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Preface to ”Association of Physical Fitness and Motor
Competence with Health and Well-Being in Children
and Adolescents”

Available research has indicated a decline in physical fitness and motor competence over the

last several decades. Movement restrictions and policies that have emphasized social distancing,

due to the recent COVID-19 pandemic, may have further increased the prevalence of youth with

insufficient physical fitness and motor competence. As physical fitness and motor competence are

critical contributors to an active and healthy lifestyle, it is important to re-emphasize their role in

the general health and development of children and adolescents and, accordingly, future public

health. Particularly with the re-opening of schools, sports clubs, and public parks, the promotion

of activities that enhance physical fitness and motor competence in children and adolescents is

warranted. This reprint highlights the importance of physical fitness and motor competence for the

health and well-being of children and adolescents, by providing an interdisciplinary platform for

research addressing this topic.

Clemens Drenowatz and Klaus Greier

Editors

vii





Citation: O’Brien, W.; Khodaverdi, Z.;

Bolger, L.; Murphy, O.; Philpott, C.;

Kearney, P.E. Exploring

Recommendations for Child and

Adolescent Fundamental Movement

Skills Development: A Narrative

Review. Int. J. Environ. Res. Public

Health 2023, 20, 3278. https://

doi.org/10.3390/ijerph20043278

Academic Editors: Clemens

Drenowatz and Klaus Greier

Received: 20 December 2022

Revised: 29 January 2023

Accepted: 1 February 2023

Published: 13 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Review

Exploring Recommendations for Child and Adolescent
Fundamental Movement Skills Development: A Narrative Review
Wesley O’Brien 1,* , Zeinab Khodaverdi 2 , Lisa Bolger 3 , Orla Murphy 1, Conor Philpott 1

and Philip E. Kearney 4

1 Sports Studies and Physical Education Programme, School of Education, University College Cork,
2 Lucan Place, Western Road, T12 K8AF Cork, Ireland

2 Department of Biobehavioral Studies, Teachers College, Columbia University, New York, NY 10027, USA
3 Department of Sport, Leisure and Childhood Studies, Munster Technological University (Cork Campus),

T12 P928 Cork, Ireland
4 Sport & Human Performance Research Centre, Department of Physical Education and Sport Sciences,

University of Limerick, V94 T9PX Limerick, Ireland
* Correspondence: wesley.obrien@ucc.ie

Abstract: Fundamental movement skills (FMS) are frequently referred to as the “building blocks”
of movement for children and adolescents in their lifelong physical activity journey. It is critical,
however, that FMS are developed within Physical Education learning environments and other sport-
related settings, specifically as these building blocks of movement require appropriate teaching and
practice opportunities. While FMS are well-established as an “important focus” for children and
adolescents, to the authors’ knowledge, there appears to be no standardized FMS development
guidelines existent within the literature. This paper will examine whether the frequency, intensity,
time, and type (FITT) principle could be transferable to interventions focusing on FMS development,
and if so, whether sufficient consistency of findings exists to guide practitioners in their session
design. Applying the FITT principle in this way may help to facilitate the comparison of FMS-related
intervention studies, which may contribute to the future development of practical FMS-related
guidelines for children and adolescents.

Keywords: motor skills; school; physical education; teaching; coaching; youth

1. Introduction

Fundamental movement skills (FMS) are common motor activities with a general
goal [1], which involve the use of large muscle groups within the body [2,3]. In terms of
their categorical distinction, FMS are often differentiated into three subsets: (1) locomotor
skills (e.g., running and skipping); object-control/ball skills (e.g., throwing and catching);
and (3) stability skills (e.g., balancing and twisting) [2]. As an important component
of the motor-development domain, FMS facilitate participation in physical activity and
contribute to the holistic development of children and adolescents [1–3]. Previous evidence
suggests that the development of FMS proficiency in children and adolescents can serve
as the foundational building blocks for future lifelong daily activities [4]. FMS proficiency
increases the likelihood of children and adolescents developing specialized movement
sequences for participating effectively across a variety of organized and unorganized
physical activities [2].

FMS are commonly viewed as a central tenet and developmental stage within the
motor-skills domain [2,5]. In terms of Physical Education (PE), physical activity (PA),
and sport settings, FMS have a critical role in both promoting and maintaining healthy
developmental trajectories in children and adolescents [6]. In terms of empirical health-
related research associations, positive relationships have been consistently found between
FMS and PA, physical fitness, body composition, self-belief, and executive functioning [7,8].
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While these positive associations between FMS and health have been observed quite
frequently within the literature, children and adolescents do not solely acquire these motor
skills as a result of the maturation process [9,10]. The development of FMS proficiency in
children and adolescents is often dependent on the quality of the instructional environment
and the provision of practice-based opportunities [2,11], augmenting the importance of
key stakeholders, such as PE teachers, sport pedagogues, coaches, and researchers, within
this process.

Research and practice have consistently highlighted how FMS interventions are suc-
cessful in promoting skills and physical health [12–14]; however, the specific parameters
for FMS-related recommendations have not been systematically investigated in PE, PA,
and sport settings. The evidence to date has identified various strategies for measuring
FMS-training exposure (e.g., types of FMS interventions) in children and adolescents; how-
ever, the general concepts for quantifying the frequency, duration (time), and intensity of
FMS-related training [15] is less known among PE teachers, coaches, and sport practition-
ers. Together, the combined frequency, intensity, time, and type (FITT) product [16] has
the potential to yield an evidence-informed FMS-related training dose for children and
adolescents. The well-established FITT principle has been traditionally used to characterise
recommended guidelines for PA and exercise [17].

Despite the growing number of FMS-related interventions in PE, PA, and sport set-
tings, there appears to be an inconsistency as to “what works” in terms of an appropriate
FMS-related training dosage [13]. The development of FMS in children and adolescents
was empirically and correctly established as “an important focus” in 2016 [11]. Now, what
remains for PE teachers, coaches, sport pedagogues, and researchers is the implementation
of evidence-informed FMS-related recommendations. The FITT training principle may be
one such way of providing this implementation guidance for practitioners, particularly
once sufficient evidence is identified across studies to develop appropriate recommen-
dations. Indeed, other health-and-exercise-related fields have previously used the FITT
principle to categorise successful intervention features and provide subsequent recom-
mendations for practitioners [18,19]. This paper, therefore, seeks to examine whether FMS
interventions present sufficient consistency to be summarised and modified using the FITT
principle, with the overall aim of providing evidence-informed and practical FMS-related
recommendations for practitioners.

2. Methods Section

As part of this narrative review, a search was conducted using seven databases,
including PubMed, MEDLINE, SPORTDiscus, CINAHL, Scopus, Web of Science, and
EMBASE, without any date restriction for articles pertaining to motor skills interventions
in typically developing children and adolescents from all socioeconomic backgrounds.

The main search group terms were: “fundamental motor skills” OR “FMS” OR “motor
skill” OR “movement skill” OR “motor development” OR “motor performance” OR “bal-
ance” OR “stability” OR “motor ability” AND “children” OR “adolescent” OR “youth”, OR
“preschooler” AND “intervention” OR “program” OR “study” OR “trial”. To exclude stud-
ies that specifically examined youth participants with disorders/disabilities, the following
terms were used: AND NOT “disability” OR “disorder” OR “autism” OR “impairment”
OR “cerebral palsy”.

The criteria used to include a study in this narrative were as follows:

(1) The study needed to measure motor skill performance as an outcome and include
pre- or post-timepoint intervention assessments, or both. It is important to note that
neither the type of motor skill battery assessment tool nor the measurement approach
was a determining factor in either including or excluding a study;

(2) Only articles published in English and in peer-reviewed journals were considered.
All books, reviews, theses, dissertations, commentaries, qualitative studies, and case
studies were excluded from the review process as part of this narrative review.
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Section 3 below provides information as part of this narrative review on the included
FITT components of the motor skill intervention studies that have been reviewed.

3. Components of FITT Principle
3.1. Frequency

The “F” within the FITT principle stands for frequency and relates to how often a
person participates in exercise-related training sessions [15]. To determine the frequency
of FMS-related training sessions or interventions, a specific priority in this research was
placed towards published randomized controlled trials (RCTs) in FMS, specifically as they
are the most likely research designs to provide impartial information on the frequency
variable [20]. As part of this specifically tailored narrative research search, a total of 36 RCTs
were retrieved across a 25-year timeline (1997–2022), with 88% of the published research
reporting on frequency-related FMS data. From the critical review of this RCT research,
Table 1 documents the frequency of FMS-related training sessions and interventions, with
the existing frequency evidence ranging from one to five FMS sessions a week. Interestingly,
Table 1 further highlights that 8 of the existing 40 RCTs do not appear to report the frequency
of their associated FMS-related training sessions or interventions.

Outside of this specific RCT search in FMS, other systematic review evidence has
further attempted to synthesize the effectiveness of FMS-related interventions (RCTs and
non-RCTs) on motor skill development [12,13,21–23]. Aligned to the data reported above
in Table 1, the findings from Wick et al. (2017) similarly reported a frequency range of one
to five FMS sessions a week for children and adolescents [13].

Table 1. The reported frequencies of FMS-related training sessions/interventions from randomized
controlled trial evidence from 1997 to 2022.

No. FMS
Sessions/Week 1 × FMS Session/Week 2 × FMS Sessions/Week 3 × FMS Sessions/Week 4 × FMS Sessions/Week 5 × FMS Sessions/Week Frequency Not Reported

6 studies
Cliff et al. (2011) [24]

Foulkes et al. (2017) [25]
Johnson et al. (2019) [26]
McGrane et al. (2018) [27]

Pesce et al. (2016) [28]
Smyth & Q′Keeffe (1998) [29]

16 studies
Derri et al. (2001) [30]

Donath et al. (2015) [31]
Gallotta et al. (2017) [32]

Goodway & Branta,
(2003) [33]

Goodway et al. (2003) [34]
Hamilton et al. (1999) [35]
Iivonen et al. (2011) [36]
Johnson et al. (2019) [26]

Marshall & Bouffard,
(1997) [37]

Palmer et al. (2019) [38]
Roach & Keats (2018) [39]

Robinson & Goodway
(2009) [40]

Robinson et al. (2017) [41]
Veldman et al. (2017) [42]

Zask et al. (2012) [43]
Berleze & Valentini

(2022) [44]

3 studies
Hashemi et al. (2015) [45]

Jones et al. (2011) [46]
Robinson et al. (2022) [47]

2 studies
De Oliveira et al. (2019) [48]
Hestbaek et al. (2021) [49]

5 studies
Alhassan et al. (2012) [50]

Engel et al. (2018) [51]
Roth et al. (2015) [52]

Webster et al. (2020) [53]
Staiano et al. (2022) [54]

8 studies
Chan et al. (2019) [55]

Cohen et al. (2015) [56]
Lander et al. (2017) [57]

McKenzie et al. (2002) [58]
Miller et al. (2015) [59]

Salmon et al. (2008) [60]
Trost & Brookes (2021) [61]

van Beurden et al. (2003) [62]

Note: No. = number; sessions/week = sessions a week; FMS = fundamental movement (motor) skills.

Overall, the evidence presented above suggests that a frequency of 2 days per week
for FMS-related activities appears to be somewhat prevalent and commonly reported in
many studies [13,20]. Furthermore, researchers and practitioners ought to consider if there
is an optimal FMS-related frequency focus per week, which might result in maximal skill
acquisition outcomes in children and adolescents. At this point, it seems to be unclear as
to whether the interaction of FMS-related frequencies with the other FITT components
(intensity, time, and type) may impact the quality of FMS acquisition. While some studies
report having a varying number of FMS-related training sessions or interventions per week,
other research illustrates the total volume time (minutes) of FMS-related activities per week,
irrespective of the frequency variable [61]. In this sense, therefore, the important debate of
frequency versus time for FMS needs more clarification and guidance for those working
with children and adolescents in a physically active setting.

