
self-reported Steps Mins/wk 73 (52) 52 (49) (min/week). MET/
health ina group = TPAQ: VPA Mins/wk 128 (48) 99 (58) min/week spent in
of older adult IPAQ: MPA MET-Min/wk 1,123 (1847) 173 (678) walking. and spent 14
people” TPAQ: Walking MET-Min/wk 700 (589) 447 (619) calories/week than
IPAQ: VPA MET-Min/wk 2,910 (1114) 1904 (1143) non-owners”
IPAQ: MPA Mins/day 353 (125) 363 (142)
IPAQ: Walking
TPAQ: Sitting
Oka and Shibata Japan DO=930; Adults Any type of pet “Examined the IPAC- MVPA MET hour/wk DO 11.7 (0.593) “The dog owners
(87) PO=793; association IPAC- Walking MET hour/wk 17.0 (1.159) 11.7 (0.593) had higher
NPO=1733 between dog IPAC- Sedentary MET hour/wk Any pet 9.8 (0.387) physical activity
ownership and behaviour 10.9 (1.229) 9.8 (0.387) levels than owners
health-related PA DO 6.9 (0.069) of other kinds of
among Japanese 12.4 (0.757) 6.9 (0.069) pets and those 4
adults” Any pet without any pets.
10.5 (0.802) Suggesting that
DO dogs may play a
6.4 (0.135) major role in
Any pet promoting PA”
6.9 (0.143)
(Continued)
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TABLE 2 (Continued)

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Physical activity (PA)

Collected data

Country Population | Pet Purpose Intervention = Evaluation  Petowner Non- Major .
methods exercise M(SD) or IC  owner M findings Curliyy
(SD) or IC SEOEE
Richards (12) USA DO walker =1,012; | Adults Dog “The purpose of Self-reports: MVPA | Mins/wk Owner walker 178.3 (11.0) “Most dog owners
DO non-walker this study is to 200.5 (14.8) did not walk their
=221; determine Non-walker dog. Dog owners
NDO=2,262 whether dog 198.0 (13.1) were not more
owners who walk active than non-
their dog dog owners. 16
participate in Except when
more PA than considering the
dog owners who activity obtained
do not walk their via dog walking”
dog and non-dog
owners”
Schofield (88) Australia DO =646; Adults Dog “To understand TAAQ: Mins/wk 334.8 (408.6) 346.4 (414.9) “Results showed
NDO =591 whether dog Accumulated PA Mins/wk 114.9 (197.9) 108.2 (178.8) that the simple
owners were TAAQ: Walking for presence of a
actually involved | leisure household dog
in walking their displayed no "
dog. and their relationship to the
feelings about the acquisition of
usefulness of dog sufficient levels of
ownership for PA in the overall
PA” population”
(Continued)
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TABLE 2 (Continued)

Author
(year)?

Taniguchi (13)

Country

Japan

PO=1,545;
NPO=6,377

Population

Older adults

Pet

Dog
Cat

Physical activity (PA)

Purpose

“Examined

physical function.

PA. social

function. and

Intervention
methods

IPAC: VPA
IPAC: MPA
IPAC: Walking
IPAC- MVPA

Collected data

Evaluation
exercise

MET hour/wk
MET hour/wk
MET hour/wk
MET hour/wk

Pet owner
M(SD) or IC

14.1 (32.1)
8.5 (18.5)

25.4 (24.6)
447 (54.8)

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Non-
owner M
(SD) or IC
14.7 (33.3)

7.9 (19.9)
23.1(22.9)
43.2 (54.8)

Major
findings

“Analysis of
variables related to
physical function

and PA showed

psychological that motor fitness
function of a scale and walking
population of activity were
community- significantly 16
dwelling older associated with
Japanese dog and experience of dog
cat owners after ownership. After
controlling for adjustment for
important important socio-
confounders” demographic and

health

characteristics”

(Continued)
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TABLE 2 (Continued)

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Physical activity (PA)

Collected data

Author Country Population  Pet Purpose Intervention Evaluation Petowner Non- Major
(year)? methods exercise M(SD) or IC owner M findings
(SD) or IC
Thorpe (29) USA PO=594; Older adults Any type “Understanding Self-reports: Total Mins/wk Any pet 61.8 (122.3) “Dog owners were 12
DO=96; of pet the relationship time walking Mins/wk 69.52 (135.9) 1.2(2.7) more likely to
NDO=198; between pet Self-reports: Freq/wk DO 1.7 (2.4) engage in non-
NPO=1939 ownership and Frequency of non- Freq/wk 75.4 (141.5) 1.2(2.7) exercise related
PA” exercise-related NDO walking than were
walking 57.8 (123.6) non-pet owners.
Self-reports: Any pet Dog owners
Frequency of 2.0 (4.3) reported a greater
exercise walking DO frequency and
Self-reports: 2.5(5.0) duration of walks
Frequency of non- NDO than either non—
exercise-related 1.1(2.2) pet or non-dog-pet
walking Any pet owners. Most of
1.9 (3.1) whom had cats”
DO
2.0(3.2)
NDO
1.6 (2.9)
Any pet
2.0 (4.3)
DO
2.5(5.0)
NDO
1.1(2.2)
(Continued)
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TABLE 2 (Continued)

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Physical activity (PA)

Collected data

Author Country Population  Pet Purpose Intervention Evaluation Petowner Non- Major Quali
. ; e uality
(year) methods exercise M(SD) or IC  owner M findings
score
(SD)or IC
Westgarth (89) United Kingdom DO =166; Adults and Dog “First aim of this | NPAQ: Walk for Mins/wk *Dog walker NDO “DO were far more 15
DO=184; Children study was to recreation Mins/wk 322.3(301.7) 84 (136) likely than NDO
NDO =445; compare the NPAQ: Walk for Mins/wk DO NDO Walkers to report walking
NDO=18 physical activity transport Mins/wk 93 (300) 7.8 (65.5) for recreation. and
DO=168; of dog owners NPAQ: MVPA Freq/wk Dog walker NDO amongst
DO=186; from UK NPAQ: VPA Freq/wk 56.8 (117.7) 75 (123) recreational
NDO =444; population with NPAQ: Walk for Freq/wk DO NDO Walkers walkers walked for
NDO=18 people that do recreation Freq/wk 53(113) 15.8 (42.6) longer per week.
DO=162; not own a dog. NPAQ: Walk for Counts Dog walker NDO Other PA
DO=179 A secondary aim | transport Mins/day 131.4 (184.3) 127 (190) undertaken did
NDO=441; of the study was NPAQ: MVPA Mins/day DO NDO Walkers not differ by dog
NDO=17 to investigate NPAQ: VPA Freq/wk 126 (180) 80.2 (124.9) ownership. The
DO=165; whether DO Accelerometer: Mins/wk Dog walker NDO odds of DO
DO=183; spend more or Steps Freq/wk 51.0 (120.5) 37.1(91.4) meeting current
NDO=448; less time than Accelerometer: Mins/wk DO NDO Walkers physical activity
NDO=18 NDO in more LMVPA Mins/wk 51,119) 52.2(103.0) guidelines of
DO=169; intensive PA than | Accelerometer: Dog walker NDO 150 min per week
DO=187; walking” MVPA 7.9 (5.6) 1.6 (2.2) were four times
NDO =449; CAPANS: Walk for DO NO Walkers greater than for
NDO=18 recreation 7.3 (6.0) 10.7 (1.99 NDO. Children
DO=169; CAPANS: Walk for Dog walker NDO with dogs reported
DO=187; recreation 2.5(4.6) 3.0(3.7) more minutes of
NDO =449; CAPANS: Walk for DO NO Walkers walking and free-
NDO=18 transport 2.4 (4.5) 15.8 (42.6) time
DO=169; CAPANS: Walk for Dog walker NDO (unstructured)
DO=187; transport 3.0(5.3) 2.2(2.9) activity. Dog
NDO=449; CAPANS: Total PA DO NDO Walkers ownership is
NDO=18 29(5.1) 2.0 (2.6) associated with
DO=169; Dog walker NDO more recreational
DO=187; 0.9 (1.7) 0.7 (1.5) walking and
NDO =449; DO NDO Walkers considerably
NDO=18 0.9 (1.7) 0.9 (1.6) greater odds of
DO=17; Dog walker NDO meeting PA
NDO=11 7,523 (2710) 6,381 (3215) guidelines. Policies
DO=10; 297.1(70.2) 276.1 (97.6) regarding public
NDO=36 37.8(20.3) 30.3 (21.4) spaces and housing
6.1 (6.4) 3.4(6.1) should support
115.0 (97.9) 61.8(77.2) dog ownership due
4.0 (4.2) 6.4 (5.9) to PA benefits”
179.0 (306.9) 143.1 (127.8)
1035.0 (1010.0) 565.6 (369.2)
(Continued)
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TABLE 2 (Continued)

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Physical activity (PA)

Collected data

Author Country Population  Pet Purpose Intervention Evaluation Petowner Non- Major .
(year)? methods exercise M(SD) or IC owner M findings ez
(SD) or IC SEOLE
Yabroff (90) USA DO=7,348; Adults Dog “Explored Self-reports: Leisure | Mins/wk Dog 64.6 (1.1) “Dog owners were 14
POcat=5,397; Cat associations walking Mins/wk 86.1 (1.6) 55.1(1.3) slightly less likely
POcat+dog=3,529; between pet Self-reports: Cat to walk for
NPO =25,240 ownership and Transportation 61.5 (1.8) transportation
PA in alarge. Dog; Cat than were non-pet
Ethnically diverse 75.7 (2.3) owners but more
population-based Dog likely to walk for
sample in 43.2(2.4) leisure than non-
California” Cat pet owners in
46.5 (4.6) multivariate
Dog; Cat analyses”
46.3 (3.7)

NDO, non-dog owner; DO, dog owner; Intervention methods: AAQ, active Australia questionnaire; GLTEQ, Godin leisure time exercise questionnaire; MPA, moderate physical activity; MVPA, moderate a vigorous physical activity; NPAQ, neighborhood physical
activity questionnaire; PA, physical activity; VPA, vigorous physical activity; Wk, week; WHIPAQ, women's health initiative physical activity questionnaire.

*Down’s and Black tool uses 27 criteria.

*Articles arranged in alphabetical order.

*Columns show only the reference values.
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Country

methods

M(SD)

findings

score

120

Amiot (30) Canada T=1,220 Adults Any type of pet “Investigate the UCLA 229 (0.55) 2.23(0.52) “Pet owners reported 14
differences that may | LSS 4.35 (1.45) 4.53 (1.38) lower well-being
exist between pet vs. | PStressS 2.79 (0.62) 2.74 (0.57) than non-pet owners
non-pet owners in Vitality 4.22(1.33) 4.34 (1.28) on a majority of
terms of their well- PLF 4.57 (1.36) 4.75 (1.25) well-being
being during the COVID 3.60 (1.32) 3.44 (1.23) indicators; this
COVID-19 (impact) general pet
pandemic” ownership effect

held when
accounting for pet
species (dogs, cats,
other species) and
number of pets
owned. Compared to
owners of other pets,
dog owners reported
higher well-being”

Antonacopoulos Canada DO=31; Adults Dog “Examining the UCLA Baseline Baseline “Changes in 22%

(51) NDO=35 loneliness levels of LS 44.68 (13.25) 46.86 (12.17) loneliness differed
adults in the general 8 months 8 months for owners and
population who 41.81 (12.10) 46.91 (12.71) non-owners when
acquired a dogand a Baseline Baseline assessed with a
control group of 1.06 (1.21) 1.00 (0.97) direct measure
non-dog guardians 8 months 8 months (1-item scale).
over an 8-month 0.61 (0.80) 1.23 (1.06) Owners who
period using both an adopted the dog had
indirect and a direct lower levels of
measure of loneliness from
loneliness” baseline to 8 months

compared to non-
owners. Loneliness
when assessed by
indirect measure,
having a dog had no
effect on loneliness
(UCLA scale)”
(Continued)
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Collected
data
Country Population Pet Purpose Intervention Pet owner Non-pet Major Quality
methods M(SD) owner Lilalellgle S score
M(SD)
Ballin (74) Sweden DO=199; Older adults Dog “Investigated the GDS15 1.4 (1.7) 1.2(1.8) “DO was associated 15
NDO=1,207 associations of doing with higher levels of
with accelerometer- daily LPA, MVPA,
measured in a and steps compared
population-based to non-owners.
sample of 70-year-
old women and
men”
Black (25) USA PO=246; Children Any type of pet “To investigate UCLA 33.7(8.8) 39.5(9.2) “Pet owning 13
NPO=47 whether pet adolescents had
ownership and pet significantly lower
attachment are loneliness scores and
related to self- there was an inverse
reported loneliness relationship between
and social support the level of bond
among adolescents” with pet and levels of
loneliness”
Bennett (24) Australia PO=41; Older adults Dog; “To investigate PWI-A 83.78 (13.1) 82.59 (11.3) “Having a pet may 15
NPO=27 Cat; whether the presence = PSS 83.56 (8.2) 82.20 (7.1) not be associated
Large mamal; Bird; of a pet was UCLA 34.37 (9.5) 34.65 (6.9) with substantial
Fish associated with the DASS-21: 4.20 (5.0) 2.07 (2.5) differences in
presence and Depression 3.00 (3.7) 3.33(3.1) indicators of well-
indicators of Anxiety 8.78 (7.4) 8.30 (6.5) being in older
psychological well- Stress people”
being”
(Continued)
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Collected
data
Country Population Pet Purpose Intervention = Pet owner Major Quality
methods M(SD) findings score
Bradley and Bennett | Australia PO=114; Adults who self- Dog; “Understand why DASS-21: 18.10 (12.52) 11.74 (9.57) “There was no 14
(52) NPO=31 identified as havinga = Cat therapy animals Depression 11.28 (8.15) 10.39 (7.75) significant difference
chronic pain relieve pain in Anxiety 17.47 (10.06) 15.35 (8.80) between reported
disorder healthcare settings, Stress 6.14 (1.69) 5.92 (1.8) pain, anxiety, or
but pet owners NPRS stress levels in
report greater OWRers versus non-
discomfort and use owners. Pet owners
more painkillers reported more
than people who do depressive symptoms
not own one or more than non-owners,
pets” but owners with
animals perceived as
more friendly
reported fewer
depressive
symptoms”
Branson (53) USA POcat=41; Older adults Cat “Determine if PStressS UCLA *p =0.45 “There were no 14
NPO =55 attachment to cats GDS p=0.83 significant changes
was associated with | MOCA p=022 between
psychosocial p=0.37 biopsychosocial and
responses (stress, cognitive health
depression, and outcomes with cat
loneliness)” ownership”
Brkljacic (54) Croatia PO=658; Adults Any type of pet “Provide deeper GLS 7.04 (1.91) 7.03 (2.02) “There were no 15
NPO=3,883 insight into the BES 6.92 (2.10) 6.91 (2.09) differences
relationship between | SH 4.11 (0.79) 4.14 (0.82) significant in
pet-related life subjective well-being
events and the indices, general life
subjective wellbeing satisfaction and
of pet owners” overall happiness,
between the groups”
(Continued)
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Collected
data
Author Population Pet Purpose Intervention Pet owner Non-pet Major Quality
(year)? methods M(SD) owner findings score
M(SD)

Canady and Sansone = USA PO=153; Adults Any type of pet “Examine whether ISEL-12 35.4(7.1) 34.5(8.3) “Having a pet can 14
(55) NPO=51 companion animal influence the

owners report that decision to

having a companion be hospitalized. It

animal would seems likely that

influence an social support acts as

important health a buffer. Individuals

decision, and with good social

whether existing support entrust the

social support and care of their pets to

quality of the others to receive the

relationship with the medical care they

companion animal need”

might impact the

likelihood of this

occurring”
Carr (75) Canada PO=20; Adults with chronic Any type of pet “Evaluate the NPRS 6.40 (1.67) 7.00 (1.45) “Dog owners 13

NPO =36 low back pain. feasibility of ODI: Intensity 3.65(0.93) 3.74 (0.95) reported fewer

surveying people ODI: Walking 2.65(0.93) 2.94(0.92) depression and

with chronic low SF4 2.14 (0.79) 2.73 (1.10) anxiety symptoms,

back pain to Depression 2.81(1.38) 3.32 (1.51) and more social ties

empirically assess Loneliness 3.64 (0.98) 3.24 (1.26) than non-dog

the relationship Emotional 3.62 (1.15) 2.99 (1.27) owners. Living with

between dog support a dog may

ownership and Companionship be associated with

well-being for people improved well-being

with chronic low for people with

back pain” chronic pain”

(Continued)
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Collected
data
Country Population Purpose Intervention = Pet owner Major Quality
methods M(SD) findings score
Cloutier and Peetz Canada PO=54; Adults Dog; “Compared pet QRS 6.41 (0.56) 6.06 (0.74) “Pet ownership was 14
(56) NPO=62 Cat; owners and non-pet | Responsiveness to 5.16 (0.52) 4.86 (0.61) associated with
Fish owners perceived Partner 4.84 (0.55) 4.41(0.73) several relationship
relational quality, by | DAS 6.38 (0.76) 6.06 (0.71) benefits (higher
assessing a variety of | RIMS overall relationship
relationship quality quality, partner
facets, and examined responsiveness,
whether there is any adjustment, and
evidence of an relational
association between investment)
pet ownership and compared to couples
quality of without pets”
relationships”
Curl et al. (57) USA DO=188; Older adults Dog “Examine the SE 1.86 (2.24) 1.79 (2.37) “Dog ownership did 15
NDO=288 relationship between | LS 2.78 (0.85) 2.91 (0.86) not have a direct or
dog ownership, dog | SRH 2.26 (1.07) 2.26 (1.04) indirect relationship
walking, and the on life satisfaction.
emotional bond with However, time spent
a dog to contact with in dog walking was
neighbors and life associated with the
satisfaction in a frequency of social
nationally interactions, which
representative itself had a positive
sample of adults in association with life
the United States satisfaction”
over the age of 50”
Endo (58) Japan DO =254; Children Dog; Cat “Examine the effect WHO-5 (Dog) at age 10 atage 10 “Dog ownership and 15
POcat=109; of dog and cat WHO-5 (Cat) 79.42 (16.83) 78.98 (16.63) cat ownership
NPO=2,230 ownership on the atage 12 atage 12 differently predicted
longitudinal 77.53 (17.60) 75.11 (18.87) adolescent”s well-
trajectory of the atage 10 atage 10 being. The well-
mental well-being of 80.04 (15.65) 78.98 (16.63) being trajectory of
adolescents” atage 12 atage 12 dog owners was
69.69 (21.06) 75.11 (18.87) maintained through
adolescence, while
that of cat owners
declined”
(Continued)
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TABLE 3 (Continued)

Mental Health

*The information in columns’ purpose and major findings are quoted directly from the original publications.

Collected
data
Author Country Population Pet Purpose Intervention = Pet owner Non-pet Major Quiality
(year)® methods M(SD) owner findings score
M(SD)
Feng (76) United Kingdom DO =505 Older adults Dog “To assess whether HADS: Depression 2.9(2.6) 3.7(2.7) “The results suggest 16
NDO =497 dog ownership in the = HADS 3.4(238) 4.3(3.2) that dog ownership
older adult is Anxiety 79 (17) 70 (23) may motivate PA
associated with SF-36: Physical 76 (17) 66 (21) and enable older
objectively measured | functioning 89 (24) 88 (22) people to overcome
physical activity” SF-36: General 96 (12) 96 (11) many potential
health 85(13) 82(13) barriers to PA such
SF-36: Social 63 (22) 59 (20) as lack of social
functioning 71 (28) 68 (26) support. The effect of
SF-36: Role 82 (27) 82 (25) dog ownership on
Emotional PA was independent
SF-36: Mental health of depression and
SE-36: Vitality perceived behavioral
SE-36: Pain control but was
SF-36: Role Physical mediated in part by
general health and
physical function”
Grajfoner (59) Malaysia PO=202; Adults Dog; “Explore both the WEMWBS 45.35 (10.58) 43.28 (9.81) “Pet owners reported 14
NPO =224 Cat structure of DASS-21: 24.36 (9.66) 23.54 (9.50) significantly better
companion animals | Depression Anxiety | 22.56 (8.79) 22.55(8.91) coping self-efficacy,
in Malaysia and the Stress 24.92 (9.34) 24.51(9.23) significantly more
effect of pets on BRS 19.09 (3.19) 18.87 (3.17) positive emotions,
mental health and CSE 88.93 (16.00) 83.88 (18.74) and better
wellbeing of PANAS: Positive 31.56 (7.63) 29.43 (7.16) psychological
Malaysians during Negative 24.85(7.95) 25.08 (6.98) wellbeing”
the COVID-19”
(Continued)
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Collected
data
Author Country Population Pet Purpose Intervention Pet owner Non-pet Major Quality
(year)? methods M(SD) owner findings score
M(SD)
Hajek and Konig Germany DO =63; Older adults Dog; “Identify whether cat = CES-D (dog) 7.3 (6.5) 7.2(6.1) “There was an 14
(60) POcat=145; Cat owners, dog owners, | CES-D (cat) 7.8(7.3) 7.2(6.1) association between
NPO =952 and individuals SI (dog) 1.6 (0.6) 1.7 (0.6) owning a dog and
without pets differ in = SI (cat) 1.7 (0.7) 1.7 (0.6) social isolation (total
terms of depressive 11-DJGLS 1.7 (0.5) 1.8 (0.6) sample) as well as
symptoms, (dog) 1.8 (0.6) 1.8 (0.6) loneliness (total
loneliness, and social | 11-DJGLS (cat) 2.7(0.9) 2.6 (0.8) sample and women)”
isolation among SRH (dog) 2.6 (0.8) 2.6 (0.8)
individuals in old SRH (cat) 3.5(2.2) 34(2.1)
age without a NPI (dog) 3.5(1.9) 34(2.1)
partner” NPI (cat) 74.3 (23.3) 72.0 (27.2)
SF-36: physical 75.7 (25.6) 72.0 (27.2)
health (dog)
SF-36: physical
health (cat)
Hill (61) Australia PO=392; Adults Any type of pet “Explore the MSPSS 5.78 (0.96) 5.74 (0.98) “There was no 13
NPO =146 relationship between = CD-RISC 49.38 (11.85) 48.23 (11.48) difference in levels of
the HAB, perceived resilience between
human social pet owners and
support, and non-owners, but
resilience by social support was
assessing whether positively associated
the HAB (human- with resilience for
animal bond) could both. The HAB was
moderate the impact not a significant
of social support as a moderator between
protective factor for levels of social
resilience” support and
resilience for
owners”
(Continued)
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Kim and Chun (62) Korea PO =8,708; Adults Dog; “Examine the GLS 56.02 (10.25) 54.79 (10.68) “Pet ownership was 15
NPO=33,979 Cat association between associated with
companion animal higher levels of
ownership and overall life
overall life satisfaction”
satisfaction, one
measure of human
well-being”
Mickova (77) Czech Republic DO =26; Older adults Dog “To see if dog SF-36: 72 (15) 46 (14) “A positive effect on 14
NDO=18 ownership affects General health 47 (11) 43 (14) their overall health
physical activity, SE-36: 88 (12) 72 (22) assessed by SF-36
sleep, and self- Health change 90 (18) 76 (18) was observed in
reported health in a SF-36: Physical 80 (12) 69 (13) most of the
group of older adult | functioning 78 (19) 62 (22) monitored
people” SF-36: Social 67 (15) 47 (6) parameters. The
functioning 86 (29) 83 (26) results suggest that
SF-36: Emotional 85(27) 71(33) dog walking affects
SE-36: Pain the overall PA of
SF-36: Vitality older adults and it
SF-36: Role brings positive
Emotional) effects on the quality
SE-36: Role Physical of life”
Mueller (78) USA PO=910; Children Any type of pet “Contribute to the LS Time 1 Time 1 “The results of this 16
NPO=310 emerging research 1.43 (0.52) 1.47 (0.53) study do not support
on companion Time 2 Time 2 the presence of a
animals and mental 1.62 (0.60) 1.49 (0.52) buffering effect of
health during the companion animals
pandemic by on loneliness for
assessing the adolescents”
relationships
between pet
ownership, pet
attachment,
loneliness, and stress
copino for
adole 127
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data
Country Population Purpose Intervention = Pet owner Non-pet Major Quality
methods M(SD) owner findings score
M(SD)
Muldoon (63) United Kingdom DO=2,784; Children Any type “To see if within the | SAPS (dog) *d=0.68 “Pets, especially 14
PO=1992 of pet broader population SAPS (pet) d=0.25 dogs, have an impact
NPO=1887 of children and on well-being when
adolescents, to what a strong emotional
extent attachment to bond is present”
dogs: (a) is stronger
than attachment to
other pets; (b) differs
from emotional
connections to other
animals; and (c) is
associated with any
specific welfare
benefits”
Muraco (64) USA PO=1,039; Adults LGBT Any type of pet “Understanding PSS 3.19 (0.76) 2.99 (0.8) “There is evidence 14
NPO=1,326 whether having a pet that pets can
is related to increase feelings of
perceived social social support for
support and social people with
network dimension” disabilities and
limited social
networks”
Phillipou (43) Australia PO=138; Adults Dog; “Explore the mental DASS-21: 13.15 (10.79) 11.57 (10.35) “Contrary to 14
NPO=125 Cat health effects of pet Depression Anxiety 6.38 (7.48) 6.14 (7.66) expectations, the
ownership during Stress 13.64 (9.43) 13.15 (8.82) results suggest that
the COVID-19 UCLA 9.1 (3.09) 8.53 (2.65) during a specific
pandemic lockdown” | BRS 3.2(0.99) 3.3(0.89) situation such as a
EUROHISQoL 27.2(7.27) 28.81 (6.61) pandemic, pets may
contribute to an
increased burden on
owners and
contribute to a worse
quality of life”
(Continued)
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Pruchno (65) USA DO=1,160; Adults Dog; “Examined the SS (Dog) 4.3(0.8) 4.2 (0.8) “Findings carry 14
POcat=947; Cat associations among SS (Cat) 4.2 (0.9) 4.2 (0.8) practical
POdog+ cat=441; human social SS (Dog; cat) 4.2(0.9) 4.2 (0.8) implications for
NPO=2,954 relationships, SSA (Dog) 23.7 (4.3) 23.4(4.4) supporting pet
owning a dog or a SSA (Cat) 23.1(4.7) 23.4 (4.4) ownership of older
cat, and successful SSA (Dog; cat) 23.1(4.4) 234 (4.4) people, suggesting
aging” that dogs have a
positive association
with successful
aging”
Ramirez and USA DO=377; Adults Dog “Compared the LSS 16.0 (2.8) 15.6 (3.0) “Dog owners 14
Herndndez (66) NDO=225 perceived health, SHS 22.7 (3.4) 22.5(3.7) perceived themselves
perceived stress, life PHQ 5.3(3.9) 6.0 (3.9) as healthier but not
satisfaction, PStressS 18.0 (7.3) 20.0 (7.2) happier than non-
happiness and SF-12: 51.0 (8.2) 48.7 (8.7) dog owners”
psychosomatic Mental health 52.8 (6.9) 51.9 (7.5)
symptoms in two SF-12:
equivalent groups Physical health
that differed only in
dog ownership”
(Continued)
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Reis (67) Portugal DO=1764; Children Any type of pet “Identify in a large Kidscreen-10 (Dog) = 39.41 (6.62) 39.03 (6.79) “Having a dog was 15
POcat=739; national Kidscreen-10 38.30 (6.98) 39.03 (6.79) associated with a
POdog+ cat=901 representative (cat) 38.44 (6.64) 39.03 (6.79) higher socio-
PO=520; sample of Portuguese | Kidscreen-10 39.05 (6.70) 39.03 (6.79) economic status.
NPO=1,211 adolescents, the (Dog; cat) 7.50 (1.96) 7.42 (1.93) Better perception of
percentage of Kidscreen-10 7.18 (1.99) 7.42 (1.93) well-being. More life
adolescents that have | (pets) 7.34 (1.94) 7.42 (1.93) satisfaction and less
pets, what kind of LSS (Dog) 7.43 (1.95) 7.42 (1.93) psychological
feelings pets provide, =~ LSS (Cat) 6.55 (1.41) 6.52 (1.42) symptoms”
differences by gender | LSS (Dog; cat) 6.38 (1.46) 6.52 (1.42)
and age (through LSS (pets) 6.39 (1.45) 6.52 (1.42)
school grades) and PS (Dog) 6.54 (1.41) 6.52 (1.42)
to verify whether PS (Cat)
adolescent health, PS (Dog; cat)
well-being, life PS (pets)
satisfaction, and
psychological
symptoms are
associated with
having a pet (in
particular dogs or
cats)”
Roux and Wright Africa PO=3,108; Adults Dog; “Investigate whether | PSS 17.9 (7.16) 18.1 (6.09) “Dog owners were 14
(68) NPO=221 Cat pet attachment was SWLS 23.4(6.79) 22.9(7.11) significantly more
related to perceived attached to their
stress and life dogs. Significantly
satisfaction in a more satisfied with
sample of their lives and had
South Africans” significantly less
stress than cat
owners”
(Continued)
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methods M(SD) findings score
Taniguchi (13) Japan PO=1,545; Older adults Dog; “Evaluated physical GDS-5 1.2 (1.3) 1.3(1.3) “Caring for a dog or 16
NPO=6,377 Cat function. PA. social WHO-5 62.5 (23.3) 60.2 (24.4) cat might be an
function. and effective health
psychological promotion strategy
function of a to increase physical
population of activity and facilitate
community-dwelling social participation
older Japanese dog among older adults”
and cat owners”™:
Teo and Thomas (70) | Australia DO=332; Adults Any type “Compare multi- DASS-21 8.67 (8.87) 7.05 (8.36) “Pet owners and 14
PO=332 of pet faceted QOL. Depression(dog) 7.85 (9.50) 7.05 (8.36) non-owners did not
NPO=176 psychological Depression (pets) 6.01 (6.86) 5.56 (6.12) differ significantly in
distress. and Anxiety (dog) 5.37(7.21) 5.56 (6.12) terms of well-being”
psychopathology of | Anxiety (pets) 11.08 (8.29) 8.78 (7.57)
pet owners and Stress (dog) 8.65 (7.80) 8.78 (7.57)
non-pet owners” Stress (pets) 0.79 (0.62) 0.66 (0.58)
BSI (dog) 0.67 (0.59) 0.66 (0.58)
BSI (pets) 58.30 (9.04) 58.54 (9.82)
WHOQOL (dog) 58.44 (8.71) 58.54 (9.82)
WHOQOL (pets)
‘Watson and USA PO=42; Adults women Dog; Cat “Explore the BDI 5.5(4.1) 6.0 (4.5) “Results revealed 13
‘Weinstein (71) NPO =42 potential STAI 32.5(10.2) 35.9 (9.4) that there were no
psychological STAXI: state 10.9 (2.5) 11.0 (1.7) significant
benefits of pet STAXI: trait 17.5 (4.6) 18.8 (4.2) differences between
ownership among owners” and non-
working women” owners”
Wright (72) United Kingdom DO=14; Children with Dog “Investigate the CAS Baseline Baseline “Acquisition of a dog 23*
NDO=26 autism potential of dogs to 0.33 (0.05) 0.26 (0.03) may be associated
improve family Follow-Up Follow-Up with improvements
functioning in 0.30 (0.04) 0.23 (0.03) in family functioning
families with and child anxiety”
children with autism
and explore the
effects of pet dogs on
anxiety in these
children”
(Continued)
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Major
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prostate cancer

treatment”

Quality
score

Wright (73) USA DO=36; Adults LGBT Dog; Cat “Understanding the SF-12 46.05 (10.34) 48.5(10.26) “Pet companionship 14
POcat=15; relationship between 50.8 (11.4) 51.4 (8.34) may be a net stressor
NDO=47; pet companionship for gay and bisexual
NPO=9 and quality of life men following

B1o"uISIa1U0Ly

cancer survivors”

PO, pet owner; NPO, Non-pet owner; N, sample size; SD, standard deviation; M, mean. instruments: BDI, beck depression inventory; BES, subjective happiness scale; CAS, children’s anxiety scale; CD-RISC, the Connor-Davidson resilience scale; CES-D, depression
scale; DAS, dyadic adjustment scale; DASS-21, depression anxiety stress scale; GDS-5, geriatric depression scale; GHQ-30, 30-item general health questionnaire; GLS, general life satisfaction; HADS, hospital anxiety and depression score; ISEL-12, interpersonal support
evaluation; LS, loneliness scale; LSS, life satisfaction scale; MOCA, the Montreal cognitive assessment; MSPSS, multidimensional scale of perceived social support; NPI, number of physical illnesses; NPRS, numeric pain rating scale; ODI, Oswestry disability index;
PHQ, patient health questionnaire; PLE, presence of life meaning; PS, psychological symptoms; PSS, perceived social support; PStressS, perceived stress scale; PWI-A, personal wellbeing index-adult; QRS, quality of relationship scale; RIMS, Rusbult investment model
scale; SAPS, short attachment to pets scale; SE, social engagement; SF4, anxiety and depression scale (PROMIS); SF-12, short form health survey; SF-36, health survey; SH, subjective health; SHS, subjective happiness scale; SI, social isolation; SRH, self-rated health; SS,
social support; SSA, subjective successful aging; STAI, StateTrait anxiety inventory; STAXI, state-trait anger expression inventory; SWLS, satisfaction with life scale; UCLA, loneliness scale; WHO-5, Weel-being index; 11-JGLS, 11-item De Jong Gierveld- Loneliness
scale; PSS, perceived stress scale.*Down’s and Black tool uses 27 criteria.

*Articles arranged in alphabetical order.

"General results selected due to the absence of mean and standard deviation measures.
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Study Name Sdt diff in means and 95% CI Statistics for each study
Std diff in Standard  Variance Lower Upper 2Z- P- Value
means error limit Limit Value
Ballin et al. 2021 L] 0,393 0,044 0,002 0,306 0,480 8,841 0,000
Brown & Jensen, 2020 . 0,054 0,031 0,001 -0,006 0,114 1,757 0,079
Brown & Rhodes, 2006 - 0,396 0,051 0,003 0,296 0496 7,782 0,000
Byers et al., 2014 L -0,033 0,384 0,148 -0,786 0,720 -0,086 0,932
Carr et al,, 2019 e 0,010 0,279 0,078 -0,537 0,557 0,036 0,972
Coleman et al., 2008 a - 0,083 0,054 0,003 -0,023 0,190 1,530 0,126
Coleman et al., 2008 b - -0,253 0,078 0,006 -0,406 -0,100  -3,236 0,001
Corrigan et al., 2018 - 0,485 0,129 0,017 0,232 0,738 3,760 0,000
Curletal, 2017 a E 5,629 0,126 0,016 5,382 5,876 44694 0,000
Curletal, 2017 b - 2,283 0,094 0,009 2,099 2467 24340 0,000
Dall et al., 2017 -+ 0,016 0,110 0,012 -0,200 0,232 0,145 0,885
Fengetal, 2014 —— 0,012 0,148 0,022 -0279 0,302 0,078 0,938
Garcia et al., 2015 » -0,025 0,004 0,000 -0,033  -0,017  -5900 0,000
Koohsari et al., 2020 | ] 0,132 0,041 0,002 0,052 0,213 3,217 0,001
Lail etal., 2011 - 0,294 0,055 0,003 0,186 0,402 5,320 0,000
Machova et al., 2019 - 0,228 0,096 0,009 0,041 0,416 2.387 0,001
Mickové et al., 2019 - 0,633 0,112 0,012 0,414 0,852 5,668 0,000
Oka & Shibata, 2009 [ 1,672 0,048 0,002 1,578 1,767 34,628 0,000
Oka & Shibata, 2009 b n 0,079 0,026 0,001 0,028 0129 3,062 0,002
Richards, 2016 a - 1,685 0,043 0,002 1,601 1,770 39,035 0,000
Richards, 2016 b - 1,926 0,076 0,006 1,778 2,074 25476 0,000
Schofield et al., 2005 L 0,004 0,040 0,002 0,075 0,083 0,090 0,928
Taniguchi et al., 2018 . 0,035 0,014 0,000 0,007 0,062 2,445 0,014
Thorpe et al., 2006 a - -0,486 0,019 0,000 0,523 0,449  -25699 0,000
Thorpe et al., 2006 b L -0,181 0,048 0,002 -0274  -0,087 -3792 0,000
Westgarth et al., 2019 - 0,472 0,192 0,037 0,096 0,848 2,458 0,014
Westgarth et al., 2019 a ] 0,306 0,046 0,002 0,217 0,396 6.699 0,000
Westgarth et al., 2019 b - 0,304 0,113 0,013 0.083 0,525 2,694 0,007
Westgarth et al., 2019 ¢ L] 0,195 0,044 0,002 0,108 0,282 4.404 0,000
Westgarth et al., 2019 d -II- 0,147 0,125 0,016 -0,098 0,391 1177 0,239
| | -> | 0,554 0,092 0,008 0,374 0734 6,026 0,000
|
-4,00 -2,00 0,00 2,00 4,00
FIGURE 2
Forest plot of pet influence in physical activity ownership.
Study Name Sdt diff in means and 95% CI Statistics for each study
Std diff in Standard Variance Lower Upper Zz- P-
means error limit Limit Value Value
Amiot et al., 2022 a -0.113 0,017 0,000 -0,145 -0,081 -6.834 0,000
Antonacopoulos, 2017 D —— 0,470 0,177 0,031 0,122 0,818 2,648 0,008
Ballin et al. 2021 T 0,112 0,077 0,006 -0,038 0,262 1,463 0,143
Bennett et al,, 2015 -0,005 0,101 0,010 -0,203 0,194 -0,045 0,964
Black, 2012 —— 0,654 0,161 0,026 0,338 0,971 4,052 0,000
Bradley & Bennett, 2015 —a -0,245 0,102 0,010 0,444 -0,046 2,411 0,016
Brkljacic et al., 2020 - -0,009 0,024 0,001 -0,057 0,039 -0,370 0,712
Canady & Sansone, 2019 ——— 0,121 0,162 0,026 -0,196 0,438 0,750 0,453
Carretal,, 2019 —— 0,369 0,106 0,011 0,160 0,577 3,467 0,001
Cloutier & Peetz, 2016 —_— 0,537 0,095 0,009 0,351 0,722 5,663 0,000
Curletal,, 2021 - -0,040 0,054 0,003 -0,147 0,066 -0,747 0,455
Endoetal, 2020 a —a— 0,106 0,066 0,004 0,024 0,235 1,595 0,111
Endoetal, 2020 b — 0,341 0,008 0,010 -0,534 -0,149 -3,476 0,001
Fengetal, 2014 - 0,205 0,047 0,002 0,113 0,297 4,361 0,000
Grajfoner etal,, 2021 - 0,093 0,034 0,001 0,026 0,160 2,710 0,007
Hajek & Konig, 2020 a - 0,039 0,053 0,003 -0,065 0,143 0,729 0,466
Hajek & Konig, 2020 b —— -0,001 0,053 0,003 -0,106 0,103 -0,027 0,979
Hill et al., 2020 “4a— 0,070 0,069 0,005 -0,065 0,204 1,015 0310
Kim & Chun, 2021 ™ 0,116 0,012 0,000 0,003 0,140 9,661 0,000
Michova et al., 2019 —— 0,806 0,108 0,012 0,595 1,017 7,491 0,000
Mueller et al., 2021 —r— -0,293 0,066 0,004 -0,422 -0,163 -4,433 0,000
Muldoon et al., 2019 a - 0,680 0,031 0,001 0,620 0,740 22,195 0,000
Muldoon et al., 2019 b - -0,250 0,032 0,001 -0,313 -0,187 -1,752 0,000
Muraco et al., 2018 T 0,256 0,042 0,002 0,174 0,337 6,143 0,000
Phillipou et al., 2021 - -0,142 0,050 0,003 -0,241 -0,043 -2.815 0,005
Pruchno etal,, 2018 a - 0,097 0,025 0,001 0,049 0,145 3,940 0,000
Pruchno etal,, 2018 b -0,034 0,026 0,001 -0,085 0,018 -1,269 0,204
Pruchno et al,, 2018 ¢ -0,034 0,036 0,001 -0,105 0,037 -0,944 0,345
Ramirez & Hernandez, 2014 - 0,133 0,034 0,001 0,065 0,200 3,852 0,000
Reisetal, 20182 0,040 0,022 0,000 -0,003 0,082 1,842 0,065
Reisetal, 2018 b - -0,109 0,027 0,001 -0,162 -0,056 -4,039 0,000
Reisetal, 2018 ¢ - 0,073 0,025 0,001 -0,123 -0,023 -2,883 0,004
Reisetal, 2018d 0,007 0,030 0,001 -0,052 0,067 0,245 0,807
Roux & Wright, 2020 0,051 0,049 0,002 -0,046 0,147 1,032 0,302
Taniguchi etal., 2018 a 0,086 0,020 0,000 0,047 0,125 4,288 0,000
Teo & Thomas, 2019 a - -0,156 0,042 0,002 -0,238 -0,074 -3,728 0,000
Teo & Thomas, 2019 b -+ -0.014 0,042 0,002 -0,096 0,068 -0,341 0,733
Watson & Weinstein, 1993 - 0,200 0,109 0,012 0,014 0,415 1,831 0,067
Wright et al., 2015 0,000 0,331 0,110 -0,650 0,650 0,000 1,000
Wright et al,, 2019 G ——— -0,199 0,197 0,039 -0,584 0,187 -1,011 0,312
. 0,068 0,030 0,001 0,010 0,126 2,300 0,021
-1.00 0.00 1.00
FIGURE 3

Forest plot of pet influence on mental health.
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4. Discussion

To our knowledge, this is the first comprehensive meta-analysis to
investigate the influence of pet ownership on owners’ daily PA levels
and mental health. The main findings indicate a moderate positive
impact of pets on PA compared to non-pet owners (NPO).

Among the PA moderating variables, frequency showed a highly
significant effect, indicating that pet owners have a higher frequency of
physical activity than NPO. However, no significant impact of pet
ownership on mental health compared to NPO was found. One of the
most promising results of this meta-analysis is the evidence that pet
owners are more physically active than NPO, which may be related to
pet care such as walking and going outside. A previous study (19) found
that dog owners walk moderately more than non-dog owners. Of all the
analyzed studies, five were conducted in dogs and other different
species (13,29, 77, 87, 90). The analysis of these studies showed that the
benefits related to PA were more evident in dog owners than in owners
of other pets. These findings led us to analyze PA specifically regarding
dog owners DO and NDO.

About the moderating variables of PA (frequency, duration,
counts, and mets), PO significantly had a higher frequency of walking.
However, duration was not significant, as found in a previous meta-
analysis (19). Owners with a stronger attachments to their dogs were
more likely to walk with them, but at a shorter distance than owners
with weaker pet attachments (17). These results may be based on the
owner’s commitment to meet the pet’s needs, which may lead to an
increase in the owner’s willingness and frequency to take a walk, even
if it is not perceived, as opposed to non-owners. On the other hand, it
is possible that dog characteristics, such as age and breed, could
influence the relationship between physical activity and mental health
outcomes (92). For example, younger dogs may require more physical
activity than older dogs, which could demand more attention and
owners general activity. Moreover, it is known that some breeds have
higher exercise requirements than others (92). Future studies could
take into account factors such as age, breed, and dogs’ physical activity
needs, and how they influence health outcomes of pet owners.

Objective and subjective measurement methods revealed a
significant, but low effect size. For the assessment of owners’ PA, most
previous studies have used subjective physical activity measures, with
only eight studies using objective assessment measures (10, 74, 76, 77,
80, 81, 84, 89). One of the limitations of subjective measures is that they
are based on the perception or recall of PA performed before the date of
completing the questionnaire, which may generate bias in the results or
overestimation compared to objective measures (93). Comparative
studies comparing the two measurement methods have found that the
results obtained through the IPAQ are not reflected in the PA
measurements with the accelerometer (77, 79). Despite our results
covering both methodologies, subjective measures were the most
commonly reported method among studies, similar to the meta-analysis
conducted in 2013 (19). Although studies conducted with objective
measures have been increasing, more studies that examine the
application of these methods are needed, particularly studies that
quantify both pet and owner levels of PA. Moreover, such an analysis
would allow us to establish a more reliable role of pets in owners’ PA and
possibly define guidelines for the population that can benefit the most
from owning a pet.

Besides the relationship between pet ownership and physical health,
there may also be a relationship with mental health. There is some
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evidence that suggest that physical activity and pet ownership can both
have positive effects on mental health outcomes (11). Engaging in
regular physical activity has been shown to be associated with improved
mental health, including decreased symptoms of depression and
anxiety, as well as increased feelings of well-being and self-esteem (32).
Thus, it is possible that physically active pet owners may have better
mental health outcomes compared to non-pet owners, as they may
benefit from both the physical activity and the social support and
companionship provided by their pets (28, 94). However, more research
is needed to fully understand the complex relationship between physical
activity, pet ownership, and mental health outcomes.

Regarding the relationship between mental health and pet
ownership, this meta-analysis included 135 results from 32 studies,
whose methodological quality ranged from good to excellent. Despite
the significant influence of pets on owners’ mental health, it must
be considered that the effect size was low. The high heterogeneity of the
sample characteristics, the variables used to measure mental health, and
other methodological issues might explain this low effect size.
Nevertheless, this result has already been described in previous
systematic reviews (91, 95).

To better understand the heterogeneity found, various moderating
variables related to mental health were considered (95). Among these
moderating variables, only loneliness, social support, life satisfaction,
happiness, and mood and self-regulation were significantly related to
pet ownership.

Regarding loneliness and social support, this meta-analysis suggests
that PO are more likely to experience loneliness than NPO, but owning
a pet can confer greater social support to the owner. Despite the
differences between these concepts, they complement each other.
Loneliness refers to the discrepancy between actual and desired social
relationships. Social isolation (included in the social support moderating
variable of this meta-analysis) arises in the absence of such contact with
society (96). Kretzler (3) suggests that a pet tends to be associated with
an increased frequency of social interactions, allowing for the increase of
social and community ties (57), which may favor increased feelings of
belonging and decreased loneliness and social isolation (70). Among the
activities shared between pets and owners, walking and visits to parks
appear to be most strongly associated with the social support felt by
owners (13). Dogs are the most frequently reported pets in these
7
other pets (65, 96). However, these differences between species are

activities (13, 57, 75) and seem to produce better results compared to
mostly dependent on the type of activities performed with the pet.
Therefore, it may be important to consider other types of daily life
activities with pets in future studies, as they may also promote greater
social support for owners and decrease feelings of loneliness.

The literature suggests that pets may play a beneficial role in providing
social support and companionship, particularly for older adult individuals
who live alone (24, 51). However, while pets may serve as a form of social
support, they cannot completely alleviate feelings of loneliness. Despite
these findings, the low effect size of the relationship between pet
ownership and mental health can be attributed to the high heterogeneity
of the samples. Studies with individuals with chronic low back pain (75),
members of the LGBT community (64), and those experiencing the
COVID-19 pandemic (43, 78) have further demonstrated the high
variability of samples. Certain contexts may even contribute to increased
inconsistencies and incoherence in the role of pets in social isolation and
feelings of loneliness. For instance, during the COVID-19 pandemic,
social isolation was not significantly associated with pet ownership, but
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loneliness may have been reduced (3). Further research is needed to fully
understand the impact of pets on social support and levels of loneliness.

This meta-analysis also indicates that pets may promote greater
life satisfaction and happiness in their owners. The concept of life
satisfaction is subjective and may depend on individuals’
experiences. Curl (57) reported that pet owners experience greater
social engagement and life satisfaction, especially in the older adult
population. Additionally, pet owners who experienced the death of
a pet during the previous year were significantly less happy and
satisfied compared to those who did not have a pet and those who
did not experience the death of a pet (54). On the other hand, it is
also plausible to consider that owners’ personalities, conditions of
the pets’ presence, as well as expenses associated with the pet’s care,
might influence owners’ life satisfaction. Therefore, it is important
to understand the relationship between pet ownership and life
satisfaction and happiness, considering different variables such as
life satisfaction before and after the adoption of the pet.

This meta-analysis also shows that the presence of a pet may lead to
better mood, coping skills, affection, and relationships, particularly
regarding humor and emotions. Moreover, having a pet throughout life
was predictive of more positive relationships (56). However, high
heterogeneity was found, which could be explained by the attachment to
the pet, as the human-animal bond may differ among members of the
same family, influencing their responses to the same questionnaire. Most
analyzed studies did not control for this variable, which makes it difficult
to understand the possible influence of the human-animal bond.
Therefore, in future studies, it will be important to consider this variable.

Concerning the remaining moderator variables, no significant effect
of pets was found, and the magnitude of the effect was low. These results
may be due, in part, to the diversity of instruments and methodological
procedures used in the included studies. In fact, in the different studies
analyzed the variable mental health and resilience were quantified by
using different scales, which most frequently was the Short Form Health
Survey with 36 items (43, 59, 61), with Whight (73) using a reduced
version with 12 items, the Moca (53), Patient Health Questionnaire (66),
Psychological Symptoms (67), and BSI- Brief Symptom Inventor (70)
were also used, along with 3 other studies (43, 59, 61) that assessed
resilience. This fact may cause bias and variability, as it depends on the
reading and interpretation of the self-administered questionnaire.
Therefore, the high variety of instruments used to measure the same or
different mental health variables was probably the main reason for the
high heterogeneity observed. Similar results were observed for the
depression and anxiety variables.

Therefore, 12 studies were included in this meta-analysis that
explored the effect of pet presence on depressive symptoms (13, 24,
43,52,53,59, 60, 70,71, 74-76), and 8 studies on anxiety (24, 43, 52,
59, 70-72, 76). However, no significant effect was observed, which is
consistent with other reported literature (91, 95). Symptoms of anxiety
and depression are frequently analyzed together since they are highly
comorbid and share common etiological processes (97). In this meta-
analysis, only one study (72) analyzed anxiety independently of
depression. In the remaining studies, the authors used the same
instrument to analyze both variables: the Depression, Anxiety, and
Stress scale (24, 43, 52, 59, 70) and the Hospital Anxiety and
Depression Scale (76).

Regarding the influence of pets on the owner’s quality of life,
health, and well-being, no significant results were found, contradicting
a previous systematic review that reported the potential benefits of
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pets to impact owner well-being (28). Once again, different scales and
procedures were used in the reviewed studies. Quality of life was
measured in 17 studies using subjective health items (57, 96), the
European Health Interview Surveys-Quality of Life questionnaire
(43), the Warwick-Edinburgh Mental Well-Being Scale (59), the
Kidscreen-10 index (67), items from the SF-36 scale (vitality, pain, and
role physical) (30, 76, 77), and items from the shortened version SE-12
(physical health) (66, 73). The physical health scales were used in
studies on physical illnesses (52, 65, 75, 96). The World Health
Organization Quality of Life Instrument (70) and the Well-being
Index (58) was also used to measure well-being.

Quality of life, health, and well-being questionnaires may
be subject to bias due to the subjectivity of interpretation inherent in
the different dimensions evaluated. Moreover, the confounding factors
considered by the authors, depending on the study goal, are different
in each study, which could also be a limitation of our analysis.

Opverall, although this meta-analysis did not aim to understand
the effect of different pet species on mental health, it is worth
mentioning that they seem to have an influence. Pruchno (65) found
a higher positive association between quality-of-life outcomes and dog
ownership than cat ownership, while Hajek (96) found a similar
association regarding social isolation and loneliness. In another study
with Portuguese adolescents, pets were associated with a better
perception of well-being, more life satisfaction, and overall mental
health. However, when analyzed by species, dogs showed more evident
results (67). This may also contribute to explaining the high
heterogeneity of the obtained results.

5. Limitations

This meta-analysis has identified several limitations and
methodological issues that limit the generalizability of the results.
These flaws include the absence of randomized controlled trials and a
small number of longitudinal studies. Additionally, there is a lack of
studies that compare health-related variables before and after pet
ownership. It is also important to differentiate between participants,
distinguish between the main and secondary responsible owners, and
to sure attachment to the pet. Furthermore, it would be valuable to
include other moderating variables such as age group, gender,
economic factors, social status, ethnicity, and pet species to reduce the
heterogeneity of the analysis. Finally, the use of diverse instruments to
assess mental health and physical activity increases the heterogeneity
of the results.

6. Conclusion

In general, pet ownership has been found to have a positive
influence on owners’ physical activity, with pet owners showing a
higher frequency of physical activity than non-owners. However, pets
do not seem to have a significant impact on owners’ mental health.
There were some moderating variables related to mental health, such
as loneliness, social support, life satisfaction, happiness, mood, and
self-regulation, which were significantly associated with pet ownership
but with low effect sizes. This suggests that pet owners may have
higher levels of social support, life satisfaction, happiness, mood, and
self-regulation and lower levels of loneliness than non-owners.
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The results of this meta-analysis provide a nuanced understanding
of the potential impact of pets on owners’ mental health and physical
activity from a one health perspective.

We suggest that future researchers explore theoretical
frameworks and methodological approaches that can explain the
uniqueness of the relationships between pets and people, and how
these influence them.
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Bidirectional associations of
physical activity, sleep, and
self-reported mental health in
young adults participating in an
online wellness intervention
during the COVID-19 pandemic

Ryan D. Burns*, Anna Bilic, Yang Bai, Timothy A. Brusseau,
Julie E. Lucero and Jessica L. King Jensen

Department of Health and Kinesiology, College of Health, University of Utah, Salt Lake City, UT, United
States

Purpose: The purpose of this study was to examine the bidirectional associations
of physical activity (PA), sleep, and mental health in young adults participating in
an online wellness intervention from October 2021 to April 2022.

Methods: Participants were a sample of undergraduate students from one US
university (N=89; 28.0% freshman; 73.0% female). The intervention was a 1-h
health coaching session that was delivered either once or twice by peer health
coaches on Zoom during COVID-19. The number of coaching sessions was
determined by random allocation of participants to experimental groups. Lifestyle
and mental health assessments were collected at two separate assessment
timepoints after each session. PA was assessed using the International Physical
Activity Questionnaire—Short Form. Weekday and weekend sleep were assessed
by two one-item questionnaires and mental health was calculated from five
items. Cross-lagged panel models (CLPMs) examined the crude bidirectional
associations of PA, sleep, and mental health across four-time waves (i.e., T1
through T4). To control for individual unit effects and time-invariant covariates,
linear dynamic panel-data estimation using maximum likelihood and structural
equation modeling (ML-SEM) was also employed.

Results: ML-SEMs showed that mental health predicted future weekday sleep
(=046, p<0.001) and weekend sleep predicted future mental health ($=0.11,
p=0.028). Although CLPMs showed significant associations between T2 PA and
T3 mental health (=0.27, p=0.002), no associations were observed when unit
effects and time-invariant covariates were accounted for.

Conclusion: Self-reported mental health was a positive predictor of weekday
sleep and weekend sleep positively predicted mental health during the online
wellness intervention.

behavior, exercise, health, mental health, sleep, young adult
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1. Introduction

Physical activity (PA) and sleep are two health behaviors that have
been shown to correlate with mental health (1-3). Mechanisms for
these positive associations between health behaviors and mental
health included improved stress control, lowered cortisol, healthier
sleep habits, and lowered susceptibility to anxiety and depression via
release of endogenous opioids and neurohormones within the central
nervous system (4-7). A population that is consistently under stress
during much of the year and may suffer from poor mental health are
young adults enrolled in college courses (“university students”) (8, 9).
This population is burdened by the academic stressors of being a
university student in addition to the lifespan transition period of
emerging adulthood, which often consists of significant and sudden
changes in the physical and social environment (10-13). These
changes can negatively affect a young adult’s emotional health and
their well-being. Problems with higher stress and poorer health
behaviors may have been exacerbated during the COVID-19
pandemic (9). A potential way to mitigate declines in mental health in
university students is tailored health behavior programming (14-18).

Some health behavior interventions have shown evidence to
improve mental health and wellbeing in university students (14, 15).
Indeed, interventions that have targeted multiple behaviors have
shown the strongest evidence to improve mental health (16, 17).
However, past interventions that involved targeting multiple health
behaviors may have yielded high levels of participant burden because
of high durations or frequencies of health education or coaching
sessions, burdens that for university students may have been magnified
because of their demanding academic and work schedules. Having an
in-person modality for intervention delivery may have also added
additional burden due to increased transportation needs.
We previously implemented a brief one-hour Zoom-based
intervention that yielded improvements in university students’ sleep,
physical activity, nutrition, stress management, and substance use
during COVID-19 (14). However, other health behavior interventions
delivered during COVID-19 showed null results for improving aspects
of mental health in young adults. An 8-week mind-body physical
activity intervention that used yoga poses and walking meditation and
was delivered asynchronously online on Canvas for 10 min, 3 days per
week did not significantly associate with better stress or wellbeing in
a sample of college students (19). Additionally, an intervention study
conducted by Philippot et al. (20) that used high-intensity interval
training delivered via the use of online videos to a sample of university
students for 4-weeks yielded no significant improvements in anxiety
symptoms. Given these conflicting findings, further investigation
is warranted.

Interventions that target multiple behaviors have outcomes that
may intercorrelate and predict one another across time. Thus, change
in one targeted behavior during an intervention could influence other
targeted behaviors at a future timepoint, independent of an
intervention’s influence (i.e., independent of experimental group
allocation). PA and sleep are two health behaviors that can determine
mental health (21, 22), however, no study has examined the
longitudinal bidirectional associations among PA, sleep, and mental
health during a multi-behavioral online intervention. Examining
longitudinal bidirectional associations can help determine the
directionality of association, help identify targets to improve health
behaviors and mental health and may provide information on how
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multiple behavioral outcomes intercorrelate independent of an
intervention’s effect. Therefore, the purpose of this study was to
examine the bidirectional associations of PA, sleep, and mental health
in a sample of university students who participated in an online
wellness intervention delivered during the 2021-2022 academic year,
which overlapped with the COVID-19 pandemic. The current study’s
intervention expanded on our previous intervention implementing
multiple brief (1-h) peer health coaching sessions to university
students during COVID-19 using a randomized controlled research
design. The details of this study are elsewhere. The present study was
a secondary analysis of data obtained from the intervention that aimed
to examine how the various behavioral and mental health outcomes
longitudinally intercorrelated with each other across time. Given past
work in this area, it was hypothesized that PA and weekday and
weekend sleep would show a moderate and positive bidirectional
association with self-reported mental health.

2. Materials and methods
2.1. Participants

Participants were a non-probability convenience sample of
young adults recruited from one university in the western US who
participated in the online peer health coaching intervention.
Recruitment strategies included written and oral advertising (e.g.,
posters) and by peer referrals (e.g., word of mouth). Interested
participants completed informed consent online followed by a
screening survey used to determine study eligibility. The inclusion
criterion included being a current undergraduate student enrolled
at the host institution and there were no exclusion criteria for
participating in this study. A total of 173 students expressed study
interest and 89 students were enrolled. The analytic sample was
mostly female (73.0%), not Hispanic/Latino (80.9%), was White
(73.0%), had mothers who obtained at least a Bachelor’s degree
(43.8%), did not participate in University athletics (89.9%), and was
not in a fraternity or sorority (92.1%). More specific descriptive
demographic statistics of the analyzed sample are presented in
Supplementary Table SI. Participants received $10 per survey
completed, for a total of $40 potentially earned during the study. All
study procedures were approved by the University’s Institutional
Review Board.

2.2. Intervention

The intervention was a one-hour program delivered by peer
health coaches in a one-on-one setting on Zoom during the 2021-
2022 academic year. Briefly, the program consisted of a pre-session
self-administered survey which asked participants about their wellness
and substance use behaviors and a one-on-one peer health coach
session in which the participant received individualized feedback on
their health habits and set two wellness goals (22). Online follow-up
questionnaires were administered after each session.

Participants were randomly assigned to one of two possible
sequences: a one coaching session sequence or a two-session
sequence. Following a step-wedged randomized controlled research
design, participants in the one-session sequence completed two
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repeated follow-up assessments prior to their coaching session and
two additional follow-up assessments. Participants in the two-session
sequence completed one coaching session with two follow-up
assessments followed by a second coaching session with two
additional follow-up assessments. Two weeks separated each
follow-up assessment.

Each assessment timepoint was designated as a time wave (T)
within the analyses, with T1 representing the first assessment, T2
representing the second assessment, etc. A variable indicating whether
participants received one or two coaching was used as a time-invariant
covariate within the statistical models. A total of 57 participants
completed at least one health coach session and 21 participants
completed two sessions. Group comparisons were not made given that
this study was a secondary analysis of specific behavioral outcomes.
Specific group comparisons will be reported within a separate study.

2.3. Assessments

2.3.1. Physical activity

The PA variable was weekly metabolic equivalent of task minutes
(MET-min) calculated from the validated International Physical
Activity Questionnaire (IPAQ)-short form questionnaire (23). The
MET-min was a metric of PA volume that indicated the amount of
energy expended during a minute at rest. Higher MET-min scores
indicated higher levels of PA. Calculated MET-min for walking,
moderate PA, and vigorous PA were summed to calculate a total
MET-min score that was used for data analysis.

2.3.2. Sleep

Two items asked about how many hours of sleep the participants
accrued during both weeknights and weekend nights. The two items
were part of the same assessment questionnaire. The weekday sleep
item asked “Over the last 2 weeks, what is the average amount of sleep
you have gotten on a weeknight (excluding naps)? Note: Please select
the response closest to your answer.” The weekend sleep item asked
“Over the last 2 weeks, what is the average amount of sleep you have
gotten on a weekend night (excluding naps)? Note: Please select the
response closest to your answer.” Responses ranged from less than 4h
to 10 or more hours. Scores above 10 or more hours a day were
dropped for analysis due to the non-linear association between sleep
duration and health outcomes (24).

2.3.3. Mental health

Mental Health was calculated from five items each with a 5-point
response scale (1 = All the time, 5=None of the time). The items were
from the validated SF-36 Health Survey Questionnaire (25). The
mental health items were the 5 items from SF-36 that were part of the
wellbeing area and mental health dimension of the questionnaire,
which showed a high degree of test-retest reliability (25). The items
asked, “Have you been a very nervous person?,” “Have you felt so
down in the dumps that nothing could cheer you up?,” “Have you felt
calm and peaceful?;” Have you felt downhearted and blue?,” and “Have
you been a happy person?” Items were reversed coded where
necessary so that high scores reflected good mental health. Internal
consistency across the five items was acceptable with Cronbach’s alpha
ranging from alpha=0.76-0.88 across waves. The average of the five
responses were used for data analysis. The 4 items on the SF-36 Health
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Survey Questionnaire that measured vitality were not included in
the assessments.

2.4. Covariates

Covariates included in the adjusted analyses consisted of self-
reported participant university status year (freshman, sophomore,
junior, senior), sex (male, female, other/no-response), race/ethnicity,
mother’s highest education level, and experimental group (one
coaching session, two coaching sessions; see Section 2.2). The race/
ethnicity variable was collapsed into a binary White/Non-White
variable to maintain a high group sample size.

2.5. Statistical analysis

To examine the crude bidirectional associations of PA, sleep, and
mental health, cross-lagged panel models (CLPMs) were employed
with four assessment waves (Ts) across the course of the wellness
intervention. CLPMs analyzed reciprocal associations between
multiple observed variables measured at multiple Ts (26). The CLPMs
were constructed as structural equation models using Stata’s “sem
builder” Each CLPM had three variables, PA, sleep, and mental health
that were observed at the four Ts. Specific paths within each cross-
lagged model included autoregressive paths of each variable
associating with itself at the next T (e.g., T1 PA associating with T2
PA) and cross-lagged associations where a respective variable
associated with another at the next T (e.g., T1 PA associating with T2
mental health). Standardized covariance coefficients among the three
variables were computed at T1. Separate CLPMs were run using
weekday and weekend sleep. Full Information Maximum Likelihood
(FIML) was utilized to conduct available case analysis in the presence
of missing data. Reporting of the results included the standardized
regression coefficients (B-coefficients) with corresponding 95%
Confidence Intervals.

CLPMs have limitations when attempting to make causal
inferences because it does not effectively control for unobserved
individual unit effects, which may yield errors that are correlated with
predictor variables (instrumental variables problem), in addition to
uncertainty about the treatment of initial conditions (27, 28). It is also
difficult to control for observed time-invariant covariates using the
CLPM approach. To account for these issues, linear dynamic panel-
data estimation using maximum likelihood and structural equation
modeling (ML-SEM) was employed (28). ML-SEM models contained
a latent variable o that controlled for individual unit effects,
eliminating the instrument variables problem. With ML-SEM, the
initial conditions were treated as exogenous and did not need to
be modeled, and coefficients for observed time-invariant predictors
were estimated. For the ML-SEM models, coefficients for the effects
of a predictor (x) on an outcome (y) were constrained to be equal
across time. ML-SEM models were carried out in Stata using the
“xtdpdm!l” command. Further details regarding ML-SEM and
specifically the “xtdpdml” command have been communicated
elsewhere (27).

Separate ML-SEM models were run using the directional
associations observed from the CLPMs to determine if the associations
held using the more rigorous analytical approach. Observed
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TABLE 1 Descriptive statistics of the analyzed variables (means and standard deviations) collected during the 2021-2022 academic school year.

Variable

(N=89)
M (SD)

Total Sample

Females
(n=65)
M (SD)

Tl Total MET-mins 2,179 (1,763) 2,006 (1,657) 2,780 (1,996)
Weekday sleep (hours) 6.9 (1.0) 6.8 (1.10) 7.1(1.0)
Weekend sleep (hours) 7.7 (1.4) 7.8 (1.3) 7.3 (1.5)
Mental health (1-5 scale) 3.6 (0.8) 3.5(0.9) 3.6 (0.6)

T2 Total MET-mins 2,645 (2,075) 2,323 (1,970) 3,474%(2,160)
Weekday sleep (hours) 6.9 (1.0) 7.0(1.1) 6.8 (1.1)
Weekend sleep (hours) 7.6 (1.1) 7.8%%(1.0) 7.1(1.1)
Mental health (1-5 scale) 3.6 (0.9) 3.6 (0.9) 3.6 (0.9)

T3 Total MET-mins 2,669 (2,930) 2,540 (3,213) 3,012 (2,148)
Weekday sleep (hours) 7.1(0.9) 7.2(0.8) 7.0 (0.9)
Weekend sleep (hours) 7.7 (1.0) 7.8 (1.0) 7.3 (1.0)
Mental health (1-5 scale) 3.6(0.9) 3.5(0.9) 4.0 (0.9)

T4 Total MET-mins 2,909 (3,567) 2,687 (3,772) 3,780 (2,793)
Weekday sleep (hours) 7.3 (1.1) 7.4 (1.1) 7.0 (1.3)
Weekend sleep (hours) 7.8 (1.2) 7.9%(1.1) 7.1(1.2)
Mental health (1-5 scale) 3.7(1.0) 3.7(1.1) 3.8(0.8)

T, assessment timepoint; MET-min, weekly metabolic equivalent of task minutes; bold denotes statistical significance, *p <0.05, *¥p <0.01.

time-invariant covariates within the ML-SEMs included participant
status year, sex, race/ethnicity, mother’s highest education level, and
experimental group. FIML was still used within each ML-SEM to
conduct available case analysis in the presence of missing data. Model
fit was determined using the Root Mean Square Error of
Approximation (RMSEA; acceptable fit <0.08, excellent fit<0.05 and
p-close>0.05), the Tucker-Lewis Index (TLI; acceptable fit>0.90,
excellent fit>0.95), Comparative Fit Index [CFI; acceptable fit > 0.90,
excellent fit>0.95 and coeflicient of determination (R?)] (29, 30). All
analyses had an alpha level of p <0.05 and were carried out using Stata
version 17 statistical software package (College Station, Texas,
United States).

3. Results
3.1. Descriptive statistics

Descriptive statistics of the analyzed variables at each T are
communicated in Table 1. Males reported more MET-min at T2
(mean difference=1,150 MET-min, p=0.049) and females reported
more weekend sleep at T2 (mean difference=0.7h, p=0.011) and at
T4 (mean difference=0.8h, p=0.036). No other significant differences
between the sexes were observed.

3.2. Cross-lagged panel models

Figures 1, 2 show the CLPMs for PA, weekday sleep, and mental
health and for PA, weekend sleep, and mental health, respectively. For
the CLPM using PA, weekday sleep, and mental health, significant
cross-lagged path coefficients were observed for T2 PA positively
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predicting T3 mental health (p=0.002), T1 mental health positively
predicting T2 weekday sleep (p=0.014), and T3 mental health
positively predicting T4 weekday sleep (p <0.001). All autoregressive
paths were significant within the model but tended to be strongest for
the mental health variable.

For the CLPM using PA, weekend sleep, and mental health,
significant cross-lagged path coeflicients were observed for T2 PA
positively predicting T3 mental health (p=0.004), T1 weekend sleep
positively predicting T2 mental health (p=0.019), and T1 mental
health positively predicting T2 weekend sleep (p=0.023). All
autoregressive paths were significant within the model but tended to
be strongest for the weekend sleep and mental health variables.

3.3. Dynamic panel models using maximum
likelihood

The results of three ML-SEMs were reported in Table 2. Three
ML-SEM models were constructed based on the results from the
CLPMs with weekday sleep, weekend sleep, and mental health as
respective outcomes. All models adjusted for unit effects and the time-
invariant covariates of status year, sex, race/ethnicity, mother’s
education level, and experimental group. An example path diagram
showing the structure of the model with the weekday sleep outcome
and mental health predictor was provided in Supplementary Figure S1.
Using the weekday sleep outcome, mental health was a significant
positive predictor of future weekday sleep (p <0.001); however, using
the weekend sleep outcome, mental health was not significant
predictor of future weekend sleep (p=0.372). Weekend sleep was the
only outcome that showed significant and positive autoregressive
effects across Ts (p<0.001). Using the mental health outcome,
weekend sleep positively predicted future mental health (p=0.028);
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Cross-lagged panel model showing the autoregressive and cross-lagged associations of physical activity, weekday sleep, and mental health. Curved
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residual in the regression equation; bold denotes statistical significance, *p<0.05, **p<0.01, ***p<0.001.
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residual in the regression equation; bold denotes statistical significance, *p<0.05, **p<0.01, ***p<0.001.

however, PA and weekday sleep did not significantly predict future
mental health within the ML-SEM. ML-SEM model fit was acceptable
using the weekday sleep outcome and the mental health lagged

predictor (RMSEA=0.06, 90%CI: 0.00-0.10, p-close=0.345;
CFI=0.92, TLI=0.88; R*=0.82), excellent for the weekend sleep
outcome and the mental health lagged predictor (RMSEA =0.00,

Frontiers in Public Health frontiersin.org

143


https://doi.org/10.3389/fpubh.2023.1168702
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Burns et al.

10.3389/fpubh.2023.1168702

TABLE 2 Standardized estimates from the dynamic panel model using maximum likelihood for the outcome of weekday sleep and mental health.

Outcome B-coefficient 95% ClI p-value
Weekday sleep Lag weekday sleep 0.09 —0.14t0 0.32 0.450
Lag mental health 0.46+%* 0.21-0.71 <0.001
Weekday sleep Lag weekend sleep 0.33%%% 0.17-0.49 <0.001
Lag mental health 0.11 —0.14t0 0.37 0.372
Mental health Lag mental health 0.24 —0.02 to 0.50 0.07
Lag PA 0.0 —0.0t0 0.0 0.406
Lag weekday sleep —-0.05 —0.17 t0 0.07 0.458
Lag weekend sleep 0.11%* 0.01-0.21 0.028

Models adjusted for current university status, sex, race/ethnicity, mother’s highest education level, and experimental group. PA, physical activity; 95% CI, 95% Confidence Interval; bold

denotes statistical significance, *p <0.05, **#p <0.001.

90%CI: 0.00-0.07, p-close=0.821; CFI=1.00, TLI=1.00; R*=0.73),
and acceptable using the mental health outcome with PA, weekday
sleep, and weekend sleep lagged predictor variables (RMSEA =0.06,
90%CTI: 0.00-0.10, p-close =0.329; CFI=0.94, TLI=0.92; R*=0.85).

4. Discussion

The purpose of this study was to examine the bidirectional
associations of PA, sleep, and mental health in a sample of young
adults participating in an online wellness intervention. This was a
secondary analysis of data obtained from an online wellness
intervention during COVID-19. After controlling for individual unit
effects and time-invariant covariates, weekday and weekend sleep had
a bidirectional longitudinal association with mental health. Although
PA associated with mental health within the CLPMs, these significant
associations were eliminated using the more rigorous analytical
approach (ML-SEM). Additionally, weekend sleep showed the
strongest autoregressive associations compared to the other analyzed
variables. A discussion of these findings is provided further.

Salient results from this study included a bidirectional
association between self-reported sleep and mental health across the
online wellness intervention. Sleep is a health behavior known to
have positive influences on many mental health outcomes (31-33).
A healthy quality and quantity of sleep has been associated with
lower anxiety and depression in addition to better cognitive
functioning (34-36); these improvements in mental health can
further lead to better academic performance and work productivity
in young adults. Indeed, within the context of the 24-h movement
behavior framework, past observational research has suggested sleep
is the health behavior that seems to have the strongest associations
with variables of mental and emotional health compared to other
behaviors such as PA and screen use (37-39). A previous study that
performed polysomnography (PSG) found that children with
generalized anxiety disorder reported higher rate of sleep problems
compared to healthy controls (6). Another recent study found that
depression and anxiety were associated with cortisol, a stress
hormone, secretion around sleep onset (7). As shown in these
previous studies and the current study’s findings, mental health plays
a large role in predicting sleep. However, most prior research
examining multiple 24-h movement behaviors have been cross-
sectional in design and the associations between health behaviors
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and outcomes have been examined outside the context of an online
wellness intervention (21, 40, 41).

A novel aspect of this study was that mental health predicted
future weekday sleep during an online wellness intervention. The
Repair and Restoration Theory of Sleep posits that sleeping is needed
to revitalize and restore important physiological processes that
facilitate proper physical and mental functioning (42). A lack of sleep
would theoretically lead to less restoration and poorer mental health,
including higher levels of stress, that can subsequently lead to poorer
sleep and thus initiate a vicious cycle and a bidirectional association
between sleep and mental health (42, 43). This theory is supported by
research showing that many functions in the body such as muscle
repair, tissue growth, protein synthesis, and release of many of the
important hormones for growth occur primarily during sleep (42).
Indeed, previous work has shown that using ecological momentary
assessment, it was found that sleep and daily mood are reciprocally
related but varies greatly by individual levels of mental health (44).
This finding supports the Repair and Restoration Theory and a
bidirectional association because poor daily mood also affects
restorative sleep, especially during the pandemic, as COVID-19
related worry was associated with poor sleep in young adults, possibly
by disrupting normal sleep habits (longer sleep latency, more sleep
disruptions) (45). Our current study showed that mental health was a
positive predictor of weekday sleep and weekend sleep positively
predicted mental health, suggesting that the bidirectional associations
between sleep and mental health may be determined by day of the
week in college students. Mental health predicting future weekday
sleep has important implications for college students as maintaining
good mental health can lead to better sleep that may further positively
affect their work and academic performance. Interventions aiming to
improve weekday sleep may want to consider using methods to
improve college students’ mental health. Various approaches are
available to improve mental health in young adults; however,
incorporating stress reduction techniques and mindfulness activities
into daily routines has been shown as an efficient and effective way to
lower anxiety and improve mood (46-48).