3.2. Intensity

The “I” within the FITT principle stands for “intensity”. Within the context of PA,
intensity refers to the energy expended during a given time period [63]. In the context of
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FMS session design, however, another interpretation of intensity might also be considered
as the number of skill executions within a given time period. Children’s practice of FMS,
whether in the context of a PE lesson or a coaching session, will ideally achieve the dual
objectives of reaching moderate-to-vigorous levels of PA for immediate health benefits
while also promoting quality skill development [62]. With appropriate activity design and
monitoring of intensity, both of these objectives can be met within the same session.

For children and adolescents between the ages of 5 and 17 years old, the World Health
Organisation (WHO) recommend 60 min of moderate-to-vigorous physical activity (MVPA)
daily [64]. There are five categories of well-established PA-related exercise intensities,
beginning with sedentary, which typically refers to sitting or other stationary activities,
requiring minimal energy and low levels of movement [65]. Light-intensity activity refers to
activities that can be easily sustained for 60 min without incurring a noticeable change in
breathing rate, and often, these activities require less than three times the resting energy
expenditure [65]. Moderate intensity refers to using between 3 and 6 times more energy
than a resting state, while vigorous intensity refers to using 6 to 9 times more energy when
compared to a resting state [65]. High-intensity activity, however, refers to expending energy
in excess of 9 times the amount used at rest.

Monitoring PA intensity is a critical component for evaluating cardiorespiratory fitness,
and consistent participation at higher-intensity PA has the potential to positively impact
other health markers, such as blood glucose and blood lipid levels [66]. The consistent
associations found between FMS and PA indicate that a high level of motor competence can
contribute to long-term PA engagement [67]. Minimal research, however, exists pertaining
to the intensity of activity accrued during the performance of FMS activities [68] or the
associated quality of skill execution.

Recent studies with populations of children and adolescents have examined energy
expenditure during the performance of object-control skills (kick, throw, strike) [68,69].
The Sacko et al. (2019) study (n = 42; 22 males; mean age = 8.1 ± 0.8 years) reported that
the practice of kicking, throwing, and striking at a rate of two maximal-effort attempts
per minute appears to meet the threshold for moderate-intensity PA as it surpasses the
4.0 metabolic equivalent (METs) [69]. Further research among children (n = 30; 16 males;
(9.4 ± 1.4 years) has suggested a slow cadence (i.e., kicking a football in a passing motion
every 6 s but not at maximal effort), results in a light intensity of activity between 1.5 and
2.9 METs [70]. Notably, these studies differ in the effort applied from participants; the
Sacko et al. (2019) study sought maximal effort from participants, whereas the Duncan
et al. (2020) study referred to a short passing motion with a football at a slow tempo [69,71].
Such tempo and light-energy expenditure may be common within physical education or
coaching during isolated task practices [69,71]. To achieve a vigorous PA intensity threshold,
10 attempts per minute at a maximal effort for FMS-related practices were deemed to be
needed [69], whereas 20 attempts of short-range kicking were required to reach moderate
intensity [71]. Thus, depending upon the effort required and rate of attempts, the practice
of individual FMS may produce light, moderate, or vigorous levels of PA.

In contrast to the aforementioned studies on energy expenditure when performing
individual FMS [69,71], FMS practice sessions will often include activities in which multiple
FMS are performed within the context of a game [72]. According to the compendium of
physical activities for children and adolescents, various forms of game play commonly
result in levels of vigorous intensity being attained [73]. Several examples of organised
games (i.e., basketball, soccer, tennis), in addition to less formal playground and active
locomotor play (i.e., hopscotch, freeze tag, sharks and minnows) typically allow children
and adolescents to meet the vigorous-intensity threshold across 4 identified age ranges (6 to
9 years old, 10 to 12 years old, 13 to 15 years old, and 16 to 18 years old) [73]. Thus, provided
that games are appropriately designed (i.e., number of participants, size of playing area,
etc.), it appears that such activities are a viable means of meeting the PA objective of FMS
sessions [59].

4
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In relation to skill development, extensive research has shown that practicing FMS
in isolation, coupled with appropriate instruction and feedback, can develop children’s
skill levels [33,40,74,75]. While the overall time spent in activities is typically reported in
these studies, the number of skill executions within that time period is not. Interventions
with a larger emphasis on the use of games to enhance FMS have also proved success-
ful [59,71,76,77]. As with interventions based upon practicing skills in isolation, specific
information on the rate of skill executions within these games is typically not provided
either. Additional information on the rate of skill executions per unit time would prove
valuable for practitioners in their design of practice sessions, and potentially to researchers
seeking to understand the mechanisms underpinning effective interventions.

Skill development is an individual process that demands a tailored approach due
to varying environmental constraints and the interactions between the task and the in-
dividual themselves [5]. Game-based approaches, such as Teaching Games for Under-
standing [78,79], propose that the teacher or coach draw upon both game forms and more
isolated activities as required to meet their individual learners’ needs. Practitioners need to
understand how their choice of activity (isolated task or game form; maximum or submaxi-
mal effort; etc.) will influence both PA levels and skill development. As such, a singular
definitive recommendation regarding which intensity to utilise in a physically active setting
to develop FMS is not advisable from the current evidence presented. Instead, Physi-
cal Education teachers, sport pedagogues, coaches, and researchers should acknowledge
and justify their selections of individual activities and combinations of activities within a
session/lesson plan so as to meet learners’ PA and skill development needs [68,69].

3.3. Time

When considering recommended FMS guidelines for children and adolescents, the
variable of “time” under the FITT acronym can refer to either (1) the duration of time
devoted to motor skill instruction and practice across a complete intervention [22,75] or
(2) the duration in minutes of motor skill instruction and practice in a singular FMS session
of intervention [13].

A previous meta-analysis by Logan et al. (2012), which specifically examined motor
skill interventions in children, found that no significant relationship existed between the du-
ration in minutes of the FMS intervention dose and the subsequent effect size of participant
FMS improvements post intervention (the intervention–dose response). Many interventions
for FMS identified within this meta-analysis were noted as lasting from between 6 and
15 weeks in length, and ranged from 480 to 1440 min (8 to 24 h) total in duration [22]. More
recently, Robinson et al. (2017) suggested that 600 min (10 h) of high-quality instruction for
pre-schoolers could significantly improve children’s motor competence, and the authors
reported similar improvements for children’s FMS performances, regardless of whether
participants had received a 660 min (n = 27, 13 males, 14 females, mean age = 4.4 years,
SD = 0.6 years), 720 min (n = 23, 11 males, 12 females, mean age = 4.4 years, SD = 0.4 years),
or 900 min (n = 25, 13 males, 12 females, mean age = 4.5 years, SD = 0.5 years) dose of FMS
instruction as part of the Children’s Health Activity Motor Program (CHAMP) intervention
across a 12-week period [75]. In other studies of younger children aged between 2 and
6 years old, evidence would suggest that interventions with a shorter duration (ranging
from 1 month to 5 months) have demonstrated significantly higher effect sizes for FMS
proficiency when compared with studies of longer durations (6 months or longer) [13]. It
has been theorised that the activities provided in the intervention may, over time, become
repetitive and monotonous to the children, leading participants to disengage from the
intervention and its associated activities [22].

Tompsett et al. (2017) in their updated systematic review of pedagogical approaches
used in FMS interventions reported that individual FMS session durations vary widely
across the FMS-related literature for children and adolescents, with session durations of:
20 min, 30 min, 40 min, 45 min, 60 min, and 90+ min being reported. Findings from this
systematic review observed that both the session duration and the number of sessions per
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week (frequency) were not associated with FMS proficiency outcomes in participants aged
5–18 years [80]. Many evidence-informed FMS studies with children and adolescents in
sport and PE settings have cited that the implementation of two sessions a week appears
to promote positive changes in FMS competence, with total session time across the week
equalling approximately 60 min [40,74,81,82].

The use, however, of one session a week in the 30–60 min range has also been found
to be effective in promoting enhanced skill growth and motor development among chil-
dren and adolescents [83–85]. Aligned to the FITT principle, no clear guidelines for the
suggested FMS session(s) time exists in child and adolescent FMS-related research. Exist-
ing evidence from above, however, suggests that somewhere between 30 and 60 min per
session would appear appropriate for FMS-related skill development. Notwithstanding
the relationship between the individual, the task, and the environment in which the motor
skill task is performed [86–88], the time available for FMS devotion will likely depend on
the intervention setting, be that a community-based sports club, or in a school environment
through Physical Education classes, for example.

Overall, while no specific FMS guidelines for time have been consistently set within
the literature for increased FMS competence in children and adolescents, some impactful
research has reported that successful FMS-related interventions appear to comprise at least
600 min of quality instruction time, with effective FMS session durations lasting somewhere
between 30 and 60 min per week and being no longer than 6 months overall in duration
(particularly when training those in early childhood). Future research regarding the FMS
training of children and adolescents is needed, by specifically examining dose–response
relationships for meaningful FMS-related intervention guidelines [13,75,80].

3.4. Type

FMS development is influenced not just by the frequency, intensity, and time engaged
in practice; practitioners must also select the type of practice. In a recent systematic review
of the pedagogical approaches used in FMS interventions for children and adolescents [80],
it was revealed that FMS interventions are indeed effective at improving FMS proficiency
(27 of 29 included studies). Central to the success of these interventions are the deliberate
decisions that trained and/or experienced practitioners make when designing and deliv-
ering developmentally appropriate activities [2]. This culminating section on the FITT
principle’s relationship with FMS will focus on three decisions that practitioners may need
to make in relation to type of practice: (i) the nature of guidance, (ii) the level of autonomy
afforded to learners, and (iii) the extent to which the FMS are performed in isolation or in
the context of a game form (Table 2).

Table 2. Dimensions of practice type to enhance fundamental movement skills.

Dimension

Nature of Guidance

Direct instruction:
movement solution specified
through some combination of

demonstration, instruction,
physical guidance, and/or

prescriptive feedback.
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3.4.1. Nature of Guidance

High-quality instruction, practice, and feedback are essential factors for the devel-
opment of FMS proficiency in children and adolescents [2]. While unstructured, mini-
mally supervised “free play” interventions do appear to lead to improvements in FMS
(e.g., [46,89,90]), these improvements are less than those observed in peer groups that
receive additional guidance. While some form of additional guidance can enhance learning,
this quality instruction may be delivered in different ways [2,91]. For example, direct
instruction is where a movement solution is prescribed for the learner by the practitioner.
This prescription may be provided in the form of demonstrations, cue words, and/or tar-
geted feedback, all of which is designed to help a child modify their action towards a more
proficient pattern (e.g., [74,75]). In contrast, indirect instruction refers to manipulations
of the task, equipment, or playing space to elicit behavioural responses from the learner
(e.g., [92,93]). For example, instructions to throw “as far as you can” or the use of distant
targets may be used to encourage a stepping action and additional trunk rotation within the
overarm throw. Importantly, effective indirect instruction does not force a learner towards
a single, specific solution, but rather encourages the exploration of alternative movement
solutions [94].

One proposed advantage of indirect instruction is that it encourages a learner to
become sensitive to the demands of any movement situation, and to adjust their movement
accordingly [72]. However, limited research has directly compared direct and indirect
instruction while controlling for other variables [93,95], and this research has produced
equivocal findings in relation to movement competence, with direct instruction enhancing
the development of certain movement components, and indirect instruction enhancing the
development of others. The impact of these differing instructional approaches on broader
benefits (e.g., intrinsic motivation, creativity) have not been investigated [96]. In addition,
many FMS interventions (e.g., SKIP–[97]) utilise both direct and indirect instruction in
combination. Effective teachers and coaches can and do use both direct and indirect
instruction, often within the same session [91], with the decision depending upon the aim
of the activity, and the specific characteristics of the learner and teacher.