Interestingly, weekend sleep positively predicted future mental
health. Weekend sleep was also the behavior that was the most stable
throughout the intervention, as indicated by the strongest
autoregressive coefficients within both the CLPMs and ML-SEM
models. These phenomena may be because college students tend not
to have academic classes on the weekends and may have off-days at
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their places of employment. This may facilitate more regularity in
sleep behaviors in young adults on the weekends compared to the
weekdays; however, previous work has suggested that socioeconomic
status and other demographic variables may moderate this
association (49).

Healthy sleep during the weekend may improve mental health
through facilitating adequate physical recovery in addition to
regulating neurochemicals and neurohormones in the brain that
further regulate mood (44, 50-52). A previous study found that brief
interventions in addressing health habits using a contract and/or a
consultation strategy have the potential to influence positive changes
in multiple health behaviors (15). Future research may want to focus
on employing wellness interventions as well as investigations into the
impact of weekday-to-weekend sleep differences on health outcomes
among students, as it is found that the sleep differences can lead to
negative mental health outcomes (53). Another recent study that
performed a bidirectional relationship between sleep and depression
demonstrated self-reported low sleep quality was a predictor of
depression or depressive symptoms in college students (54). Similarly,
it was found that sleep quantity and quality were critical determinants
of health and well-being, and the implementation of intervention
programs that target depression, stress management, and healthy sleep
patterns are necessary in young adults (55). Better mental health, as
discussed previously, may also improve weekday sleep. This potential
positive cycle between mental health, weekday sleep, and weekend
sleep should be targets for future intervention work as the
interrelationships may yield additive benefits on health outcomes.

Another interesting finding from this study was that after
individual unit effects and time invariant covariates were accounted
for, PA did not show any longitudinal association with mental health.
Higher levels of PA have previously been shown to associate with
lowered anxiety and depression, and better overall mental health
within young adults (56-58). However, much of this prior research has
been cross-sectional in design and PA has been mostly examined in
isolation without consideration of other health behaviors. When other
24-h movement behaviors were considered, prior research has shown
conflicting evidence regarding the statistical significance and strength
of PA’s associations with mental health variables (59-62). There are
studies suggesting a mediated mechanism linking higher PA to better
sleep and mental health (63, 64).

Other explanations for the differences in the observed magnitude
and significance of these associations may be the specific mental
health variables examined, the types of physical activities participated
in, environmental factors that influence PA behavior during the time
of assessment, different assessment methods for PA (self-report vs.
objective/device-based), and research design (59, 65-68). Future
research should examine these associations further using objective
assessments of PA to determine if different intensities or patterns of
PA behavior in different contexts can be a positive determinant of
mental health independent of the quality and quantity of sleep.

Limitations included the use of self-report data collection
methods for all the analyzed variables that increased risk of recall
and social desirability bias. Data were collected on young adults
from one US university during the 2021-2022 school year and
during COVID-19, during an online wellness intervention;
therefore, caution should be used when generalizing the results to
younger or older age groups, students from other universities, and
during non-pandemic climates. We also did not collect data on
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potential stressors or mediators of effect on each of the outcomes.
This study was a secondary analysis of data collected during the
online wellness intervention; therefore, experimental group
comparison was not an aim of the study, however, experimental
group was used as a time-invariant covariate within the ML-SEM
models to control for the number of coaching sessions. There were
no exclusion criteria for participating in this study; therefore, certain
participant characteristics or conditions may have contributed to
selection bias, have confounded the findings and threatened internal
validity, and potentially may make it difficult to reproduce the results
within other samples of participants. Finally, data were analyzed
from a pilot study and thus the obtained sample size was not
necessarily powered to detect weak associations or small effect sizes.
Future research should examine the current study’s associations
using larger samples sizes to determine if the associations observed
between PA and mental health can reach statistical significance.
The interconnectedness of sleep and mental-health play large roles
in a young adult’s overall wellbeing. Young adults in the wellness
intervention self-reported on mental health, sleep, and other health
habits via Zoom-based peer interactions with health coaches. Current
study’s findings revealed that mental health was a positive predictor of
weekday sleep, during which weekend sleep positively predicted
mental health. The results of this study support prior research in this
area regarding the positive bidirectional associations between sleep
and mental health. Caution should be made not to overinterpret the
results based on the current study’s use of self-report assessments.
Caution also must be made when generalizing the results outside the
context of an online wellness intervention implemented during a
pandemic climate. Interventions targeting weekday sleep should focus
on improving mental health and if targeting mental health, weekend
sleep can be targeted. Future research should still be undertaken using
larger sample sizes and use objective assessments to enhance the
internal validity of the results. Self-reported sleep and mental health
had a bidirectional association with each other during an online
wellness intervention in young adults delivered during COVID-19.
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A brief body scan mindfulness
practice has no positive effect on
the recovery of heart rate
variability and cognitive tasks in
female professional basketball
players
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Ankara University, Ankara, Turkiye, *Department of Recreation, Faculty of Sport Sciences, Yalova
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Sciences, Akdeniz University, Antalya, Turkiye, °Department of Rehabilitation Sciences, College of Health
and Rehabilitation Sciences, Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia,
’Department of Sports Management, Faculty of Sport Sciences, Kirikkale University, Kirikkale, Turkiye

Introduction: In this study, we examined the acute effects of a short video-based
body scan mindfulness practice on the heart rate variability (HRV) and cognitive
performance of professional female basketball players after the first half of a
simulated basketball game.

Methods: In this crossover randomized controlled trial, nine professional athletes
completed a physical loading protocol on two separate days. The protocol
consisted of a 10-min Yo-Yo Intermittent Recovery Test Level 1 in the first
quarter, followed by a 10-min basketball game in the second quarter. Immediately
afterward, they were asked to engage in a 10-min mindfulness practice or
watch a 10-min nature-based documentary as a type of mental intervention.
Their HRV, Rating of Perceived Exertion (RPE), National Aeronautics and Space
Administration Task Load Index 2 (NASA TLX-2), and Go/No-Go test scores were
recorded immediately before and after the physical loading and after the mental
intervention.

Results: The physical demand, effort, and frustration level subscales of the
NASA TLX-2 and the RPE scores were found to be significantly higher after
the physical loading, and they returned to the baseline level after both types
of mental intervention. The Go/No-Go test scores did not differ depending on
the measurement time. All time- and frequency-domain heart rate variability
parameters, except the low-to-high frequency ratio, were found to be significantly
high immediately after the physical loading protocol. However, these parameters
returned to their initial levels after both types of mental intervention.
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Discussion: Completing the tests involved in the study protocol successfully
induced physical fatigue, as evidenced by consistent measurement tools, but
the one-time and short-term mindfulness practice had no additional benefits for
the recovery of heart rate variability, cognitive tasks, or subjective assessment
methods, such as RPE and NASA TLX-2, in basketball players with no previous
experience of mindfulness practice.

KEYWORDS

basketball, cognitive task, heart rate variability, Go/No-Go test, mindfulness, NASA TLX,

RPE

1. Introduction

Basketball is a sport that involves frequent short-term and
short-distance accelerations and decelerations, explosive changes
of direction, jumps, and player-to-player contacts, all of which
can increase the risk of musculoskeletal injuries during training
and competitions (Montgomery et al., 2008). Basketball players
compete at an average physiological intensity above the lactate
threshold and 85% of their maximum heart rate during a 40-min
match (Stojanovi¢ et al., 2018). This sport also has one of the
longest seasons in professional sports, which can further exacerbate
the physical demands and physiological stress placed on athletes
during both pre-season and competition periods. These high-
intensity movement demands and physiological stressors can result
in fatigue (Klusemann et al., 2013). Fatigue is a multidimensional
concept that can be defined as a decrease in maximum performance
(Coutts et al., 2007; Kellmann, 2010; Knicker et al., 2011; Joyce and
Lewindon, 2014). Physical fatigue is characterized by a decrease in
strength/power output in muscle cells and motor units, a reduction
in muscle performance, and a deterioration in quick decision-
making and technical and motor skills (Knicker et al., 2011).
However, the effect of fatigue on sport performance is not solely
limited to the neuromuscular system (Van Cutsem et al., 2017),
and cognitive fatigue is also recognized as a predominant factor
(Weinberg and Gould, 2019). Cognitive fatigue is defined as a
psycho-biological condition that results from prolonged cognitive
load (Desmond and Hancock, 2001; Job and Dalziel, 2001), and
it can lead to altered attentional focus, slower reaction times,
increased errors in reactions, and decreased use of visual cues in
athletes, especially in high-intensity and intermittent sports such
as basketball (Baker et al., 2015; Van Cutsem et al., 2017). Since
both physiological and cognitive factors play a decisive role in
fatigue (Bithlmayer etal., 2017), the speed and efficiency of recovery
are important parameters for basketball players (Alaphilippe et al.,
2012).

A mindfulness-based regimen is a self-regulatory approach
in which a person is fully conscious of their moment-to-
moment experiences and actively engages with the present moment
without judgment (Kabat-Zinn, 2003; Creswell, 2017). Mindfulness
practices involve paying attention to the body and becoming
aware of all the various sensations and thoughts that arise during
actions (Neale, 2006). Since mindfulness is associated with high
levels of wellbeing (Brown and Ryan, 2003), it has been used
in various fields, including sports, to enhance team cohesion,

Frontiersin Psychology

reduce anxiety and stress, prevent burnout by reducing fatigue,
and mitigate the negative effects of previous adverse situations by
promoting present-moment awareness (Kee, 2019; Li et al., 2019).
A systematic review study stated that chronic mindfulness practice
can enhance sports performance (Sappington and Longshore,
2015). Similarly, in a meta-analytical review, Bithlmayer et al.
(2017) reported that mindfulness practice or mindfulness-based
interventions have beneficial effects on athletic parameters and can
reduce physiological stress in athletes. Macdonald and Minahan
(2018) investigated the effects of 8 weeks of mindfulness training
on cortisol levels in highly trained wheelchair basketball players
and found a decrease in cortisol levels. They suggested that
mindfulness training could be helpful in sports. However, all of
these studies examined the chronic effects of mindfulness, and
the studies examining the acute effects are scarce. A study by
Wolch et al. (2021) investigated the effects of brief mindfulness
practices on free-throw shooting performance in young basketball
players and found no significant difference in performance.
In a similar study, Shaabani et al. (2020) observed that brief
mindfulness interventions had a beneficial impact on the free-
throw performance of basketball players by mitigating the effects of
ego depletion (Shaabani et al., 2020). However, due to the limited
number of studies and differences in the protocols applied, further
studies are needed to better understand the effects of mindfulness
on sport performance.

The effects of both physical and mental fatigue could be
measured. From a physiological perspective, the optimal level of
variability, flexibility, and adaptability observed in the fundamental
regulatory systems of the human body is considered an indicator
of healthy functioning and overall wellbeing (Shaffer et al., 2014).
Heart rate variability (HRV) is frequently used as a non-invasive
method that provides information concerning the functioning
of the autonomic nervous system (Anon, 1996). Thus, HRV
measurements have been used in the field of exercise and sports
to calculate heart-based risks, determine stress levels created by
training loads, examine the recovery process after loading, and
adjust the intensity of the training load (Aras et al., 2022). Studies
on the relationship between mindfulness and HRV have also shown
that both one-time and multiple-applied mindfulness practices
have positive effects on HRV (Ditto et al., 2006; Krygier et al,
2013).

Even though it has been reported in the literature that
mindfulness practice has positive chronic effects on athletes
(Sappington and Longshore, 2015; Bithlmayer et al., 2017), the

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1196066
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Aras et al.

number of studies examining its acute effects on the recovery
parameters of basketball players is limited. Therefore, the purpose
of the present research was to investigate the acute effects of a
10-min body scan mindfulness practice on HRV, cognitive task
performance, and subjective scales, as measured by the National
Aeronautics and Space Administration Task Load Index 2 (NASA
TLX-2) and the Rating of Perceived Exertion (RPE), after the first
half of a simulated basketball game in professional female basketball
players. According to the general approach in the literature, it was
expected that a brief body scan mindfulness practice would result
in a greater recovery of HRV parameters and lead to a reduction in
both the number of errors and the duration of cognitive work when
compared to the control situation.

2. Materials and methods
2.1. Study design

In this crossover randomized controlled trial, the acute effect
of a 10-min mindfulness practice on the recovery of HRV and on
cognitive functions was examined. Ethical approval was obtained
from the Ankara University Institutional Ethical Committee
(2022-SBB-0443). All participants visited the measurement site
on three separate occasions. During the first visit, which was
a paid familiarization session, the measurement process was
explained, and informed consent forms were collected from
the participants.

On the second visit, the HRV measurement was conducted.
The HRV device remained attached to the person throughout the
day during all measurements. Immediately before the physical
loading phase, they were given the Rating of Perceived Exertion
(RPE) and the National Aeronautics and Space Administration
Task Load Index 2 (NASA TLX- 2). Then, they performed a
10-min Yo-Yo Intermittent Recovery Test Level 1 in the first
quarter. After 1 min of passive rest, a basketball game was
played in the second quarter. When they finished the physical
loading phase, they again filled out the RPE and NASA TLX-
2 and performed the Go/No-Go test. At the end of the tests,
they attended the mindfulness practice or documentary-watching
program. In the third meeting, the same process was repeated, only
changing the mindfulness practice or documentary-watching phase
(Figure 1).

2.2. Participants

A total of nine female professional basketball players with a
mean age of 20.83 % 0.75 years, a body weight of 64.62 £ 2.52kg,
body height of 169.00 & 6.57 cm, a body mass index of 22.70 £
1.84 kg/m?, and a percentage body fat 26.07 4 2.81 participated in
the research voluntarily. The participants were included only if they
performed actively in a professional league and regularly attended
training sessions 3 days a week for at least the last 3 months.
Subjects with any chronic disease such as diabetes mellitus, heart
disease, arthritis, hypertension, or musculoskeletal injury in the
muscle, ligaments, bones, cartilage, or tendons were excluded from
the study. Participants who practiced mindfulness or meditation
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in their daily lives were also excluded from the study so that the
one-time effect could be investigated objectively.

2.3. Procedures

2.3.1. HRV measurement

All HRV data were collected using a Polar H10 heart rate
monitor (Polar, Finland). The HRV monitors were placed on the
chests of the subjects and were not removed until the measurement
was finished. The HRV data were recorded using the Elite HRV
5.5.5. application and converted into quantitative HRV data using
Kubios HRV Standard 3.5.0. software. The parameters used in the
present research were the interval between two R-peaks of the
QRS complex in ms (mean RR), mean HR, the standard deviation
of NN intervals (SDNN), the root mean square of successive RR
interval differences (RMSSD), the baseline width of the RR interval
histogram displaying NN intervals (TINN), high frequency (HF),
low frequency (LF), and the LF: HF ratio. These parameters were
recorded before the physical loading, after the physical loading, and
after the mental intervention. All the data were collected between
3 and 5 p.m. The participants were also warned not to exercise
or consume alcohol within the 24h before the test. Participants’
caffeine intake was also limited within the previous 12 h of the test.

2.3.2. Go/No-Go test

The Go/No-Go test, each containing 25 stimuli, was
administered to all participants three times in a row. The
total application time and number of errors were recorded. The
tests were carried out on the computer (https://www.psytoolkit.
after  the
physical loading and mental intervention. According to the test

org/experiment-library/experiment_go-no-go.html)

rules, the participants were asked to follow the warnings on the
screen and press the space key as soon as they saw the green (Go)
warning. When they saw the red (No-Go) warning, they were asked
to wait. Since basketball players must adapt to changing situations
in a very short time in all offensive and defensive movements, the
Go/No-Go test was used to determine cognitive functions in the
current research because of its structural similarity.

2.3.3. RPE and NASA TLX-2

As subjective evaluation methods, RPE and NASA TLX-2
measurements were applied three times: before the physical
loading, after the physical loading, and after the mental
intervention. The RPE was evaluated using a 6-20 scale (Borg,
1982). The NASA TLX-2 included mental demand, physical
demand, temporal demand, performance, effort, and frustration
level subscales (Hart and Staveland, 1988). The participants were
asked to fill in a scale consisting of 5-point intervals to evaluate
their work on these sub-headings, and scores from 0 to 100 were
recorded for each subscale.

2.3.4. Physical loading
The physical loading process consisted of two parts. In the
first quarter, to cause physical fatigue through intense intermittent
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The first visit
Familiarization
The second visit
- Baseline assessment phase of HRV, RPE, NASA TLX-2 and Go/No-Go test
- Physical loading and assessment of HRV, RPE, NASA TLX-2 and Go/No-Go test
- Mindfulness practice and assessment of HRV, RPE, NASA TLX-2 and Go/No-Go test
The third visit
- Baseline assessment phase of HRV, RPE, NASA TLX-2 and Go/No-Go test
- Physical loading and assessment of HRV, RPE, NASA TLX-2 and Go/No-Go test

- Documentary watching and assessment of HRV, RPE, NASA TLX-2 and Go/No-Go test

FIGURE 1
Study design process.

exercise, players performed a 10-min Yo-Yo Intermittent Recovery
Test Level 1 (Bangsbo et al, 2008). The test started with a
speed level of 10km/h and increased progressively for 10 min.
After the completion of the Yo-Yo test, the participants were
allowed to rest for 1 min. In the second quarter, the participants
played a 10-min basketball game. The aim of the second
part of the physical loading process was to induce physical
fatigue among the female players and increase their cognitive
fatigue by challenging them with quick and demanding decision-
making tasks.

2.3.5. Mental intervention

As a mental intervention, a 10-min video-based mindfulness
practice was carried out. The practice was recorded by an
international yoga, meditation, and mindfulness instructor.
Body scan mindfulness practice was based on body awareness
and breathing control. The players watched a nature-based
documentary for 10min as a control for mindfulness practice
on the other measurement day. In both interventions, videos
were projected onto the wall in the locker room of the
gym to simulate the match environment. The subjects were
asked to sit in the most comfortable position possible. They
were also asked to follow all directions and not speak during
the interventions.

2.3.6. Mindfulness state

The participants’ own assessments were used to determine
the state of mindfulness. They were asked to grade the following
questions on a five-point Likert scale: (1) I focus on my breathing
and (2) I feel in touch with my body (Hafenbrack et al., 2014). The
means of the two expressions were compared.

Frontiersin Psychology

2.4. Statistical analyses

All analyses were performed using SPSS v.22 software (SPSS
Inc., Chicago, IL, USA). After calculating the descriptive statistics,
the distribution and homogeneity of the data were tested. The
Shapiro-Wilk test was conducted to evaluate the normality
distribution as the number of subjects was below 50. Repeated
Measures ANOVA or Friedman tests were used to compare the
mean differences at different times, depending on the distribution.
Bonferroni for pairwise comparisons was utilized. For in-group
statistics, the Friedman test was performed, and the mean
difference was calculated using either the paired samples ¢-test or
the Wilcoxon test. An alpha value of 0.05 was accepted for all
statistical analyses.

3. Results

In accordance with the state of mindfulness results, both
questions were significantly different after the 10-min mindfulness
practice. The participants graded the first question after DW as 1.5
=+ 0.55 and after MP as 4.17 £ 0.75 (p < 0.026). They answered the
second question after DW 1.33 &+ 0.52 and after MP 4.33 £ 0.52 (p
< 0.026).

There was no significant difference between the groups in HRV
values, depending on the physical or mental intervention (Table 1).
However, all parameters, except the LF: HF value, showed that
the sympathetic effect increased significantly after the physical
loading. The mean RR in DW was lower after the physical loading
than before the physical loading (0.008) and after the mental
intervention (0.030). Similarly, the same results were obtained
in MP (0.010 and 0.012, respectively). The mean HR was also
higher than the first measurement (0.003, 0.028) in DW and in
MP (0.028, 0.002). The RMSSD and SDNN measurements taken
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TABLE 1 The HRYV test results and their mean comparisons.

Before physical After physical
loadi loading intervention

Mean RR DW 689.50 = 89.41 420.83 % 54.63 612.50 + 85.77 0.000** 0.994
MP 706.33 + 157.34 396.33 % 42.53 586.17 % 81.92 0.000%* 0.982
P_ 0.824 0.406 0.598

Mean HR DW 88.33 £ 12.01 144.50 £ 18.29" 99.83 = 16.09 0.009** 0.995
MP 90.00 + 27.44 152.83 + 16.98" 103.83 + 14.52 0.006™* 0.982
P_ 0522 0.406 0.631

SDNN DW 47.53 £17.93 8.08 £ 5.97¢ 39.20 £ 14.42 0.000%* 0.928
MP 54.60 + 24.4 8.15 & 4.68 3532+ 13.54 0.006** 0.882
P 0337 0.983 0.641

RMSSD DW 36.18 + 20.8 5.63 & 5.24! 22.50 + 8.87 0.006™ 0.876
MP 40.92 £24.22 3.60 £ 0.51¢ 1530 & 5.52 0.030* 0.844
P 0.724 0.748 0.109

TINN DW 197.67 + 63.3 35.00 % 30.9" 193.00 + 65.45 0.000** 0.953
MP 249.50 + 11271 29.57 £ 15.25! 166 £ 65.06 0.000%* 0.883
P 0.349 0.707 0.490

HF DW 465.00 % 335.3 4.67 £ 4.84 204.83 + 120.12 0.019* 0.733
MP 667.00 = 485.33 2.17 £ 1.72¢ 111.83 £ 93.61 0.020* 0.704
P_ 0.421 0.261 0.166

LF DW 1,360.50 % 858.59 39.50 £ 43.2¢ 1,310.50 % 1,413.89 0.006™ 0.642
MP 2,408.83 & 1,583.29 41.83 +45.78! 947.83 + 527.31 0.006™ 0.780
P_ 0.184 0.929 0.873

LF: HF DW 3.92£0.95 1231 £ 1335 6.34£2.88 0.234
MP 6.71 +3.30 15.03 + 15.38 7.12£2.55 0.309
P 0.074 0.750 0.630

DW, documentary watching; MP, mindfulness practice; SDNN, standard deviation of NN intervals. RMSSD, root mean square of successive RR interval differences; TINN, baseline width of the
RR interval histogram displaying NN intervals; HE high frequency; LE, low frequency; LF:HE, LF: HF ratio. *p < 0.05, **p < 0.01.
P_: The P_ value in the column represents the average comparison of the values obtained at different times in a single group. The P_ value in the row represents the average comparison of two

different groups.
tindicates the measurement time at which the difference originates.

after the physical loading were lower than the recordings before the
physical loading and after the mental intervention in DW (0.028 for
RMSSD; 0.018 and 0.024 for SDNN, respectively) and in MP (0.013
and 0.028 for RMSSD; 0.001 and 0.028 for SDNN, respectively). In
addition, the measurement observed after the mindfulness practice
was significantly lower than the measurement taken before the
physical loading in RMSSD and SDNN (0.046 in both). The TINN
was observed to be lower after the physical loading compared to the
values taken before and after the mental intervention in the DW
and MP groups (0.010 and 0.015; 0.012 and 0.004, respectively).
Frequency-domain parameters also showed close results. The
HF was recorded lower after the physical loading than before
the physical loading and after the mental intervention in DW
(0.020, 0.009, respectively) and MP (0.020, 0.034, respectively).
Additionally, there was also a significant change between the first
and last HF values in both mental intervention groups (0.043
in the DW group and 0.024 in the MP group). Finally, the LF
values followed a similar pattern, with exposure to physical loading
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resulting in lower LF values in both intervention groups compared
to before physical activity levels and after mental intervention
levels (0.014 and 0.028 for the DW group; 0.042 and 0.021 for the
MP group).

When the Go/No-go test results were examined, no significant
difference was found between the groups or in-group results
depending on physical loading (Table 2).

Table 3 shows representation of RPE and NASA TLX-2 scores.
No RPE scores differed significantly in the subjective measurements
used in the study. However, there were differences in RPE and
some NASA TLX-2 scores, depending on the application time. The
RPE score recorded after the physical loading was higher than
that before the physical loading and after the mental intervention
in both the DW (0.000 and 0.001, respectively) and MP groups
(0.003 and 0.003, respectively). The NASA TLX-2, physical demand
score, was higher after the physical loading than before the physical
loading and after the mental intervention in the DW (0.002) and
MP groups (0.027 and 0.026, respectively). The effort score was
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TABLE 2 The Go/No-go test results and their mean comparisons.

10.3389/fpsyg.2023.1196066

Before physical After physical loading After mental
loading intervention
Test duration DW 4571 £3.11 46.67 £ 2.66 47.20 + 3.68 0.731
MP 44.85 4+ 2.14 46.11 + 3.89 4455+ 4.17 0.364
P 0.318 0.764 0.268
Number of errors DW 1.94 £1.90 217 £ 1.17 1.83 £1.17 0.739
MP 2.02 42,63 2.00 + 1.67 3.17+2.14 0.272
P 0.417 0.845 0.240

DW, documentary watching; MP, mindfulness practice.

P_: The P_ value in the column represents the average comparison of the values obtained at different times in a single group. The P_ value in the row represents the average comparison of two

different groups.

again higher after physical loading than pre-physical loading and
post-mental intervention in the DW (0.002) and MP groups (0.006
and 0.028, respectively). Finally, in the DW group, frustration levels
were recorded to be higher after the physical loading than before the
physical loading (0.004) and after mental intervention (0.035). This
parameter was also found to be significantly higher after physical
loading (0.025) in the MP group.

4. Discussion

This study was intended to investigate the acute effects of a
brief mindfulness practice on HRV, cognitive task performance, and
self-perceived physical exertion in professional female basketball
players. For this purpose, the participants underwent a 10-min
video-based body scan mindfulness intervention immediately after
half-time during a simulated basketball game. To fulfill the purpose,
the authors administered two different mental interventions:
mindfulness practice (MP) and documentary watching (DW).

As a result, it was observed that RPE increased after physical
fatigue and reached its baseline level after the passive recovery
phase, regardless of the type of MI. In this case, mindfulness
practice had no additional effect on RPE. Similar results were also
observed on some subscales of the NASA TLX-2 inventory. The
subscales for mental demand, temporal demand, and performance
remained unchanged, whereas the subscales for physical demand,
effort, and frustration increased following physical fatigue and
subsequently returned to their baseline levels after MI, regardless of
the type of MI. In this study, DW or MP had almost the same effects
on an increased rating of perceived exertion, perception of physical
demand, effort, and frustration level among the participants.
Another factor that was measured in the study was the state of
mindfulness, which was used to assess the effectiveness of the
mindfulness practice. The results indicate that the intervention was
successful in enhancing the participants’ mindfulness awareness.

The HRV parameters observed in the current research show
that 20 min of physical loading caused physical fatigue. All time-
and frequency-domain HRV parameters, except the LF: HF ratio,
indicated a clear increase in sympathetic activity. There was a
significant decrease in mean RR (0.000 in both), SDNN (0.000 in
DW and 0.006 in MP), RMSSD (0.006 in DW and 0.030 in MP),
TINN (0.000 in both), HF (0.019 in DW and 0.020 in MP), and
LF (0.006 in both) and an increase in mean HR (0.009 in the DW
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group and 0.006 in the MP group). Moreover, in the LF: HF ratio, an
increase was ~215.05% in the DW group and ~123.99% in the MP
group, even though the LF: HF ratio was not significant. This proves
the consistency of the HRV measurement and the efficiency of the
physical loading phase. These results are consistent with those from
NASA TLX-2 and RPE. Another remarkable result was that the 10-
min passive resting time was adequate to recover almost all of the
HRV parameters. The mean RR, mean HR, TINN, and LF reached
their initial levels at the end of the 10 min. On the contrary, the
SDNN, RMSSD (0.046 in both groups), and HF (0.043 in the DW
group and 0.024 in the MP group) values were still lower after MI
compared to the first measurement taken before PL in both groups.
This result indicates that a longer time may be needed for some
HRV parameters to recover. Besides, the most important finding
was that the results were not explicitly affected by the type of MI. No
significant difference was found in any of the HRV values obtained
from the participants after MP and DW.

Previous research has suggested that mindfulness practices are
effective for the autonomic nervous system and should be examined
in more detail (Krygier et al., 2013). Since HRV has been accepted
as an indicator of the autonomic nervous system that is affected by
both physical and mental health (Brown et al., 2021), the present
research focused on the changes in HRV measurement after PL
and MI and its effects on cognitive tasks. As a kind of mindfulness
practice, a 10-day Vipassana meditation was carried out by people
with no previous meditation history, and its chronic and acute
effects on HRV and some wellbeing and ill-being inventories were
investigated (Krygier et al., 2013). According to the results, a 10-
day mindfulness intervention, which involved 5min of rest and
5 min of meditation practice, caused an increase in all the wellbeing
parameters and decreased many of the ill-being parameters despite
no change in HRV. However, the comparison of the resting baseline
and mindfulness phases of all sessions revealed a task effect on
HF power, indicating the parasympathetic dominance of HRV.
The task effect observed may be due to the fact that the MP in
this study was based on breathing exercises, in particular, or the
repetition of the sessions. Kirk and Axelsen (2020) conducted a
study comparing the acute and chronic effects of mindfulness and
music-listening interventions on HRV. The daily time commitment
for both interventions was 20 min for the first 5 days and 30 min
for the last 5 days. At the end of the 10 days, they found that the
mindfulness intervention was more effective in improving HRYV,
including sleep quality. In terms of the acute comparisons, they
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TABLE 3 The results of the RPE and NASA TLX-2 subscales and their mean comparisons.

Before physical After physical After mental
loading loading intervention

RPE DW 6.00 = 0.00 13.67 4 2.16 7.00 + 0.89 0.000** 0.995
MP 6.00 % 0.63 14.17 + 3.60" 6.00 & 0.42 0.003* 0.985
P 1.000 0.777 0.051

Mental demand DW 19.17 + 12,01 35.83 4 24.58 31.67 + 19.41 0.121
MP 15.83 + 12.81 40.83 + 30.07 35.83 4 35.41 0.385
I 0.490 0.759 0.806

Physical demand | DW 5.83 4 2.04 66.67 % 20.90" 5.00 4 0.00 0.000%* 0.912
MP 6.67 + 4.08 70.00 = 30.17" 6.67 £ 2.59 0.005* 0.883
P 0.902 0.462 0.138

Temporal DW 25.83 4 35.27 54.17 4 27.10 36.67 & 35.02 0.118

demand
MP 30.00 4 38.73 55.00 & 28.64 30.83 4 29.23 0.327
P 0.849 0.686 0.871

Performance DW 48.33 4 47.50 60.83 + 15.63 43.33 + 43.55 0.161
MP 35.83 4 34.70 61.67 + 27.51 34.17 4+ 32.93 0.154
P 0.806 0.746 0.690

Effort DW 9.17 4 4.92 75.83 & 17.15! 12,50 + 11.73 0.000% 0.896
MP 12.50 4 8.22 70.00 + 33.47' 16.67 4 19.15 0.007** 0.849
P 0.503 0.712 0.858

Frustration level DW 13.33 £ 10.33 53.33 & 16.02! 28.33 4 38.43 0.005% 0.787
MP 25.00 + 32.25 51.67 + 29.27" 15.83 4 12.01 0.048* 0.714
P 0.566 0.905 0.464

RPE, the rating of perceived exertion. *p < 0.05, **p < 0.01.

P_: The P_ value in the column represents the average comparison of the values obtained at different times in a single group. The P_ value in the row represents the average comparison of two

different groups.
tindicates the measurement time at which the difference originates.

stated that both practicing mindfulness and listening to music had
similar positive effects on HRV compared to the control group.
The results obtained from this study can be considered congruent
with those in the current study, which revealed that watching
a documentary was as effective as mindfulness in improving
HRV. Based on this result, we can conclude that any relaxing
activity could have acutely positive effects on HRV. However, this
similarity shows that, when mindfulness is practiced for a long
time, its acute effects can be more pronounced in addition to
its chronic effects. Another study supporting this statement was
conducted by Delgado-Pastor et al. (2013). They compared 30-min
mindfulness with 30-min random thinking. As a result, they found
that experienced Vipassana meditators had better HRV values
after MP. Delgado-Pastor et al. (2013) also showed that practicing
mindfulness regularly has more pronounced effects. In a study in
which mindfulness body scan meditation was used as in the current
research, it was stated that respiratory sinus arrhythmia, which is
accepted as an indicator of vagal activity, increased significantly
after 20 min of intervention in people with no meditation history
when compared to progressive muscle relaxation or the control
group (Ditto et al., 2006). This increase observed in the mindfulness
body scan meditation group was similarly high when measured
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1 month later. In the measurement repeated 1 month later, the
results of the progressive muscular relaxation group were also
high. However, in this first part of the research, they found no
significant change in systolic and diastolic blood pressure. In the
second part of their study, in which the data were collected from
different participants, it was found that the LF and HF power of
HRV were higher after 20 min of mindfulness body scan meditation
in comparison to 20 min of listening to an audiobook, with no
change found in the blood pressure. As a result, they concluded
that some of the changes were independent of the type of relaxation
activity and that this research revealed similarities and differences
between mindfulness body scan meditation and other relaxation
activities. However, there are also other studies indicating that
there is no interaction between HRV and mindfulness. Brown
et al. (2021), in the first comprehensive meta-analysis study in
which they analyzed the results of 19 randomized controlled
trials, claimed that mindfulness-based interventions were not
significantly associated with vagally mediated HRV due to the
heterogeneity of the studies.

Since many studies have examined the effects of different
mindfulness interventions on HRYV, it may be useful to mention
the comparisons between HRV biofeedback practice and MP
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in the literature. The closest study to the current research was
conducted by Paul and Garg (2012). They discovered positive
chronic effects of 10 sessions of 20-min HRV biofeedback training
on HRV values such as total HRV, LE HF and respiration
rate, as well as state-trait anxiety and self-efficacy in basketball
players that were measured against 10-min motivational video-
watching and the control condition. It was demonstrated that HRV
biofeedback training performed by breathing at one’s own resonant
frequency increases parasympathetic activity by increasing the
respiratory sinus arrhythmia and that it is an effective way to
enhance the activity of the autonomic nervous system. However,
different results were found in different studies examining the
effects of HRV biofeedback training on stress and, thus, on the
autonomic nervous system when compared to MP. In a long-
term study comparing the effects of 6-week mindfulness practice,
which was based on breathing, thoughts, feelings, and physiological
sensations, and HRV biofeedback on stress levels, no significant
difference was found in the experimental groups or in the control
group (Brinkmann et al, 2020). In another comparison, Van
Der Zwan et al. (2015) investigated the effects of a 5-week
physical activity, mindfulness meditation, and HRV biofeedback
interventions on reducing stress, depression, and anxiety. They
concluded that all interventions were significantly effective, with
no differences between the interventions. The duration of both
interventions was 10 min/day for the first week, 15 min/day for
the second week, and 20 min/day for the remaining weeks, and
the MP was focused on breathing, body scanning, and mindful
walking. There is another study in which the stress level of
basketball players was measured. The authors measured salivary
cortisol concentration and immunoglobulin-A secretion as a useful
method to monitor physical and psychological stress and reach
efficient recovery approaches in well-trained basketball players
(Macdonald and Minahan, 2018). They indicated that 8 weeks of
mindfulness practice was a beneficial and relaxing method, as it
resulted in decreased salivary cortisol concentration during the
competition period.

Another purpose of the present study was to investigate the
potential positive effects of mindfulness practice (MP) on cognitive
performance and to determine how cognitive tasks are affected
by MP. For this reason, the subjects were asked to perform the
Go/No-go test before and after the PL and after the MI, and the
duration of the test and the number of errors were recorded.
However, no significant difference was found in cognitive task
performance of the participants before and after physical loading,
and a lack of change in the mental demand subscale of the NASA
TLX-2 confirmed this finding. The lack of improvement in the
duration of the Go/No-go test and the number of errors after
the mental intervention showed that both MP and DW did not
have a significant effect on cognitive performance. This finding
should be examined from two different perspectives. First, physical
fatigue during the first half of a simulated basketball game may not
affect cognitive performance. Second, any mental intervention does
not improve cognitive task scores. The practice of mindfulness,
which was used as a mental relaxation method, was no different
from watching documentaries in terms of improving cognitive
task performance. In the literature, there are studies examining
the effects of brief mindfulness practices on cognitive tasks and
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mental fatigue. In a study conducted by Zhu et al. (2020a), the
effects of acute mindfulness practice on cognitive functions were
examined. The study involved having participants perform a 6-
min mindfulness practice during the half-time break of a simulated
soccer game using the Loughborough Intermittent Shuttle Test
to reflect athletic performance as in a soccer game. The results
indicated that, while the control group did not show any change
in the Stroop Color and Word Test, the Corsi block-tapping test, or
the rapid visual information processing task test, both the CHO and
CHO + mindfulness groups exhibited improvements in the Corsi
block-tapping test and the rapid visual information processing task
test. Only the CHO + mindfulness group showed an increase
in the Stroop Color test score. In a similar study, researchers
evaluated the same 6-min mindfulness practice on the recovery
process during a half-time break of a simulated soccer game (Zhu
etal., 2020b). The authors concluded that a 6-min brief mindfulness
practice applied with CHO consumption increases mindfulness
levels and decreases mental fatigue. They also claimed that CHO
+ mindfulness intervention increased the repeated sprint ability of
the athletes compared to the control or only CHO consumption
group. Although these studies are structurally similar to the current
one, the results obtained were different. Even though MP was
applied for 10 min and the score of the state of mindfulness was
significantly higher in the present study, it was not effective in
improving cognitive function or reducing physical fatigue. The
difference between the studies may have occurred due to CHO
consumption. Another study compared the acute effects of hatha
yoga practice and mindfulness intervention on cognitive functions
and mood (Luu and Hall, 2017). The researchers found that both
interventions were effective in improving either cognitive task
performance or mood levels at the same levelwhen compared to
the control group. Both interventions lasted 25 min in the study,
and cognitive task performance was evaluated using the Stroop test
and mood using the Profile of Mood States-2 Adult Short. There
may be several reasons why this research and the current study
show different results. First, the participants were selected from
people who regularly practice yoga and meditation. Second, the
application time was 25 min. Normally, the effect can be expected
to increase as the duration increases. Another reason is that, before
the mindfulness intervention, the participants did not engage in
tasks that required physical and mental efforts, as is the case in
this study. The acute effects of brief mindfulness practice were
evaluated on free-throw shooting performance during low- and
high-pressure phases in young basketball players (Wolch et al,
2021). The researchers stimulated high-pressure conditions by
informing the participants that their shots would be recorded. The
comparison of a 15-min audio mindfulness intervention with 15-
min audio basketball history listening demonstrated no change in
free-throw shooting performance. The only significant effect of a
brief MP was observed on cognitive-state anxiety. Their somatic
anxiety and self-confidence scores did not differ. In a similar
study, Shaabani et al. (2020) evaluated the effects of a 15-min
audio mindfulness training on free-throw shooting performance
in experienced basketball players. They indicated that free-throw
performance, which was impaired by ego depletion by applying
the Stroop test for 15 min, could be restored to pre-ego depletion
levels through MP. However, another study found no positive
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effects of a 4-min audio-based mindfulness practice on plank
exercise in comparison to 4 min of audiobook listening (Stocker
et al, 2019). The participants with no previous mindfulness
experience did not show any improvement in cognitive task
performance, depending on the MP, after the ego depletion process.
It is evident from the results of these studies that the effects of
mindfulness practice on sports performance are not certain and
need further investigation.

5. Conclusion

In this research, the effects of a brief body scan mindfulness
practice on HRV, cognitive task performance, and subjective scales
in professional female basketball players were evaluated. The study
found consistent results across all physiological, cognitive, and
subjective measurement tools, suggesting that the results were
consistent. Although the participants returned to their baseline
levels after the 10-min MI phase, this was not specifically due
to MP. According to the results, it could be concluded that
acute MP had no additional positive effect on HRV or on
cognitive tasks in athletes with no previous mindfulness experience.
According to this result, athletes may not benefit acutely from
short-term mindfulness practice. Nevertheless, it has been stated
that mindfulness intervention has many positive effects on athletes
(Sappington and Longshore, 2015; Bithlmayer et al., 2017; Creswell,
2017). In fact, it has been reported that mindfulness can even
be effective in reducing sports injuries by reducing the level of
anxiety and increasing awareness and attention in young football
players (Naderi et al., 2020). However, these positive effects are
more pronounced when mindfulness is applied for a long time.
For this reason, it is recommended that the practice of mindfulness
be continuously included in the training programs of athletes.
Particularly in such high-intensity, intermittent sports branches,
athletes should make mindfulness practice a habit. While the acute
effect may not be as pronounced in athletes with no previous
mindfulness experience, maintaining a long-term practice may
lead to more significant benefits. Thus, even in basketball, with a
recovery interval as short as 10 min, mindfulness can be utilized.
Therefore, in future research, the acute effect can be examined in
basketball players who consistently practice mindfulness.

Additionally, the results of studies on the acute effects
of mindfulness in the literature are not consistent. Having
many different mindfulness interventions, different mindfulness
practice durations, different control group practices, different
ways of practicing mindfulness (video-based, audio-based, and
accompanied by an expert), HRV recording time, and different
body positions of the participants during the recording of HRV
increase the heterogeneity of mindfulness studies. Therefore, more
controlled studies are needed. For example, because the effect of
respiratory control on the autonomic nervous system is evident,
and this is reflected in the measurement of HRYV, respiratory rate,
and depth, these can also be controlled during mental practices.
Apart from this, comparing the acute and chronic effects of
different mindfulness practices in future studies may contribute
to the development of a standard method. As another suggestion,
future researchers may conduct performance tests and more valid
physiological tests that also allow the observation of neural changes
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to monitor the effects of acute mindfulness practice or fatigue, in
addition to the cognitive and perceptual measurement methods
used in this research. Thus, more precise results can be obtained.
The most important limitation of this study was the small number
of participants. Subsequent research may increase the number of
participants and attempt this protocol not only on women but also
on men. Similarly, research can be applied to different age groups,
such as children and young athletes.
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Purpose: Past studies have illustrated that the impact of sports participation on
school-attending students’ well-being plays a significant role in the life course
of adolescence, which is a golden period for developing sound psychological
qualities. However, the relationship between sports participation and subjective
well-being is not clear, particularly in Chinese primary and middle schools.
Therefore, the current study was aimed to explore the relationship between
sports participation and subjective well-being in elementary and middle schools
in China.

Method: Allinvolved children and adolescents were asked to conduct a self-report
of their sociodemographic factors (e.g., sex, grade, and age), independence, and
outcomes. The survey involved a two-stage sampling design (district school).
Besides, in order to examine the relationship between participation in sports and
subjective well-being, a self-report questionnaire was used. Logistic regression
with 95% confidence interval and odds ratios (ORs), was conducted to investigate
the relationship between sports participation and subjective well-being.

Results: A total of 67,281 participants in total provided complete data for the
final analysis of the current study. The percentage of boys and girls was 51.9%
and 48.1%, namely. The current study found that compared with children who
never participate in sports, those children who participated sports in 1-3 times
a month, 1-2 times a week, and 3 times a week and above were more likely to
enjoy better well-being. Compared with children who never participate in sports,
those children who in every grade participated sports in 1-3 times a month, 1-2
times a week, and 3 times a week and above were more likely to achieve better
well-being.

Conclusion: Our current study offered the positive effect of sports participation
on children and adolescents’ subjective well-being. For schools and governments,
further studies are needed to focus on sports participation and positive feedback
on adolescents’ mental health, and the three parties’ endeavors should
be intervened.

sport participation, well-being, school-aged children, adolescents, China
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1. Introduction

Sports participation refers to the attitude and behavior of students
taking the initiative to participate in sports activities, it is only the
overall description of sports goals (1-3). From the perspective of
sociology and psychology, sports participation is an important
strategy to realize children’s socialization, which is essentially a
socialization process (3, 4). Sports participation means victory and the
investment of mental energy, and different students’ energy into
activities varies with time and goals (5). This concept covers not only
the external indicators of the activity, such as heart rate and mood but
also the goals of the exercise. Wicker and FricK’s (6) study showed that
men and women who exercised more frequently reported better
subjective health, but for women, the differences in subjective health
were partly due to education, economic deprivation, and work-family
burdens. Eime and other scholars (7) point out that regular physical
activity helps prevent chronic diseases and reduces the risk of
premature death. Similarly, Kantomaa et al. (8) have shown that high
levels of physical activity and cardiorespiratory fitness are positively
correlated with adolescents’ self-rated health, and other studies
suggested that exercise can improve a person’s self-rated health (9, 10).

Sports participation has a strong relationship with mental health.
Regular physical activity has been shown to have a positive impact on
various aspects of mental health including reducing symptoms of
anxiety and depression, improving mood, and increasing self-esteem
(11). Sports participation helps to release endorphins, which are
natural mood boosters and also provide an outlet for stress and
tension (12). Furthermore, exercise can improve sleep quality, which
is crucial for good mental health (13). Additionally, participating in
physical activity and being part of a sports team can provide social
support, which is important for mental well-being (14-16). Exercise
can also serve as a distraction from negative thoughts and feelings and
can provide a sense of accomplishment and purpose (7). Therefore
Easterlin et al. (17) supposes that sports participation is a crucial
aspect of maintaining good mental health and should be incorporated
into one’s daily routine. It is important to find physical activities that
are enjoyable and sustainable in the long term to ensure continued
participation and mental health benefits.

Adolescence is a critical stage of the life course, which is a golden
period for developing sound psychological qualities (18). However, an
increasing rate of mental disorders and self-harm behaviors have been
seen among adolescents (19), which greatly burden society. The
mental health of young people is a global public-health challenge (20).
Although most mental disorders are often detected in adulthood, they
always begin during adolescence. Research on adolescents’ mental
health has been historically dominated by investigating risks and
vulnerabilities for mental health problems (21). In the last few decades,
a positive perspective on adolescent mental health with a focus on
strengths and well-being is gaining increasing popularity. As a concept
closely related to positive mental health, psychological resilience has
drawn significant attention from researchers in the area of adolescent
mental health (22). Psychological resilience is considered a protective
factor or dynamic process that stimulates individuals to remain
healthy or recover swiftly in the face of adversities (23). Though there
is no universal definition of psychological resilience, it was mostly
defined as an ability to rise above to overcome adversity or bounce
back from adversity with an outcome of adaptation and adjustment,
or maintenance of good mental health (24). High levels of resilience
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could help individuals cope with stressful situations in a positive
direction toward better outcomes (25). Previous research showed that
adolescents with a high level of resilience had more desirable
developmental outcomes, such as healthier dietary patterns, improved
sleep quality (26, 27), better academic performance (28) and social
competence (29), less depressive and anxiety symptoms (30), and less
suicidal ideation (31) and suicidal behaviors (32).

Subjective well-being popularly referred to as happiness or life
satisfaction is also a key aspect of positive mental health. In the past
decades, the empirical literature on subjective well-being has grown
enormously with the remarkable progress in positive psychology
(33). Subjective well-being can be defined as being satisfied with
life, experiencing long-term happiness, and having fewer negative
emotions (34). As such, subjective well-being is a multi-dimensional
concept, including the cognitive dimension (general life
satisfaction) and the affective dimension (presence of pleasant affect
and absence of unpleasant affect) (35). Many researchers hold that
the subjective well-being of adolescents summarizes all aspects of
their well-being, by not only serving as an indicator of their mental
health but also playing a role in their physical health (36). Benefits
brought by subjective well-being include good physical health,
longer longevity, greater self-esteem, more satisfactory social
relationship, and better creativity and cognitive performance (9,
33). Considering the importance of promoting psychological
resilience and subjective well-being among adolescents, more
research on this topic is needed for a better understanding of
positive development in adolescence (37). One primary focus is to
find out modifiable factors related to psychological resilience or
subjective well-being for targeted interventions.

Since the teenage years are a crucial period to develop our
relationships with others and views on the outside world, scientific
research has suggested that our lifestyle and even habits can have a
significant impact on the drastic changes in our psychosocial and
cognitive functions (38). An abundance of research evidence has
proved a strong correlation between sport participation and the
overall well-being of adolescents (39). Recent research has been
conducted in various countries and social contexts, delving into the
specific aspects of exercise and its impact on young adults’ minds and
bodies. For instance, Costigan et al. (40) intended to find the intensity
of physical exercise and its influence on the mental well-being of
adolescents. Their research results discovered that intense physical
workout is positively related to enhanced self-reported well-being
among young adults, in compliance with the contemporary physical
exercise guidelines advocating for more appropriate and necessary
active workouts at least three times per week. Martinez-Lopez et al.
(41), from another perspective, discovered that physical activities not
only have a favorable impact on teenagers general well-being but also
facilitate their coping mechanisms when experiencing stress and pain
in puberty. Moreover, in hopes of promoting mental health and
targeting useful strategies to help young adults thrive in adolescence,
Pigaiani et al. (42) conducted a thorough meta-analysis among Italian
adolescents, concluding that participation in physical activities can
remarkably contribute to adolescents’ subjective well-being, along
with other crucial factors such as gaining social and familial support.
However, it is noteworthy that all of these results showed a subtle
deviation based on gender differences, pointing to the need for further
relevant research done in the future. Such gender-based variations
were displayed in the likelihood of reporting mental state changes, etc.
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In a word, physical activities are key to fulfilling the psychosocial
development of all adolescents.

2. Methods
2.1. Procedure and participants

In March 2021, we conducted a large-scale survey in Shenzhen, a
relatively developed city in China. The targeted participants were
students from local public primary and secondary schools. The survey
adopted a two-stage sampling design (district school), a balanced
representation of geography, economic development, and rural-urban
diversity was achieved. Public schools in 11 districts in Shenzhen of
China were recruited. The sampling procedure involved sampling
towns, and local community districts that represented a mix of rural
and urban areas. China’s education system is a 6-3-3 system, including
6 years of primary school, 3 years of junior middle school, and 3 years
of senior high school. The study included all students in grades 5-6 of
primary school, grades 1-2 of junior middle school, and grades 1 and
2 of senior high school in the selected schools. The survey included
adolescents in Grade 5 and above (> 10years old) to ensure that they
were cognitively able to complete the self-report questionnaire. In
addition, the survey did not include students in the third grade of
junior middle school and the third grade of senior high school,
because they were preparing for the high school and university
entrance examinations, and the curriculum was relatively compact,
which might not be able to coordinate the time to participate in such
a large-scale survey collectively.

Before the investigation, all participants and their guardians were
informed of the purpose and overview of the investigation.
We highlighted that participation was voluntary and data would
be collected and analyzed anonymously. The students who agreed to
participate completed the online questionnaire (about 20min)
independently in the school computer room under the leadership of
the class teacher. The questionnaire was completed on the
Wenjuanxing platform, a Chinese online questionnaire platform.
Before entering the formal answer page, the page of electronic
informed consent was displayed first. Only students who clicked the
button for consent to participate in the survey button could enter the
formal answer page. The survey was approved by the Research
Committee of Shenzhen University (No. 2020005) and the
participating schools.The approval date was May 21, 2020.

Finally, a total of 78,428 people submitted questionnaires. After
completing the preliminary data cleaning (such as deleting the data of
participants whose answer time was less than 3005s), 73,323 samples
from 135 schools were retained, forming the preliminary database of
the survey. According to the availability of the variables required for
the current study in the database, a total of 67,281 students formed the
analysis sample of the current study.

2.2. Measurements
2.2.1. Independent variable (sports participation)
The item was used to measure the frequency of sports

participation: “How often have you participated in sports teams
or sports clubs in the past year?” Participants reported the
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frequency by selecting one of the following options: never, 1-3
times per month, 1-2 times per week, and 3 or more times per
week. The frequency corresponding to the option increased
in turn.

2.2.2. Dependent variable (subjective well-being)

Subjective well-being was measured by the Chinese version of the
World Health Organization Five-Item Well-being Index (WHO-5)
(43). The WHO-5 consists of 5 questions, which are answered on a
6-point scale (5=All of the time, 4=most of the time, 3=more than
half of the time, 2 =less half the time, 1=sometimes, 0 =never). Item
scores are summed and converted to obtain a total score ranging from
0-25, where 25 presents the best possible level of well-being.
Psychometric properties of the Chinese version of WHO-5 have been
validated among the Chinese population (43). In the study, the
Cronbach a coefficient for WHO-5 was 0.94.

2.3. Covariates

The data about age, BMI, grade, gender, subjective family
socioeconomic status [a measure for evaluating the ethnic of
participants, and the MacArthur Scale of Subjective Social Status’s
adapted version was adopted to assess it (44)], educational level of
parents (i.e., master’s degree or above; bachelor’s degree; senor high
school; secondary school or below), and siblings (only kid or not) were
collected. In further analysis, these factors were regarded as covariates.

2.4. Data analyses

Some questionnaires’ data were eliminated due to unreasonable
or missing values. Apart from that, 67,281 participants in total
provided complete data for the final analysis of the study. In addition,
the statistical analysis was conducted using STATA BE 17.0 (College
Station, Texas, United States). Prior to formal analysis, the complete
cases were used to address missing data. Based on the descriptive
statistics, the sample characteristics were described by denoting mean
(M) with standard deviations (SD) for continuous variables or
frequency (n) with percentage (%) for categorical variables. Eventually,
an ordered logistic regression was conducted to explore the
relationship between the sports tean’s participation and subjective
well-being after control of the covariates (i.e., gender, BMI, age, grade,
siblings, parents’ education background, and ethnicity). What's more,
results were described as odds ratios (OR), with the confidence
interval (CI) being 95%. Besides, statistical significance was
determined by using a prior value of p below 0.05.

3. Results

The demographic characteristics of the total sample have been
displayed in Table 1. A total of 67,281 children (M age=13.0years,
SD=1.80) were involved in the final analysis (Figure 1). The
percentage of boys and girls was 51.9% and 48.1%, namely. In terms
of BMI, the rate of “normal” accounted for 68.1%, which was the most
population, followed by the “overweight” (13.5%), and “obese”
(18.4%), respectively. Regarding sport participation, around half the
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TABLE 1 Demographic characteristics of the participants.

10.3389/fpubh.2023.1199782

n/mean

Age 13.0 1.8
Sex

Boy 34,909 51.9

Girl 32,372 48.1
BMI

normal 45,817 68.1

overweight 9,051 13.5

obese 12,413 18.4
Grade

Primary school 27,954 41.5

Middle school 27,124 40.3

High school 12,203 18.1
Father’s education level

Middle school and below 14,619 21.7

High school/secondary school/vocational high school/technical school 18,159 27.0

University/College/Higher Vocational 26,030 38.7

Master’s/PhD 2,796 4.2

Not clear 5,677 8.4
Mother’s education level

Middle school and below (including middle school) 17,617 26.2

High school/secondary school/vocational high school/technical school 18,706 27.8

University/College/Higher Vocational 23,922 35.6

Master’s/PhD 1,635 2.4

Not clear 5,401 8.0
Live with parents

Yes 62,836 93.4

No 4,445 6.6
Ethnic

Han 65,027 96.6

Other 2,254 34
Sport participation

Never 31,721 47.1

1-3 times/month 15,050 224

1-2 times/week 11,789 17.5

3 times/week and above 8,721 13.0
Affluence 5.0 1.7
Subjective well-being 20.2 6.7

sample reported “Never;” and one-fifth of children reported “1-3
times/month.” More details can be found the Table 1.

Overall, A positive association was found between sports
participation and better well-being among Chinese children. Based on
Table 2, compared with children who never engage in sports, those
children who participated sports in 1-3 times a month, 1-2 times a
week, and 3 times a week and above were more likely to enjoy better
well-being (OR=1.26, 95% CI: 1.22-1.30), (OR=1.41, 95% CI:
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1.36-1.46), and (OR =1.66, 95% CI: 1.59-1.73), respectively. A similar
trend has also been displayed in the boys, compared with boys who
never engage in sports, those boys who participated sports in 1-3
times a month, 1-2 times a week, and 3 times a week and above were
more likely to have better well-being (OR=1.27, 95% CI: 1.21-1.33),
(OR=1.38,95% CI: 1.31-1.46), and (OR =1.74, 95% CI: 1.65-1.85).
In terms of girls, compared with students who never engage in sports,
those students who participated sports in 1-3 times a month, 1-2
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Invited sample (n=78.,428)
Responded sample (n=73,323)
Invalid and missing responses (n
=6,042)
Gender (n=825)
BMI (n=525)
Grade (n=539)
- Parent Education (n=489)
] Live with parents (n=452)
Ethnic (n=487)
Sport participation (n=661)
Affluence (n=785)
Subjective well-being (n=1,279)
\4
Analytical sample (n=67,281)
FIGURE 1

The procedure used for cleaning invalid and missing data in this study.

times a week, and 3 times a week and above were more likely to have
better well-being (OR=1.25,95% CI: 1.19-1.31), (OR=1.45,95% CI:
1.37-1.53), and (OR =1.55, 95% CI: 1.45-1.66).

The associations between sport participation and grade were
demonstrated in Table 3. It can be observed the similar trend in all
groups of elementary, middle, and high school. For example, in terms
of elementary, compared with children who never engage in sports,
those children who in every grade engage sports in 1-3 times a month,
1-2 times a week, and 3 times a week and above were more likely to
have better well-being (OR=1.19, 95% CI: 1.31-1.26), (OR=1.35,95%
CL: 1.27-1.42), and (OR=1.62, 95% CI: 1.52-1.72). Detailed
information can be found in Table 3.
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4. Discussion

The purpose of our study was to explore the relationship between
sports participation and subjective well-being. Through analysis,
we can know that exercise has a very high significance in improving
happiness and is also the most obvious compared with other variables.
Physical exercise can improve people’s psychological emotions, self-
confidence, and overall happiness, so it is beneficial to participate in
physical exercise more (45). The results show similarity with the
research results of western countries. Ruseski et al. (46) conducted a
study on the population living in Rheinberg, Germany in 2009, and
the results indicate that people who participated in sports had higher

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1199782
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Liu et al.

10.3389/fpubh.2023.1199782

TABLE 2 Odds ratio and 95% ClI for subjective well-being concerning the sex.

Overall Boys Girls

Subjective @ OR  95% ClI Subjective @ OR  95% ClI Subjective OR  95% ClI
well-being well-being well-being
Frequencies
1-3 times a 1-3 times a 1-3 times a

1.26 1.22 1.30 p<0.001 1.27 1.21 1.33 p<0.001 1.25 1.19 1.31 p<0.001
month month month
1-2 times a 1-2 times a 1-2 times a

1.41 1.36 1.46 p<0.001 1.38 1.31 1.46 p<0.001 1.45 1.37 1.53 p<0.001
week week week
3 times a week 3 times a week 3 times a week

1.66 1.59 1.73 p<0.001 1.74 1.65 1.85 p<0.001 1.55 1.45 1.66 p<0.001
and above and above and above

Reference group: never participate in sports. All models controlled for sex, age, BMI, grade, subjective family socioeconomic status, parents’ educational background, and ethnic; statistically

significant at p<0.05.

TABLE 3 Odds ratio and 95% ClI for subjective well-being concerning the grade.

Elementary school Middle school High school
Subjective Subjective Subjective .

. OR 95% ClI . OR 95% ClI . OR 95% ClI Si
well-being ° well-being i well-being ° 9
Frequencies
1-3 times a 1-3 times a 1-3 times a

1.19 1.13 1.26 p<0.001 1.30 1.24 1.37 p<0.001 1.32 1.22 1.42 p<0.001
month month month
1-2 times a 1-2 times a 1-2 times a

1.35 1.27 1.42 P <0.001 1.43 1.35 1.52 p<0.001 1.54 1.41 1.68 p<0.001
week week week
3 times a week 3 times a week 3 times a week

1.62 1.52 1.72 p<0.001 1.66 1.55 1.77 p<0.001 1.81 1.60 2.04 p<0.001
and above and above and above

Reference group: never participate in sports. All models controlled for sex, age, BMI, grade, subjective family socioeconomic status, parents’ educational background, and ethnic; statistically

significant at p<0.05.

subjective well-being. The report also shows that men are happier than
women generally. Mansfield and his colleagues (47) have systematically
reviewed 6,587 published articles and further distinguished the
influence of different sports based on functionality. Research shows
that group activities and collective sports involving partners, including
dance, significantly improve subjective well-being compared to
meditative exercises and sports therapy (47). However, negative
emotions exist in competitive sports activities, which may affect
subjective well-being to a certain extent. The possible explanation is
that competitive sports require participants to reach the limits of their
functions, thus causing discomfort and exclusion feelings (48).

The current results displayed a positive correlation between the
frequency of physical exercise and subjective well-being. Moreover,
with the increase of age, the effect of exercise on well-being is more
obvious, results showed that old people (51-75years) and middle-
aged people (31-50 years) were more likely to report physical benefits
than young people (18-30years) (p <0.05), respectively. (49). It can
be said that sports participation brings more benefits to older students,
which is consistent our finding. Some studies have shown that sports
can improve students cognition, especially those with higher
requirements for physical coordination (50, 51). From the perspective
of neuroscience, the development of the brain has a positive
relationship with the size of cognitive ability (52, 53). It can also
be considered that the more nerve fibers, dendrites, and synapses in
the human brain, the stronger the cognitive ability (54). In the process
of children’s growth, sports can significantly increase the number of
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nerve fibers, dendrites, and synapses in the brain, promoting the
development of the brain and improving children’s cognitive ability
(55). In terms of gender differences, the current study shows that boys
generally enjoy a stronger sense of well-being than women as the
frequency of sports participation goes higher (p<0.01), which is
consistent with previous studies (7, 46). The potential explanation lies
in the sports preference difference between men and women. Men
generally choose high-intensity activities like basketball, volleyball,
football, and other sports which require collective participation (56).
However, women tend to choose dancing, yoga, aerobic exercise, and
jogging, which can be performed individually with less collective
effort (57). The sports suitable for men require more parts of the brain
activities with higher emotional needs and interpersonal relations.
In terms of the influence on different sports, the research shows that
all exercise interventions have increased the total score of subjective well-
being (58). However, the intervention effect of sports such as aerobics and
yoga is better than that of antagonistic sports, which is consistent with
previous research results (59, 60). Through experimental research, Kim
et al. (61) found that the total score of subjective well-being of college
students performing aerobics was significantly higher than that of the
basketball group (F=93.34, p<0.001). The reason may be that students
need a lot of communication and cooperation in the process of aerobics,
for example, frequent communication of body language and facial
expressions is easier to create harmonious interpersonal relationships
(62). This harmonious learning and sports environment enables students
to correctly handle interpersonal relationships, thus improving their
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social adaptability, and then express themselves more confidently in daily
life, making it easier to obtain positive emotions, thus having a strong
sense of subjective well-being. In contrast, basketball is a skill-oriented
game in the play-field. It does only require students to have high technical
and tactical abilities, but also requires high cooperation between team
members (63, 64). In practice or competition, physical contact between
students is easy to occur, and collision is inevitable. For junior high school
students with unstable emotions, it is easy to have impulses, anger, and
other emotions, which require higher emotional management ability to
restrain themselves and suppress their bad temper. Therefore, compared
with aerobics students, who participate in basketball have less subjective
well-being (65). Existing research has demonstrated a dose-response
relationship between cardio exercises and depression, indicating that
involvement in intensive exercises would generate desirable fitness
outcomes that are more inducive to psychological health (f=-0.266,
p<0.001) (66). Hamer et al. conducted self-reported surveys trying to
discover the optimal amount of sports participation and different types
to achieve improved psychological conditions (OR 0.67, 95% CI 0.61-
0.75) (67). The results exhibit a dose-response relationship, with a
temperate decline in mental issues with less frequent activities.

Taking China as a research background, many studies have been
conducted to explore the relationship between physical activity and
mental health issues. In Hong Kong, it is found that the self-efficacy
and resilience shown by teenagers when performing sports activities
can have a profound impact on their psychological well-being (68).
Another study revealed that adolescents with low BMI scores and high
levels of lung capacity, muscle strength and flexibility report better
well-being, motivation and enjoyment in Chinese background (15).
Sports can not only make muscles more developed but also stimulate
the brain stem and provide energy, enthusiasm, and motivation for
athletes (16). Intending to reveal the relationship between physical
activity and subjective well-being, for example, a study conducted a
questionnaire among 723 college students in China finding that a
positive relationship between life satisfaction and vigorous physical
activities, indicating the significant roles of regular exercise for
students (69), which is in line with western studies (70, 71).

In future research, it is essential to probe into the strategy that
optimizes the sport’s effect on kids’ mental health. There is a need to
explore more high-quality game-based approach longitudinal and
intervention studies to improve children’s physical self-perception,
intrinsic motivation, well-being, physiological and underlying
psychological outcomes (72). It is noteworthy that the SAAFE
(supportive, active, autonomous, fair, and enjoyable) principle offers
a framework for designing and delivering exercise sessions (73).
Under the guidance of self-determination theory, these kinds of
principles are successfully applied to two high-intensity interval
training (HIIT) studies (74, 75). Despite the aversive nature of HIIT,
it is considered that vigorous physical activities may be more
enjoyable to kids if their design can meet the fundamental
psychological demands (i.e., relatedness, competence, and autonomy)
(76). For instance, autonomy may be satisfied by offering participants
selections of exercises and rest interval durations. Apart from that,
participants’ competence perceptions may be enhanced by giving
positive feedback. At the same time, it can be more enjoyable to
perform vigorous physical activities in groups, which will meet the
relatedness perception.

Admittedly, the self-report of subjective well-being has some
limitations, given that it may lead to bias and social desirability. What's
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more, the cross-sectional design may not be able to explain the causal
relationships satisfactorily. Furthermore, one of the most important
limitations of this study is undoubted that no distinction was made by
a type of movement other than by type of frequency, and no data
regarding the differentiating different types of sports was supported
in the current study. To better understand the causal relationship
between sports participation in Chinese school and subjective well-
being, and improve the success rate of intervention, it is essential to
make a prospective research design. Besides, there are some biases in
the use of a questionnaire for collecting data. Lastly, convenience
sampling has an obvious disadvantage. Specifically, it may be biased,
as it is likely to be not representative of the population. Given the
limitations, future research needs to be carried out to solve problems
and get stronger shreds of evidence.

4.1. Practical implications

At the same time, this study’s findings have practical implications
for future research. First of all, the families, schools, and government
should focus on the sports participation’s positive feedback on the
adolescents’ mental health, and the three parties’ endeavors should
be intervened. In addition, the government needs to tackle with
disadvantages of irrational educational structures and unbalanced
sports equipment, to offer teenagers perfect conditions and hardware.
Second, schools should draw up sports plans and try to stimulate
students’ enthusiasm, in order to make them feel positive feedback
from sports participation. For example, providing participants with
choices of exercises may help to satisfy autonomy. At the same time,
the participants’ competence awareness can be strengthened by
offering positive feedback and encouragement. Carrying out activities
in groups is conducive to meeting the perception of relatedness.
Beyond that, strategies, such as making use of music, can optimize
the cognitive health benefits. Lastly, parents should give active
guidance and capture teenagers’ interests timely, so as to maximize
the physical needs of kids. All in all, sports education targeted at
youth is a long-term objective, which requires high-quality macro
conditions. Meanwhile, it is essential to consider the student’s
individual needs to promote their participation in sports.

5. Conclusion

The current study has confirmed evidence for the positive
relationship between sports participation in children and adolescents’
subjective well-being. In future studies, it is essential to probe into the
strategy that optimizes the sport’s effect on kids’ mental health.
Beyond that, the size of the effect is likely to be optimized by paying
attention to the neurobiological, behavioral, and psychosocial
mechanisms. Secondly, the families, schools, and government should
focus on the sports participation’s positive feedback on the adolescents’
mental health, and the three parties’ endeavors should be intervened.
In addition, the government should tackle the disadvantages of
irrational educational structures and unbalanced sports equipment,
to offer teenagers perfect conditions and hardware. All in all, sports
education targeted at youth is a long-term objective, which requires
high-quality macro conditions. Meanwhile, it is essential to consider
the student’s needs to promote their participation in sports.
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Balancing physical activity and studying is an important issue facing Chinese
teenagers. Therefore, numerous studies have found that engaging in physical
activity can promote academic performance among students. However, what is
the optimal duration of physical activity? This study used data from the China
Education Panel Survey, with a sample size of 18,009 valid respondents. General
linear regression analysis was conducted using Stata 17 software to evaluate
the effects of different durations of physical activity, cognitive ability, and
physical Fitness on academic performance among adolescents. Furthermore,
the "Bootstrap Mediation” method and the “Maximum Likelihood Estimation”
method were used to analyze whether physical health and cognitive ability have
significant mediating effects. The present study reveals the following findings: (1)
There exists a non-linear relationship between students’ academic performance
and the duration of physical exercise. The greatest improvement in academic
performance is observed when the exercise duration reaches 2 hours. (2) Physical
exercise can enhance students’ academic performance by promoting physical
health and cognitive abilities. (3) Gender heterogeneity is observed, with the
optimal exercise duration for male students being 2 hours, while female students
exhibit the highest academic performance when exercising for one hour. This
study provides theoretical guidance for research on adolescents’ participation in
physical Activity and improving academic performance, enabling adolescents to
engage in physical Activity more scientifically and rationally.

structural equation modeling, physical activity, academic achievement, cognitive ability,
physical fitness, mediation analysis

1. Introduction

In 2022, the World Health Organization (WHO) recommended that adolescents engage in
at least 60 min of moderate to vigorous physical activity (PA) per day, every day of the week
(World Health Organization, 2022). However, according to the “Guidelines on Physical Activity
and Sedentary Behavior” released by the WHO, approximately 81% of adolescents worldwide
do not meet the recommended level of physical activity (Guthold et al., 2020). In China, only
23.8% of students have achieved the standard for health and fitness (News, 2021). On the one
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hand, academic performance is undeniably one of the most valued
aspects within the educational system, driven by the prevailing exam-
oriented ideology. However, physical exercise is often overlooked and
placed at the bottom of the educational agenda, resulting in significant
academic pressure faced by adolescents (Wunsch et al., 2017),
adolescents lack time to exercise. On the other hand, there is a
widespread belief in contemporary society that academic achievement
and physical exercise are contradictory, leading to social biases against
student participation in physical activities (Hao and Vi, 2022), which
holds that physical exercise takes up study time and consumes energy
that is detrimental to learning. In addition, many parents arrange
various types of cultural classes for their children on the weekend,
depriving them of time for physical exercise (Pei and Gao, 2013). This
misconception and neglect of physical exercise have led to the
increasing prominence of sub-health issues among adolescents.
However, is this perception accurate? What is the actual relationship
between physical exercise and academic achievement? And through
what mechanisms does physical exercise influence academic
performance? These questions have been the subject of extensive
discussions and research in fields such as education and psychology,
attracting widespread attention and concern from various sectors
of society.

Currently, there is limited research on the correlation between
Physical activity duration, cognitive ability, Physical fitness, and
academic achievement. However, many studies have explored the
relationship between Physical activity and academic achievement. For
example, a data analysis of a sample size of 10,205 showed that
physical activity can improve classroom behavior and benefit
academic achievement (Alvarez-Bueno et al., 2017). A randomized
controlled trial from Spain found that moderate to high-intensity
physical activity can improve academic achievement (Visier-Alfonso
et al.,, 2021). In a 14-week randomized controlled trial in Australia
involving 500 students, adding 1.25h of endurance training per day
did not negatively affect academic achievement (Dwyer et al., 1983),
and subsequent follow-up data showed an upward trend in academic
achievement (Maynard et al., 1987). Therefore, the viewpoint that
Physical activity can improve academic achievement has been widely
supported (Bangsbo et al., 2016; Reed, 2016; McPherson et al., 2018).
In addition, a longitudinal study with a sample size of 5,316 found that
longer Physical activity sessions per week had a greater impact on
academic achievement for female students, but had no effect on male
students (Carlson et al., 2008). Research has found that academic and
cognitive performance are important factors that influence the health
of students (Masoomi et al., 2020). An American cross-sectional study
conducted over two semesters found no correlation between attending
physical education class and academic achievement, but subsequent
analyses found that self-initiated intense physical activity outside of
class significantly improved students’ academic achievement (Coe
etal,, 2006). These two studies suggest that there may be heterogeneity
between male and female students, and that Physical activity outside
of physical education classes can impact academic achievement.

In contrast, a study of 708 Hong Kong teenagers found that
22.54% of participants met the daily 60-min exercise requirement, but
their academic achievement did not improve (Chan and Hui, 2016).
In another study in China involving 333 Hong Kong students,
academic achievement was measured by their exam results, and the
results showed that the level of physical activity was unrelated to
academic achievement (Yu et al, 2006). Singh’s review of
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11 high-quality intervention studies found no correlation between
physical activity and academic achievement improvement (Singh
etal, 2019). A Canadian cross-sectional study with a sample size of
6,923 found a positive correlation between physical activity and self-
esteem, but a small negative correlation with academic achievement
(Tremblay et al., 2000). Based on these studies, it can be concluded
that there are conflicting views in existing literature on whether
Physical activity affects academic achievement, This may be primarily
because researchers have overlooked that different durations of
Physical activity may have different effects on students’ academic
achievement. Physical activity duration may have an optimal value,
and when this time is exceeded, Physical activity may have a negative
impact on students’ academic achievement. In addition, the arousal
theory suggests that appropriate duration of physical exercise can
awaken the functional levels of the body and mind in adolescents
(Hillman et al., 2008). Therefore, based on the above research and
common sense, this article proposes the hypothesis that different
durations of Physical activity have different effects on students’
academic achievement.

However, how does Physical activity affect academic achievement?
Some studies suggest that Physical activity can improve academic
achievement (Reed, 2016; Tomporowski and Pesce, 2019) by
improving Physical fitness level and enhancing cognitive ability. Since
physical exercise can enhance cognitive abilities and improve
academic performance, can it also improve academic performance by
enhancing physical fitness levels? Therefore, based on the above
findings and hypotheses, this article explores the effects of different
durations of Physical activity on students’ academic achievement,
examines the mediating effect of cognitive ability and Physical fitness
on the relationship between Physical activity and academic
achievement. This study provides theoretical guidance for research on
adolescent participation in Physical activity and academic
achievement, guides adolescents to participate in Physical activity
scientifically, and improves society’s understanding of Physical
activity, breaking down their misconceptions about how Physical
activity affects academic achievement.