3.4.2. Learner Autonomy

The ideal FMS session is one which supports children to become proficient movers
while also enhancing their motivation to partake in PA [98]. According to self-determination
theory [99,100], an autonomy-supporting learning environment enhances motivation.
Within the context of FMS development, autonomy refers to viewing learners as indi-
viduals who are deserving of understanding and, within appropriate limits, of choosing the
direction of their development [101]. In practical terms, an autonomy-supporting environ-
ment is one in which learners are provided with a rationale for activities, their feelings are
taken into consideration, and they are provided with as much choice and opportunities for
independent action as appropriate in the context [101]. While the provision of a rationale
for activities and consideration of learner’s feelings should be present within all FMS
sessions, the instructor should determine the appropriate degree of choice to be provided
to learners.

Within low-autonomy FMS sessions, the teacher/coach selects the content, duration,
and order of activities to be practiced [74,102]. In contrast, during high-autonomy FMS
sessions, the learner has a degree of choice about which activities to engage in, which
variations of each skill to engage with (e.g., which target to throw at, which object to throw
with), how long to spend on each task, and whether they would like feedback on any
particular effort [103,104].

Multiple studies have demonstrated the benefits of incorporating learner autonomy
within an FMS intervention (e.g., [104,105]). However, in many studies on learner auton-
omy, the interventions differ on both the level of autonomy provided and on the nature
and/or quantity of the instruction provided. Valentini and Goodway (2004b) found bene-
fits for a high-autonomy group relative to a low-autonomy group in terms of heightened
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variable practice conditions, however the group also differed in the use of private rather
than public feedback [105]. The most focused test of autonomy was provided by Robinson
and Goodway (2009) [40], who provided highly individualised feedback to participants
in both a low-autonomy (the teacher made all decisions about what to practice and when
based on their professional judgement) and a high-autonomy group (the learner made all
decisions); the groups did not differ in relation to improvements in FMS levels. Taken as
a whole, these studies suggest that incorporating learner autonomy is beneficial for FMS
development (or at least, does not reduce learning), and may have additional motivational
benefits. However, the level of autonomy will vary depending upon the aim of the activity,
as well as on learner and teacher characteristics [91]. For example, where an instructor has
developed children’s ability to self-direct their play appropriately, higher levels of auton-
omy can be provided. Furthermore, within a single session, different levels of autonomy
may be deemed appropriate for different activities; for example, low autonomy might be
appropriate when the priority is to assess children’s performances on a novel activity.

3.4.3. Skill Context

Another decision for practitioners in relation to type of practice relates to the extent to
which skills are practiced in the context of games or in isolation. Practicing individual FMS
in a station-based structure [33,75] provides children and adolescents with the opportunity
to perform numerous practice attempts across a wide range of FMS. Such an approach can
prove both engaging and enjoyable as long as a suitable range of activities and variations
are provided [85]. In contrast, contextualised skill practices see learners perform multiple
FMS in a game context [72,77] applied to achieve a higher-order objective. Such games can
be simplified or have elements exaggerated in order to provide an appropriate challenge
for learners.

There is a concern that isolated technical exercises may show limited opportunities
for transfer to game forms, especially from an ecological dynamics theoretical perspective,
where the movement a child demonstrates arises from the specific constraints of the
situation [86,106]. In addition, practice in the context of game forms is thought to provide
young learners with greater opportunities to demonstrate creativity, problem solving and,
decision making [72]. However, for many skills, there are common principles of effective
and safe movement which may be best appreciated initially in isolation. Furthermore,
the flow of information which guides movement is not just in the external world (e.g.,
location of target for a throw, intervening obstacles) but also internal to the body in the form
of kinaesthetic information from muscles and joints (e.g., absence of knee valgus when
landing). Exploring movements in isolation, alongside the implementation of established
elements of game-based approaches [107], may facilitate the learner to tune into this
kinaesthetic information flow.

Research comparing technical exercises against games skills have reported mixed
results. For example, Jarani et al. (2016) reported that 8-year-old Albanian children showed
superior improvements in a range of motor skills tests if they performed exercises as
individuals (e.g., gait exercises to improve running speed) rather than as small groups
(e.g., tag games to improve running speed) [108]. In contrast, Miller et al. (2015) reported
that 10-year-old Australian children showed significant improvements in throwing and
catching following a games-based intervention compared with lessons featuring a higher
proportion of isolated technical training [59]. Thus, as with learner autonomy, it appears
that the question facing instructors is not whether isolated or contextualised activities
are most effective but rather how and when each type of practice should be applied
in order to maximise learning. Indeed, many interventions incorporate both isolated
and contextualised activities [24,109,110]. An implication for researchers is to report the
degree to which isolated and contextualised skill practices are present within their sessions
(e.g., [59]).

This section reviewed three key dimensions of the type of practice and instruction: the
nature of guidance, learner autonomy, and the skill context. Each dimension represents
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a spectrum of activity and instructional design that a teacher or coach can select from
depending upon their aims and the needs of the learners. For researchers, additional clarity
and consistency is required in the reporting of each dimension of practice type.

4. Conclusions

In exploring recommendations for child and adolescent FMS development, an outline
of the range of guidelines identified in this narrative review are summarised in Table 3
below using the FITT principle. As a means of equipping practitioners with evidence-based
recommendations for child and adolescent FMS development, the use of the FITT principle
could be a promising, “user-friendly” strategic approach. As explored in this narrative re-
view, however, a lack of sufficient consistency across published FMS interventions appears
to exist across the different studies in terms of intervention frequency, intensity, time, and
type. As such, regarding the FITT principle, the evidence is insufficient to provide robust
recommendations for practitioners. For these reasons, the guideline ranges presented
in Table 3 are therefore not intended to represent robust recommendations but rather to
provide a summary of the different findings reported within the available evidence.

Table 3. The FITT formula: identified guideline ranges for the FMS development of children and
adolescents.

Fundamental Movement Skills

F
Frequency: At a minimum 2 times per week (unknown if higher dosages of
FMS-related frequencies per week bring about additional motor competence
and/or motor skill development).

I
Intensity: Moderate-to-vigorous thresholds, with a priority towards
object-control skills. Desired FMS intensities can be reached through direct and
indirect instructional practice pedagogies.

T
Time: Aim for between 30 to 60 minutes of FMS-related activities per week,
striving for at least 600 minutes of total intervention or overall program
dosage time.

T
Type: Avail of FMS teacher/coach expertise, supported by parents/guardians.
Practice FMS regularly in structured (games, stations) and unstructured
activities (free play).

It is recommended, rather, that the FITT principle may be used to structure future
investigations of child and adolescent FMS interventions, whereby future researchers might
report their FMS intervention study designs, in accordance with the FITT principle, to
facilitate commonality and comparisons between studies. Such improved reporting and
clarity between FMS intervention study designs would strongly contribute to the quality
of studies seeking to evaluate the impact of the FITT principle. The authors of the current
study, however, strongly suggest that some clear elements need to be considered if seeking
to promote quality FMS research in children and adolescents when using the FITT principle.

Reporting the frequency (i.e., dosage) of FMS sessions is a clear necessity for future
research. Many FMS intervention studies are evaluated within physical education settings.
The duration of such classes and the number of taught classes per week typically vary
across countries and continents. Outlining a consistent approach for the frequency of FMS-
related physical education lessons may be necessary to examine how the frequency variable
could be operationalised in diverse education (or community sport settings). Regarding
intensity, some FMS-related research has assessed this variable using portable gas analysers,
which evaluate oxygen consumption on a breath-by-breath basis both prior to and during
exercise. For FMS practitioners in the field, given that cost is often a prohibitive factor
within measurement studies, the use of heart rate monitors or smart watch devices may be
considered reasonable alternative measurement devices to gauge exercise intensity during
FMS sessions. Future research studies should clearly outline time recommendations when
reporting on the FMS-related prescription of intervention studies, with the findings of
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the current narrative review suggesting that a range of between 30 and 60 min of FMS-
specific work per week might be appropriate for the motor development of children and
adolescents. Within a school or community sport setting, practitioners are encouraged
to target this 30 to 60 min time threshold through allocated classroom or sport-related
session times. Clearer specifications on the type of activities used to improve FMS in
children and adolescents should be clarified within future research studies as a strategy to
identify replicable trends that can be adapted for use within and across countries. It is very
important to note that in research and practical settings, the type of instructional offering
for promoting individual autonomy within FMS may vary. Such instructional climates
may be dependent on the context of the skill, the mode of delivery, and whether additional
elements, such as decision making, motivation, etc., may also need to be targeted.

It is recommended by this authorship team that future prospective studies seeking
to evaluate the “FITT” principle within FMS environments should provide a clear outline
of the frequency (dosage) and time (duration) of the sessions undertaken and specify
the instructional methods implemented, with a supportive rationale on the types of ac-
tivities offered, in addition to measuring intensity. Such consistency in the reporting of
FMS interventions for children and adolescents may allow for the future provision of
evidence-informed, FMS-related recommendations for use by practitioners, including Phys-
ical Education teachers, sport pedagogues, coaches, parents, guardians, and researchers.
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Abstract: Background: The aim of this study was to analyze the inhibitory and promotive factors of
psychosocial health in the context of childhood obesity, incorporating physical fitness as an additional,
potentially relevant predictor. Methods: The sample comprised cross-sectional data of 241 children
and adolescents with obesity and overweight from the German Children’s Health InterventionaL
TriaL III program (12.5 ± 2.1 years; 51.9% girls). Demographics and lifestyle patterns were assessed
via parent reports. Anthropometric data and physical fitness in relation to body weight (W/kg) were
measured. Children and adolescents completed standardized questionnaires (GW-LQ-KJ, FSK-K)
to assess health-related quality of life (HRQOL) and five dimensions of self-concept (scholastic,
social, physical, behavioral, and self-worth). Results: Multiple linear regression analysis showed
that HRQOL was significantly related to relative physical fitness (W/kg; β = 0.216, p = 0.011) as
were scholastic (β = 0.228, p = 0.008) and social self-concept (β = 0.197, p = 0.023). Increasing body
mass index (BMI) Z-scores, age, physical activity (hours/day), low parental educational levels,
and/or migration background were negatively associated with three subdomains of self-concept
(physical, behavioral, self-worth; all p < 0.05). Conclusion: The results emphasize BMI Z-scores, age,
physical activity, migration background, and parents’ educational level as relevant predictors of
psychosocial health in the context of childhood obesity. Additionally, this study adds physical fitness
as a key determinant of HRQOL and self-concept. To enable the development of more effective
weight management, therapeutic strategies should therefore consider addressing these aspects and
improving physical fitness in particular not only for weight loss but also to strengthen psychosocial
health.

Keywords: childhood obesity; health-related quality of life; self-concept; self-perception; physical
fitness; psychosocial health

1. Introduction

Childhood and adolescent obesity is a globally recognized public-health concern [1].
In addition to physical comorbidities, such as the increased risk of developing metabolic
syndrome, type 2 diabetes, cardiovascular diseases, orthopedic complications, or increased
rates of cancer, among others, a growing body of research has documented the psychosocial
burden in affected children and adolescents [2]. Psychosocial impairments, such as a poor
self-esteem, a negative self-perception or self-concept, can result in a vicious circle of
weight gain [3–6]. Besides this, a negative self-concept has been found to mediate the
inverse relationship between high body mass index (BMI) and health-related quality of
life (HRQOL) [7], a multidimensional construct aggregating individuals’ physical and
psychological health, emotional state, and social functioning [8]. Already in 2014, Buttitta
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et al. concluded in a review of HRQOL in children and adolescents with obesity, that
scientific findings regarding the obesity-related impairment in all dimensions of HRQOL
of children and youth were mostly congruent [9].

Consequently, in addition to weight reduction/stagnation and lifestyle counseling,
improving mental health, including HRQOL and self-concept, plays a central role in weight
management programs [4,10]. To target therapeutic strategies accordingly, the identifica-
tion of potential inhibitory and promotive obesity-relevant factors for psychosocial health
has become a research priority [8–11]. In this regard, evidence suggests that sex, age,
socioeconomic status, and migration background not only affect the prevalence of obesity
in children and adolescents but also their HRQOL and self-concept [8,12–14]. Further key
determinants of both weight status and psychosocial health are lifestyle patterns, such
as level of physical inactivity or sedentary behavior, which is characterized by energy
expenditure ≤1.5 metabolic equivalents and predominantly involves prolonged sitting
and/or laying (e.g., screen-viewing activities, passive transportation) [15,16]. An objective
measure of physical activity levels and sedentary behavior is physical fitness [15]. Thus,
prior research indicates that it is important to also include physical fitness in the analysis
of psychosocial health [17]. Studies with non-overweight children have yielded promising
results in terms of psychosocial improvements associated with increased fitness [18–20].
Knowing that physical fitness is a mediator in the relationship between childhood and
adolescent obesity and self-concept [21,22] and HRQOL [15,23,24], supports the need to
further investigate its predictive potential for the psychosocial health of affected children
and adolescents. Therefore, the aim of this cross-sectional analysis was to examine de-
terminants of weight-specific HRQOL and subdomains of self-concept in the context of
obesity in childhood and adolescence, while considering physical fitness as an additional
potentially relevant predictor. Given the vicious cycle between mental health and weight
gain, identifying the factors underlying this dynamic may contribute to the development
of more effective weight management strategies and recommendations for improved care.

2. Materials and Methods
2.1. Sample Description

The data for this cross-sectional analysis came from the Children’s Health Inter-
ventionaL TriaL (CHILT) III. CHILT III is an 11-month, family-based, multi-component
program for obesity prevention and therapy, registered in the German Clinical Trials Reg-
ister under ID DRKS00026785. It was launched in 2003 at the German Sport University,
Cologne. The target groups were children and adolescents aged 8–16 years with obesity
or overweight if displaying cardiovascular risk factors, such as arterial hypertension or
hyperlipoproteinemia [25].

The minimum criteria for inclusion in this study were participation in the CHILT III
program between 2003 and 2020; complete height, weight, age, and body fat percentage
data at baseline; and fully completed HRQOL and/or self-concept questionnaires. After
excluding extreme values, a final data set of 241 children and adolescents (51.9% girls) and
their parents (n = 459: 236 mothers, 223 fathers) remained (see Figure 1).

16



Int. J. Environ. Res. Public Health 2021, 18, 11188Int. J. Environ. Res. Public Health 2021, 18, x 3 of 11 
 

 

 
Figure 1. Flow Chart of Number of Participants in the Study; HRQOL, Health-Related Quality of 
Life; CHILT, Children’s Health InterventionaL Trial; ° subdomains of self-concept; vertical arrows, 
stepwise procedure of the study; horizontal arrows, stepwise exclusion criteria 

2.2. Anthropometric Data 
Standard calibrated scales and stadiometers were used to measure and weigh each 

child. Height and weight were measured with the child barefoot. Weight included cloth-
ing, such as light sportswear. BMI (weight (kg)/height2 (m2)) was assessed and sex- and 
age-specific weight-for-height BMI Z-scores were calculated according to the German per-
centile graphs of Kromeyer-Hauschild et al. [26] using the following equation: 

(BMI/M(t))L(t)-1)/(L(t) × S(t)), 

where M(t), L(t) and S(t) reflect age- and gender-specific parameters of the child. Children 
were then categorized as overweight (>90th percentile and ≤97th percentile) or obese 
(>97th percentile). Body composition was determined by measuring skin-fold thickness to 
the nearest 0.2 mm in triplicate at the triceps (tric) and subscapula (subs) with a body fat 
caliper (Harpender Skinfold Caliper HSK-BI, British Indicators, West Sussex, England) 
following a standardized protocol [27]. The mean of the three measures was considered 
the final value. When tric+subsc was >35 mm (n = 230) the following sex- and age-specific 
equations by Slaughter (1988) [28] were used to compute the body fat percentage, as these 
had also been used during previous studies on similar populations [29]: 
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2.2. Anthropometric Data

Standard calibrated scales and stadiometers were used to measure and weigh each
child. Height and weight were measured with the child barefoot. Weight included clothing,
such as light sportswear. BMI (weight (kg)/height2 (m2)) was assessed and sex- and age-
specific weight-for-height BMI Z-scores were calculated according to the German percentile
graphs of Kromeyer-Hauschild et al. [26] using the following equation:

(BMI/M(t))L(t)-1)/(L(t) × S(t)),

where M(t), L(t) and S(t) reflect age- and gender-specific parameters of the child. Children
were then categorized as overweight (>90th percentile and ≤97th percentile) or obese
(>97th percentile). Body composition was determined by measuring skin-fold thickness
to the nearest 0.2 mm in triplicate at the triceps (tric) and subscapula (subs) with a body
fat caliper (Harpender Skinfold Caliper HSK-BI, British Indicators, West Sussex, England)
following a standardized protocol [27]. The mean of the three measures was considered
the final value. When tric+subsc was >35 mm (n = 230) the following sex- and age-specific
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equations by Slaughter (1988) [28] were used to compute the body fat percentage, as these
had also been used during previous studies on similar populations [29]:

Girls, %fat = 0.546 × (sum of tric and subs) + 9.7

Boys, %fat = 0.783 × (sum of tric and subs) − 1.7

When tric + subsc was ≤35 mm (n = 11), Slaughter’s fat-percentage equations were
used according to Rodrígez et al. 2005 [30].

2.3. Demographics and Lifestyle Patterns

At the beginning of the program, parents completed standardized questionnaires as-
sessing the demographics and lifestyle patterns of both themselves and their children [25].
Demographic variables selected for inclusion in the study were children’s sex, age, mi-
gration background, and parent’s educational background. Time spent in physical activ-
ity and on media consumption, which is often used to reflect sedentary behavior, were
included to examine lifestyle patterns [31]. Parents’ educational background was di-
chotomized into two categories: “high”, when both parents had completed secondary
school (“Abitur/Fachabitur”), and “low”, when neither parent had an educational degree,
a different one other than secondary school, or only one parent had completed secondary
school [32]. The migration background of the child was treated as a dichotomous variable
assessed by the language spoken at home (German/non-German) [33].

Regarding the child’s level of physical activity, parents were asked if and for how many
minutes per week their child was physically active apart from time spent at school. Media
consumption was assessed by asking parents to provide the total number of minutes spent
by their child per day watching TV, playing a game console, using the computer/Internet,
listening to music, and/or using their mobile phone. For this study, media consumption
and physical activity were summed and transformed into continuous variables measured
in hours per day.

2.4. Physical Fitness

Physical fitness was measured in peak mechanical power (PMP (W)) and peak oxygen
consumption (VO2max (mL/min), data not shown) using a bicycle ergometer (Ergoline
Ergometrics 900) on which the children and adolescents exercised until exhaustion. Prior
to testing, participants were familiarized with the test procedure and the bicycle ergometer
was adjusted individually (height of seat and handlebar position). Testing began with a
workload of 25 W and increased by 25 W every 2 min [25]. Throughout the testing session,
the participant was verbally encouraged by staff to achieve maximal effort. Due to the
comparably larger sample size, peak mechanical power (n = 238) was used as a proxy for
physical fitness instead of VO2max (n = 228). Test results were related to body weight as
W/kg.

2.5. Health-Related Quality of Life

The weight-specific quality-of-life questionnaire for children and adolescents with over-
weight and obesity (“Fragebogen zur gewichtsbezogenen Lebensqualität für übergewichtige
und adipöse Kinder und Jugendliche” (GW-LQ-KJ)) by Warschburger and Fromme (2004) [34]
is a self-assessment tool specifically designed to assess the HRQOL of children and adoles-
cents with obesity and overweight. In this study, we used version B of the GW-LQ-KJ which
consists of 11 items (e.g., “Because of my weight, I was reluctant to go to the public swimming
pool”). The children and adolescents were asked to evaluate the statements by estimating
the frequency of occurrence in the last 2 weeks on a five-point Likert scale (ranging from
“always” to “never”). The results were recoded so that high values indicated high HRQOL. A
summed score was calculated and adjusted to be within a range of 0–100. Dividing the mean
individual values by the number of completed questionnaires provided the relative mean.
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For reliability analysis, Cronbach’s α was calculated. The internal consistency of the HRQOL
score of the present sample (n = 226) was satisfying, with α = 0.82.

2.6. Self-Concept

The FSK-K (“Fragebogen zur Erfassung von Selbst—und Kompetenzeinschätzungen
bei Kindern”) is a German version of Harter’s Self-Perception Profile for Children [35] and
has been used in previous studies in the context of childhood obesity [36]. It is a 30-item
self-report to assess the multidimensional self-concept of children. Each item is scored on a
scale of 1–4 in an alternative-statement format, with a positive statement on one side (e.g.,
“I want to stay the way I am”) and a negative statement on the other side (e.g., “I would
like to be someone else”). The child decided which side of the description was “sort of
true” or “really true” for him/her.

The FSK-K integrates five scales for assessing perceived domain-specific self-concept:
scholastic competence, social competence, physical appearance, behavioral conduct, and
global self-worth. After recoding, the highest domain-specific competence was defined
as a mean score of 100. Internal consistency of the domains of self-concept was α = 0.79
for scholastic competence (n = 231), α = 0.82 for social competence (n = 223), α = 0.76 for
physical appearance (n = 215), α = 0.77 for behavioral conduct (n = 228), and α = 0.71 for
global self-worth (n = 215).

2.7. Statistical Analysis

Descriptive statistics for anthropometric data, demographics, lifestyle patterns, and
physical fitness are provided. Continuous variables are shown as means ± standard devia-
tion (SD), minimum (min), and maximum (max), and categorical variables as frequencies
and percentages. The association between the selected determinants, HRQOL, and the
dimensions of self-concept were explored by backward stepwise multiple linear regression
analysis, with p > 0.05 designating the removal of variables. The dependent variables were
the HRQOL score and the score of each of the five domains of self-concept. One model
was used for each domain. Predictors included in the baseline model were age, sex, BMI
Z-score, body fat (%), physical fitness (W/kg), physical activity (hours per day), media
consumption (hours per day), migration background (German (yes/no)), and parental
educational background (High (yes/no)). A squared term for age was also included as a
covariate given that the relationship between HRQOL/(physical) self-concept and age is
non-linear [37]. Significance was set at p < 0.05. All analyses were performed using IBM
SPSS Statistics Version 27.0.

3. Results

The average BMI Z-score of the sample was 2.45± 0.46, with 212 participants classified
as obese (88%) and 29 (12%) considered overweight. For a more detailed description of the
sample characteristics, see Table 1.

For reference, the six baseline multiple linear regression models explaining HRQOL
and the dimensions of self-concept (scholastic competence, social competence, physical
appearance, behavioral conduct, and global self-worth) adjusting for all independent
variables are shown in Table S1 in the supplementary material. Table 2 summarizes the
resulting final models after the removal of all insignificant variables using backward
stepwise multiple regression analysis.
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Table 1. Descriptive Sample Characteristics.