2. Materials and methods
2.1. Data sources

This study utilized data from the China Education Panel Study
(CEPS), which was conducted by the National Survey Research Center
(NSRC) at Renmin University of China. The baseline survey focused
on students in the seventh and ninth grades. The sampling design for
CEPS employed a multi-stage probability proportionate to size (PPS)
method. The sampling process involved four stages: In the first stage
(PSU), 28 counties (districts) were selected from county-level
administrative units nationwide. In the second stage (SSU), within
each selected county (district), four schools offering seventh and ninth
grades were chosen within their respective geographic areas. In the
third stage (TSU), four classes were selected from each sampled
school, including two classes from the seventh grade and two classes
from the ninth grade. Finally, in the fourth stage, all students, parents,
homeroom teachers, subject teachers (Chinese, math, and English),
and school administrators from the selected classes constituted the
final survey sample. The data collection process involved randomly
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selecting 438 classes from 112 schools located in 28 county-level units
(counties, districts, and cities) across China, ensuring good national
representativeness. The CEPS dataset not only collected basic
information such as students’ height, weight, cognitive ability, and
academic achievement but also included rich family and school-
related information. A total of 19,487 students were surveyed at
baseline, and after excluding samples with missing values, 18,009 valid
samples remained (see Table 1).

2.2. Research methods

This article mainly uses two statistical methods. Firstly, a general
linear regression model is used to evaluate the effects of cognitive
ability and Physical fitness on academic achievement of adolescents
under different durations of Physical activity. The linear regression
model is used to analyze whether there are significant differences in
the effects of cognitive ability and Physical fitness level on academic
achievement of adolescents under different exercise duration
conditions. Secondly, the “Bootstrap mediation” method and
maximum likelihood estimation (ML) method are used to determine
whether Physical fitness and cognitive ability have significant
mediating effects. Bootstrap is the most widely used coefficient testing
method (Chen et al,, 2013; Jiang and Li, 2015), which is also a
resampling method (Preacher and Hayes, 2008) and a good method
for testing multiple mediation effects (Fritz et al., 2012; Hayes and
Scharkow, 2013; Wen and Ye, 2014). ML is used for confirmatory
factor analysis and structural equation modeling (Legg and Gray,
2000). This model can analyze to what extent different mediator
variables positively or negatively affect the relationship between
independent and dependent variables, that is, to analyze the
significance and direction of the effects of different mediator variables.

TABLE 1 Descriptive statistical analysis of variables.

Variable definition

10.3389/fpsyg.2023.1226007

Therefore, this article uses the “Bootstrap mediation” method and
ML estimation method to analyze the mechanism of how different
exercise durations affect the academic achievement of adolescents.
Physical fitness and cognitive ability are used as mediator variables to
analyze whether Physical fitness and cognitive ability have mediating
effects on the academic achievement of adolescents under different
exercise duration conditions. At the same time, the significance and
direction of the direct and indirect effects produced by the two
mediator variables are compared.

2.3. Variables and operational definitions

The dependent variable is academic achievement, mainly referring
to students’ objective scores. The objective score is the exam score for
subjects like Chinese, Math and English. Sun Zhijun et al. (Sun et al,
2009; Lei and Li, 2021) argued that since school papers vary, absolute
scores cannot be compared, and standardized scores can ensure
objectivity in quantifying scores. Therefore, the standardized score will
be used as the indicator of the objective score. After standardization,
the average standardized score for the three subjects is 70, and the
standard deviation of the standardized score is 10.

The core independent variable is Physical activity duration. The
CEPS survey investigated the time arrangement (hours) for physical
activity participation on weekends among students. Based on the
original answer options, if there was no Physical activity on weekends,
it would be recorded as 0; if they exercised for one hour, it would
be recorded as 1; if they exercised for two hours, it would be recorded
as 2; if they exercised for three or more hours, it would be recorded as
3. The selection of weekend Physical activity time is based primarily
on the following points: (1) The Education Department requires
students to exercise for one hour every day. During school days, due

new_var Continuous variable, final grade: translated into a standard score with a mean of 70 18,009 210.050 26.505 27.16 293.93
mz Category variable, ethnicity; 0=other ethnicity, 1 =Han ethnicity 18,009 1.910 0.280 1 2
jiaoyu Categorical variable, education level among parents: education level of the highest

parent; 1 =none, 2 =elementary school, 3 =junior high school, 4 =high school, 5= college 18,009 3.570 0.906 1 5

and above
pla23 Category variable, type of area where the school is located; 1 = central urban area of the

city/county, 2 = fringe urban area of the city/county, 3 =rural/urban area of the city/ 18,009 2.640 1.565 1 5

county, 4=town outside the city/county area, 5=rural
grade9 Category variable, grade level; 0="7th grade, 1=9th grade 18,009 0.470 0.499 0 1
sthktype Category variable, student’s current hukou type; 0= non-agricultural hukou,

1 =agricultural hukou 18,009 0540 0498 0 !
nl Continuous variable, age 18,009 14.510 1.240 12 18
steco_3c Category variable, student’s family economic status; 1 =difficult, 2 =moderate, 3 =rich 18,009 1.850 0.496 1 3
bo1 Whether the child is an only child, 0=non-only child, 1=only child 18,009 0.440 0.496 0 1
a0l Gender, 0 =female, 1=male 18,009 0.510 0.500 0 1
zmdl4 Category variable, weekend exercise time; 0=no exercise, 1=1h,2=2h,3=3h 18,009 0.770 1.006 0 3
bmi2 Physical fitness, 0 = unhealthy, 1 =healthy 18,009 0.630 0.484 0 1
cog3pl Continuous variable, standardized scores on cognitive ability tests (using 3PL model) 18,009 0.020 0.857 —-2.03 2.71
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to requirements such as sports classes, students may have ensured
Physical activity time in school, resulting in small differences between
student groups. However, students may lack exercise time on
weekends, thus affecting their academic achievement. (2) Compared
with previous studies on the relationship between academic
achievement and Physical activity, some results showed that Physical
activity had no correlation with academic achievement, possibly due
to different effects on academic achievement from varying exercise
durations. Therefore, this article chooses weekend Physical activity
duration as the independent variable.

This study controlled for different variables based on the
experience of scholars Asigbee et al. (2018) and Martin et al. (2018),
as well as studies conducted by Wen (2015) and fully utilized the
information contained in the survey data to control for various
characteristics. Individual variables included age, gender, and
ethnicity; family variables included household registration type, which
primarily involved urban or rural household registration with
agricultural households being 1 and urban households being 0;
whether or not the participant was an only child, with 1 indicating
being an only child and 0 indicating otherwise; parental education
level, mainly defined according to the highest education level of either
parent, with 0 indicating no education, 1 indicating elementary
school, 2 indicating junior high school, 3 indicating high school, and
4 indicating university; family economic situation was divided into
three categories: 0 for difficult, 1 for moderate, and 2 for wealthy;
school characteristics included school location, which could
be divided into main urban areas, secondary urban areas, urban-rural
areas, townships, and rural areas depending on the school’s location;
and grade, including data from seventh and ninth grades.

Mediating variables included cognitive ability and Physical fitness,
where the CEPS questionnaire was used to test students’ logical
thinking and problem-solving ability to reflect their cognitive level.
Physical fitness was primarily assessed using height and weight data
to calculate BMI scores, and based on the BMI formula and BMI
classification standard, participants within the normal BMI range
were assigned a score of 1, and others were assigned a score of 0 (Shen
and Ma, 2022; Zhang et al., 2022). This was mainly because higher
BMI scores are strongly associated with mortality (Xiang et al., 2022),
and BMI scores can be used to evaluate student Physical fitness status
and serve as a convenient method for measuring student Physical
fitness (Han et al., 2022; Liu et al,, 2023).

3. Results

3.1. Results of regression analysis of factors
influencing adolescents’ academic
achievement

According to Table 2, compared to students of other ethnicities,
Han students had significantly lower academic achievement, especially
after accounting for the mediating variable of cognitive ability. The
education level of parents had a significant impact on students’
academic achievement, with higher parental education levels being
associated with better academic achievement. School location also had
a significant impact on academic achievement, with rural students
outperforming urban students. Grade level was also a significant
factor, with ninth-grade students performing better than seventh-
grade students. Household registration type also had a significant
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effect on academic achievement, with agricultural household students
performing better than non-agricultural household students. As for
age, academic achievement significantly decreased as age increased.
Family economic situation did not have a significant impact on
academic achievement, but after adding the cognitive ability variable
in Model 4, it was found that students from wealthy families had lower
academic achievement than those from difficult families. Female
students had significantly better academic achievement than male
students. After adding Physical activity duration in Model 2, it was
found that Physical activity duration had a significant impact on
academic achievement, and different exercise durations had different
effects on academic achievement. Adding the Physical fitness indicator
in Model 3 showed that healthy students performed significantly
better than unhealthy students. After adding academic achievement
in Model 4, it was found that cognitive ability had a significant impact
on academic achievement, with academic achievement improving
with increasing cognitive ability. Adding both Physical fitness and
cognitive ability variables in Models 3 and 4 resulted in large changes
in the coefficient of the effect of Physical activity duration on academic
achievement, especially after adding the cognitive ability variable,
indicating that these two variables partially mediated the effect,
leading to subsequent analysis using an intermediary model based on
this model.

The regression model results showed that Physical activity
duration can directly affect students’ academic achievement and may
also affect students’ academic achievement through mediating
variables. To further verify whether Physical activity affects adolescent
students’ academic achievement through mediating variables (Physical
fitness and cognitive ability), this study used the “Bootstrap method”
to analyze the mediating effect.

3.2. Differences between different
durations of sports exercise

The effects of different Physical activity durations on adolescent
students’ academic achievement vary. Compared to students who do
not engage in Physical activity, students who exercise for one hour on
weekends showed a significant improvement in academic
achievement, with an increase of 3.031 standard deviations. Students
who exercised for 2hours on weekends also showed a significant
improvement in academic achievement, with an increase of 3.249
standard deviations. However, when the exercise duration reached
three or more hours, students’ academic achievement decreased by
1.837 standard deviations. Therefore, Physical activity duration has a
significant impact on students’ academic achievement, and the effect
varies depending on the duration of Physical activity. It can
be observed that when the exercise duration is within 2hours,
students’ academic achievement improves as the duration of exercise
increases. However, once this range is exceeded, academic
achievement begins to decline (See Tables 3, 4; Figure 1).

3.3. Differences between intermediary
paths

Compared to students who do not engage in Physical activity,
different exercise durations have a significant effect on Physical fitness

(p<0.001). Participating in 1 h and 2 h of Physical activity can increase
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TABLE 2 Regression analysis of factors influencing adolescents’ academic achievement.

Variables (Compare) Model |

Han (Other)

—2.602%%% (—3.68)

Model 2

—2.654%%% (=3.76)

10.3389/fpsyg.2023.1226007

Model 3

—2.479%%% (=3.49)

Model 4

—4.320%%%* (—6.53)

Elementary school (none) 9.306%* (2.67)

9.078%* (2.61)

8.736% (2.52)

6.517% (2.02)

Junior high school (none) 11.200%* (3.25)

10.940%* (3.18)

10.440%* (3.04)

7.066% (2.21)

High School (none)

13.280%** (3.84)

12.950%** (3.75)

12.440%** (3.61)

8.047* (2.51)

University (none)

18.670%*** (5.37)

18.250%** (5.25)

17.610%** (5.08)

11.280%** (3.49)

Border City (Main City) 2.765%%% (4,32)

2.689%%* (4.21)

2.815%%* (4.38)

3.689%%* (6.17)

Urban and Rural (Main City) 2.209%%* (3.47)

2.214%%* (3.49)

2.206%** (3.45)

4.513%%* (7.57)

Township (main city) 3.240%** (5.52)

3.237%%* (5.52)

3.215%%* (5.45)

6.031%%* (10.93)

Rural (main city)

3.251%%* (5.40)

3.388%%* (5.64)

3.599%%** (5.94)

6.878%%* (12.13)

Ninth Grade (VII)

6.171%%%* (9.31)

5.997#%* (9.06)

5.866%*** (8.80)

1.828%* (2.93)

Agricultural household (non-farm)

1.976%%% (4.37)

1.929%%#% (4.28)

1.891%%% (4.16)

1.8227%%% (4.30)

Age —3.390%% (—12.41) —3.338% (~12.24) —3.477%%% (=12.65) —1.405%%% (=5.43)
Moderate (difficult) 0.677 (1.39) 0.588 (1.21) 0.545 (1.11) —0.594 (~1.30)
Affluent (difficult) —1.528 (~1.71) —1.722 (~1.93) —1.750 (~1.95) —3.670%%% (—4.38)
Non Only child (Yes) 0.016 (0.04) 0.035 (0.08) —0.069 (~0.16) 1.458%%% (3.55)

Female (Male)

12.570%%* (33.14)

12.490%** (32.60)

12.30%%* (31.84)

12.340%%* (34.32)

Exercise for 1 h (no participation)

2.901%%** (6.24)

2.848%%* (6.08)

1.495%%% (3.43)

Exercise for 2h (no)

3.141%%% (528)

3.067%%% (5.12)

1.672%* (2.99)

Exercise for 3h (no)

—1.879%* (~2.86)

—2.032%* (=3.07)

—1.791%* (=2.91)

Body shape (non-standard)

4.317%%% (11.00) 3.013%%* (8.23)

Cognitive ability 11.650%** (52.75)
_cons 236.3%%% (44.56) 235.2%%% (44.41) 235.1%%% (44.27) 212.4%%% (42.81)
N 18,337 18,337 18,009 18,009

Elementary school etc. is the education level of parents; t statistics in parentheses *p <0.05, **p <0.01, ***p <0.001. Standard errors are indicated in parentheses.

Physical fitness by 0.46 standard deviations, while a duration of three
or more hours increases Physical fitness by 0.056 standard deviations.
Results show that different exercise durations can improve students’
Physical fitness. The effect of different exercise durations on cognitive
ability is also different. When the exercise duration is one or two
hours, students’ cognitive ability significantly improves (p <0.001),
increasing by 0.121 and 0.125 standard deviations, respectively. When
the exercise duration reaches three or more hours, cognitive ability
decreases by 0.014 standard deviations, but the result is not statistically
significant. Path results show that the effects of Physical fitness and
cognitive ability on academic achievement are both significant
(p<0.001) and positive. Every one-unit increase in cognitive ability
leads to an increase in academic achievement by 11.662 standard
deviations, while Physical fitness can increase academic achievement
by 3.003 standard deviations. These results indicate that Physical
fitness and cognitive ability play a partial mediating role, and the
mediating effect also changes with different exercise durations (See
Table 3; Figure 1).

Different exercise durations have different effects on students’
Physical fitness and cognitive ability, and compared to students who
do not engage in Physical activity, when the exercise duration reaches
one hour, both cognitive ability and Physical fitness improve, leading
to an improvement in academic achievement. The comparison of two
mediating effects revealed that cognitive ability accounts for 91% of
the total mediating effect, and although the proportion of Physical
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fitness’s mediating effect is relatively small, it still significantly
improves students’ academic achievement.

When the exercise duration is two hours, academic achievement
is improved by 1.461 standard deviations through the mediating effect
of cognitive ability, indicating that cognitive ability has the best effect
on academic achievement at this point. When the exercise duration
reaches three or more hours, the mediating effect of cognitive ability
changes, and cognitive ability does not continue to improve with
increasing exercise duration. Instead, there is a slight but not
statistically significant decrease in academic achievement by 0.16
standard deviations.

The effects of different exercise durations on students’ academic
achievement through the mediating variables of Physical fitness are
positive and significantly different (p<0.001). Pathway results also
show that as the exercise duration increases, the effect of Physical
fitness on academic achievement continues to improve (See Table 4;
Figure 1).

3.4. Analysis of heterogeneity among
different genders
As shown in the table, different exercise durations have varying

effects on aca-demic achievement for male and female students
compared to those who do not participate in Physical activity. From
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the overall perspective, different exercise durations have a positive
impact on the academic achievement of male students. The
relationship between exercise duration and academic achievement
presents an inverted U-shaped curve, with the best effect achieved
at 2h of exercise duration, resulting in academic achievement
improvement of 6.29 standard deviations. In contrast to male
students, female students achieve the best results when exercising
for one hour, with an increase in academic achievement of 2.193
standard deviations. However, when the exercise duration reaches

TABLE 3 Bootstrap intermediary model path coefficients.

Variable b NES t LLCL ULCL
BMI2 ON

PL2 (no) 0.046%** 0.009 5.203 0.029 0.063

PL3 (no) 0.046%** 0.012 3.961 0.024 0.068

PL4 (no) 0.056%** 0.012 4.593 0.03 0.079

COG3PL ON

PL2 (no) 0.121%%* 0.014 8.467 0.095 0.151

PL3 (no) 0.125%%* 0.019 6.596 0.089 0.164

PL4 (no) —0.014 0.021 —0.646 —0.054 0.027
NEW_VAR

ON

PL2 (no) 1.478%%* 0.423 3.494 0.699 2.29

PL3 (no) 1.649%* 0.533 3.097 0.485 2.64

PL4 (no) —1.837%* 0.686 —2.677 —-3.131 —0.502
COG3PL 11.662%%* 0.231 50.581 11.19 12.087
Health (no) 3.003%#* 0.373 8.044 2.273 3.785

pll is 1h of physical activity time, pl2 is 2h of physical activity time, pl3 is 3h of physical
activity time, LLCI and ULCI=95%. *p <0.05, **p <0.01, **¥p <0.001.

10.3389/fpsyg.2023.1226007

three hours, Physical activity significantly reduces female students’
academic achievement.

The direct effect results show that male students’ academic
achievement increases with increasing exercise duration, as long as
the exercise duration does not exceed two hours. However, when
the exercise duration reaches three hours, Physical activity will
reduce students’ academic achievement. Female students’ academic
achievement im-proves when they exercise for an hour but
significantly decreases with extended exercise durations. The
indirect effect results show that exercise has a significant positive
impact on male students’ academic achievement through cognitive
abilities and Physical fitness levels. Female students mainly
improve their cognitive abilities through Physical activity to
enhance their academic achievement, and only one hour of exercise
can promote improvement in Physical fitness and academic
achievement (See Table 5).

In summary, different exercise durations have different effects on
students’ aca-demic achievement. When the exercise duration is
within two hours, academic achievement improves as the exercise
duration increases, and cognitive ability and Physical fitness play a
partial mediating role. However, when the exercise duration reaches
three or more hours, academic achievement decreases instead. At this
point, the direct effect of Physical activity on academic achievement
becomes negative, reducing students’ academic achievement.
Although exercise duration can improve Physical fit-ness and
cognitive ability, the mediating effect value is much lower than the
direct effect value, so it cannot improve academic achievement but
only mitigates the negative im-pact of exercise duration on academic
achievement. Heterogeneity analysis results show that boys are more
affected by exercise duration than girls, with boys having a higher
improvement in academic achievement when exercising for two
hours, while girls have a better academic achievement improvement
when exercising for one hour.

TABLE 4 Pathway analysis of the effect of physical fitness and cognitive ability on academic achievement.

Effect types Effect Boot SE Boot LLCl Boot ULCL R1 R2
pl2 total effect 3.031°%** (6.706) 0.452 2.2 3.924

Direct effect 1.478%%% (3.491) 0.423 0.699 2.29 48.76%

total indirect effect 1.553%%% (8.943) 0.174 1.239 1.915 51.24%

pl2 —»bmi2 - NEW_VAR 0.137°%%* (4.285) 0.032 0.083 0.208 8.82%
pl2 - COG3PL—-NEW_VAR 1.416%%* (8.338) 0.17 1.114 1.769 91.18%
pl3 total effect 3.249%** (5.601) 0.58 2.028 4.277

Direct effect 1.649%% (3.093) 0.533 0.485 2.64 50.75%

total indirect effect 1.599%*% (7.008) 0.228 1.171 2.048 49.22%

pl3 —bmi2 - NEW_VAR 0.139%** (3.527) 0.039 0.071 0.22 8.69%
pl3 — COG3PL—-NEW_VAR 1.461%%% (6.537) 0.223 1.03 1.916 91.37%
pl4 total effect —1.829% (—2.447) 0.748 —3.275 —0.404

Direct effect —1.837%%* (=2.677) 0.686 —3.131 —0.502 99.57%

total indirect effect 0.008 (0.031) 0.254 —0.484 0.471 0.43%

pl4 —bmi2 - NEW_VAR 0.168*** (3.905) 0.043 0.088 0.257 51.22%
pl4 - COG3PL—-NEW_VAR —0.16 (—0.645) 0.248 —0.62 0.313 48.78%

¢ statistics in parentheses *p <0.05, **p<0.01, ***p <0.001. Standard errors are indicated in parentheses; R1: Ratio of indirect and direct to total effect; R2: Ratio of part indirect to total effect

to total indirect.
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.046 (.009) 230 (.001)
3.003 (.373)
1.478 (.423)
1.649 (.533)
125 (.019) new_var controlled
121 (.014) -1.837 (.686)
056 (.012) 11.662 (:231)
FIGURE 1

Path coefficients of the intermediary model. Model fit index RMSEA: 0.023; CFI: 0.987; TLI: 0.902; SRMR: 0.009; pll is 1 h of physical activity time, pl2 is
2 h of physical activity time, pl3 is 3 h of physical activity time; bmi2 = Physical fitness; cog3pl = cognitive ability; new_var = Academic achievement.

3.5. Robustness test

Breen et al. (2013) proposed the KHB method, which not only
decomposes the effects of continuous and categorical independent
variables but also determines the existence of the mediating effect
while measuring the contribution rate of the mediating effect.
Therefore, this method is used here to conduct a robustness test on the
previous content. The results show consistency with the previous
content, that different exercise durations have varying effects on
academic achievement, and the best exercise duration is 2h. The
results show passing the robustness test (Table 6).

4. Discussion

4.1. The direct impact of different durations
of exercise on academic achievement

The study results indicate that different exercise durations have
different effects on students’ academic achievement compared to
students who do not engage in Physical activity. When the exercise
duration is within two hours, it has the best effect on improving
academic achievement. A certain amount of Physical activity can help
students relax and improve studying efficiency. Scholars believe that
Physical activity can affect academic achievement through various
direct and indirect physiological, cognitive, emotional, and learning
mechanisms (Fang, 2020). Extra-curricular physical activities can
improve students’ classroom behavior and academic achievement
(Alvarez-Bueno et al., 2017). However, when the exercise duration
reaches three or more hours, Physical activity will hinder the
improvement of students’ academic achievement. Studies have shown
that performing 50 min of exercise every day improves academic

Frontiers in Psychology

174

achievement (Bai et al., 2020), while exercising for more than 75 min
shows no improvement (Dwyer et al., 1983). Other studies have found
that exercising for more than 120min has a negative impact on
academic achievement (Dong and Zhu, 2020). Therefore, although
longer exercise may lead to better classroom performance and
increased neural activity, excessive exercise time occupies too much
of students’ study time, leading to a significant decrease in academic
achievement when the exercise duration exceeds three hours.

In addition, the commonly used theory applied in research on
the relationship between Physical activity and academic
achievement is Activation Theory, which suggests an inverted-U
relationship between task performance and activation level.
Excessive activation levels may result in poor task performance
(Wen, 2015). Therefore, appropriate Physical activity can improve
adolescent students’ academic achievement.

4.2. Effect of physical fitness and cognitive
ability on academic achievement

This study found that Physical fitness has a significant impact on
students’ academic achievement. Different exercise durations can
improve students’ physical fitness. Compared with non-healthy
students who are either overweight or underweight, students who
maintain a normal body shape have better academic achievement.
However, the relationship between adolescent Physical fitness and
academic achievement is complex. Some scholars believe that Physical
fitness is the key indicator that affects academic achievement (Liang
and Zhang, 2016; Asigbee et al., 2018). Although this study found that
Physical fitness can affect students’ academic achievement, factors that
truly affect academic achievement may not be Physical fitness.
Individuals with obesity or underweight features are more likely to
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TABLE 5 Heterogeneous path analysis.

10.3389/fpsyg.2023.1226007

Effect types
Est./S.E. Est./S.E.

pl2 total effect 5,234k 0.721 7.257 2,193k 0.594 3.690
pl3 total effect 6.2907% 0.830 7.578 1.294 0.803 1.612
pl4 total effect 0.334 0.913 0.365 —4.311%%% 1.223 -3.526
pl2 Direct effect 2,498 0.664 3.762 0.512% 0.550 0.931
pl3 Direct effect 2,888 0.794 3.636 0.063 0.736 0.085
pl4 Direct effect —0.668 0.842 —0.794 —3.89%% 1.120 —3.474
pl2 indirect effect 2,736+ 0.307 8.903 1.681 %% 0.237 7.081
pl3 indirect effect 3,402 0.348 9.785 1.231 %% 0315 3.905
pl4 indirect effect 1.002%% 0.359 2.790 —0.421 0.432 -0.975
pl2 - bmi2 — NEW_VAR 0.210% 0.056 3.726 0.074%* 0.036 2.027
pl2 - COG3PL— NEW_VAR 2526 0.300 8.411 1,608 0.232 6.942
pl3 - bmi2 -~ NEW_VAR 0.2947#3 0.073 4.033 —0.027 0.046 —0.599
pl23 - COG3PL — NEW_VAR 3.108%% 0.343 9.070 1.259%#5 0.308 4.093
pl4 — bmi2 — NEW_VAR 0.264% 0.068 3.885 —-0.015 0.065 —0.224
pl4 - COG3PL — NEW_VAR 0.738* 0.354 2.087 —0.406 0.423 —0.959

pl2=1h of exercise, pl3=2h of exercise, pl4=3h of exercise; *p <0.05,**p <0.01,***p <0.001.

TABLE 6 KHB mediated effect test of exercise duration on academic achievement: robustness test.

Independent Total effect Direct effect = Intermediate Indirect effects Indirect effects as a
variable variables percentage
Physical Health 0.133* 4.37%
1h 304075 1.524%%
Cognitive ability 1,384 45.51%
Physical Health 0.137% 4.19%
2h 3.275% 8% 1.6917
Cognitive ability 1447555 44.19%
Physical Health 0.169%* -9.27%
3h —1.821%% —1.813%*
Cognitive ability —-0.178 9.75%

t statistics in parentheses *p <0.05, *#p <0.01, *#¥p <0.001.

face discrimination, bullying, even stigmatization, and they struggle
to obtain the same resources as those with normal body shape
(Lumeng et al., 2010). And other factors such as obesity may also lead
to a decline in self-esteem and confidence, causing anxiety and
eventually resulting in a decrease in academic achievement
(Kristjansson et al., 2010). Physical activity can improve body shape,
Physical fitness, and enhance student’s self-esteem (Biddle et al., 2019),
thereby improving their academic achievement.

Compared to students who do not participate in Physical activity,
participating in Physical activity can improve students’ cognitive
abilities and have an impact on their academic achievement. The
research results indicate that moderate Physical activity can
significantly improve students’ cognitive abilities. Physical activity is
believed to immediately increase the physiological arousal level of
young people, thereby promoting cognitive performance by increasing
attention allocation (Roig et al., 2013). Cotman and Berchtold (2002)
suggest that Physical activity can trigger a series of neurobiological
mechanisms that may enhance memory processing in humans. The
primary physiological mechanism of Physical activity functioning on
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cognitive ability is that it can affect cellular processes and improve
energy utilization efficiency (Bélanger et al, 2011). Based on energy
utilization, cells can efficiently carry out various biochemical reactions
and synthesize substances needed to maintain the survival of neurons,
such as neurotransmitters (Dishman et al., 2006; Thomas et al., 2012;
Roig et al., 2013). Therefore, Physical activity can promote the
development of cognitive ability (XIA, Xia et al., 2018), thereby
improving academic achievement. However, some studies have shown
that excessive Physical activity can negatively impact cognitive ability
due to the body and psychological burden (Tomporowski et al., 2008).

4.3. Differences in physical activity
between genders

Through heterogeneity comparison, it was found that the effect of
Physical activity on academic achievement differs between boys and
girls. Boys exhibit a greater positive effect of Physical activity on
academic achievement, with the largest improvement achieved at a
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2-h exercise duration. Girls show a significant improvement in
academic achievement after exercising for 1h, but their academic
achievement decreases with further increase in exercise duration. Data
analysis also shows that girls’ overall academic achievement is better
than boys by 12.61 standard deviations, and the marginal contribution
of Physical activity to academic achievement for girls faces a
decreasing trend. In contrast, boys are more affected by marginal
effects, so exercising over the weekend can improve their academic
achievement, which is consistent with the findings of Fang (2020).
Analysis on the mediating variable of Physical fitness shows that boys
significantly increase their Physical fitness level through Physical
activity, while girls’ Physical fitness level only improves significantly
when exercising for 1h, which may be due to differences in the
intensity of Physical activity between boys and girls. Research shows
that most women choose public sports venues and parks (Meng et al.,
2005), and walking as their preferred form of exercise (Liu et al., 2013;
Wang et al., 2015), which are relatively low-intensity exercise activities
with less energy consumption, therefore, their impact on Physical
fitness is not significant. Boys’ cognitive abilities are improved by
Physical activity of different durations, while girls show a higher
improvement in cognitive abilities after 1 h of Physical activity, which
may be related to the content of physical activities chosen by girls such
as walking forms of exercise, which may not enhance cognitive ability
and may even affect their use of study time.

5. Conclusion

1. Different durations of physical activity have different effects on
academic performance, and there is an optimal activity time
for students’ academic performance. When the exercise
duration is two hours, the improvement in students’ academic
performance is the greatest.

. Physical activity can improve students’ physical fitness,
enhance their cognitive ability, and thus improve their
academic performance.

. Different durations of physical activity can improve students’
physical fitness, but there is an optimal value for the
improvement of cognitive ability with respect to the duration
of physical activity. There are also differences between male and
female students. For the improvement of cognitive ability, the
optimal activity time for male students is two hours, while for
female students, it is one hour.

6. Recommendations

1. Parents and schools should attach great importance to the value
of Physical activity, encourage students to participate in
Physical activity, and promote academic growth by improving
cognitive abilities and Physical fitness.
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2. Students should reasonably arrange the duration of Physical
activity, keeping it around 2h to more effectively promote
academic achievement.

Schools can assign physical homework on weekends based on
students’” physical foundation and interests, set the required
completion time to be around 2 h, which can improve Physical
fitness as well as academic achievement.
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University of Western Ontario, London, ON, Canada

Introduction: Cognitive flexibility represents a core component of executive
function that promotes the ability to efficiently alternate—or “switch"—between
different tasks. Literature suggests that acute stress negatively impacts cognitive
flexibility, whereas a single bout of aerobic exercise supports a postexercise
improvement in cognitive flexibility. Here, we examined whether a single bout of
aerobic exercise attenuates a stress-induced decrement in task-switching.

Materials and Methods: Forty participants (age range=19-30) completed the
Trier Social Stress Test (TSST) and were randomized into separate Exercise or
Rest groups entailing 20-min sessions of heavy intensity exercise (80% of heart
rate maximum via cycle ergometer) or rest, respectively. Stress induction was
confirmed via state anxiety and heart rate. Task-switching was assessed prior
to the TSST (i.e., pre-TSST), following the TSST (i.e., post-TSST), and following
Exercise and Rest interventions (i.e., post-intervention) via pro- (i.e., saccade to
veridical target location) and antisaccades (i.e., saccade mirror-symmetrical to
target location) arranged in an AABB task-switching paradigm. The underlying
principle of the AABB paradigm suggests that when prosaccades are preceded by
antisaccades (i.e., task-switch trials), the reaction times are longer compared to
their task-repeat counterparts (i.e., unidirectional prosaccade switch-cost).

Results: As expected, the pre-TSST assessment yielded a prosaccade switch cost.
Notably, post-TSST physiological measures indicated a reliable stress response and at
this assessment a null prosaccade switch-cost was observed. In turn, post-intervention
assessments revealed a switch-cost independent of Exercise and Rest groups.

Conclusion: Accordingly, the immediate effects of acute stress supported
improved task-switching in young adults; however, these benefits were not
modulated by a single bout of aerobic exercise.

antisaccades, cognitive flexibility, executive function, oculomotor, psychosocial stressor

Introduction

Executive function represents a constellation of higher-order processes including the core
components of inhibitory control, working memory, and cognitive flexibility (Diamond, 2013).
Executive function and health are interrelated such that executive function behaves as an
antecedent and consequence of health behaviors (for reviews, see Allan et al., 2016; Williams
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et al, 2017). Indeed, an extensive literature has shown that executive
function is modulated via a number of external factors including stress
and exercise (Chang et al., 2012; Plieger and Reuter, 2020). In the first
case, stress represents a state of threatened homeostasis (Chrousos and
Gold, 1992) or an experience wherein an individual appraises a
situation as exceeding their resources and endangering their wellbeing
(Lazarus and Folkman, 1984). Shields et al’s (2016) meta-analysis
concluded that an acute bout of stress provides a transient disruption
to the components of executive function. In particular, the authors
reported stress impaired performance on tasks assessing cognitive
flexibility and working memory. In contrast, effects of acute stress on
inhibitory control were mixed. Importantly, cognitive flexibility
requires the efficient ability to inhibit extraneous stimuli and hold a
currently relevant task set in mind. The stress-induced reduction in
executive performance has been attributed to the reallocation of
“finite”

neurobiological alterations associated with activation of the

executive function resources in conjunction with
hypothalamic-pituitary-adrenal (HPA) and sympathetic-adrenal-
medullary (SAM) axes (Mather and Sutherland, 2011; Plessow et al.,
2011; Shansky and Lipps, 2013). In the second case, meta-analytic
evidence suggests single bouts of aerobic and/or resistance exercise
provide a brief (i.e., <60-min) benefit to executive function
(Lambourne and Tomporowski, 2010; Chang et al., 2012; Ludyga
et al., 2016). This effect has been attributed to exercise-based increases
in cerebral blood flow (Tari et al., 2020), biomolecule concentrations
(Zouhal etal., 2008; Knaepen et al., 2010) and resting state functional
connectivity (Schmitt et al., 2019) that support improved efficiency of
local neural circuits (Moore and Cao, 2008). Notably, a narrative
review by Sandi (2013) highlighted stress response systems such as the
HPA and SAM axes are heavily integrated with regions supporting
executive functions (Joéls and Baram, 2009). A single bout of exercise
has also been demonstrated to buffer the effects of stress and promote
stress-related recovery as determined by biological (e.g., heart rate,
blood pressure, cortisol levels) and perceptual (e.g., State Trait Anxiety
Inventory) measures of stress (LaManca et al., 2001; Brownley et al,,
2003; Alderman et al., 2007; Wunsch et al., 2019). Taken together, this
underscores the use of a single bout of exercise in attenuating the
deleterious effects of acute stress.

To our knowledge, however, no research has directly examined
the potential by which a single bout of exercise may blunt a stress-
induced decrement in executive function. In particular, the current
work explored whether a 20-min heavy intensity (80% HR maximum)
aerobic exercise bout via cycle ergometer attenuates stress-induced
impairments in the cognitive flexibility component of executive
function via task-switching. For example, a number of studies by our
group have examined cognitive flexibility via a paradigm wherein
individuals alternate between pro- and anti-saccades in predictable
(i.e., AABB) or unpredictable (i.e., AABABB...) task-switching
schedules (Weiler and Heath, 2012a,b, 2014a; Heath et al., 2015;
Weiler et al., 2015). Prosaccades are a goal-directed eye movement
(i.e., saccade) directed to a veridical target location, whereas
antisaccades entail a response mirror-symmetrical to a target.
Antisaccades produce longer reaction times (RTs; Hallett, 1978) and
“less accurate and more variable endpoints than prosaccades (Gillen
and Heath, 2014) and these behavioral ‘costs’ have been linked to the
top-down executive processes of response suppression (i.e., inhibiting
a reflexive prosaccade) and vector inversion (i.e., 180° spatial
transformation)” (for review see Munoz and Everling, 2004). Further,
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when a prosaccade is preceded by an antisaccade (i.e., task-switch
trial) RTs are “longer than when preceded by its same task-type (i.e.,
task-repeat trial), whereas antisaccade RTs for task-switch and task-
repeat do not reliably differ” (Weiler and Heath, 2012a,b). The basis
for the asymmetrical switch-cost is that the executive demands of
antisaccades result in a task-set inertia that proactively delays the
planning of a subsequent prosaccade (i.e., the unidirectional switch-
cost) (Weiler and Heath, 2012a). Notably, Shukla and Heath (Shukla
etal., 2020; Shukla and Heath, 2021) demonstrated that a single bout
of aerobic exercise provides an immediate and sustained (~47-min)
benefit to task-switching performance as evidenced by a decreased
magnitude unidirectional prosaccade switch-cost. In particular,
Shukla and Heath (2021) had participants complete 20-min of heavy
intensity (i.e., 80% of heart rate maximum) aerobic exercise via cycle
ergometer and reported a 14ms decrease in the unidirectional
prosaccade switch-cost from a pre- to postexercise assessment and
further observed that this benefit was sustained for up to 47-min
postexercise (see also Heath and Shukla, 2020).