Variable n (%) Mean (SD) Min Max

Sex
Female 125 (51.9%)
Male 116 (48.1%)

Percentile
Obese 212 (88.0%)

Overweight 29 (12.0%)

Migration Background Yes/German 209 (86.7%)
No/Non-German 32 (13.3%)

Parent’s Educational Degree 1 High 57 (23.7%)
Low 184 (76.3%)

Physical
Variables

Age (years) 241 12.5 (2.07) 7.3 17.1
Height (m) 241 1.58 (0.11) 1.23 1.89
Weight (kg) 241 76.7 (19.9) 37.4 148.4

BMI (kg/m2) 241 30.9 (4.8) 20.5 56.6
BMI Z-score 241 2.45 (0.46) 1.43 3.80
Body fat (%) 241 42.1 (9.0) 26.1 83.2

Relative Physical fitness (W/kg) 241 1.7 (0.4) 0.9 3.3

Lifestyle
Variables

Physical Activity (hours/day) 162 0.7 (0.6) 0 2.9
Media Consumption

(hours/day) 190 2.5 (1.8) 0 8.5

Psychosocial
Variables

HRQOL 232 77.7 (14.3) 29.1 100.0
Scholastic Competence ◦ 233 75.6 (16.7) 25.0 100.0

Social Competence ◦ 232 76.0 (18.6) 25.0 100.0
Physical Appearance ◦ 233 54.1 (15.6) 25.0 100.0
Behavioral Conduct ◦ 232 74.1 (16.4) 29.2 100.0
Global Self-Worth ◦ 233 72.3 (16.3) 25.0 100.0

1 High, both parents have completed secondary school; Low, only one parent/neither mother nor father have completed secondary school;
HRQOL, Health-Related Quality of Life; n, number of participants; SD, Standard Deviation; Min, Minimum; Max, Maximum; ◦ Subdomains
of Self-Concept; Psychosocial variables are based on scores ranging from 0 (lowest) to 100 (highest).

Table 2. Final Models from Backard Stepwise Multivariable Linear Regression Analysis.

Model Final Predictor/s * β (s.e.) p-Value of
Coefficient R2

Adj. R2

(p-Value of
Final Model)

HRQOL
(n = 136) Relative Physical fitness (W/kg) 0.216 (3.128) 0.011 0.047 0.040 (0.011)

Scholastic Competence ◦

(n = 136) Relative Physical fitness (W/kg) 0.228 (3.289) 0.008 0.052 0.045 (0.008)

Social Competence ◦

(n = 136) Relative Physical fitness (W/kg) 0.197 (3.786) 0.023 0.038 0.031 (0.023)

Physical Appearance ◦

(n = 136)

Age (years)
BMI Z-score

Physical Activity (hours/week)

−0.276 (0.641)
−0.334 (2.726)
−0.164 (0.301)

0.001
<0.001
0.040

0.190 0.171 (<0.001)

Behavioral Conduct ◦

(n = 136)

High Parental Educational Level a

German/No Migration
Background b

0.204 (2.942)
0.169 (4.442)

0.016
0.045 0.071 0.057 (0.008)

Global Self-Worth ◦

(n = 136)
Age (years)

High Parental Educational Level a
−0.186 (0.719)
0.224 (3.005)

0.028
0.008 0.077 0.063 (0.005)

* After removal of all insignificant variables. Significance was set at p < 0.05; HRQOL, Health-Related Quality of Life; β, Standardized
Coeffecient Beta; s.e., Standard Error; Adj, Adjusted; ◦ Subdomain of Self-Concept; Reference Categories: a low parental educational level
(only one parent/neither mother nor father have completed secondary school/Abitur), b Non-German.
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After all other factors had been accounted for in the final models explaining HRQOL,
scholastic competence, and social competence, relative physical fitness remained the only
significant predictor. Participants with high levels of relative physical fitness (W/kg)
showed higher HRQOL (β = 0.216, p = 0.011; Adj. R2 = 0.040, p = 0.011) and perceived
scholastic (β = 0.228, p = 0.008; Adj. R2 = 0.045, p = 0.008) and social competence (β = 0.197,
p = 0.023; Adj. R2 = 0.031, p = 0.023). Relative physical fitness explained approximately
3.1–4.75% of total variability in each of these first three models.

We found BMI Z-score and physical activity to be significantly associated with only
one of the dependent variables investigated. More precisely, BMI Z-score (β = −0.334,
p < 0.001) and self-reported physical activity (β = −0.164, p = 0.040) significantly predicted
physical appearance. Jointly with age (β =−0.276, p = 0.001), the three predictors accounted
for approximately 17% of the total variability in the final physical appearance model (Adj.
R2 = 0.171, p < 0.001).

In the fifth model explaining behavioral conduct, high parental educational levels
(β = 0.204, p = 0.016) and migration background (No/German; β = 0.169, p = 0.045) showed a
positive association to this subdomain of self-concept and explained a significant proportion
of variance (Adj. R2 = 0.057, p = 0.008). Higher parental education was also positively
associated with global self-worth (β = 0.224, p = 0.008), and together with age (β = −0.186,
p = 0.028) accounted for approximately 6% of total variability in the final global self-worth
model (Adj. R2 = 0.063, p = 0.005).

4. Discussion

Childhood and adolescent obesity impacts various dimensions of psychosocial health,
including health-related quality of life (HRQOL) and personal self-concept [3]. Thus, a
comprehensive understanding of the dynamics and possible influencing factors between
weight and mental health is a key step toward improving weight management programs.
In this context, our results confirmed previous findings on the negative association between
increasing age, high BMI Z-scores, migration background, low parental education, and
psychosocial health [12,13,32]. In addition, the results revealed that relative physical fitness
was a major predictor of HRQOL, and of the social and scholastic self-concept of children
and adolescents with overweight and obesity.

4.1. Anthropometric and Demographic Determinants of Psychosocial Health of Children and
Adolescents with Obesity

Consistently with the literature, we identified the physical self-concept to be most
affected by high BMI Z-scores [9]. The higher the Z-score, the more dissatisfied participants
were with their physical appearance in our sample. Many studies have concluded that
girls with overweight or obesity are especially susceptible to body dissatisfaction [5];
however, other studies have not yielded results containing differences between the sexes [2].
While we did not find differences related to sex between any dimension of self-concept or
HRQOL, we did find age to be a significant predictor in our study. These results are not
surprising when considered in the context of the effects of puberty. Pubescent individuals
are particularly vulnerable to low self-esteem and negative body image [5,37]. Our findings
thus support those of earlier research, which suggested that addressing body image should
be included as a highly relevant issue in obesity-treatment agendas to improve patients’
self-esteem, particularly in adolescence [10].

Migration background and low socioeconomic status have been identified as key deter-
minants of obesity and are also associated with determinants of psychosocial health [12,32].
Several researchers have recommended interventions at an early stage in childhood to
address children who—due to their familial background—are particularly at risk of devel-
oping obesity and psychosocial impairments [4]. In line with this, our findings indicate that
children and adolescents with obesity and overweight who have a migration background
or whose parents had comparatively low education assessed their behavioral conduct and
global self-worth as worse than their German counterparts. Considering the observed
age effect in our study, the need for early action becomes especially evident. Besides
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this, the strong influence of familial background and behavior-specific family variables
(e.g., lifestyle patterns and nutrition) in the context of both obesity and the subdomains of
self-concept underpin the need for parental involvement in intervention strategies [13].

4.2. Associations between Physical Fitness, Physical Activity, and Psychosocial Health of Children
and Adolescents with Obesity

In weight management programs, most participating families focus on weight loss as
the key determinant of program success [24]. However, when considering the underlying
causal relationships between weight gain, active lifestyle, and psychosocial health, the
latter should be regarded as equally important outcome measures [9,34,35]. In this regard,
our results demonstrate that physical fitness may be an important contributor to achieving
program goals beyond mere weight loss. While its positive effect on physical health and
weight management is undisputed, this study, on the one hand, identifies the importance
of physical fitness for the personal self-concept and, on the other hand, reemphasizes the
relevance of physical fitness for HRQOL in childhood [20], adolescence [19,24], and in
the context of obesity [23]. Because it is associated with both physical and psychosocial
dimensions [18,21,22], our results hence suggest that a focus on improving fitness could
lead to more sustainable therapy outcomes than short-term weight loss [17].

It is important to note that objectively measured fitness played a greater role for the
selected markers of psychosocial health than subjectively measured physical activity or self-
reported media consumption in our sample. In comparison to physical fitness, self-reported
media consumption was not a significant predictor in the present analysis. Physical
activity was negatively associated solely with perceived physical appearance. The observed
negative relationship between physical activity and appearance was not consistent with
previous studies [18,22] which may be explained by the fact that engaging in physical
activity may reveal fundamental movement-skill difficulties compared to non-overweight
peers, leading to an impairment of physical self-concept [14]. Therefore, our results indicate
that—in addition to physical fitness improvements—motor skill development in children
and adolescents with overweight and obesity may be critical in intervention strategies [14].

4.3. Strengths and Limitations

A major strength of our study is that physical fitness, body height, weight, and fat
percentage were objectively measured by trained staff according to standardized methods.
In addition to the large sample and the number of determinants analyzed, further strength
is the utilization of a weight-specific HRQOL-measurement tool that has been shown to
have good psychometric properties.

The primary limitation of our study is the cross-sectional design, which does not allow
any conclusions to be drawn regarding the causal direction of the relationship between the
observed variables. Furthermore, several obesity-relevant factors were not included due to
incomplete data such as dietary habits, type of school, single parenting, and parents’ BMI.
The inclusion of these limited data would have resulted in too great a sample size restriction.
As such, there may be additional factors that could confound the association between the
independent variables. Selection bias, information bias, and social desirability bias, that is,
in self-reports on physical activity and media consumption, are further limitations. As a
treatment-seeking population, the participants potentially shared characteristics, such as
motivation, that distinguished them from other groups. Besides this, as some data were
self-reported, the study is not free from information bias.

5. Conclusions

This study adds to the existing body of research by identifying inhibitory and pro-
motive factors for HRQOL and self-concept in the context of childhood obesity, with
implications for therapy and care. The results identify physical fitness as a key predictor
of weight-specific HRQOL and subdomains of self-concept of children and adolescents
with obesity. These findings suggest that improvements in physical fitness may hold even
more promise for positive psychosocial health outcomes in weight management programs
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than weight loss or participation in physical activity alone. In addition, addressing at-risk
children from lower socioeconomic or migration backgrounds at an early stage might
be crucial not only to prevent obesity but also to improve mental health. Our findings
furthermore indicate that strategies to promote body satisfaction and motor abilities could
be critical especially in adolescence to improve the physical self-concept of adolescents
with overweight and obesity but future longitudinal studies are required to investigate the
robustness and causality of our findings.
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Abstract: In (pre)school, children acquire and deepen their basic motor competencies (BMCs) and
interact with peers and friends. BMCs are a central developmental goal in childhood and the
prerequisite for participation in sportive aspects of social life. Both motor competencies and social
integration are linked to children’s health-related quality of life (HRQoL). The aim of the present
study was to describe the connection between BMCs, social relationships, and aspects of HRQoL in
(pre)school children. In this study, the BMCs of N = 1163 preschool children (M = 5.7 years, SD = 0.57,
52% boys) and N = 880 first and second graders (M = 7.5 years, SD = 0.58, 51% boys) were tested. The
children’s social integration was assessed by the teachers; the HRQoL was recorded from the parents’
perspective. In both preschool and primary school, children with better BMCs also showed higher
values in their social integration. Moreover, the results indicated a connection between BMCs and
general HRQoL in primary school and BMCs and physical well-being in preschool. As BMCs, social
integration, and HRQoL seem to be connected in (pre)school, this should be considered both from
developmental and health-oriented perspectives, as well as for physical education (PE) lessons.

Keywords: kindergarten; sport; health; motor skills; physical education; well-being

1. Introduction

Throughout childhood, children develop and extend their basic motor repertoire in
contexts of social interaction (e.g., (pre)school, interactions with peers, sport clubs). Basic
motor competencies (BMCs) are necessary for participation in the culture of sport and
exercise [1,2]. They facilitate a basic capacity for the development of higher competency
levels and further participation in sports and exercise [2]. BMCs are also the prerequisite
for acquisition of sport-specific motor skills and positively influence a physically active
lifestyle over an individual’s lifespan [2]. BMCs further lead to the development of a large
repertoire of movement skills [3]. This process is strongly influenced by opportunities for
practice [4]. Preschools and primary schools should offer situations in which children can
extend their BMCs [5]. Physical education (PE) classes with various movement situations
are particularly suitable, as all children participate in them in contrast to extracurricular
activities. The development of BMCs is a core development task in preschool and primary
school and is also addressed in PE curricula [5].