In the present work, participants (N=40) completed baseline pro-
and antisaccades arranged in an AABB task-switching schedule (i.e.,
A =prosaccade, B=antisaccade) and were then exposed to a validated
acute stressor (i.e., Trier Social Stress Test: TSST). Subsequently,
participants completed a second set of pro- and antisaccade task-
switching trials after which they were assigned to an Exercise or Rest
group. The Exercise group (n=20) completed 20-min of the
aforementioned exercise protocol, whereas the Rest group (n=20) sat
on the cycle ergometer without exercising. Following the Exercise and
Rest intervention, participants completed a final set of pro- and
antisaccade task-switching trials. Hence, the current protocol provides
a basis to quantify whether a stress-induced impairment in task-
switching is ameliorated via a 20-min bout of aerobic exercise. As for
research predictions, it is anticipated that exposure to the TSST will
result in a reliable increase in the magnitude of the unidirectional
prosaccade switch-cost; that is, acute stress-induction is predicted to
impair cognitive flexibility. In turn, it is anticipated that the
unidirectional prosaccade switch-cost magnitude will return to
baseline following the Exercise—but not Rest—intervention. In other
words, we predict that the exercise intervention will attenuate the
residual effects of stress induction on the cognitive flexibility
component of executive function.

Materials and methods
Participants

Forty participants (21 female and 19 male, mean age=22, SD=3,
age range=19-30) volunteered from the Western University
community. An a priori sample size was generated based on the effect
size derived from an independent-samples t-test contrasting pre- and
postexercise antisaccade RTs (a=0.05, power=0.95, dz.=1.19; Petrella
et al,, 2019). All participants had normal or corrected-to-normal
vision, self-declared being right-hand dominant, reported no history
of neurological impairment (including concussion) or eye injury, and
reported not taking medication for anxiety, depression, or a related
mental health condition, nor did they take any medication that may
impact their response to exercise. All participants attained a complete
score on the Physical Activity Readiness Questionnaire for Everyone
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(PAR-Q+ 2021) and completed the Godin Leisure-Time Exercise
Questionnaire (Godin, 2011) (Mean=52, SD =24, Range =28-99). All
participants abstained from engaging in strenuous exercise, caffeine,
and alcohol use 12h prior to the experimental protocol. Participants
were also instructed to obtain 8h of sleep the night prior to the
experimental protocol. All study procedures were conducted between
12:00p.m. and 3:00p.m. Participants provided informed written
consent of a protocol approved by the Health Sciences Research Ethics
Board (#118590), Western University. This study was conducted in
line with the updated version of the Declaration of Helsinki except for
participant registration in a public database.

Procedure

Stress induction

The Trier Social Stress Test (TSST) is an ecologically valid stressor
that has been used in hundreds of studies to explore the impact of
acute stress of psychological and physiological processes (Kirschbaum
etal, 1993; Dickerson and Kemeny, 2004). For the TSST participants
were informed that they would perform a filmed task where they
would present a job interview-style speech to a panel of two judges
trained in public speaking. Notably, participants were not familiar
with the individuals who served on the mock judging panel. A camera
was visible during the filmed speech to induce a state of social
evaluation; however, the camera did not record participants’
performance, and following the completion of the study participants
were debriefed that filming did not take place. The participant was
then left alone in the examination room for 10-min for speech
preparation before the judges returned. Participants then delivered
their 5-min speech after which they were instructed to perform serial
subtractions of 13 from 1,022 (i.e., 1,022 minus 13; 996 minus 13; etc.)
in front of the same panel of judges. The serial subtractions lasted for
5-min or until subjects reached 0 (see Birkett, 2011 for further details
on the TSST protocol). The nomenclatures TSST-Speech and TSST-
Math are subsequently used below to describe the TSST speech and
serial subtraction components, respectively. Prior to and immediately
following the TSST, participants completed a measure of state anxiety.
Throughout all data collection participants wore a heart rate monitor
(Polar H10 Wearlink + Coded Transmitter, Polar Electro Inc., Lake
Success, NY, United States).

Exercise intervention

Participants (n=20; 11 females, mean age: 20, range: 19-24)
assigned to the Exercise Group sat on a cycle ergometer (Monark
818E Ergometer, Monark Exercise AB, Vansbro, Sweden) and
completed a single bout of exercise that entailed: (1) a 2.5-min
warm-up at an intensity less than 50% of their predicted maximum
heart rate (i.e., HR,; 220- age), (2) a step-transition to a 20-min
session of heavy intensity exercise (i.e., 80% of HR,.,), (3) a 2.5min
cool-down matching the intensity associated with the warm-up. The
80% of HR,,,, intensity was used based on previous work by our
group demonstrating that a 20-min bout of exercise at the same
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intensity improves task-switching (Heath and Shukla, 2020; Shukla
et al, 2020; Shukla and Heath, 2021). To maintain participants’
desired heart rate, the resistance on the cycle ergometer was adjusted
as necessary. The postexercise oculomotor assessment (see below)
was completed once heart rate returned to below 100 beats per
minute (bpm).

Rest intervention

Participants (n=20; 10 females, mean age: 23, range: 18-30) sat
on the same ergometer used by the Exercise Group. Here, participants
sat for an equivalent time period (i.e., 25-min) as the exercise
intervention without cycling and heart rate was measured as per the
Exercise Group. Participants chatted with the experimenter during
this time. The post-rest intervention oculomotor assessment was
completed following the same timeline as per the Exercise Group.

Stress measures

The State Trait Anxiety Inventory (STAI; Spiclberger et al., 1983)
was used to assess state and trait anxiety for all participants
independent of group assignment. Twenty items assessed state anxiety
and 20 items assessed trait anxiety with a higher score indicating
increased anxiety. Trait anxiety was assessed upon entering the lab,
whereas state anxiety was assessed at four time points: (1) upon
entering the lab, (2) pre-TSST, (3) post-TSST, and (4) following either
the Exercise or Rest intervention (i.e., post-intervention) (for timeline
of events see Figure 1). Reliability estimates were computed via
Cronbach’s alpha (a) and McDonald’s omega (w)for the STAI State
(Baseline) and Trait subscales. STAI State Baseline (a=0.894,
®=0.896) and Trait (a=0.944, © = 0.946).

Oculomotor task

Prior to the TSST (i.e., pre-TSST), immediately following the
TSST (i.e., post-TSST), and after Exercise and Rest interventions (i.e.,
post-intervention), participants completed an oculomotor task-
switching paradigm (see Figure 1). For this assessment, participants
sat on a height adjustable chair in front of a table (760 mm in height)
with their head placed in a head/chin rest. Visual stimuli were
presented on a 30-inch LCD monitor (60 Hz, 8 ms response rate,
1,280 % 960 pixels, Dell 3007WFP, Round Rock, TX, United States)
placed 550 mm from the front edge of the tabletop and centered on
participants’ midline and consisted of 1° luminance matched (40 cd/
m?) red and green fixation crosses, as well as white target circles (2.5°
diameter, 127 cd/m?) located 13° (i.e., proximal target) and 17° (i.e.,
distal target) to the left and right of fixation. The gaze location of
participants’ left eye was measured via a video-based eye-tracking
system (EyeLink 1000 Plus, SR Research, Ottawa, ON, Canada)
sampling at 1,000 Hz. Prior to data collection a nine-point calibration
of the viewing space was performed and confirmed via an immediate
validation (<1° of error for each of the nine points in the calibration
grid). Computer events were controlled via MATLAB (R2018b, The
MathWorks, Natick, MA, United States) and the Psychophysics

Toolbox extensions (v 3.0; Brainard, 1997; Kleiner et al., 2007)
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Schematic of the timeline of HR, STAI, and oculomotor assessments. The eye icon represents an oculomotor assessment. The desk chair icon
represents the Rest group. The cyclist icon represents the Exercise group. HR, Heart rate; STAI-T, Trait Anxiety; STAI-S, State Anxiety; TSST, Trier Social
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FIGURE 2

Schematic of the timeline of visual events. The first two panels depict the fixation cross and the presentation of the target, respectively. In this
schematic, the green fixation cross denotes a saccade to the target's veridical location (i.e., prosaccade), whereas the red fixation cross indicates a
saccade to the target's mirror-symmetrical (i.e., antisaccade) location. The subsequent panels depict an example of a task-repeat (i.e., prosaccade
followed by a prosaccade) and task-switch (i.e., antisaccade followed by a prosaccade). Participants alternated between pro- and antisaccades after
every second trial (i.e., AABB). For this schematic only a single target eccentricity presented in the right visual field is depicted.

including the EyeLink Toolbox (Cornelissen et al.,, 2002). The lights in
the experimental suite were extinguished during data collection.

A trial began with the presentation of a green or a red fixation
cross which instructed participants to direct their gaze to its location.
The color of the fixation cross indicated the nature of the upcoming
trial. A green fixation cross indicated a prosaccade (i.e., saccade to
veridical target location), whereas a red fixation cross indicated an
antisaccade (i.e., saccade mirror-symmetrical to target location; see
Figure 2).

Once a stable gaze was achieved (i.e.,+1.5° for 450ms), a
uniformly distributed randomized foreperiod between 1,000-2000 ms
was initiated during which time the fixation cross remained visible.
Following the foreperiod, a target was presented for 50 ms after which
the target and fixation cross were extinguished (i.e., overlap paradigm).
An overlap paradigm was used to minimize the frequency of
directional errors (i.e., a prosaccade instead of an instructed
antisaccade or vice versa) given that the primary metric for this study
was RT for directionally correct responses. The onset of the target
cued participants to pro- or antisaccade “as quickly and accurately as
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possible” Pro- and antisaccades were arranged in a predictable AABB
task-switching paradigm such that 40 prosaccade task-switch (i.e.,
prosaccade on trial N and an antisaccade on trial N-1) and 40
prosaccade task-repeat (i.e., prosaccade on trial N and N-1) trials were
completed with an equivalent number of antisaccade task-switch and
task-repeat trials (i.e., 160 trials). An AABB paradigm involves the
conscious switching between distinct task sets (i.e., from a standard
non-executive prosaccade task set to a non-standard, executive
antisaccade task set and vice versa). Accordingly, the AABB task
arrangement allows for the precise assessment of the cognitive
flexibility domain of executive function (Diamond, 2013; see also
above in more detail). For each oculomotor assessment an equal
number of trials were pseudo-randomly presented to each target
location (i.e., left proximal, left distal, right proximal, right distal). As
shown in Figure 1, the oculomotor assessment of task-switching
occurred pre-TSST, post-TSST and post-intervention. Each
oculomotor assessment required ~17min to complete (including
calibration time) and is a time frame known to elicit a positive
postexercise executive function benefit (Chang et al., 2012).
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Data reduction, dependent variables, and
statistical analyses

Stress variables

Mean heart rate (HR) was calculated by averaging data pre-TSST,
5-min TSST (Speech), 5-min TSST (Math) and post-TSST. STAI
scores were tabulated for trait and state subscales, and the latter were
summed at baseline, pre-TSST, post-TSST, and post-intervention.

Oculomotor variables

Point of gaze data were filtered offline using a dual-pass
Butterworth filter employing a low-pass cut-off frequency of 15Hz. A
five-point central-finite difference algorithm was used to compute
instantaneous velocities and accelerations. Saccade onset was
determined via velocity and acceleration values that exceeded 30°/s
and 8,000°/s? respectively. Saccade offset was determined when
velocity fell below 30°/s for 40 ms. Trials with missing data (e.g.,
blinks, signal loss) were excluded as were trials with: (1) an
anticipatory response (RTs <50 ms; Wenban-Smith and Findlay, 1991),
(2) RTs>2.5 standard deviations of a participant- and task-specific
mean, and (3) trials with amplitudes <2° or>2.5 standard deviations
of a participant- and task-specific mean (Gillen and Heath, 2014).
Trials involving a directional error were excluded from subsequent
analyses because such responses engage planning mechanisms distinct
from their directionally correct counterparts (DeSimone et al., 2014).
Less than 15% of trials were removed and only 2 and 4% of pro- and
antisaccades entailed a directional error. The low error rate is
attributed to the use of an overlap paradigm and the predictable
nature of the AABB paradigm used here.

Statistical analyses

Stress variables included HR and STAI scores. Mean HR values
were analyzed via 4 (time: pre-TSST, concurrent TSST-Speech and
TSST-Math, post-TSST) by 2 (group: Rest vs. Exercise) mixed-model
ANOVA with group serving as the between-groups factor. STAI
values were analyzed via 4 (time: baseline, pre-TSST, post-TSST, and
post-intervention) by 2 (group: Rest vs. Exercise) with the former
serving as the between-groups factor. This procedure is in keeping
with previous studies examining HR and STAI scores during the
TSST (Hellhammer and Schubert, 2012). Oculomotor dependent
variables included RT (i.e., time from response cueing to saccade
onset), saccade duration (i.e., time from saccade onset to saccade
offset), and saccade gain variability (i.e., within-participant standard
deviation of saccade amplitude/veridical target location). Oculomotor
dependent variables were examined via 3 (time: pre-TSST, post-TSST,
post-intervention) by 2 (task: prosaccade, antisaccade) by 2 (task
transition: task-switch, task-repeat) by 2 group (i.e., Rest vs. Exercise)
mixed-groups ANOVA. Huynh-Feldt corrections for violations for
sphericity are reported where appropriate (corrected degrees of
freedom reported to one decimal place) and an alpha level of 0.05 was
used for all ANOVA models. Interactions and appropriate main
effects were decomposed via simple effects (i.e., paired-samples
t-tests). Where appropriate, Bayesian statistics were employed to
confirm null results and the two one-sided test (TOST) statistic is
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reported to determine whether results were within an equivalence
boundary (Lakens, 2017). The effect size used to compute the TOST
statistic (d,=0.54) was derived from paired-samples ¢-tests comparing
prosaccade task-switch and task-repeat trials following Exercise and
Rest interventions.

Results
Stress measures

Heart rate

Results produced a main effect of time, F(3, 114) =96.67, p<0.001,
n,>=0.72. Figure 3 shows an increase in HR during the TSST-Speech
and TSST-Math portions in relation to the pre-TSST [all
#(39)=-11.25, and —9.28, ps<0.001, d,=—1.78 and — 1.47] and that
values for the 10-min post-TSST did not reliably differ from the
pre-TSST assessment [#(39) =0.42, p=0.67, d,=0.07]. Notably, a null
time by group interaction, F(3, 114)=1.32, p=0.27, npz =0.03,
indicated that HR values did not reliably differ between Exercise and
Rest groups.

State trait anxiety inventory

Results produced a main effect of time, F(2.2, 83.9)=108.03,
p<0.001, 1,>=0.74. STAI scores increased from pre-TSST to post-
TSST [#(39) =6.12, p=<0.001, d,=0.97] (see Figure 4) however, a null
time by group interaction, F(2.2, 83.9)=1.03, p=0.37, nPZ: 0.03,
indicated that STAI scores did not reliably differ between Exercise and

Rest groups.
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FIGURE 3
Mean heart rate (in beats/min: bpm) and associated 95% confidence
intervals for Exercise and Rest groups at baseline, TSST-Speech,
TSST-Math, and Post-TSST.
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STAI mean values for Exercise and Rest groups at baseline, TSST-
Speech, TSST-Math and Post-TSST. Error bars represent 95% within-
participant confidence intervals

Oculomotor measures

Reaction time

Results produced main effects of time, F(2, 76) =16.91, p<0.001,
n,°=0.31, task, F(1, 38)=162.24, p<0.001, n,’=0.81, and task
transition, F(1, 38) =8.48, p=0.006, npz =0.18, as well as interactions
involving task by task transition, F(1, 38) =12.54, p=0.001, npz =(0.25,
and time by task by task transition, F(2, 76)=9.69, p<0.001, npz =0.20.
As expected, RTs for prosaccades (201 ms, SD = 36) were shorter than
antisaccades (254ms, SD=43)—a finding consistent across task-
switch and task-repeat trials. In decomposing the three-way
interaction, we computed task by task transition ANOVAs separately
for the Pre-TSST, Post-TSST, and Post-intervention oculomotor
assessments. Figures 5, 6 demonstrate that pre-TSST and post-
intervention assessments produced task by task transition interactions,
all F(1, 38)=27.22 and 7.70, ps<0.001 and 0.009, all np2:0.42 and
0.17, indicating that prosaccade task-switch RTs were longer than their
task-repeat counterparts [all #(39)=4.76 and 3.39 for pre-TSST and
post-intervention, respectively, ps<0.001 and=0.02, d,=0.75 and
0.54], whereas antisaccade task-switch and task-repeat trials did not
reliably differ [all #(39) <—1.78, ps>0.08, d,< —0.28]. In turn, the post-
TSST assessment did not yield a task by task-transition interaction,
F(1,38)=0.49, p=0.49, all npz =0.01. In other words, the unidirectional
prosaccade switch-cost was observed pre-TSST and following Exercise
and Rest interventions but not following TSST administration.
Further, and given the nature of our research question, we note that
results did not yield a main effect of group, F(1, 38)=0.05, p=0.82,
n,>=0.001, nor any higher-order interaction involving group, all Fs(2,
76)<1.47, ps>0.24, all npz <0.04. As well, we note that TOST statistics
indicated that post-TSST switch-costs for the Exercise (12ms, SD =24)
and Rest (12ms, SD=22) groups were within an equivalence
boundary, #(37.7)=1.71, p=0.048 (d,=0.54).

Given the importance of evaluating the null findings, in addition
to the frequentist statistics provided above, we conducted single-
sample Bayesian statistics comparing prosaccade switch-costs (i.e.,
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task-switch minus task-repeat trial) separately for each assessment
interval (i.e., pre-TSST, post-TSS and post-intervention). Bayes factors
for the alternative hypotheses (i.e., BF10) at pre-TSST, post-TSST and
post-intervention were 803.36, 0.507, and 19.94, respectively. In line
with van Doorn et al’s (2021) nomenclature such findings evidence
“very strong” and “strong” evidence for the alternative hypothesis,
respectively, for the pre-TSST and post-intervention assessments. In
turn, the value for the post-TSST provided less than ‘anecdotal’
evidence for the alternative hypothesis. Moreover, evaluation of the
post-TSST Bayes factor for the null hypothesis (i.e., BFO1=4.24)
indicated that the null hypothesis was more likely than the alternative.
In other words, our exercise manipulation did not modulate the
unidirectional prosaccade switch-cost.

Saccade duration and gain variability

Results yielded main effects of task, all Fs(1, 38) =20.91 and 84.36,
ps<0.001, all n,>=0.36 and 0.69. Antisaccade durations were longer
(75ms, SD =14) and endpoints were more variable (0.22, SD=0.08)
than prosaccades (saccade duration: 68 ms, SD =8; saccade gain: 0.12,
SD=0.08).

Discussion

We examined the effects of acute stress and a single bout of aerobic
exercise on cognitive flexibility via the AABB pro- and antisaccade
task-switching paradigm. In addressing our findings, commentary is
first provided regarding the effects of acute stress on cognitive
flexibility before discussing whether our exercise manipulation
modified a stress-induced disruption to cognitive flexibility.

The TSST produces a reliable and transient
stress response

HR was elevated from pre-TSST to TSST-Speech (38 bpm) and
TSST-Math (27 bpm) and are values on par to the respective 31 bpm
and 27bpm HR increases in TSST-Speech and TSST-Math reported
by Rosenbaum et al. (2018). HR values returned to pre-TSST values
approximately 15 min after the TSST. In terms of STAI results, values
increased from pre- to post-TSST and the magnitude of this increase
is on par with previous work (e.g., Birkett, 2011). Hence, the HR and
STAI data demonstrate the TSST elicited a reliable stress response and
thus serves as a framework by which to assess stress-induced changes
in cognitive flexibility.

An acute stressor boosts task- switching
performance

Pre-TSST prosaccade task-switch RTs were longer than their
task-repeat counterparts, whereas antisaccade task-switch and task-
repeat RTs did not differ. In other words, a unidirectional prosaccade
switch-cost was present pre-stress and is in line with prior work by
our group (Weiler and Heath, 2012a, 2014a; Weiler et al., 2015; Heath
etal., 2016; Tari and Heath, 2019; Tari et al., 2019; Heath and Shukla,
2020; Shukla et al., 2020; Shukla and Heath, 2021) and others

(Manoach et al., 2007; Chan and DeSouza, 2013). When considering
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FIGURE 5
Rest group participant-specific pro- and antisaccade task-switch and task-repeat reaction times (i.e., open symbols) and associated group means at
baseline (A), post-TSST (B), and post-Rest (C). Error bars represent 95% within-participant confidence intervals. As well, the lower right panel (D) shows
difference scores and 95% between-participant confidence intervals relating baseline reaction times to each subsequent oculomotor assessment. For this
panel, the absence of overlap between the error bar and zero (i.e., the horizontal line) represents a reliable effect inclusive to a test of the null hypothesis.

this finding, it is important to note that some have argued that the
RT difference between prosaccade task-switch and task-repeat trials
may reflect a repetition; that is, the second of two consecutively
performed prosaccades is associated with an RT reduction. Notably,
however, a purpose-designed study by our group showed that
prosaccade task-repetition trials yield RTs on par to prosaccades
). In
other words, results support the assertion that the RT difference

executed in a separate block of trials (

between prosaccade task-switch and task-repeat trials reflect a
switch-cost wherein the planning times for the former trial-type are
delayed due to a task-set inertia from a previously completed
antisaccade trial ( ; see

also

Frontiers in 185

Although a unidirectional prosaccade switch-cost was observed
pre-stress, it was not present post-stress. The absence of a switch-cost
post-stress cannot be attributed to an “implicit — or explicit — control
strategy” ( ) designed to increase prosaccade
task-switch trial planning times (i.e., speed-accuracy trade-off) given
that saccade durations and endpoint accuracy for all trial-types did
not vary across the different assessment intervals. Moreover, and as
will be discussed in more detail below, the absence of a prosaccade
switch-cost cannot be attributed to a practice-effect given that a
switch-cost was observed at the Exercise and Rest group post-
intervention assessments. Indeed, at the outset we were surprised by
the absence of a post-TSST switch-cost given that a meta-analysis of

the extant ( ) concluded that cognitive flexibility is
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of the null hypothesis.

Exercise group participant-specific pro- and antisaccade task-switch and task-repeat reaction times (i.e., open symbols) and associated group means
at baseline (A), post-TSST (B), and post-Exercise (C). Error bars represent 95% within-participant confidence intervals. As well, the lower right panel

(D) shows difference scores and 95% between-participant confidence intervals relating baseline reaction times to each subsequent oculomotor
assessment. For this panel, the absence of overlap between the error bar and zero (i.e., the horizontal line) represents a reliable effect inclusive to a test

adversely impacted by an acute stressor. However, it is important to
acknowledge that prior work has reported findings similar to those
observed here. For example, investigated the
effects of the TSST on cognitive flexibility via the computer-based
Berg Card Sorting Task (BCST). The BCST comprises of an electronic
card deck wherein each card contains a different assortment of one of
four colors, shapes, and quantities. Target cards are presented and the
participants is required to sort response cards according to different
sorting rules (which are unknown to the participant). The primary
outcome for the BCST was perseverative errors (i.e., sorting cards in
accordance with the previous sorting rule) and results showed that

participants exposed to the TSST exhibited reduced perseverative

Frontiers in 186

errors compared to a control group. Similarly,

examined the effects of the cold pressor task on cognitive flexibility via
the modified delayed match-to-sample task. In the first phase of the
delayed match-to-sample task, participants learned two colored
stimuli, whereas in the second phase participants were required to
either remember the colored stimuli or to forget the stimuli and learn
two novel stimuli (i.e., a task requiring cognitive flexibility).
Participants exposed to the cold pressor task demonstrated improved
cognitive flexibility which the authors asserted may be due to the fact
that the ability to incorporate newly relevant information relies on the
dorsal striatum, which has been documented to show enhanced
functioning following acute stress (
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etal,, 2014). Hence, there is evidence indicating that a stressor may
serve to focus or limit attentional resources and support
disengagement from task-irrelevant information. In other words, an
acute stressor may provide a level of task-engagement and attentional
selectively supporting a transient benefit to task-switching.

Exercise does not modulate task-switching
following stress

A single bout of aerobic exercise did not modulate post-stress task-
switching performance. Instead, our post-stress assessment revealed an
equivalent magnitude unidirectional prosaccade switch-cost for Exercise
and Rest groups. This represents an unexpected result given a myriad of
previous studies showing that a single bout of aerobic exercise provides
a positive benefit to each core component of executive function (for
reviews see, Lambourne and Tomporowski, 2010; Chang et al., 2012;
Morris et al., 2020). Indeed, a previous investigation in our lab showed
a 14ms decrease (d,=0.72) to the magnitude of the unidirectional
switch-cost when completed immediately and up to 47-min following a
20-min single bout of heavy intensity aerobic exercise (i.e., the same
exercise protocol as used here; see Heath and Shulkla, 2020; Shukla et al,,
2020; Shukla and Heath, 2021). In contextualizing the present work with
earlier work, the prior studies did not employ an acute stress
manipulation. Thus, in the subsequent section we address why an acute
stressor may “blunt” a postexercise benefit to executive function.

Neurobiological mechanisms

The interaction of several neurobiological systems likely
influences the relationship between stress, exercise and cognitive
flexibility (for reviews of stress on neural systems and the prefrontal
cortex see, Arnsten, 2009; Joéls and Baram, 2009). It is well-
documented that immediately after a stressor there is a rapid increase
in the concentration of monoamines and neuropeptides (e.g.,
dopamine, serotonin, norepinephrine, and corticotropin-releasing
hormone) in frontoparietal regions (Joéls and Baram, 2009), and that
such a change may alter executive function. For example, increases in
dopamine and norepinephrine alter neuronal firing patterns in the
prefrontal cortex (Joéls et al., 2006; McMorris, 2016) and this state
change in animal models has been shown to facilitate high-level
movement planning and decision-making (Barbas, 2000) and in
humans has been shown to elicit improved executive function via
increased task-based attentional focus (McMorris, 2016). A second
mechanism may reflect the release of cortisol from the HPA axis
(Joéls and Baram, 2009). Cortisol exerts both fast-acting (i.e.,
non-genomic) and slow-acting (ie., genomic) effects on
neurobiological systems (Joéls et al., 2011) and is documented to
affect the activity of local neural networks supporting executive
function (Reul and Kloet, 1985). For example, Schwabe et al. (2013)
administered to participants a mineralocorticoid antagonist (i.e., an
agent that blocks the stimulating effects of cortisol) or a placebo prior
to a stressor (i.e., cold pressor with element of social evaluation) or a
non-stressor. After the stressor, participants performed the stop-
signal task (i.e., task of inhibitory control) and results indicated that
exposure to a stressor enhanced inhibitory control; however, this

result was not present following when the stressor was preceded by a
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mineralocorticoid antagonism. Put another way, acute stress may
modulate executive function, in part, via cortisol.

In addressing the absence of a postexercise benefit to task-
switching, we note the time-dependent release of cortisol exerts fast
(i.e., non-genomic) and slow (i.e., genomic) effects. As the final
oculomotor assessment was administered approximately 55min
following completion of the stress-inducing event (i.e., the TSST), this
likely coincided with the beginning of the “slow, genomic effects” of
cortisol (Joéls and Baram, 2009). The genomic effects of cortisol have
been documented to impede components of executive function
(Shields et al, 2015) and may blunt the putative neuroprotective
benefit that a single bout of exercise provides to task-switching.

Study limitations

First, cortisol was not measured and therefore precludes direct
interpretation of how it may have influenced task-switching efficiency.
Second, the present work employed only a 20-min bout of high-
intensity aerobic exercise and evaluated cognitive flexibility via task-
switching at a single postexercise timepoint (i.e., immediately after
exercise). Thus, it is unclear whether different exercise durations across
the continuum of exercise intensities would induce a similar result and
it is unclear whether exercise may produce a delayed improvement in
executive function. Third, our results are limited to healthy and
recreationally active young adults. As the current work does not include
a pre-registered replication, we would strongly encourage future works
to consider a replication of this study in similarly aged, middle-aged,
and old-aged healthy, cognitively intact individuals. Indeed, given that
older adults show differing levels of reactivity to stress-inducing events
(Uchino et al., 2005) and to exercise (Ludyga et al., 2016) it remains
unknown whether our findings extend to broader populations. Last,
including another measure of arousal such as pupillometry (see Ayala
and Heath, 2021) would afford insight into the mechanisms underlying
changes to cognitive flexibility as a result of acute stress.

Conclusion

The current findings provide insight into the complex dynamics
between acute stress and cognitive flexibility. Namely, acute stress
reduces the magnitude of a unidirectional prosaccade switch-cost and
that a single bout of heavy intensity exercise did not differentially
modulate these effects compared to rest.
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Introduction: Exercise addiction is a phenomenon being able to affecting
the athletic performance. The gene, ANKKI and the polymorphism
NM_178510.2:c.2137G > A (rs1800497) has been linked to the exercise addiction.
However, further studies on diverse populations and sport branches are needed
to totally explore the possible association of this polymorphism with the athletic
performance. Thus, the present study aims to decipher any possible relations of
the rs1800497 polymorphism with the athletic performance/personal best (PB)
and sport experience of elite athletes.

Methods: Sixty volunteer elite athletes (31 sprint/power and 29 endurance) and
20 control/sedentary participated in the study. The polymorphism was genotyped
using whole exome sequencing approach and PB were determined according to
the International Association of Athletics Federations (IAAF) score.

Results: Our results underlined that there were not any significance differences
for both allele and genotype frequencies between the groups in terms of
athletic performance, although the frequency of allele G was higher (p>0.05).
Nevertheless, sport experience significantly associated with the rs1800496
polymorphism (p < 0.05).

Discussion: In conclusion, genotype G/G could be inferred to be linked to the
higher sport experience and athletic performance. Still, further studies with
higher number of participants are needed to conclude the association of this
polymorphism with athletic parameters.

ANKK1, athletics, athletic performance, exercise addiction, sport experience, rs1800497
polymorphism
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1. Introduction

Since the popularity of sports increases on the whole world, the
importance of athletic performance and the factors affecting the
performance also advance (Bulgay et al., 2023). Athletic success has
been shown to be linked to factors such as society, environment,
psychology, and training patterns. Recently, individual characteristics
including anaerobic and anaerobic metabolisms have been underlined
to be linked to the genetic background. Thus, the current research on
athletic performance has focused on the genetic variants significantly
contributing to individual performance (Varillas-Delgado et al., 2022).
In the late 1990s and early 2000s, research efforts were directed
towards identifying specific single nucleotide polymorphisms (SNPs)
associated with predisposition to certain sports and exercise-related
phenotypes (Semenova et al., 2023). This field of study is commonly
referred to as exercise or sports genomics. Several genes have
extensively been studied in relation to athletic performance and
exercise adaptation (Ahmetov and Fedotovskaya, 2015; Varillas-
Delgado et al., 2022). The genes ACE, ACTN3, and PPARGCIA have
been among the most commonly investigated ones in this context.
Even though multifactorial approaches are required, it is critical to
illuminate the associations of the genes and the variations on these
genes with the athletic parameters (Cerit, 2018; Hall et al., 2023; Yang
etal., 2023).

Recent studies have suggested that athletic performance or
individual characteristics were affected by exercise addiction as well
(Cetin et al,, 2021; Szabo and Abel, 2022). The definition of addiction
has in the past been limited to the use of drugs and alcohol. Today,
however, many behaviors such as exercise, sex, gambling, playing video
games and using the internet are considered as potential addictive
behaviors. Indeed, when beneficial behaviors become obsessive and
excessive, it can lead to various negative outcomes (Szabo and Grifhiths,
2007; De La Vega et al., 2016). Moreover, exercise addiction refers to a
compulsive engagement in physical activity that is accompanied by a
loss of control, withdrawal symptoms, and negative consequences,
similar to other addictions (Cicioglu et al., 2019; Liu et al,, 2019). On
the other hand, athletic performance refers to an individual’s ability to
excel in a specific sport or exercise (Juwono et al., 2022). There can be a
complex relationship between exercise addiction and athletic
performance. While exercise addiction can lead to excessive training,
which may improve athletic performance in short periods, the negative
consequences of exercise addiction can ultimately lead to poorer
athletic performance. Moreover, exercise addiction can result in
injuries, burnout and fatigue, which can impair an individual’s ability
to train and perform optimally (Godoy-Izquierdo et al, 2021).
Additionally, exercise addiction can negatively impact an individual’s
mental health, leading to decreased motivation and focus, which can
also hinder athletic performance. Therefore, while exercise addiction
and athletic performance can be related, it is essential to maintain a
balance between training, and recovery and to seek professional help
if addiction symptoms are present (Murakami et al, 2017
Michatowska-Sawczyn et al., 2021; Antrobus et al., 2022a,b).

Exercise addiction may stand out among the factors that have a
negative impact on athlete performance. In the relevant literature, it
has been observed that different results related to exercise addiction
have been found. For example, in a systematic review, the athletes
from endurance sports seem associated with the highest risk for
exercise addiction (Di Lodovico et al., 2019). Nonetheless, exercise
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addiction can occur in any type of physical activity or sport. In a study
conducted with a sample of Turkish track and field athletes, it was
related that the athletes with high levels of exercise addiction displayed
poor performance in all branches (Cetin et al., 2021). Another study
indicated that loneliness and anxiety may lead to withdrawal and
uncontrolled behavior that in turn leads to increased amount of
exercise in amateur runners (Lukécs et al., 2019).

The genes whose products are related to the dopaminergic system
are linked to the addiction profile (Suchanecka et al, 2020).
Neurotransmitter substances such as serotonin, and dopamine and the
genes that metabolize them are fundamental in determining the effect
of psychological factors on athletes. Those substances play a crucial role
in the mental health, and addiction and thus physical activity (Shimura
etal, 2023; Tanaka et al,, 2023) by influencing the grey matter volume
or white matter integrity in specific brain regions acting in the reward
processing and decision making (Cui et al.,, 2022; Rajkumar, 2023).
Hence, focusing on the genes involved in the dopaminergic system could
be informative in the exercise addiction in the frame of the sport genetics.

The gene encoding Ankyrin repeat and kinase domain containing
1 (ANKK1) is amongst the genes linked to the addiction. ANKKI
€.2137G> A (rs1800497) polymorphism was further shown to associate
with the addiction specifically. The allele A has previously been
associated to the altered cognitive behavioral capacity by changes in D2
receptor expression (Thompson et al,, 1997; Lachowicz et al., 2020;
Antrobus et al., 2022a,b). Moreover, the genotypes A/A and G/A have
been linked to higher risk of certain neuropsychiatric disorders
including schizophrenia and emotional eating habits, and obesity and
alcohol, nicotine, and drug addiction (Aliasghari et al., 2021; Habibzadeh
et al,, 2021; Switala and Leonska-Duniec, 2021; Switala et al., 2022).
Nevertheless, further studies are needed to comprehensively understand
the relationship between this variant and the athletic parameters.

The aim of the present study is to compare the genotype and the
allele frequencies of ANKKI rs1800497 polymorphism between elite
sprinter/power and long-distance athletes in the presence of sedentary
controls. The secondary aim of this study is to investigate possible
associations between the rs1800497 polymorphism with the athletic
performances and sports experience. To our knowledge, this is the
first study investigating the association of rs1800497 polymorphism
in elite track and field athletes. We hypothesized that significant
differences in genotype and allele frequencies of the ANKK1 rs1800497
polymorphism are expected between sprint/power and endurance
athletes, and the G/G genotype is expected to have both better athletic
performance and higher sports experience.

2. Materials and methods
2.1. Participants

The study was conducted in accordance with the Declaration of
Helsinki and approved by the Gazi University Non-Interventional
Clinical Research Ethics Committee (decision dated April 05, 2021,
number 09). A total of sixty elite athletes (mean age=25.07, SD =4.80;
years mean height=174.97, SD =7.89; cm mean body weight=72.50,
SD =22.40; mean sports experience = 9.40, SD =4.80; mean personal
best=1005.63, SD=94.55) whom were affiliated with the Turkish
Athletics Federation (TAF) and licensed in different clubs participated
in this study. The inclusion criteria of the athletes were determined as
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that they had achieved a national ranking within the top ten in their
respective sports disciplines and participated in International
competitions such as the Olympic Games, European Championships,
Universidad, Mediterranean Games, and Balkan Championship. The
athletes were classified into two groups based on the characteristics of
their events, namely sprint/power and endurance athletes. This
classification was determined by considering parameters including
distance, duration, and energy requirements of their branches. The
sprint/power athlete group (n=31) included athletes participating in
events with primarily anaerobic energy demands such as 100-400-
meter runners (n=9), jumpers (n=3), and throwers (n=19). The
endurance athlete group (n=29) included athletes competing in long-
distance events predominantly depending on aerobic energy
production such as 3,000-meter (n=12), 5,000-meter (n=>5), 10,000-
meter (n=4), and marathon (n=_8) runners. Additionally, a control
group consisting of 20 individuals (mean age=23.51, SD =7.13 years)
was included in the study. The inclusion criteria of the control group
were settled as that they were without any known diseases in their
families and any competitive sports experiences. The exclusion criteria
were the withdrawal of the participants from the study and family
connection between the participants.

2.1.1. Sample collection

Before the measurements, participants were informed about the
procedures and a voluntary consent form in the presence of a
demographic information was obtained. For the molecular studies,
4mL peripheral blood was obtained from each individual in the
hospitals where the participants underwent routine check-ups during
the preparation season period. The date of blood sample collection
and corresponding code numbers were recorded. The blood samples
were promptly transported in a cold chain to the Medical Genetics
Laboratory at Gazi University, where the analyses were conducted.

2.2. Athletic performance

In order to assess the performance levels of the athletes in both
groups, the International Association of Athletics Federations (IAAF;
new name World Athletics) score scale was employed in both groups
(sprint/power and endurance athletes), depending on their PBs. The
TAAF scales are useful for the determination of performances of
athletes from diverse athletics events and genders. For instance, the
TAAF scale score of a male athlete who runs 100m in 10.05s is 1189,
while that of a marathon runner who completes the race in 2h 20 min
11sis 997. Thus, the performance scale of the marathon runner is less
than that of the 100 m runner (Spiriev, 2017).

2.3. Whole exome sequencing

The participants’ peripheral blood was processed using the DNeasy
Blood and Tissue Kit (Qiagen, United States) to isolate total DNA,
following the manufacturer’s instructions. The quality of the isolated
DNA was assessed using a 1% agarose gel, and the concentration was
measured using a NanoDrop (NanoDrop 1,000 Spectrophotometer
V3.8; Thermo Scientific, United States). The Twist Human
Comprehensive Exome Panel (Twist Biosciences, United States) was
used for library preparation prior to WES, following the supplier’s
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instructions. Enzymatic DNA fragmentation was performed, and
Twist Hybridization probes, as well as Dynabeads MyOne Streptavidin
T1 (Invitrogen, United States), were used for hybridization. Following
library enrichment and determination of library sizes, the samples
were loaded onto flow cells and run on the Illumina NextSeq500
(Ilumina Inc., United States). The minimum average read depth
targeted was 200X. Raw data were processed using the HaplotypeCaller
program from the Genome Analysis Toolkit (GATK) to obtain Binary
Alignment Map (BAM) files, which were subsequently used to
generate an output Variant Call Format (VCF) file using the GRCh38/
hg38 reference genome. Finally, ANNOVAR (Wang, 2010; Van der
Auwera et al., 2013) was used to annotate the variants.

2.4. Statistical analyses

Data analyses were conducted using Statistical Package for Social
Sciences (SPSS) for Windows 25.0. Descriptive statistics, including
numerical, percentage, mean, and standard deviation (SD) measures,
were used to assess the data. The degree of heterogeneity between the
results was evaluated using the Skewness and Kurtosis test (Kline,
2011). Genotype and allele frequencies for the polymorphism were
calculated, and Hardy—Weinberg equilibrium (HWE) was assessed
using either the chi-square (y2) or Fisher’s exact test. The association
between ANKKI rs1800497 polymorphism and sports experience was
examined using one-way analysis of covariance (ANCOVA), with age
as a covariate. Cohen’s d effect size (ES) with 95% confidence interval
was calculated to define the magnitude of pairwise comparisons for
pre-and post-test. The ES magnitude was defined as follows:
<0.2=trivial, 0.2 to 0.6=small effect, >0.6 to 1.2 =moderate effect,
>1.2 to 2.0=large effect, and > 2.0 =very large (Hopkins et al., 2009).
Data were significant when p <0.05.

3. Results

The present study aims to assess any possible associations between
rs1800497 polymorphism and the athletic parameters in Turkish elite
sprint/power and endurance athletes in the presence of control group.
According to the results, the genotype frequencies of rs1800497
polymorphism was in concordance with the Hardy-Weinberg
equilibrium in both athletes and control individuals. Although the
number of the allele G was higher compared to the allele A within
each group, there were not any significant differences in genotype
(p=0.461) and allele distribution (p=0.540) between the groups
(Table 1). Additionally, no significant differences for the association of
the rs1800497 polymorphism with competitive performance were
detected [t=1.547, p=0.127, standardized effect size: 0.42, moderate
effect (Table 2; Figure 1A)]. Critically, the association of the rs1800496
polymorphism with sports experience was statistically significant
[t=2.555, p=0.013, standardized effect size: 0.72, moderate effect
(Table 3; Figure 1B)].

4. Discussion

In the present study, we investigated the genotype and allele
frequencies of the ANKKI rs1800497 polymorphism between the elite
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TABLE 1 Genotype and allele frequencies of ANKK1 rs1800497 polymorphism in Turkish elite athletes and controls.

Allele

Genotype
G/G G/A A/A
Sprint/Power 18 (58.1%) 13 (41.9%) -
Endurance 21 (72.4%) 8 (27.6%) -
Controls 14 (70.0%) 6 (30.0%) -

0.461 G A

0.540

49 (79.0%) 13 (21.0%) ‘

50 (86.2%) 8 (13.8%) ‘

34 (85.0%) 6 (15.0%) ‘

TABLE 2 Association of the ANKK1 rs1800497 polymorphism with the
athletic performances.

Genotype n M SD t Jo) Cohen’'s d

GIG 39 101933 9446 | 1.547 ‘ 0.127 ‘ 0.42 ‘
G/A 21 980.19 | 91.49 ‘ ‘ ‘
AlA - - - | | |

sprint/power, endurance athletes and matched controls and possible
association of this polymorphism with the athletic performance, and
sports experience. To our best knowledge, the current study is the first
investigation to determine whether the rs1800497 polymorphism
influences athletic performance and sports experience of elite athletes
in Turkish population in a perspective of the exercise addiction-
associated gene, ANKKI.

According to our results, that there were not any statistically
significant differences in allele and genotype frequencies of the
ANKKI rs1800497 polymorphism between sprint/power athletes,
endurance athletes, and the control group. Despite insignificance,
wild-type (G/G) genotype distribution was higher compared to other
ones within each group (Table 1). Michalowska-Sawczyn et al. (2021)
also obtained similar findings, showing that the number of athletes
with the G/G genotype was higher, although there were no significant
differences observed in their study that included 258 sportsmen and
284 control individuals. Similarly, in another study involving elite
rugby players, it was reported that the prevalence of the G/G genotype
was higher (Antrobus et al., 2022a,b). The hypothesis of the present
study was not accepted; nonetheless, it can be said that the obtained
findings are similar to the literature. It could be due to several reasons
which would be low sample size, insufficient methodological issues,
conflicting evidences, unforeseen factors and incomplete
understanding of the multi-genetic background. Our research group
is currently conducting ongoing research to address and resolve these
issues for future studies.

In terms of the athletic performance, it was observed that athletes’
performances did not reveal any significant correlations with the
polymorphism although it was found that the athletes with the G/G
genotype tended to have higher PBs than those with the G/A genotype
(Table 2). In recent years, genetic factors have begun to emerge as key
research topics in addition to environmental factors in terms of
influencing the athletic performance. Studies in the field of sport
genetics have indicated that while individuals could reach a certain
level of optimal performance through accurate and systematic
application of training, the level of performance development may
be limited by their genetic capacity (Yildirim et al., 2022). Moreover,
specific polymorphisms in the genes encoding such as Alpha-actinin-3
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(ACTN3), Angiotensin I-converting enzyme (ACE), Adenosine
monophosphate deaminase-1 (AMPDI), Bradykinin receptor B2
(BDKRB2), Endothelial nitric oxide synthase 3 (NOS3), Alpha-2A
adrenergic receptors (ADRA2A, ADRA2B and ADRA2C), Peroxisome
proliferator-activated receptors (PPAR), Peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PPARGCIA), Vitamin
D receptor (VDR), Erythropoietin (EPO), and C-reactive protein
(CRP) have been emphasized to be associated with athlete
specialization and performance. The involvement of the proteins
encoded by the mentioned genes in the muscular system, cellular and
systemic metabolism and oxygenation makes any variations that may
occur on these genes and subsequent changes in the proteins valuable
even if it is not directly associated with diseases (Varillas-Delgado
et al., 2022). In addition to the listed genes, ANKKI rs1800497
polymorphism influences cognitive behavioral capacity by the
modulation of expression of D2 receptors (Thompson et al., 1997).
Thus, this polymorphism has been included in the group of key
variants involved in the process of addiction (Lachowicz et al., 2020).
Moreover, some studies have emphasized that exercise addiction was
associated with athletic performance. For instance, Cetin et al. have
showed that the athletes with high exercise addiction gave the lower
performances independent of the branches (Cetin et al.,, 2021). The
further studies by Cicioglu et al. (2019) underlined that elite athletes
had a higher risk of being exercise addicted group pointing that there
would be a correlation between exercise addiction and enhanced
athletic performance. In terms of training, a study reported the
association of ANKKI rs1800497 polymorphism with the exercise
habit in the period from childhood to adolescence in Japanese
population. The study further figured out that the individuals with
A/A genotype were with lower levels of dopamine receptor, resulting
in affected exercise habits (Murakami et al., 2017). Recent studies have
reported that individuals with the A/A or A/G genotype may be at
higher risk for addictive behaviors, including exercise addiction, while
those with the G/G genotype may have a lower risk for addictive
behaviors (Aliasghari et al., 2021; Habibzadeh et al., 2021; Switala and
Leonska-Duniec, 2021; Switala et al., 2022).

In current study, there were not any individuals with A/A
genotype. Hence, it was difficult to evaluate the exercise addiction
and comment on the performances in the elite athletes. However, the
lack of A/A genotypes and high number of G/G genotype may
indicate that the individuals in our study could not tend to addict on
the exercise/training. Still, more studies with exercise addiction scale
and higher number of participants should be conducted to fully
understand the role of A/A genotype on exercise addiction and
correspondingly athletic performances in Turkish population.
Furthermore, it is important to acknowledge that the relationship
between ANKKI genotype and addiction is likely a complex
phenomenon involving multigenetic and environmental factors, and
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FIGURE 1
The relationship between (A) athletic performance, (B) sport experiences and two different genotypes (G/A and G/G), *p <0.05.

TABLE 3 Association of the ANKK1 rs1800497 polymorphism with the
sport experiences.

Genotype n M Cohen’s d
GIG 39 1051 | 507 | 2555 0.013* 0.72

G/A 21 733 | 352 ‘ ‘ ‘
A/A - - - ‘ ‘

N: Number; M: Mean; SD: Std. Deviation; *Statistically significant differences (p<0.05);
adjusted by age.

it is not solely determined by a single gene. Overall, our hypothesis
rs1800497
polymorphism and athletic performance fails and multi-genetic

pointing the possible association between the

approaches are needed because of the complexity of the performance-
determining mechanisms.

Importantly, the present study indicated that sport experiences
significantly associated with the rs1800497 polymorphism. The
relevant literature review indicates that sport experience or sport
status has been identified as a significant factor in elite rugby
(Heffernan et al., 2016), and basketball players (Demirci et al.,
2023). Sport experience can significantly vary across different
sports disciplines. Indeed, the performance development of
marathon runners can be influenced by a combination of
environmental and genetic factors, as well as sports experience.
However, in sprint disciplines, athletes may retire from sports at
earlier ages, and a notable example of this is Usain Bolt, the
Olympic record holder in the 100 m event. Conversely, endurance
is a bio-motor characteristic that develops over time and different
from sprinters where muscular strength plays a crucial role. By
aging, there can be a decline in neuromuscular junctions and a
decrease in muscle strength, which can negatively impact
sprinters’ performance (Van Gent et al., 2007; Michaelis et al.,
2008; Gomez et al.,, 2013). Due to the limited number of studies
investigating the association between ANKKI gene polymorphism
and performance, and sports experience, it is challenging to make
definitive conclusions in this regard. However, it is believed that
in addition to field and laboratory performance tests specific to
each sport, the inclusion of genetic analyses in evaluating athletes’
performance and training practices could contribute to their high-
performance levels more efficiently.
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5. Conclusion

The results of the study indicated that there was no significant
association between ANKKI gene rs1800497 polymorphism and
athletic performance. However, when the sports experience was
considered, significant association was found, suggesting that the
rs1800497 polymorphism may serve as a marker for predicting the
length of an elite athlete’s professional career. In future research,
increasing the sample size and investigating the relationship
this
characteristics (such as aerobic capacity, strength, muscular

between polymorphism and various performance
endurance, and body composition) in both male and female
athletes competing in different sports could be explored in greater
details. Still, according to the current study, it is suggested that the
genetic background can be utilized to guide athletes during the
professional management period, particularly in the presence of
physical factors. This means that understanding an athlete’s
genetic profile can provide valuable information for personalized
training programs, injury prevention strategies and optimizing
performances based on individual genetic predispositions. By
incorporating genetic information into the management and
guidance of athletes, it may be possible to enhance their overall
development and maximize their potential in a more targeted and

tailored manner.

6. Limitations and future directions

The current study has several limitations that should
be acknowledged. Firstly, the sample size of the study is small,
which makes it challenging to generalize the findings. Secondly, a
structured scale or questionnaire was not used to measure exercise
addiction. In future studies, the inclusion of various scales and
questionnaires could provide further support for the obtained
results. Thirdly, only one polymorphism was utilized in the present
research which restricts the cumulative evaluation of the genetic
background. Despite these limitations, the current study highlighted
the genotype and allele frequencies of the ANKKI rs1800497
polymorphism among sprint/power and endurance athletes and
demonstrated a potential relationship between the polymorphism
and sports experience.
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Objectives: The aim of the study was to investigate the impact of 6-month
aviation practice on the improvement of physical fitness and cognitive abilities
of cadet pilots.

Materials and methods: Twenty cadet pilots (men) with an average age of 22 from
the Polish Air Force Academy were tested. Two tests of effort were conducted:
before (test I) and after (test Il) practical flights. Test of physical effort relyed on
the number of rotations of looping accomplished. When performing rotations on
looping, in tests | and Il, the percentage level of task performance was assessed
using a diagnostic and training device. Tasks for the exerciser were sent wirelessly
to the glasses from the operator’s position. The heart rate (HR) and blood pressure
were measured with a camera-type Microlife AG.

Results: In test I, there was a statistically significant improvement in the
percentage of task completion (p<0.01) and an insignificant improvement in
the performance of rotations on looping compared to test I. After Test | and Il
demonstrated a statistically significant increase in HR and systolic blood pressure
when compared to before test values. Test Il illustrated a significant decrease in
systolic blood pressure after effort (p <0.05) with regard to test I.

Conclusion: The study showed that cadet aviation practice ameliorated their
physical fitness and cognitive skills, as well as helped to diminish their situational
stress, which resulted in a decrease in systolic blood pressure after test II.

diagnostic and training device, rotation, heart rate, blood pressure, mental condition,
sensory system, motor system, synthetic memory (working)

Introduction

A high level of psychomotor fitness in pilots is the basis for performing combat tasks (Tomczak
et al,, 2017; Wochynski, 2021; Prokopcezyk and Wochynski, 2022a,b). This issue does not lose
relevance with the technological progression of military aircraft. The pilots psychomotor
development is the key to quick decision-making, ordering mental processes, and perfect
coordination of motor and mental activities (Tomczalk, 2015; Tomczak et al., 2019; Wochyniski
etal,, 2020a; Wochyniski, 2021, 2022). At the same time, the level of physical fitness and cognitive
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features of a pilot cannot be treated as separate phenomena. A modern
pilot must combine them comprehensively, contributing to solving
professional tasks in extreme conditions (Tomczak, 2015; Tomeczak
et al,, 2017). From this point of view, psychomotor tests for military
pilots must be mandatory and performed comprehensively. The
diagnostics of skills and cognitive processes in pilots is an essential
factor that conditions the safety and efficiency of flight missions. This is
why, in military aviation, psychological (cognitive, space orientation,
and stress resilience) and motor skills (sight-movement coordination
and balance) tests were introduced. Advancements in technology forced
researchers to seek innovative methods for the assessment of
psychomotor skills in the pilot’s training (Prokopczyk and Wochyriski,
2022a,b). These methods have to be adequate to the opportunities
created by modern aviation technology, for example with regard to
aircraft maneuverability, G-forces, armaments, navigation, flight-speed,
etc. The traditional procedures of candidate selection include
psychological and physical tests which are separate and do not coincide.
These separate procedures to assess one’s suitability for a career in
aviation negatively influence the diagnostic accuracy of the psychomotor
predispositions necessary to perform complicated tasks in the air. The
conducted research, reported evaluation, and performed training enable
an increase in the diagnostic accuracy of the suitability assessment of
the candidates for military aviation training. One of the specialized
methods to prepare pilots physically for flight in extreme conditions is
training on Special Aerial Gymnastics Instruments (SAGIs; Wochynski
etal, 2010). These Instruments are as follows: looping, gyroscope, and
aero wheel. Their structure and appearance were presented in the
previous papers (Wochynski et al., 2010; Wochynski and Sobiech, 2014,
2015, 2017). The exercises on those instruments partly imitate the real
flight mission’s environment. Thus, SAGIs help to evaluate the
predispositions needed to perform the mission in real time and the
capability to utilize the technological and maneuvering abilities of the
aircraft. The level of physical and mental fitness depends on the
adaptation and integration processes of the motor and sensory systems.
In the time criterion imposed on the conduction of the above-
mentioned tasks, physical and mental fitness might be a reason for
feedback between them. This is why a new method was implemented,
a stress test on looping connected with a diagnostic-training device used
to evaluate the cognitive processes (including the ability to concentrate
and focus attention, to think) and to evaluate the skills (the accuracy of
the accomplishment of assigned tasks).

In this article, a hypothesis was made that a half-year-long
practical flight training will have an influence on the amelioration of
physical fitness and cognitive skills among cadets. At the same time, it
was assumed that the use of the diagnostic-training device will have a
high diagnostic value and will allow us to assess the maximum
psychomotor threshold, at which feedback will appear (decreasing
correlation) between the percent of accomplished tasks and the
number of performed rotations after a half-year-long practical
flight training.

Materials and methods
Participants

Twenty cadet pilots (all men) studying at the Polish Air Force
Academy in Deblin, aged 22 on average, underwent examinations
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TABLE 1 Age and somatic data (n = 20).

Test | 95% ClI Test Il 95% ClI

M +SD

parameter

M +SD

Age (years) 22.0+1.52 21.2;22.7 22,0+1.52 21.2;22.7 ns
Body weight 73.4+4.26 70.4;76.3 74.0+5.83 71.2;76.7 ns
(kg)
Body height 177.8+4.38 175.6;179.8 177.8+4.38 175.7;179.7 | ns
(cm)
BMI (kg.m™) 233+1.49 22.5;23.9 23.4+1.57 22.6;24.1 ns

M+ SD- mean, standard deviation; CI- confidence interval; p-level of significance;
ns-statistical insignificance.

before (test I) and after (test II) a half-year of practical flying training
(Table 1). Cadets were a homogeneous material selected by the
Military Aeromedical Board, which obtained the highest health
category (Z-1A). Looping exercises require special motor adaptation
from the participants. Before starting their flight practice, the cadets
completed a 40-h program of special exercises on SAGI, preparing for
flights within 70 days (Wochynski et al., 2010). Due to the technical
difficulty of rotating the looping in the forward direction, the authors
did not implement a control group for the study. The criterion for
inclusion in the study was: the consent of the subject, exclusion from
the study: resignation of the subject, injury, or professional duties.

Examinations

Cadets’ heart rate (HR), systolic, and diastolic blood pressure were
measured with an electronic device of the Microlife AG type before
and after test I and II.

Method

During the examinations, a stress test on a looping, which is one
of the SAGI devices, was used (ability to perform exercises, motor
coordination), combined with the application of a diagnostic and
training device developed to assess mental agility (the ability to
concentrate and focus) as well as abilities and skills (precision of
performing the task). Each of the tested cadets was wearing the
diagnostic and training device. Looping is an ongoing training tool for
pilots and has also been used to develop the psychomotor test
(Prokopczyk and Wochynski, 2022a,b) and the assessment of
vegetative symptoms (Wochynski et al. 2020a,b). Rotational looping
exercises cause overloads of +Gz and-Gz in the subjects, therefore the
cognitive processes of cadet pilots were assessed in conditions close
to real.

Description the device

The device consists of a backpack with a small computer
controlling the cognitive tasks displayed in the goggles. The
experimenter’s workstation allowed for online monitoring of the
reactions of the tested person in whom tasks appeared in the goggles.
The task simulation was applied wirelessly from the main workstation
to the trainee via a relay station.
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Description of the test

After initiating the looping, when their body was moving in the
tridimensional space, the cadets were assigned 5 cognitive tasks to
complete within the timeframe of 128 s, which were displayed in their
goggles. The following were established for each of the tasks: the time
cadets waited for a question (5s), the time the question was displayed
(10s), and the length of the sequence (10s). The efficiency of the
accomplishment of the cognitive tasks was assessed in percentage.
Whereas physical fitness was assessed with the number of performed
loops (Figure 1). It was assumed that all the tasks were performed
correctly. After performing the looping exercises the tested person
moved on to performing the sixth task — a synthetic memory test. The
synthetic memory test consisted of listing the order of performing the
tasks during the exercises.

The type of tasks displayed in the goggles and their evaluation was
as follows:

. To count parachutists in one color - correct
. To count cars in one color - correct

. To count shapes of one type - correct

. Arithmetic operations - correct

G W N =

. To count shapes in one color - correct
Grade: 100%.

The task simulation program had the function of changing the
order of their display in the study.
After completing the looping test, the cadets underwent a
memory test:
6. Synthetic memory test — correct
Grade: 100%.

Flying practice program

During their flying practice, the cadets were performing certain
types of program flights in the air. Moreover, they were participating
in physical education classes. The classes were very intensive to
increase the pilot’s physical fitness. During the training tasks,
repetitive and interval method was applied. The cadets followed the

10.3389/fpsyg.2023.1205412

physical education program two times a week, with 2 h each session,
while in the scope of directed physical training they also had 2-h-long
sports classes once a week. During the implementation of the training
program, all subjects were provided with the same accommodation
and food conditions.

Statistical analysis

The average and standard deviation of all the variables were
counted in a statistical study. A normal distribution of all the
examined variables was checked by means of the Kolmogorov-
Smirnov test. In order to verify the homogeneity of variance, Levene’s
test was applied. The difference in results between tests I and II was
calculated by analysis of variance (ANOVA) with repeated
measurements using the Tukey HSD posthoc test for pairwise
comparison. In tests I and II, the r-Pearson’s correlation between the
task completion percentage and the number of rotations while
looping was calculated. In the statistical study of all variables, the
value of the effect size was calculated using Cohen’s d test. The
following criteria were used to evaluate Cohen’s d-test: 0.2 to 0.3
small, 0.5 medium, and greater than 0.8 large effect size (Cohen,
1988). The statistical analysis of the test results was performed using
the STATISTICA 13.3 statistical program, the G* power program was
used to assess the sample size (Faul et al., 2007). To evaluate the
sample size with the size effect f* =0.25 was assumed an alfa error of
0.05 and a test’s power of 0.80. The required size of the total sample
was estimated at 25 people. Due to professional duties, the final
analysis included 20 people. The differences in averages are
considered significant when the calculated value of p is smaller
than 0.05.

Results

In test I, in comparison to test I, no signiﬁcant changes in somatic
parameters were observed (Table 1). Test I and II demonstrated a
statistically significant increase in HR and systolic blood pressure after
the stress test when compared to the values before it.

In test I after the exercise a statistically significant increase in
blood systolic pressure was observed in comparison to the value

FIGURE 1

The sequence of forword rotation on a looping with a diagnostic and training device.
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TABLE 2 Physiological and psychomotor parameters results in cadets (n = 20).

Parameters Test |

M +SD

95% CI

10.3389/fpsyg.2023.1205412

95% ClI Cohen’'s d

test

Systolic pressure before the exercise (mmHg) 141.1£15.2 133.9;148.2 1330.6+13.11 127.5;139.7 0.45 2.76 0.09

Diastolic pressure before the exercise (mmHg) 89.7+£9.91 85.1;94.3 90.7+10.16 85.9;95.4 0.08 0.08 0.76

Systolic pressure after the exercise (mmHg) 154.9%* +14.53 148.0; 161.7 143.7* +19.63 134.5; 152.9 0.55 4.16 <0.05
Diastolic pressure after the exercise (mmHg) 93.6+15.37 86.4; 100.7 91.7+11.75 86.1;97.2 0.10 0.19 0.66

Heart rate (HR) before the exercise (bpm) 84.8+15.96 77.3;92.3 84.0+13.27 77.8;90.2 0.04 0.03 0.86

Heart rate (HR) after the exercise (bpm) 125.25%% +24.38 113,8; 136,6 123.65%* +17.92 115.2; 132.0 0.05 0.05 0.81

Execution of rotations forward on looping (number) 49.45+10.5 44.5;54.3 54.1+11.74 48.6; 59.5 0.34 1.74 0.19

Percentage completion of tasks during doing 73.7+14.84 66.8; 80.6 87.25+10.85 82.1;92.3 0.81 10.77 <0.01
exercises on a looping (%)

M +SD - mean, standard deviation; CI - confidence interval; p-level of significance. *p <0.05 - statistically significant difference in comparison to the pre-exercise value.

##p <0.001 - statistically significant difference in comparison to the pre-exercise value.

TABLE 3 Percentage distribution of the results in test | and 1.

Tasks performance Test | Test Il
percentage n =20 n =20
33 1 -
50 1 -
66 7 2
83 10 11
100 1 7

before the exercise. An increase in HR, after exercise, in comparison
to the value before the exercise, was also observed. Similarly, in test IT
a statistically significant increase in blood systolic pressure and HR
after the exercise was observed, in comparison to the pre-training
value. In test II a statistically significant decrease in blood systolic
pressure was found in comparison to test I. In test II a statistically
insignificant improvement in physical performance (increase in
number of performed rotations) and significant mental agility as well
as skills and abilities (task simulation) were observed in comparison
to test I (Tables 2, 3). In test II, in the assessment of synthetic
(operational) memory, an improvement in errors was shown
compared to test I (Figure 2).

The rest of the parameters showed no changes. After cadets had
6months of practice in the air, the effect size (d Cohen) value
calculated. For the execution of forward rotation on looping, it was
small, and for the percentage of completion of tasks during the
exercises, it was large (Table 2).

In test II, a lower correlation was found between the number of
rotations and the percentage of task completion compared to test
I (Figure 3).

Discussion

Based on the conducted investigation, the authors assumed that the
exploited diagnostic-training instrument will be of high diagnostic
value and will make it possible to determine the level of cognitive
performance depending on the intensity of looping exercises. The
performance of the task in extreme conditions of the pilot's working
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environment determines high physical and mental fitness. The results
of the study showed that the physical effort in Test I and II was
performed in the aerobic metabolic zone, as indicated by the results of
the heart rate (HR) measurement. Looping exercises overburdened the
body due to positive +Gz (head-leg direction) and negative-Gz (leg-
head direction) overloads. The exercises on the looping are connected
with a huge impact on the respective fields of arteries of the
cardiovascular system and the body’s central nervous system. During
these exercises, there is a short-term increase in high blood pressure and
HR. Such reactions were also observed by Klossowski (1994). The
observed higher values of physiological parameters than the resting
values in cadets before Tests I and II were probably caused by the
emotions linked to performing a specific attempt. During the test, the
student did not see a point of reference in space for their body (no view
of the environment due to goggles covering the eyes). It was found that
the somatic features of cadets between Tests I and II did not change
significantly (Table 1). The applied maximum performance exercise
(forward rotations on the looping) in the experiment combined with a
simultaneous simulation of stimuli (tasks) appearing in the central field
of vision caused complex sensory reactions in pilot cadets. The
instructed response of the person being examined during the dynamic
exercises while looping is to receive accurate information, processing it,
and give a correct answer. The military pilot frequently encounters such
situations during a flight. The execution of rotations was a constant
movement stimulus, studied and adapted to the requirements of the
military pilot’s working environment. The rotations were performed in
accordance with the structural scope of the Schmidt motor program
(Schmidt, 1976, 1991). It needs to be stressed that the transmitted
stimuli (tasks) were displayed unexpectedly within 128s during the
execution of the rotations (the waiting time for displaying a task was
unknown to the student). Detecting a stimulus (task), a proper reaction
(answer), and speed of information processing, measured in time, forms
the basis for an effective test execution by pilot cadets. The factor
determining the effectiveness of sensory processes was the compatibility
of the stimulus (task) and reaction (answer) during a physical effort
(rotations). It was found that the greater the compatibility of a stimulus
and a response, the shorter the answer time (Eimer, 1995; Masaki et al.,
2000; Worringham and Kerr, 2000). The disturbance between a stimulus
and a response could have led to a delay in processing the information
with a simultaneous reduction in the number of executed rotations and
committing an error in an answer. It was found that the efficiency of

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1205412
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Wochyniski et al.

sensorimotor processes is the basis of human motor functioning with
regard to the motor response not only of bodily components but also of
the whole body (Osinski, 1990). The observations in this study

Testll

B Wrong answers(%)
m Correct answers(%)
TestI

_——
-

0 10 20 30 40 50 60 70 80

FIGURE 2
Percentage distribution result of the synthetic memory test | and Il
(n=20).

10.3389/fpsyg.2023.1205412

demonstrated a relationship between a complex reaction (answer to
questions) in the central field of vision and the intensity of effort
(number of forward rotations). The intense physical effort resulted in a
prolonged reaction time (answer to questions), which could have caused
disturbances in the central nervous system due to decreased cerebral
perfusion. The optimum number of rotations affected the response time
(answer to questions), which, at the same time, was the borderline
between an increase and a decrease in the number of rotations, during
which the student was answering all questions correctly. This borderline
point is the maximum level of psychomotor capability under extreme
exercise conditions. In Test I, a positive correlation r=0.19 was observed
in all examined cadets between the number of performed rotations and
the percentage execution of the tasks. This means that among the
respondents, a higher level of the sensory response (answer to questions)
and a lower level of the motor response (number of forward rotations)
were found, while in others an opposite tendency was observed. This is
due to the difference in the level of integration of neurosensory network
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The correlation between the percentage of performed tasks' and a number of rotation in the test | (A) and Il (B; n =20).
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connections with the motor ones. An intense physical effort and a
delayed response time may cause a delay in the processing of
information (Sanders, 1990) and a delay in answering, and,
consequently, a reduction in the percentage of the sensory task
execution (number of committed errors). This fact is confirmed by the
studies of other authors (Yagi et al., 1999; Tomporowski, 2003; Kamijo
et al. 2004; Ando et al., 2005; Thomson et al., 2009). Previous research
(Prokopczyk and Wochynski, 2022a,b) shows that after the SAGI special
training process, the percentage of task completion was statistically
significantly higher than before the training process. It should
be emphasized that in this study, the difference in the percentage of task
completion before and after flight practice was also statistically
significant, and their values were higher than in the special training
process. The difference in the results of looping rotations before and
after the training process was statistically insignificant (Prokopczyk and
Wochynski, 2022a,b). Similarly, in this study, there was a non-significant
difference in the values before and after the period of flying practice in
looping rotations. It was shown that their values were higher than in the
special training process. In this study, with a higher value of rotations
performance on looping, a higher percentage of task completion was
found in relation to the same variables in the training process on
SAGI. It follows from this that the cadets after aviation practice had a
higher degree of psychomotor skills. This fact is confirmed by the lower
correlation between the percentage of task completion and the number
of rotations performed on looping in this study in relation to the study
of the special training process. The justification for a higher psychomotor
level in cadets after air practice in relation to cadets in the training
process at SAGI may result from their psychomotor predispositions or
adaptation to the pilot’s work environment. It may also be a cumulative
effect, which consisted of an earlier period of special preparation for
flights on SAGIimmediately followed by the start of the aviation practice
stage. In Test I, a synthetic (operational) memory test was performed
after the looping exercises. The synthetic memory was disturbed in the
examined students as a result of ongoing fatigue and stress resulting
from time deficit activities, and greater concentration in responding to
stimuli (questions). This fact is confirmed by some cadets, since on
completion of the attempt, they did not remember the order of the
performed tasks during the test. A large percentage discrepancy of tasks
and a fewer number of rotations could have been caused by poor
integration of the sensory-motor system. The findings of Test II revealed
that the level of physical and mental efficiency depends on the course of
the adaptation and integration processes of the two systems: the motor
and the sensory one. In the timing criteria of executing the above-
mentioned tasks, the level of physical and mental fitness may be the
cause of the occurrence of feedback between these systems. This was
evidenced by a decreasing correlation between the percentage execution
of tasks and the number of completed rotations in Test II, as compared
to Test I. In Test II (after half a year of flying practice in the air) better
synthetic (operational) memory was observed, which is probably a
result of increased sensory-motor activity and concentration of attention
trained when flying. The test used in the study is a special exercise for
pilots and may have triggered specific physiological reactions (lowered
HR), indicating whether the pilot is adapted to physical effort in extreme
conditions. A six-month practice period combined with physical
education may have resulted in the inclusion of adaptive mechanisms,
in which proteins and hormones could have played a crucial role. The
previous author’s papers (Wochynski and Sobiech, 2014, 2015, 2017)
demonstrated that the exercises on Special Aviation Gymnastic
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Instruments (SAGI; looping, gyroscope, aero wheel) lead to the
adaptation to physical effort within 70days, as a result of a special
exercise programme for cadet pilots (Wochynski et al., 2010). It was
found that dopamine in plasma, at the end of the preparation period,
after the training unit, was high than before the training period
(Wochynski and Sobiech, 2017). Such a concentration of dopamine, at
the end of the training period, may indicate a fatigue delay and a positive
regulation of the motor and limbic system. This was confirmed by
studies in which dopamine plays an important role in cognitive
processes and attention mechanisms (Nicoullon, 2002). The intensity of
the looping exercise during the test could have affected the stimulation
of the central nervous system. This type of exercise undoubtedly affects
the vestibular organ, which undergoes habituation after prolonged
exposure (Wochynski et al., 2020b). After a 6-month practice period
(Test II), cadets showed a decrease in HR and diastolic pressure.
Moreover, the significance of the difference was noted only in systolic
blood pressure in relation to resting values and to Test I after the effort.
The drop in blood pressure should be associated with smaller stress
during Test II. It was observed that along with a decrease in HR, systolic
and diastolic pressure, there was a percentage increase in tasks
performed on the looping in Test II, which denotes a decrease in errors
made by the cadets in Test II. An insignificant increase in the number
of rotations in Test II shows an increase in the sensitivity of the
neurosensory system (motor adjustment). The percentage enhancement
in the task execution in Test II presumably results from improved visual
and motor perception related to flying experience. The practical
implementation of tasks in the air for half a year possibly resulted in
adaptation to the occurring stress or its reduction due to mastering the
operational activities in real conditions.

The authors wanted to emphasize that these studies (pilot) will
contribute to a future experiment, with the possibility of using greater
diagnostic accuracy and a larger number of people including the
control group (according to the studied indicator for the entire
population) for future candidates for military aviation. They will also
be helpful in conducting training for cadets and instructors dealing
with these issues in practice. The research will also be the basis for the
use of special mental training for pilots, as in athletes (Piepiora
etal., 2022).

Conclusion

Summarizing the results of the study, it was found that practical
pilotage training for pilot cadets contributed to the improvement of
physical fitness and the efficiency of cognitive processes. A six-month
practice, in the air, of pilot cadets and conducted physical education
classes contributed to a percentage increase in task execution as well
as in the number of rotations in Test II. The calculation of the Cohen
effect size value shows that the practice period had a large impact on
the percentage increase in the completion of tasks during exercises
and a small effect on the increase in the number of rotations. The
borderline point in maximum psychomotor abilities of the cadets was
higher in Test II compared to Test I, together with a decreasing
correlation between the percentage execution of tasks and making the
rotations. The study has proved that the applied diagnostic and
training instrument has a high diagnostic value in the assessment of
the course of cognitive processes under conditions of a dynamic
change of a body position in space. The device makes it possible to
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diagnose the level of pilots’ functioning in extreme conditions of the
pilot’s working environment.
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Introduction: Adolescence represents a pivotal stage in the development of
healthy behaviors, where establishing positive physical activity habits can have
enduring effects on an individual's overall wellbeing. The ecological model
highlights the influence of environmental factors on human behavior, with the
family environment playing a significant role in shaping the physical activity habits
of adolescents.

Methods: The aim of this scale is to develop a reliable and effective tool,
customized for the unique societal context of China, to assess how family factors
influence the physical activity habits of Chinese adolescents. Participants were
recruited through stratified cluster sampling from 24 secondary schools in six
Chinese provinces between October and November 2021, resulting in 1,061
participants. Analysis was conducted on 1,004 valid questionnaires, divided into
two samples. Sample 1, consisting of 502 students (248 males and 254 females;
Mage = 15.5), underwent item analysis and exploratory factor analysis. Sample 2,
comprising 502 students (267 males and 235 females; Mage = 16.5), underwent
confirmatory factor analysis and internal consistency reliability analysis.

Results: Through exploratory factor analysis, we extracted three factors
comprising 15 items: "Family Environment Construction” (4 items), “Family Action
Support” (6 items), and “Family Health Awareness” (5 items). The Cronbach'’s
alpha values for these factors ranged from 0.890 to 0.894. Confirmatory factor
analysis confirmed a satisfactory model fit (CMIN/DF = 1.45, SRMR = 0.027, GFI
= 0.991, TLI = 0.989, RMSEA = 0.03).

Discussion: The scale demonstrated strong internal consistency and test-retest
reliability, confirming its effectiveness in empirical research. This study holds
significant implications for enhancing the physical activity levels of adolescents,
promoting their physical and mental wellbeing, enriching their developmental
experiences, and contributing to their overall sense of happiness.