For all children, school is an expanded social environment with new tasks and chal-
lenges [6]. Interpersonal relationship skills are addressed in the curricula and defined as a
central life skill by the World Health Organization (WHO) [6,7]. Interpersonal relationship
skills help children to relate to the people around them in a positive way. Moreover, they
are acquired in contexts involving social interaction and are important for making friends
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and getting involved in peer groups [6,8]. Social interactions and peer relationships are
central to healthy child development [9,10]. Friendships are associated with a variety of
positive psychological and behavioral outcomes for children, which continue into early
adulthood [11]. Children choose friends and peers by participating in similar activities (e.g.,
sports, music, art) or interacting with those who behave similarly [12]. In early childhood,
children are more likely to choose same-gender friendships and different genders show
different play behavior, which can already be observed at preschool age [13]. While boys
more often engage in physically active games, girls desire friendly closeness and cohesion
more than boys [13]. Girls exert a lot of effort establishing and maintaining positive social
relationships and spend time in smaller groups with closer friends [12,14].

In order to ensure adequate learning opportunities for every child, it is important
to promote social integration in the class in addition to subject-specific competencies in
PE [15]. This is particularly important in the context of sport and play situations, as this
can only happen in the interplay between BMCs and social integration [9].

Positive associations between BMCs and social relationships have been found in
preschool-aged children [16]. In addition, 9 to 12 year old children with poorer motor
competencies have been found to be less preferred by their peers in both play and classroom
settings [17]. Children with developmental coordination disorder, in particular, have been
found to be less socially integrated and more likely to experience exclusion in class [18].

Integration with peers and interactions with friends are highly important for children’s
quality of life, as well as their well-being [19]. Health-related quality of life (HRQoL) is a
multidimensional and complex construct described as an individual’s perception of his
or her position in life [20]. It includes physical, emotional, mental, social, and behavioral
components of well-being and functioning from the subjective perspective [20]. The
assessment of HRQoL in children has increasingly become the focus of health research [21].
An assessment of HRQoL can be used to identify subgroups or individuals who are at
higher risk of health problems [22]. Therefore, HRQoL is especially examined in children
with special needs or diseases, such as developmental coordination disorder or chronic
illness [23,24].

Both BMCs and social integration have a positive influence on children’s mental and
physical health [25,26]. Studies investigating the determinants of HRQoL in (pre)school chil-
dren show that children with higher motor competencies have better HRQoL levels [24,26–28].
Moreover, children with low motor competencies show a higher risk of negative inter-
personal (peer problems) and intrapersonal (low self-assessment) consequences at the
psychosocial level, which can result in worse mental health and well-being [18,29,30].
Integration with peers and interactions with friends are highly important for quality of
life, as positive relationships with friends have a strong effect on children’s subjective
well-being [25,28].

However, little research has been conducted on the connections between (basic) motor
competencies, social integration, and HRQoL in children, especially in preschoolers [26,31].
As previous studies have investigated the relationship between motor competencies and
HRQoL mainly in children with DCD or special needs, there is a need to investigate this
relationship in normally developing children as well. What should be taken into account
in particular is the idea of participation, especially in PE. The aim of this study was to
investigate the relationship between BMCs, social integration, and HRQoL in children in
their first years of (pre)school.

2. Materials and Methods

The present study was a cross-sectional study based on the first measurement point
for a longitudinal research project, funded by the Zurich University of Teacher Education
and Health Promotion Switzerland (Gesundheitsförderung Schweiz, GFCH) and utilized
convenience sampling. Although it was not a representative sample for Switzerland, we
ensured that all three language regions, as well as urban and rural areas, were equally repre-
sented in the sample. In spring and summer 2021, we measured the BMCs of preschoolers

28



Int. J. Environ. Res. Public Health 2022, 19, 14537

(4–6 years) and children from the first and second grades (6–8 years) in the German-, Italian-
, and French-speaking parts of Switzerland. Preschool in Switzerland is part of mandatory
schooling and includes a two-year entrance stage for primary school.

2.1. Participants

In total, we contacted the parents or legal guardians of 1840 preschoolers and 1163 chil-
dren from the first two years of primary school in the German-, Italian-, and French-
speaking parts of Switzerland. For preschoolers, 1334 parents (72.5%) gave their written con-
sent for their children to participate in the study and sent back the questionnaire. Inclusion
criteria were the presence of consent for the assessment of the BMC test and the parent ques-
tionnaire. Age ranges were formed based on the dates of entry to preschool (55–80 months)
and primary school (77–105 months) in order to exclude much younger and older children
from the study. We were thus able to include 1163 preschoolers (M = 5.7 years, SD = 0.57,
52% boys) from 95 classes (average class size, n = 13). In the first and second grades of
primary school, 901 parents (77.5%) agreed to their children’s participation in the study. We
included 880 (M = 7.5 years, SD = 0.58, 51% boys) children from the first and second grades
from 64 classes in the study (average class size, n = 14). We received assessments from the
teachers (M = 39.7 years, SD = 10.2, 90% female teachers) and the parents (M = 38.5 years,
SD = 5.9, 76% female).

2.2. Test Instruments and Data Collection

• Basic motor competencies (BMCs; children tests):

To measure BMCs, we used the MOBAK test instruments for preschool (MOBAK-KG)
and the first two years of primary school (MOBAK-1-2). The MOBAK instrument is a
curriculum-valid instrument that measures the level of BMC and can be used easily in
PE lessons [1,32]. Moreover, it is oriented toward the elementary learning goals of PE
(e.g., [5]). The BMCs in the two competence areas of self-movement and object movement
(Table 1; for details, see [1,32]) are measured via four items each. A standardized task
with corresponding evaluation criteria is described per item. The children performed two
trials per test item (six trials for the throwing and catching items). Both attempts were
rated dichotomously (0 = fail, 1 = successful). The individual results per test item were
summed up to calculate the final item score (0 points = no successful attempts, 1 point = one
successful attempt, 2 points = two successful attempts). The throwing and catching scores
were calculated differently. In these cases, 0–2 successful attempts were scored as 0 points,
3–4 successful attempts as 1 point, and 5–6 successful attempts as 2 points. For each
competency domain, a maximum sum score of eight points could be achieved (for details,
see [1,32]). The data collection took 30–40 min and was carried out during a regular PE
lesson of 45 min duration. The classes were split up and an examiner led three to four
children through the eight test stations and gave a standardized explanation and one
demonstration of each test item.

Table 1. Descriptions of the test items (see Herrmann, 2018 (p. 15) and 2020 (p. 8–9) [1,32]). Note:
0 = no attempt completed, 1 = task completed once, 2 = task completed twice.

MOBAK-KG MOBAK-1-2

Object movement

Throwing The child throws six juggling balls at a target of 1.1 m
height from a distance of 1.5 m with overhead throws.

The child throws six juggling balls at a target of 1.3 m
height from a distance of 2.0 m.

Catching

The tester drops a small basketball to the ground from
a height of 1.5 m so that the ball bounces back up at
least 1.1 m from the ground. The child catches the ball
after it has reached the highest point.

The tester drops a small ball to the ground from a
height of 2.0 m so that the ball bounces back up at least
1.3 m from the ground. The child catches the ball after
it has reached the highest point.
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Table 1. Cont.

MOBAK-KG MOBAK-1-2

Bouncing The child bounces a small volleyball with both hands
and catches it again without losing the ball.

The child bounces a small basketball through a
marked corridor (5.0 × 1.0 m) without losing the ball.

Dribbling
The child dribbles a futsal ball through a marked
corridor (2.8 × 9.0 m) around two obstacles without
stopping or losing the ball.

The child dribbles a futsal ball through a marked
corridor (5.0 × 1.0 m) without losing the ball.

Self-movement

Balancing The child walks across an overturned long bench
without stepping off the bench.

The child walks across an overturned see-sawing long
bench without stepping off the bench.

Rolling
The child performs a forward roll down an inclined
mat and is able to land fluently in a standing position
on his/her feet.

The child performs a forward roll on a mat and is able
to land fluently in a standing position on his/her feet.

Jumping The child jumps a distance of 3.0 m on one foot, turns
around, and jumps back 3.0 m on the other foot.

The child jumps between and beneath carpet tiles
fluently with one leg between the tiles and with
straddled legs beneath the tiles.

Running
The child runs forward along a corridor (0.6 m × 4.0 m)
to a wall, touches it with his/her hand, and then runs
back backwards.

The child moves sideways from one cone to another
placed at a distance of 3 m from each other.

The factorial validity of the MOBAK instruments for preschool and primary education
has already been investigated and confirmed in various studies (e.g., [33,34]).

• Social integration (PIQ; teacher questionnaires):

The teachers measured the children’s social integration using the subscale of the per-
ception of inclusion (PIQ) questionnaire [15]. The teachers rated the children individually
via four items (e.g., “He/she gets along very well with his/her classmates.”) on a four-
point scale. The teachers received the questionnaire for each child in advance along with
the information on the study. We asked the teachers to complete the questionnaire and
bring it with them on the day of the MOBAK test. The Cronbach’s alpha of the scale was
calculated for preschool (0.82) and primary school (0.83) and showed satisfactory internal
consistency [35]. The factorial validity of the instrument was confirmed in a validation
study by Venetz and colleagues. [15].

• General health-related quality of life (general HRQoL; parent questionnaires):

The low reading literacy of children, especially in early childhood, has led to the
development of instruments that measure children’s HRQoL via parental assessments [36].
General health-related quality of life (HRQoL) was measured via the KIDSCREEN-10
instrument [36,37] in a subsample of N = 943 preschool children and the total sample of
N = 880 primary school children (subsample 1), with a short version used in one canton
due to the construction of the questionnaire. This instrument contains ten items (e.g., “Has
your child felt sad?”) and provides a valid measure of a general HRQoL factor. Moreover,
the parents filled out the children’s date of birth and gender. The parents received the
questionnaire along with the declaration of consent, both of which were collected by the
teachers. The internal consistency of the KIDSCREEN-10 instrument was acceptable, with
a Cronbach’s alpha of 0.73 for preschool and 0.76 for primary school (overall 0.74) [35]. For
the analyses, the sum score (10–50) was transformed into the t-value (mean: 50, standard
deviation: 10). Higher values indicate a higher general HRQoL [36,37].

• Physical well-being (parent questionnaires):

In a subsample of N = 348 preschool children (subsample 2), the physical well-being
subscale of the KIDSCREEN-27 instrument [36] was used exploratively. The subscale
consists of five items (e.g., “Has your child felt fit and well?”) and had an acceptable
Cronbach’s alpha of 0.71. For the analyses, the sum score (5–23) was transformed into
the t-value (mean: 50, standard deviation: 10). Higher values indicate higher physical
well-being [37].
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2.3. Data Analysis

SPSS 28 was employed for the data editing, descriptive statistics, t-tests, and Cron-
bach’s alpha estimations [38]. Descriptive statistics were calculated for all variables. T-tests
were used to calculate differences between boys and girls in the variables of interest. In
addition to the 95% confidence intervals, Cohen’s d was calculated to examine the strength
of the differences. Therefore, effect sizes were interpreted following Cohen (1988) as small
(d = 0.10), medium (d = 0.50), and large (d = 0.80) [39]. We used Mplus 8.4 to perform
multivariate analyses [40]. We calculated interclass correlations (ICCs) to test the influences
of the multilevel structure (pupils from different classes) due to class associations. A high
ICC value means that there are large differences between classes for the corresponding
characteristics, the cause of which is to be sought at the class level (e.g., class composition).
Raudenbush and Bryk (2002) recommend accounting for the multi-level structure of the
data for advanced analyses with ICCs > 0.05 [41].

Model 1: In this first model, we used structural equation models to examine the
relationships between the two MOBAK factors self-movement and object movement, social
integration, and general HRQoL, with age as a covariate. Self-movement and object
movement, as well as social integration, were included as latent factors.

Following Ravens-Sieberer and colleagues, we summed up general HRQoL, trans-
formed it into the t-value, and included it as a manifest variable in the model [37] (Figure 1).
This model was separately examined for both age groups of interest (MOBAK-KG, model 1a;
MOBAK-1-2, model 1b). Since KIDSCREEN-10 was not used (in its entirety) at all study
locations, model 1 was calculated for a subsample of N = 943 preschool children and
N = 880 primary school children (subsample 1).
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Figure 1. Model 1. Structural equation model with object movement, self-movement, general HRQoL,
and social integration with the covariate age.

Model 2: Next, we re-calculated model 1 as a multigroup model to investigate the
correlations between the model components separately for boys and girls. This allowed
for a model test for boys and girls. All parameters were estimated freely. Only the factor
structure was kept equal between boys and girls [42–44]. This served to ensure that the
factor structure (numbers and types of latent factors and loadings) was the same for boys
and girls. We calculated model 2 separately for both MOBAK-KG (model 2a) and MOBAK-
1-2 (model 2b).

Model 3: In a subsample of N = 384 preschool children (subsample 2), we used the
physical well-being subscale of the KIDSCREEN-27 instrument (5 items [36]) to assess the
children’s physical well-being from the parents’ perspective. The sum score of the five
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items was t-transformed into a manifest variable. We used structural equation models to
calculate the relationship between the latent factors self-movement, object movement, and
social integration and the manifest variable physical well-being. Age was included as a
covariate (Figure 2).
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Figure 2. Model 3. Structural equation model showing object movement, self-movement, physical
well-being, and social integration with the covariate age.

Model 4: We then re-calculated model 3 as a multigroup model for boys and girls. We
examined the configural invariance in a multiple group model. This allowed for a model
test for boys and girls simultaneously.

In all models, we treated the MOBAK test items as ordinal-scaled and the questionnaire
items as interval-scaled data. Accordingly, we applied the mean- and variance-adjusted
weighted least squares (WLSMV) estimator.

The “type = complex” function for nested datasets implemented in Mplus was needed
to correct the standard error and ensure that dependencies within the multilevel structure
(0.01 ≤ ICC ≤ 0.19; Table 2) were accounted for in all model estimations [41]. The goodness
of fit of the models was assessed using fit indices proposed in the literature [45]. Effect
sizes were interpreted as small (r > 0.10, β > 0.05), medium (r > 0.30, β > 0.25), and large
(r > 0.50, β > 0.45) [39,46].

Table 2. Descriptive analyses of sum scores of the motor competency domains, social integration,
general HRQoL, and physical well-being.

Preschool Primary School

Overall Boys Girls Overall Boys Girls

M
[95% CI] ICC M

[95% CI]
M

[95% CI] d M
[95% CI] ICC M

[95% CI]
M

[95% CI] d

Object movement a 4.0
[3.8; 4.1] 0.02 4.4

[4.2; 4.5]
3.5

[3.4; 3.7] 0.42 5.5
[5.4; 5.6] 0.12 5.9

[5.7; 6.0]
5.1

[5.0; 5.3] 0.43

Self-movement a 4.5
[4.4; 4.7] 0.05 4.3

[4.1; 4.5]
4.8

[4.6; 5.0] 0.21 4.9
[4.8; 5.1] 0.14 4.8

[4.6; 5.0]
5.1

[4.9; 5.3] 0.14

Social integration a 13.5
[13.4; 13.7] 0.19 13.4

[13.2; 13.5]
13.7

[13.6; 13.9] 0.17 13.7
[13.6; 13.8] 0.25 13.5

[13.3; 13.8]
13.9

[13.7; 14.1] 0.15

General HRQoL sum
score b

41.5
[41.2; 41.7] 0.04 41.4

[41.1; 41.8]
41.5

[41.1; 41.8] 0.004 41.2
[40.9; 41.5] 0.03 40.8

[40.4; 41.2]
41.5

[41.2; 41.9] 0.18

General HRQoL
t-value 1,b

51.9
[51.4; 52.4] 0.02 51.8

[51.1; 52.5]
51.9

[51.2; 52.7] 0.02 51.7
[51.1; 52.2] 0.02 51.1

[50.3; 51.8]
52.3

[51.5; 53.1] 0.15
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Table 2. Cont.

Preschool Primary School

Overall Boys Girls Overall Boys Girls

Physical well-being
sum score c

21.9
[21.7; 22.2] 0.04 22.3

[21.9; 22.6]
21.6

[21.1; 22.0] 0.27

Physical well-being
t-value 1,c

53.2
[52.6; 53.8] 0.003 54.1

[53.3; 54.8]
52.2

[51.3; 53.1] 0.33

Note: M = mean, 95% CI = 95% confidence interval. Point ranges: object movement (0–8), self-movement (0–8),
social integration (5–20), KIDSCREEN-10 sum score (10–50), KIDSCREEN physical well-being (5–25). 1 The sum
score (range: 10–50) was transformed into t-values (mean: 50, standard deviation: 10). Higher values indicate
better general health-related quality of life or physical well-being [37]. a Complete sample (preschool: N = 1163,
primary school N = 880), b subsample 1 (preschool: N = 943, primary school N = 880), c subsample 2 (preschool:
N = 384).

We accounted for missing values by generating model estimates using the full infor-
mation maximum likelihood (FIML) procedure. This procedure prevents bias in the sample
composition by preventing a reduction in the sample size [47].

3. Results

As the descriptive analyses (Table 2) show, there were already gender-specific dif-
ferences in motor performance levels. Girls were better in self-movement, while boys
performed better in object movement. Girls were rated as more socially integrated by
their teachers in both preschool and primary school. In preschool, there were no gender
differences regarding general HRQoL, whereas boys showed higher physical well-being
than girls. In primary school, general HRQoL was higher in girls than in boys. The ICC
values for BMCs, general HRQoL, and physical well-being were low (ICC < 0.05). The ICC
value for social integration was 0.19. This means that there were large differences between
the classes due to the assessment of social integration by the teacher at the class level.

Latent Structural Equation Models

Model 1: Both model 1a (preschool) and model 1b (primary school) fit the data well
(Table 3).

Table 3. Data fit of the calculated models.

Model Analysis Sample n χ2 df p CFI RMSEA

1a MIMIC SS 1 preschool 943 115.947 69 <0.001 0.961 0.027
1b MIMIC SS 1 primary school 880 92.865 69 0.029 0.967 0.020
2a MGM SS 1 preschool 943 201.069 160 0.015 0.971 0.023
2b MGM SS 1 primary school 880 180.123 160 0.132 0.977 0.017
3 MIMIC SS 2 preschool 384 88.459 69 0.057 0.962 0.027
4 MGM SS 2 preschool 384 175.645 160 0.188 0.971 0.023

Note: CFI = comparative fit index; RMSEA = root mean square error of approximation; MIMIC = structural
equation model with covariate age; MGM = multigroup model; SS = subsample.

Table 4 shows that the associations of the latent constructs of BMC and social inte-
gration with general HRQoL differed between preschool and primary school children. A
positive small to moderate association between children’s BMCs and their social integration
(assessed by the teachers) was found in both preschool and primary school. In preschool,
no correlations were found between general HRQoL (assessed by the parents) and BMCs
or between general HRQoL and social integration.
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Table 4. Intercorrelations between variables in model 1 (subsample 1).

Factors Preschool (Model 1a) Primary School (Model 1b)

(1) (2) (3) (4) (1) (2) (3) (4)

(1) Object movement

(2) Self-movement 0.74 *** 0.56 ***

(3) Social integration 0.27 *** 0.26 *** 0.22 *** 0.18 **

(4) General HRQoL 0.01 0.04 0.04 0.003 0.14 ** 0.13 ***

(5) Age 0.59 *** 0.47 *** 0.15 *** −0.01 0.49 *** 0.33 *** 0.10 <0.01

Note: (1) object movement, (2) self-movement, (3) social integration, (4) general HRQoL. ** p < 0.01, *** p < 0.001.

In primary school, positive significant associations were found between general
HRQoL and self-movement (r = 0.14, p = 0.005), as well as general HRQoL and social
integration (r = 0.13, p < 0.001), whereas no correlations were found between general
HRQoL and object movement. The results show that children who were better with self-
movement and children who were better socially integrated obtained higher values for
general HRQoL. The correlations with age show that older children had better BMCs and
seemed to be better socially integrated than younger children. No correlation with age was
found for general HRQoL.

Model 2: Taking model 1 as a starting point, the correlations between the latent
factors, as well as with age as a covariate, were calculated for both genders separately in
a multigroup model (Table 5). This model achieved a good fit for preschool (model 2a,
Table 3) and primary school (model 2b, Table 3). Deviation estimates for boys and girls
appeared to be comparable in preschool (boys: χ2 = 106.924, n = 484; girls: χ2 = 94.146,
n = 459) and within primary school (boys: χ2 = 62.191, n = 450; girls: χ2 = 117.932, n = 430).

Table 5. Intercorrelations between the variables in model 2 (subsample 1).

Factors Preschool (Model 2a) Primary School (Model 2b)

(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

(1) Object movement 0.85 *** 0.34 *** −0.01 0.53 *** 0.64 *** 0.21 ** 0.11 0.44 ***

(2) Self-movement 0.84 *** 0.22 * 0.01 0.44 *** 0.68 *** 0.12 0.12 0.26 ***

(3) Social integration 0.26 *** 0.27 *** 0.07 0.15 *** 0.32 *** 0.24 ** 0.16 ** 0.09

(4) General HRQoL 0.06 0.05 0.01 −0.02 −0.03 0.18 ** 0.10 −0.001

(5) Age 0.71 *** 0.52 *** 0.15 *** −0.02 0.58 *** 0.44 *** 0.10 −0.001

Note: (1) object movement, (2) self-movement, (3) social integration, (4) general HRQoL. * p < 0.05, ** p < 0.01,
*** p < 0.001. Girls below the diagonal, boys above the diagonal

In model 2, the results were similar for boys and girls. Boys and girls with better
BMCs were rated higher for their social integration by their teachers in both preschool
and primary school. Regarding general HRQoL, there were no associations with BMCs
or social integration for either boys or girls in preschool. For primary school, significant
relationships with general HRQoL, as assessed by the parents, were only found for self-
movement among girls (r = 0.18, p = 0.007) and social integration among boys (r = 0.16,
p = 0.004). The finding that age was positively associated with BMCs and social integration
was evident for girls and boys.

Model 3: The structural equation model with object movement, self-movement, social
integration, and the subscale physical well-being (t-value of subscale sum score) achieved a
good model fit (Table 3). A high correlation between object movement and self-movement
was found (r = 0.79, p < 0.001). As already became clear from model 1 and model 2,
older children showed higher BMCs and were assessed as being better socially integrated.
Moreover social integration was significantly correlated with object movement (r = 0.29,
p < 0.001) and self-movement (r = 0.40, p < 0.001). No significant correlation was found be-
tween social integration and physical well-being. The BMCs of the children were positively
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correlated with both object movement (r = 0.20, p = 0.004) and self-movement (r = 0.29,
p < 0.001) (Table 6).

Table 6. Intercorrelations between the variables in model 3 (subsample 2).

Factors (1) (2) (3) (4)

(1) Object movement
(2) Self-movement 0.79 ***

(3) Social integration 0.29 *** 0.40 ***
(4) Physical well-being 0.20 ** 0.29 *** 0.07

(5) Age 0.54 *** 0.39 *** 0.17 ** −0.04
Note: (1) object movement, (2) self-movement, (3) social integration, (4) physical well-being. ** p < 0.01, *** p < 0.001.