KEYWORDS

Chinese adolescents, physical activity habit, family environment, scale development,
factor analysis

1 Introduction

Physical activity is defined as any bodily movement produced by skeletal muscles that
requires energy expenditure, encompassing activities such as walking, cycling, sports, and
recreational activities (World Health Organization, 2022). Physical activity contributes
significantly to enhancing overall health and reducing the risk of chronic diseases,
including cardiovascular diseases, cancer and diabetes (World Health Organization, 2022).
Regular engagement in physical activity plays a crucial role in promoting the health and
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well-being of individuals, particularly during adolescence, which
is a critical period for the development of health behaviors (van
Sluijs et al., 2021). Establishing positive patterns of physical activity
during this stage can have long-lasting effects on individuals” health
and wellbeing throughout their lives.

The application of health behavior theories in physical activity
has revealed the role of environmental influences, most commonly

» o«

“barriers,” “facilitating conditions,” or “contextual influences”
(Godin, 1994). Bandura (1986)’s social cognitive theory provides
valuable insights into the interplay among environmental, personal,
and behavioral factors. The varying impact of these factors is
contingent upon the specific activity, individual characteristics, and
environmental context. Transitioning to the work of Sallis and
Hovell (1990), who introduced a social cognitive model for physical
activity behavior, emphasizes the pivotal role of environmental
attributes within a framework where multiple determinants interact
across various levels. Within this model (Sallis and Hovell, 1990)
the “ecological” model of health behavior provides a holistic
understanding of how diverse determinants interact across various
levels in individuals’ physical and socio-cultural environments.
The family environment, as a primary socializing agent, holds
significant influence adolescents’ exercise behaviors and habits
(Roque Garay, 2018; Korom et al., 2023). Families provide the
foundation for learning and adopting health behaviors (Hunt
et al, 2015). Extensive research has demonstrated the impact
of the family environment on the formation of exercise habits
among adolescents (Mota, 1998; Zovko et al., 2021). For example,
factor such as family support (Kuo et al., 2007; Alvarez Mufioz
and Herndndez Prados, 2023; Hu and Cai, 2023), parental role
modeling (Adkinsetal., 2017; Do et al., 2023), and the availability of
resources and opportunities for physical activity within the family
context (Alvarez Mufnoz and Herndndez Prados, 2023) have been
found to be crucial in influencing adolescents’ exercise behaviors.
The family environment encompasses various aspects, including
parental attitudes (Cleland et al., 2011; Whooten et al., 2023),
parental involvement (Kuo et al, 2007), family socioeconomic
status (Cleland et al., 2011), and the home physical activity
environment (Kuo et al., 2007; Cleland et al., 2011). Understanding
the influence of the family environment on adolescent exercise
behavior can lead to the development of effective interventions
and programs to promote physical activity and cultivate exercise
habits among adolescent. According to recent statistics, only 20% of
Chinese youth aged 5-17 engage in 60 min of moderate to vigorous
activity daily, which fall far below the recommendations set by the
World Health Organization (Liu, 2023). The Childhood Blue Book:
China Children’s Development Report (2021) reveals an alarming
increase of 8.7 percentage points in the rates of overweight and
obesity among elementary and middle school students from 2010
to 2019 (Zhao and He, 2023). This highlights the urgent need for
interventions promoting physical activity in this population.
However, a lack of scientific measurement and evaluation tools
hinders a comprehensive understanding of how families influence
adolescents’ physical activity and exercise habits. Prior family-
focused models such as the Family Influence Scale (Taylor et al,
1994) and Family Eating and Activity Habits Questionnaire (Golan
et al,, 2006) have quantified influences like parenting practices and
role modeling on youth dietary and activity behaviors. However,
these Western-developed tools lack cultural adaptation for the
Chinese context. They often emphasize adolescent autonomy
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(Chai et al, 2018) rather than filial piety norms (Deng et al,
2022) This indicates a need for localized measurement models
to fully capture family environment dynamics shaping Chinese
adolescents’ physical activity habits. To measure the influence of
the family environment on adolescent physical activity behaviors,
the development of a reliable and valid measurement tool is
crucial. Firstly, current assessment tools often lack a comprehensive
focus on family factors. Several existing studies exhibit limitations
in exploring a wide array of family factors. For example, some
studies employ retrospective surveys (Kim et al., 2007), diminishing
relevance in understanding contemporary family environment
impacts. Additionally, a substantial number rely solely on self-
reports from adolescents (Henry et al, 2014), neglecting to
incorporate parent perspectives. The lack of instruments evaluating
various real-time family influences underscores the necessity
for a culturally adapted scale that comprehensively addresses
this gap. Others summarize influencing dimensions too broadly,
failing to provide comprehensive content (McMurray et al., 1993;
Joosse et al, 2008; Moreno et al,, 2011). Secondly, within the
Chinese context, the localization of evaluation tools for practical
applications is not ideal, limiting their effectiveness in research.
Chinese researchers mainly rely on foreign questionnaires or scales
with revisions to measure physical activity habit of the local
population. These primarily focus on family health awareness
factors, such as individual physical fitness, health status (Wang,
2011), the importance attached to health (Lin, 2019), and the
benefits of physical activity (Hu, 2017). Other factors include
the family’s economic and educational environment (Lv et al,
2020), parents educational philosophy (Weng, 2015), parents’
personality, and children’s time monitoring and allocation (Chu
and Xiao, 2020). However, these measurements often lack adequate
localization to the unique Chinese context and norms. Concepts
such as academic pressure (Xie et al.,, 2004), parenting style (Xie
et al, 2022), filial piety (Cao and Tan, 2021) differ between
Western and Chinese cultures. Directly applying measurement
tools developed abroad could fail to capture family factors shaping
physical activity habits among Chinese adolescents and potentially
lead to erroneous interpretations.

Therefore, the primary aim of this study is to develop
and validate a scale for assessing the influence of the family
environment on the formation of physical activity habits among
Chinese adolescents. This research holds significant implications:
Firstly, it contributes to a comprehensive understanding of how
families influence adolescents’ physical activity habits and enhances
effective promotion of physical activity. Secondly, it facilitates the
development of assessment tools better suited to China’s local
contexts by specifically focusing on family factors relevant to
Chinese adolescents. Lastly, the study aims to gain experience
localizing and developing measures of how families impact physical
activity for Chinese adolescents.

2 Materials and methods

2.1 Original items for scale development

This study reviewed and analyzed peer-reviewed empirical
studies published before January 2023 that employed the
social-ecological theory framework to examine how family
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environment influences adolescents’ physical activity habits. The
inclusion criteria were: (1) study population of adolescents; (2)
investigation of the relationship between family environment
variables and adolescent physical activity; (3) use of social-
ecological theory to guide the research. Based on the literature
review, an interview guide was developed to elicit perspectives on
family factors affecting adolescents’ activity habits.

The original item pool was created through the following steps:
First, extensive potential items grounded in the social-ecological
theory and literature were generated through group discussion by
the research team. Next, a panel of seven experts in adolescent
development and health behavior research evaluated the items
for relevance and specificity, with items endorsed by at least five
experts retained. The resulting preliminary item pool underwent
two rounds of qualitative interviews to obtain target population
feedback on the relevance, clarity and construct coverage of the
items. The first round involved 2 in-depth individual interviews
(approx. 35 mins each) and 4 focus group discussions with 4-
5 adolescents per group (approx. 30 mins each), with a total of
18 adolescents. The second round included 4 in-depth individual
interviews (approx. 25 mins each) and 5 focus groups of 4-7
adolescents (approx. 35 mins each), with a total of 34 adolescents.
Based on the interview data, items were added, eliminated and
modified. Finally, the research team held group discussions to reach
consensus on the final selection of items for the initial pool.

Subsequently, seven experts in relevant research fields
were invited to evaluate the scale. The experts reviewed and
examined the content validity index (item-level CVI, I-CVI) of
the scale, identified issues, and provided specific modification
suggestions. Based on the experts recommendations, the item
content of the scale was modified and revised, resulting in the
development of a preliminary version of the “Chinese Adolescents’
Physical Activity Habit Formation Scale: Family Environmental
Influencing Factors.”

2.2 Participants

The questionnaire survey method was employed in this study,
taking into account the regional division of China’s three major
economic belts, to represent adolescents across Chinas diverse
geographic and socioeconomic areas. To minimize selection bias,
multi-stage cluster sampling was utilized. Schools were randomly
selected from each region, then classes within chosen schools were
randomly sampled to obtain a nationally representative, unbiased
participant group. The multistage cluster sampling was utilized to
select 1,061 participants from 24 middle schools in six provinces
across eastern, central and western China. The effective response
rate was 94.6%. Among the collected questionnaires 1,004 were
deemed valid and randomly divided into two equal groups: sample
1 and sample 2, each consisting of 502 participants. Scale item
analysis and exploratory factor analysis were conducted on sample
1 (248 boys, 254 girls; Mage = 15.5), while confirmatory factor
analysis was performed on sample 2 (267 boys, 235 girls; Mg
—=16.5).

The recruitment process involved a convenience sample of
adolescent students from local schools. All participants’ parents
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or legal guardians provided written informed consent, allowing
their children to participate in research. The study received ethical
approval from the Ethics Committee of East China Normal
University, and this approval ensured that written informed
consent was obtained from all participating adolescents and their
parents or legal guardians (Ethical approval number: HR 476-
2020).

2.3 Items and scoring method

Based on previous relevant scientific research findings and
expert opinions, a scale was developed to assess the family factors
influencing the development of physical activity habits among
Chinese adolescents. The scale consists of three factors and
28 items. Factor 1: “Family Environment Construction” (FEC)
comprises 8 items; Factor 2: “Family Action Support” (FAS)
includes 12 items; and Factor 3: “Family Health Awareness” (FHA)
consists of 8 items. The specific content of each factor and its
corresponding items can be found in Table 1.

The core evaluation method employed in the scale is the
5-point Likert scale, where respondents indicate their level of
“1” for
completely non-compliant, “2” for not very compliant, “3” for

agreement or compliance using the following scale:

average, “4” for compliant, and “5” for very compliant. It is
important to note that reverse-scored item is included in the
scale, such as the item “Parents do not seem to normally
participate in physical activities within the family health awareness
factor, as shown in Table 1. Prior to data analysis, the reverse-
scored item in the scale is reversed to ensure consistency
in scoring.

2.4 Statistical analysis

This study conducted statistical analysis of the data using
SPSS24.0 and Mplus 8.3. Initially, descriptive analysis was
performed, wherein categorical variables were presented in terms
of frequency and percentage, while numerical variables were
characterized using the mean and standard deviation (Kim et al,
2020). Subsequently, expert validity evaluation was applied to assess
the appropriateness of the scale items, following the methodology
proposed by Polit and Beck (2006). The discrimination of each
measurement item was tested through item analysis (Raykov
and Marcoulides, 2011). Furthermore, exploratory factor analysis
was utilized to delve into and optimize the scale structure
(Costello and Osborne, 2019), The adequacy of the data for factor
analysis was scrutinized using the Kaiser-Meyer-Olkin (KMO)
parameter and the Bartlett sphericity test (Kleinbaum, 2013). The
reliability of the scale was gauged using Cronbach’s coeflicient
a serving as the reliability measurement index (Tavakol and
Dennick, 2011). To verify the scale structure, confirmatory factor
analysis was conducted (Brown, 2015), assessing the structural
validity of the scale using Composite Reliability and Average
Variance Extracted to test combined reliability and convergent
validity, respectively. Finally, based on sample 2, content validity
was reevaluated.
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TABLE 1 Initial scale composition.

10.3389/fpsyg.2023.1243658

Factor Variation Item description References
Family environment Family planning 1 Parents can discuss physical activity goals with me Timperio et al., 2013
construction (FEC) settings
2 Parents can make physical activity plans with me Nakahori et al.,, 2016
3 Parents can make physical activity plans that conform to my actual situation Qiao, 2011
Family atmosphere 1 The family is equipped with sports equipment capable of physical activity
building

2 There is room for physical activity at home

3 My parents often tell me about physical activities

4 My parents often share their experience of physical activity with me

5 Parents often do physical activities at home

Family action support (FAS)

Example of action

1 Parents can master 1-2 sports skills

Dai and Chen, 2019

2 My parents often provide guidance when I am physically active

Chu and Xiao, 2020

3 My parents often do physical activities with me

Bauer et al., 2008

4 Parents never do physical activities at home

Rhodes et al., 2019

Emotional support

1 My parents often agitate me when I encounter setbacks in physical activities

2 My parents often affirm me when I get achievements in physical activities

3 My parents often tolerate me when I have bad emotions in physical activities

an audience

4 When I am doing physical activities, my parents often stand beside me as

Economic support

1 My parents can meet my needs for sports equipment

2 My parents can meet my need to watch sports games on the spot

3 My parents often give me material rewards after I participate in physical activities

4 My parents can meet my requirements for participating in sports interest classes

Family health awareness
(FHA)

Parental lifestyle

1 Physical activity is a part of parents’ daily life

Tenjin et al., 2020

2 Parents attach great importance to healthy lifestyle

Du, 2013

3 Parents attach great importance to the study of health knowledge

Li and Liang, 2020

4 Parents don’t seem to take part in physical activities at ordinary times

Xie et al., 2004

Parents’ health
awareness

1 Parents think that participating in physical activities can improve health

2 Parents think that physical activity can relieve stress

3 Parents think PE is as important as the main course

development

4 Parents believe that physical activity can promote all-round

3 Results

3.1 Expert assessment of the initial scale

In this study, seven experts were invited to inspect and analyze
the survey scale that was designed and compiled in advance. The
evaluation criteria used by the experts are outlined in Table 2.
According to the guidelines, when the number of expert evaluations
exceeds six, the I-CVI value should be >0.78 (Fleiss et al,
2013). After statistically summarizing the evaluations provided
by the experts, items with I-CVI values lower than 0.78 in the

Frontiersin Psychology

initial scale were deemed inadequate and subsequently removed.
The remaining items that met the requirements I-CVT criteria
were retained.

Based on expert feedback, inappropriate items were removed.
The qualified and reasonable scale items were compiled into
a test scale, resulting in a preliminary measurement scale that
demonstrated expert validity. The preliminary measurement scale
was then evaluated by experts, and items such as items 4, 6, 7, 8, 9,
10, 12, 16, 18, 20, 21, 23, and 24, which had low I-CVTI values 0.78
or below, were excluded. The remaining 15 items were retained for
further analysis.
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TABLE 2 Expert evaluation results of the initial scale.

Expert evaluation results n-A [-CVI Evaluation

1 2 3 4 5 6 7

Family environment 1 Parents can discuss physical activity goals with me 4 4 4 4 4 4 4 7 0 1.00 Excellent
construction (FEC)

2 Parents can make physical activity plans with me 4 4 | 4| 4] 4 4 4 7 0 1.00 Excellent
3 Parents can make physical activity plans that 4 4 4 4 4 4 4 7 0 1.00 Excellent
conform to my actual situation
4 The family is equipped with sports equipment 4 4 4 3 3 4 4 5 2 0.71 Good
capable of physical activity
5 There is room for physical activity at home 4 4 4 4 4 4 4 7 0 1.00 Excellent
Family action support 6 My parents often tell me about physical activities 4 4 3 4 3 4 4 5 2 0.71 Good
(FAS)
7 My parents often share their experience of physical 4 3 4 4 3 4 4 5 2 0.71 Good
activity with me
8 Parents often do physical activities at home 4 4 4 3 4 3 4 5 2 0.71 Good
9 Parents can master 1-2 sports skills 3 4 3 4 4 4 3 4 3 0.57 Fair
10 My parents often provide guidance when I am 4 4 4 4 4 4 4 5 2 0.71 Good
physically active
11 My parents often do physical activities with me 4 4 4 4 4 4 4 7 0 1.00 Excellent
12 Parents never do physical activities at home 4 4 3 4 4 4 3 5 2 0.71 Good
13 My parents often agitate me when I encounter 4 4 4 4 4 4 4 7 0 1.00 Excellent
setbacks in physical activities
14 My parents often affirm me when I get 4 4 4 4 4 4 4 7 0 1.00 Excellent
achievements in physical activities
15 My parents often tolerate me when I have bad 4 4 4 4 4 4 4 7 0 1.00 Excellent
emotions in physical activities
16 When I am doing physical activities, my parents 4 3 4 4 4 3 4 5 2 0.71 Good
often stand beside me as an audience
17 My parents can meet my needs for sports 4 4 4 4 4 4 4 7 0 1.00 Excellent
equipment
18 My parents can meet my need to watch sports 4 3 4 4 4 3 4 5 2 0.71 Good
games on the spot
19 My parents often give me material rewards after I 4 4 4 4 4 4 4 7 0 1.00 Excellent
participate in physical activities
20 My parents can meet my requirements for 4 4 4 4 4 4 4 5 2 0.71 Good
participating in sports interest classes
Family health awareness | 21 Physical activity is a part of parents’ daily life 4 3 4 4 3 4 4 5 2 0.71 Good
(FHA)
22 Parents attach great importance to healthy 4 4 4 4 4 4 4 7 0 1.00 Excellent
lifestyle
23 Parents attach great importance to the study of 4 4 3 4 4 4 3 5 2 0.71 Good
health knowledge
24 Parents don’t seem to take part in physical 4 4 3 4 4 4 3 5 2 0.71 Good
activities at ordinary times
25 Parents think that participating in physical 4 4 4 4 4 4 4 7 0 1.00 Excellent
activities can improve health
26 Parents think that physical activity can relieve 4 4 | 4| 4] 4 4 4 7 0 1.00 Excellent
stress
27 Parents think PE is as important as the main 4 4 4 4 4 4 4 7 0 1.00 Excellent
course
28 Parents believe that physical activity can promote 4 4 4 4 4 4 4 7 0 1.00 Excellent

all-round development
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TABLE 3 Inspection results of scale items.

10.3389/fpsyg.2023.1243658

Extreme Item-total correlation test Homogeneity test Substandard
group index
comparison
Critical value ITC CITC CAID Commonalities Factor
loading
Q1 20.876 0.709** | 0.650 0.901 0.827 0.859 0 Retain
Q2 20.794 0.700* | 0.642 0.902 0.802 0.844 0 Retain
Q3 20.589 0.709** | 0.652 0.901 0.765 0.810 0 Retain
Q4 18.125 0.641** | 0570 0.904 0.652 0.759 0 Retain
Qs 19.139 0.659** | 0595 0.903 0515 0.634 0 Retain
Q6 19.081 0.689** | 0.629 0.902 0.696 0.800 0 Retain
Q7 19.756 0735 | 0.685 0.900 0.806 0.858 0 Retain
Q8 19.165 0.694"* | 0.641 0.902 0.707 0.801 0 Retain
Q9 19.688 0722 | 0.672 0.901 0.677 0.755 0 Retain
Q10 0.627 0.034 | —0.001 0.914 0.985 0.992 4 Delete
Qi1 14.803 0.606** | 0535 0.905 0.554 0.712 0 Retain
Q12 15.818 0.655** | 0593 0.903 0.655 0.760 0 Retain
Q13 16.800 0.646* | 0.586 0.903 0.772 0.854 0 Retain
Ql4 18.175 0.687* | 0.637 0.902 0.770 0.834 0 Retain
Q15 17.022 0.681** | 0.622 0.902 0.716 0.795 0 Retain
Q16 14.539 0579 | 0514 0.906 0.629 0.770 0 Retain
Judgment criteria >3.0 >0.40 >0.40 <0.92 >0.20 >0.45
*p < 0.01.

3.2 Item analysis

After the evaluation by experts, the original 28 items of the
scale were reduced to 15 items. In sample 1, which consisted of
the 502 valid adolescent questionnaires, the average score for each
adolescent’s family environment factor was calculated based on the
scoring method using the 15-items pre-test scale. The total scores
of all subjects were ranked in ascending order. The low group was
defined as the material information below 27%, the middle group
as the data between 27% and 73%, and the high group as the data
above 73% (Kelley, 1939).

Independent samples t-test were conducted to determine if
there were significant differences between the high and low groups.
Table 3 presents the analysis results of the family environment
factor subscale items. The family environment factor subscale was
analyzed using the critical ratio analysis method based on various
indicators. The score for the first 27% was 147, while the score for
the last 27% is 139. After conducting the resolution coefficient test
and f-test, items with t-values > 3 and P < 0.001 were retained.
As a result, item Q29 was eliminated, and the scale was reduced to
15 items.

3.3 Exploratory factor analysis and
optimization of the scale

The study first tested the suitability of the remaining 15
items related to family environment factors for factor analysis.
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TABLE 4 Kaiser-meyer-olkin test and bartlett sphericity test.

Kaiser-meyer-olkin
(KMO)

Bartlett sphericity test

Approx. Chi-Square  df Sig.

0.916 4,704.563 105 0.000

The Kaiser-Meyer-Olkin (KMO) value was found to be 0.916,
which is >0.8, indicating that the variables are suitable for factor
analysis. The Bartlett’s sphericity test yielded an approximate chi-
square value of 4,704.563 with a significance of 0.000, meeting
the significance level (P < 0.05) (Table 4). These results suggest
that the items are not independent and that there are common
factors present in the overall correlation matrix, supporting
the suitability of factor analysis for the “Chinese Adolescents’
Physical Activity Habit Formation Scale: Family Environmental
Influencing Factors.”

Principal component analysis was conducted to extract
common factors with eigenvalues >1, and items with factor
loadings exceeding 0.5 were retained. The exploratory factor
analysis results in Table 5 indicate that each item’s communalities
are higher than 0.4, indicating effective extraction of research
item information. Through this process, a total of three factors
were obtained, each with eigenvalues >1. The variance explanation
by these three factors after rotation was 25.938%, 23.747%, and
20.410%, respectively, with a cumulative variance explanation of
25.938%, 49.686% %, and 70.096%. These factors effectively capture
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TABLE 5 Results of exploratory factor analysis.

10.3389/fpsyg.2023.1243658

Component Communalities
2

QI Parents can discuss physical activity goals with me 0.860 0.827
Q2 Parents can make physical activity plans with me 0.846 0.802
Q3 Parents can make physical activity plans that conform to my actual situation 0.810 0.764
Q4 There is room for physical activity at home 0.759 0.652
Q5 My parents often do physical activities with me 0.635 0.512
Q6 My parents often agitate me when I encounter setbacks in physical activities 0.799 0.695
Q7 My parents often affirm me when I get achievements in physical activities 0.856 0.800
Q8 My parents often tolerate me when I have bad emotions in physical activities 0.799 0.701
Q9 My parents can meet my needs for sports equipment 0.755 0.676
Q10 My parents can meet my need to watch sports games on the spot 0.713 0.546
Q11 Parents attach great importance to healthy lifestyle 0.759 0.655
Q12 Parents think that participating in physical activities can improve health 0.854 0.771
Q13 Parents think that physical activity can relieve stress 0.834 0.770
Q14 Parents think PE is as important as the main course 0.795 0.715
Q15 Parents believe that physical activity can promote all-round development 0.769 0.628
Eigen value (Rotated) 3.891 3.562 3.062

% of Variance (Rotated) 25.938 23.747 20.410

Cumulative % of Variance (Rotated) 25.938 49.686 70.096

the relevant information. The optimized scale consists of 15 items,
which were categorized into three factors.

Factor 1 comprises 6 items (Q1, Q2, Q3, Q4, Q5, and Q6) that
reflect family members’ support, encouragement and rewards, and
it is named “Family Environment Construction” (FEC). Factor 2
consists of 5 items (Q7, Q8, Q9, Q10, and Q11) that primarily
reflect the parents’ healthy lifestyle and their recognition of healthy
behaviors, leading to its naming as “Family Action Support” (FAS).
Factor 3 includes 4 items (Q12, Q13, Q14, and Q15) that reflect
family-related information on physical activity, goal planning, and
the creation of physical activity space, thus termed “Family Health
Awareness” (FHA).

3.4 Reliability analysis of scale content

As shown in Table 6, presents the results of the internal
consistency analysis of the measured data. The Cronbach o values
for the three dimensions “FEC, “FAS, and “FHA” are 0.894,
0.890, and 0.894, respectively. The Cronbach o value of the
overall scale is 0.914. These values indicate high reliability, as each
dimension and the total scale surpass the recommended threshold
of 0.8. Furthermore, the overall scale demonstrates excellent
reliability with a value exceeding 0.9. These findings indicates
that the “Chinese Adolescents’ Physical Activity Habit Formation
Scale: Family Environmental Influencing Factors” is reliable and
effectively captures the family environment factors that influence
the development of physical activity habits among adolescents.
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Primarily, with the application of Cronbach a, the corrected
item-total correlation (Corrected Item-Total Correlation, CITC)
and the Cronbach’s a coefficient after item deletion (Cronbach’s
Alpha if Item Deleted, CAID) to determine the structure and
dimensions of the research. The reliability was quantified, and
Table 7 indicates the results of the reliability analysis based on
sample 2. It shows that the CITC value of each measurement item is
>0.4, the CAID value is lower than the Cronbach’s a coefficient of
the corresponding variable, the Cronbach’s o of FEC, FAS, and FHA
is higher than 0.7, and the total Cronbach’s a coefficient of the scale
is 0.915. The analysis results indicate that the family environment
factor and its dimensions have high reliability. This demonstrates
that the actual situations of the selected samples are relatively stable
and consistent.

3.5 Confirmatory factor analysis of the scale

The validity of the research structure and its dimensions was
assessed through Confirmatory Factor Analysis (CFA) (Wu, 2010).
The results of confirmatory factor analysis, as shown in Table &,
indicate a good fit with )(2 = 126.175, df = 87, xz/df = 145,
RMSEA = 0.03, SRMR = 0.027, CFI = 0.991, TLI = 0.989. These
indices meet the fitting requirements established by Hu and Bentler
(1999). The x?/df value falls within an acceptable range below
5 (Bentler and Bonett, 1987). In this study, suggesting that the
first-order 3-factor confirmatory factor analysis model adequately
represents the home environment based on the data. Therefore, the
confirmatory factor model demonstrates a sound structure.
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TABLE 6 Reliability analysis results of the scale based on sample 1.

Factor Cronbacha Item
Family environment construction 0.894 4
Family action support 0.890 6
Family health awareness 0.894 5
Family environmental factors 0.914 15

The standardized factor loading of the items ranged from 0.667
to 0.849, and the composite reliability (CR) value for each variable
exceed 0.7. These findings indicate that all variables analyzed
exhibited desirable composite reliability. Additionally, the average
variance extracted (AVE) of each variable exceeds 0.5, indicating
good convergent validity. In summary, the family environment
factor and its dimensions demonstrated good reliability and validity
in this study.

3.6 Test-retest reliability

In this study, we surveyed a sample of 56 high school students
using the Chinese Youth Activity Habit Formation Scale. To
prevent the results of the initial test from affecting the second test,
we introduced a 2-week interval between the pre-test and post-test.
The retest reliability coefficient ranged from 0.79 to 0.84, and the
correlation coefficients for the three dimensions were 0.832, 0.863,
and 0.832, respectively. All these coefficients surpassed 0.7, with
an overall coefficient of 0.890. The retest correlation coefficients of
the scale meet the necessary criteria, confirming that the reliable
retest reliability of Chinese Adolescents’ Physical Activity Habit
Formation Scale: Family Environmental Influencing Factors is
reliable and fulfills the retest requirements.

4 Discussion

4.1 Results interpretation

Existing studies have predominantly concentrated on family
factors influencing adolescents’ physical activity. For instance,
research have delved into the impact of parental behaviors,
such as role modeling (Madsen et al, 2009; Yao and Rhodes,
2015) and parental support (Edwardson et al, 2013; Langer
et al, 2014) on youth activity levels. Other have investigated
the effects of the family’s physical home environment on
adolescent behaviors (Trost et al, 2003; Spurrier et al., 2008).
However, there has been limited theoretical discussion and
few studies exploring factors within the family environment
that contribute to the development of adolescents’ physical
activity habits.

The findings of this study make several notable contributions
by identifying three key family environment factors influencing
Chinese adolescents” physical activity habits: Family Environment
Construction (FEC), Family Action Support (FAS), and Family
Health Awareness (FHA). The identification of these specific
elements provides new evidence that aspects of the family
environment play a crucial role in shaping activity patterns
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TABLE 7 Reliability analysis results of the scale based on sample 2.

Reliability

Item CITC SMC CAID Cronbacha

Family FECI 0.756 0.573 0.822 0.871
i t

environmen FEC2 | 0734 | 0553 | 0.830
construction
(FEC) FEC3 0.748 0.569 0.825

FEC4 0.661 0.440 0.861
Family action FAS1 0.641 0.418 0.876 0.886
support (FAS)

FAS2 0.704 0.527 0.866

FAS3 0.752 0.604 0.858

FAS4 0.742 0.578 0.860

FAS5 0.746 0.561 0.860

FAS6 0.625 0.415 0.879
Family health FHA1 0.657 0.433 0.868 0.880
awareness
(FHA) FHA2 0.770 0.616 0.841

FHA3 0.781 0.620 0.840

FHA4 0.723 0.541 0.852

FHAS 0.645 0.423 0.870

during adolescence. Family Environment Construction (FEC)
appears to be a particularly relevant factor in China, possibly
due to the cultural emphasis on parental management of
children’s time. Furthermore, Family Environment Construction
(FEC) was found to impact activity time, type, space and
interests, aligning with previous literature that illustrates the
multifaceted influences of the family environment on youth
behaviors (Mclver et al, 2009). Family Action Support (FAS)
positively predicted physical activity, aligning with previous
research that indicates family support enhances adolescent self-
efficacy, facilitating participation (Quarmby and Dagkas, 2010;
Dai and Chen, 2019). This underscores the necessity for
interventions aimed at enhancing parental support. Moreover,
results from Family Health Awareness (FHA) revealed that
parental modeling positively influenced adolescents’ activity levels
(Ren et al, 2012; Sigmundova et al, 2014), highlighting the
necessity for widespread public health messaging regarding
parental impacts. Overall, these findings underscore the family
environments role as a key determinant of healthy physical
activity habits during adolescence in China, while also suggesting
cultural variations in the relative strength of specific family
influence factors.

To address the limitations of using foreign-related scales
in measuring family environment factors influencing the
formation of physical activity habits, this study focuses
on addressing issues such as poor measurement relevance
and a failure to capture the key elements affecting habit
formation. Drawing on classic questionnaires and scales
from both domestic and international sources, this study
localized ~ “Chinese  Adolescents’

developed a Physical
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TABLE 8 Results of confirmatory factor analysis.

Factor CFA
Standard CR
Family environment FEC1 0.833 0.872 0.631
construction (FEC)
FEC2 0.806
FEC3 0.820
FEC4 0.714
Family action support FAS1 0.684 0.889 0.572
(FAS)
FAS2 0.758
FAS3 0.819
FAS4 0.806
FAS5 0.790
FAS6 0.667
Family health awareness | FHA1 0.704 0.883 0.603
(FHA)
FHA2 0.838
FHA3 0.849
FHA4 0.792
FHAS 0.686
Activity Habit Formation Scale: Family Environmental

Influencing Factors.”

While the scale development process was rigorous, a key
innovation lies in the cultural specificity tailored to Chinese
adolescents, differentiating it from existing family influence scales.
For instance, Western scales often emphasize adolescent autonomy
(Chai et al,, 2018), while this scale captures Chinese cultural values
such as filial piety (Peng and Li, 2023) and parental authority
over play time (Deng et al., 2022). The localized conceptualization
enhances the validity of measuring family dynamics influencing
physical activity behaviors among Chinese youth.

The scale development process was both rigorous and
comprehensive. It drew on previous research findings, used
the Harman single-factor test to assess common method bias,
conducted item analysis to test item discrimination, explored and
optimized the scale’s structure, and employed Cronbach’s o as a
reliability measurement index. The scale’s structure was further
validated through confirmatory factor analysis, and CR and AVE
were used to assess the scale’s reliability and validity, respectively.

This study systematically refined the initial scale, measuring
family environmental influences on physical activity among
Chinese adolescents. Expert advice was incorporated to optimize
the questionnaire, enhancing its precision. Refinements involved
consolidating related factors, revising dimensions, and eliminating
items through rigorous statistical testing and expert review.
Specifically, factors related to activity space design and atmosphere
creation were combined into “space atmosphere creation.” The
initial 28 items were reduced after an evaluation process that
included content validation by experts and subsequent statistical
analysis. Items such as Q4, Q6, Q16, and Q23 were eliminated
due to inadequate relevance based on an item-CVI threshold.
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TABLE 9 Formal scale.

Factor No. Item
Family environment FEC1 QI Parents can discuss physical activity
construction (FEC) goals with me
FEC2 Q2 Parents can make physical activity
plans with me
FEC3 Q3 Parents can make physical activity
plans that conform to my actual
situation
FEC4 Q4 There is room for physical activity at
home
Family action support FAS1 Q5 My parents often do physical
(FAS) activities with me
FAS2 Q6 My parents often agitate me when I
encounter setbacks in physical activities
FAS3 Q7 My parents often affirm me when I
get achievements in physical activities
FAS4 Q8 My parents often tolerate me when I
have bad emotions in physical activities
FAS5 Q9 My parents can meet my needs for
sports equipment
FAS6 Q10 My parents can meet my need to
watch sports games on the spot
Family health awareness FHA1 Q11 Parents attach great importance to
(FHA) healthy lifestyle
FHA2 | QI2 Parents think that participating in
physical activities can improve health
FHA3 | QI3 Parents think that physical activity
can relieve stress
FHA4 | Ql4 Parents think PE is as important as
the main course
FHA5 | QI5 Parents believe that physical
activity can promote all-round
development

Q29 was deleted due to poor discrimination between respondent
groups. This iterative refinement process ensured that only the
most valid and reliable items were retained. Specifically, items
with I-CVT scores below 0.78 were eliminated to retain the most
pertinent survey questions. The remaining items then underwent
additional evaluation of discrimination, reliability, and validity,
resulting in the removal of any that did not meet psychometric
standards. This rigorous scale development methodology focused
on refining the initial family environmental influences scale
through expert input and statistical testing. The adjustments
successfully optimized item content and dimension structure
while eliminating inadequate components. This systematic
approach resulted in a 15-item scale demonstrating strong
psychometric properties.

This study developed a culturally-adapted scale assessing family
environmental influences on Chinese adolescents” physical activity
through a rigorous multiphase process involving expert reviews
and statistical optimization. The methodology ensured retention
of only the most valid and reliable items, resulting in a precise,
highly reliable 15-item scale tailored to the Chinese context, as
shown in Table 9. This newly developed scale makes important
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theoretical contributions by filling a significant research gap—
the prior lack of quantitative models customized to assess family
environment influences specific to Chinese adolescents. Availability
of a validated tool tailored to the Chinese context represents
an essential advancement, enabling more rigorous investigation
of culturally-specific familial factors affecting youth physical
activity. Practically, the scale provides an empirical foundation
to inform the development of culturally-appropriate family-based
interventions aimed at modifying key environment elements to
promote healthy adolescent activity habits.

In conclusion, the rigorous methodology undertaken to
develop and optimize this culturally-adapted scale, coupled with
its enhanced precision and reliability, represents an important
contribution. The scale will allow deeper investigation of
Chinese familial determinants shaping youth activity patterns.
Additionally, findings generated can inform family-focused
intervention strategies to promote healthy adolescent physical
activity behaviors in China.

4.2 Limitations and areas for future
research

In this study, it is crucial to acknowledge certain limitations.
Firstly, despite conducting a thorough review and inclusion
of item sources during the formation of the item pool, with
a concerted effort to encompass a wide range of potential
family factors, some items were still excluded based on expert
evaluation, potentially resulting in the oversight of certain
assessment details. Therefore, it is imperative to recognize the
significance of further enhancing the scale’s specificity and intricacy
in future research, building upon the foundation established in
this study.

Secondly, while our comprehensive survey covered
multiple cities across diverse regions of China, validating
the universality and efficacy of the scale, there is still room
for expanding the sample size. Obtaining a more diverse
range of samples would contribute to further confirming the
scale’s applicability.

Thirdly, given the focus of our study on the specific Chinese
context, congruent with Chinese policy and cultural background,
potential limitations might arise concerning the scale’s practicality
in other cultural and national contexts.
these holds

substantial research value in terms of fostering localization

Notwithstanding limitations, the scale
and comprehensiveness, aligning seamlessly with the initial
objectives. It represents the most extensive scale developed to
date for assessing the impact of family environmental factors
on the formation of physical activity habits among Chinese
adolescents. Consequently, our scale provides invaluable
insights into the cultivation of physical activity levels among

Chinese adolescents.

5 Conclusion

In conclusion, this study developed and validated the “Chinese
Adolescents’ Physical Activity Habit Formation Scale: Family
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Environmental Influencing Factors,” comprising three key factors:
“Family Environment Construction” (FEC), “Family Action
Support” (FAS), and “Family Health Awareness” (FHA). Reliability
and validity analysis indicate this scale provides an objective
and effective tool to measure family environmental influences on
adolescent physical activity habits.

In summary, the development and validation of the “Chinese
Adolescents’ Physical Activity Habit Formation Scale: Family
Environmental Influencing Factors” represents a significant
advancement for research on family determinants of physical
activity and wellbeing among Chinese youth. The availability
of a reliable and valid scale tailored to the Chinese adolescent
population will enable a more robust quantitative investigation
into how family environmental factors, unique to the Chinese
cultural context, shape physical activity habits. This culture-specific
tool can inform targeted interventions involving Chinese families,
schools, and communities to promote participation in regular
physical activity among adolescents, with significant implications
for improving youth wellbeing at the national level in China.
Overall, the scale provides an essential culturally grounded tool
for deepening understanding and improving key family-level
determinants of healthy adolescent development in China.
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