Model 4: Taking model 3 as a starting point, the correlations between the factors, as
well as with age as a covariate, were calculated for both genders separately. This multi-
group model achieved a good fit (Table 3). Separate deviation estimates were χ2 = 67.209,
n = 198 for boys and χ2 = 108.436, n = 186 for girls. For both genders, the children’s social
integration, as assessed by their teachers, was moderately related to BMCs. Correlations
with BMCs could also be found for physical well-being. Both boys and girls showed high
correlations between self-movement and physical well-being (r = 0.35/0.34, p < 0.001). In
the competency domain of object movement, a significant correlation was only observed for
boys (r = 0.21, p = 0.009). No significant correlation was found between physical well-being
and social integration (Table 7).

Table 7. Intercorrelations between the variables in model 4 (subsample 2).

Factors Boys Girls

(1) (2) (3) (4) (1) (2) (3) (4)

(1) Object movement

(2) Self-movement 0.83 *** 0.88 ***

(3) Social integration 0.40 *** 0.26 ** 0.24 ** 0.48 ***

(4) Physical well-being 0.21 ** 0.35 *** 0.05 0.15 0.34 ** 0.18

(5) Age 0.45 *** 0.29 *** 0.19 *** −0.05 0.68 *** 0.58 *** 0.20 *** −0.04

(1) Object movement, (2) self-movement, (3) social integration, (4) physical well-being. ** p < 0.01, *** p < 0.001.

4. Discussion

The objective of the present study was to investigate the relationship between BMCs,
social integration, and health-related quality of life in (pre)school children. The results of
this study support earlier findings that children with poor BMCs are less integrated socially
and show poorer general HRQoL in primary school and physical well-being in preschool.

Moreover, girls’ general HRQoL was rated higher than boys’ general HRQoL in
primary school, whereas there were no gender differences in preschool. Physical well-
being, on the other hand, was rated higher for boys than for girls. Differences in HRQoL
between age and gender have only previously been studied from eight years onwards [48].

The findings of this study are consistent with previous studies indicating that children
with lower motor competencies show lower HRQoL and are less integrated socially [16,26].
The relationship between motor competence and HRQoL has mostly been investigated in
children with developmental coordination disorder, as these children are more likely to
have psychological issues, which may result from poor social skills or decreased quality of
life [18,24,49,50]. Moreover, children with DCD show lower scores in HRQoL than typically
developing children [24]. Redondo-Tébar and colleagues (2021) studied the relationship
between motor competence and HRQoL in a sample of typically developing children and
found a positive association between HRQoL and motor competence [26]. In contrast to
previous studies in which motor competence instruments were used in a clinical context
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(e.g., MABC-2 [24]), our study used curriculum-valid instruments that examine BMCs in
self-movement and object movement.

Children with better BMCs seemed to be better integrated in both preschool and
primary school, although this correlation was higher in preschool. This could have been
due to the fact that activities other than play and sports become more important for
friendships in primary school. From primary school onwards, extracurricular activities,
such as musical or artistic activities, are increasingly offered, and these activities could
become more important for friendships with increasing age. The increasing importance of
academic achievement in school could also be a reason for the lower correlations.

Differences in the association between BMCs and general HRQoL were found between
preschool and primary school. Whereas no correlations between BMCs and general HRQoL
were found in preschool, primary school children with better performance in self-movement
also showed higher values in general HRQoL. No connection with object movement was
found. It is possible that general HRQoL in preschool is more strongly influenced by other
factors, such as family factors (e.g., parents, siblings). Moreover, it could be that BMC
is related to general HRQoL in more informal play settings (e.g., outside, with friends
or siblings).

Due to the fact that motor competencies may be important for children’s physical
well-being, we additionally used the physical well-being subscale of KIDSCREEN-27 in
a subsample of N = 384 preschool children [26,36]. Physical well-being was higher in
children with better BMCs, with a stronger association for self-movement than for object
movement. The results indicate a significant relationship between BMCs and physical
well-being, which has already been demonstrated in other studies [26,50].

Social integration and interaction with friends and peers are important factors for
children’s well-being, since popularity, mutual friendships, and engagement in social play
are positively associated with children’s quality of life [19,28]. In the present study, primary
school children who were assessed to be better integrated socially also showed higher
values in general HRQoL, although the association was stronger in boys. In accordance
with previous studies, it appears that children who seem to be better socially integrated
show higher general HRQoL.

One strength of the study was that the investigated constructs (BMCs (motor com-
petence test [1,32]), social integration (teacher perspective [15]), and general HRQoL or
physical well-being (parent perspective [36,51])) were examined from different perspectives.
Thus, we took into account the perspective of the child but also those of the parents and
teachers, as home and school are important environments in children’s everyday lives.
Another strength was the high sample size achieved in this study. Nevertheless, a few
limitations should be pointed out. While the KIDSCREEN-10 instrument is a valid measure-
ment tool for general HRQoL and is especially useful in identifying subgroups of children
who are at risk for health problems, it does not represent most of the dimensions captured
in KIDSCREEN-27 [51]. This suggests that the different dimensions of the multidimensional
construct of health-related quality of life should be considered in further studies. As was
evident in the subsample, physical well-being is related to both BMCs and social integra-
tion. It should also be taken into account that the KIDSCREEN instrument is a validated
instrument for children above eight years, and a validation study in a younger cohort has
yet to be conducted [51]. Moreover, we used the teacher and parent perspective to assess
social integration, general HRQoL, and physical well-being because of the young age of the
children. Factors that influence HRQoL, such as socioeconomic status [52], should also be
considered in future studies.

Due to the cross-sectional study design, it was not possible to identify the direction
of causality. Accordingly, future longitudinal studies should examine the extent to which
(basic) motor competencies influence children’s social integration and HRQoL and vice
versa and how (basic) motor competencies can be targeted.

The findings of the study raise the pedagogical–didactic question of how to design a
careful and effective setting for PE in (pre)school. As early as preschool, there are differences
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between boys and girls regarding BMCs that cannot be attributed to gender alone [53,54].
Teachers should be aware of gender-specific sports socialization and try to remove gender-
specific role models (boys play with the ball, girls do gymnastics) in PE. This can happen,
for example, through a polysportive approach or the inclusion of different combinations of
movement, balls, or equipment in PE.

As PE addresses both BMCs and interdisciplinary competencies, such as interper-
sonal relationship skills, it should be held in an inclusive setting that promotes not only
learning outcomes but also interpersonal relationship skills. Both BMCs and interpersonal
relationship skills seem to be important for children’s social integration. For this purpose,
PE classes should promote BMCs in social situations (e.g., open learning tasks that can
be solved in a group and that do not reward the individual’s performance), as well as
interaction with classmates. This could involve the creation of learning tasks for children
with different levels of BMCs in which children can vary the difficulty, find different ways
of solving the tasks, and cooperate with other children. This could help children to integrate
better and feel more comfortable in the class setting. Teachers and practitioners should
be aware of the connections between BMCs, social integration, and HRQoL in children.
Children with poor motor competencies in particular should be encouraged to participate
in sport activities and play interaction to improve both social integration and BMCs.

5. Conclusions

This study showed a positive association between BMCs, social integration, and
HRQoL. In both preschool and primary school, children with better BMCs seemed to be
better integrated socially in the class. Children with better BMCs showed better general
HRQoL in primary school and better physical well-being in preschool. The improvement
of BMCs and social integration in the class could contribute to higher HRQoL. Furthermore,
additional opportunities for movement with an integrative character and opportunities for
co-determination could be implemented both in PE and in extracurricular activities. Since
both BMCs and social integration are linked to better HRQoL, we recommend creating
inclusive situations in physical settings in which it is possible to improve both BMCs
and social integration. Consequently, BMCs should be considered to improve both social
integration and HRQoL.
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Abstract: The age range of 3–6 years is considered as a critical period in developing and learning
fundamental motor skills (FMS). To make the formulation of future FMS guidance programs more
targeted, we examined gender differences in children’s FMS proficiency using a meta-analysis.
Structured electronic databases including PubMed, Scopus and Web of Science were systematically
searched using key terms, and the Joanna Briggs Institute (JBI) was used to assess the quality of
included literature. Finally, 38 articles (39 studies) met the pre-specified inclusion criteria. The results
showed that boys had higher proficiency in total FMS and object control skills than girls (SMD = 0.17
(95% CI 0.03, 0.31), p = 0.02; SMD = 0.48 (95% CI 0.38, 0.58), p < 0.00001), and gender differences
in locomotor skill proficiency approached significance, trending in favor of girls (SMD = −0.07
(95 % CI −0.15, 0.01), p = 0.09, I2 = 66%). Meta-regression shows that age is associated with gender
differences in object control skills (p < 0.05). In addition, through subgroup analysis, we found that
boys’ advantage in object control skills increased with age (3 years: SMD = 0.27 (95% CI 0.00, 0.54),
p < 0.00001; 4 years: SMD = 0.58 (95% CI 0.38, 0.77), p < 0.00001; 5 years: SMD = 0.59 (95% CI 0.31,
0.88), p < 0.00001; 6 years: SMD = 0.81 (95% CI 0.61, 1.01), p < 0.00001). In this meta-analysis, we
found gender differences in FMS levels in children aged 3–6 years. Notably, gender differences in
skill proficiency in object control were influenced by age. We recommend focusing on and developing
girls’ object control skills starting at age 3.

Keywords: motor skills; child; Test of Gross Motor Development; sex differences

1. Introduction

Regular participation in physical activity (PA) has potential benefits for children to
improve obesity [1,2], bone health [3], psychological health [4] and cognitive function [5,6].
However, children’s physical activity levels worldwide are not positive. A study comparing
physical activity behaviors of children from 15 countries found that PA behavioral indicator
scores were generally low [7]. Studies have found a positive correlation between children’s
fundamental motor skills (FMS) and PA, and FMS have been identified as a potential
mechanism for the development of PA [8–11]. FMS refer to the basic abilities and skills for
children to perform a series of organized basic movements, and they includes locomotor
skills (e.g., running, jumping, sliding, etc.) and object control skills (e.g., hitting, catching
ball, kicking, etc.) [12]. FMS play a vital role in using more professional and complex skills
in playing, games and sports [13,14]. The learning and mastery of FMS play an important
role in the healthy development of children. A previous study concluded that FMS in
children were significantly associated with health-related fitness (HRF) components (body
composition, muscular strength, muscular endurance, cardiovascular endurance) and that
the effect increases with age [15]. Despite the many benefits of FMS, a recent systematic

41



Int. J. Environ. Res. Public Health 2022, 19, 8318

review showed that there is still much room for improvement in FMS globally in children
of all ages within the range of 3–10 years [16].

It has been well established that FMS are crucial to a child’s development. When
children are provided with few or no opportunities to achieve appropriate FMS levels, they
are at risk of suffering from slowed motor development, thus limiting their chances for
successful participation in an active and healthy sports culture [8]. Given the above, it seems
crucial to improve children’s FMS. A recently published study protocol presents detailed
experimental designs to investigate the effects of different physical activity interventions
on FMS in children [17]. However, to meet the physical developmental needs of children,
exercise programs should also be tailored to their unique developmental needs, so it is
important to understand gender characteristics in FMS.

However, no unified conclusion has been reached on whether there are gender dif-
ferences in FMS proficiency in children. Several studies have found gender differences in
FMS in children [16,18–20], with boys having higher proficiency in object control skills than
girls [16,18,19,21,22], In contrast, boys and girls have been found to have similar locomotor
skills proficiency [18,19,21]. Pieces of evidence suggest gender differences in locomotor
skills proficiency in children, with girls showing higher proficiency [20,22]. These inconsis-
tent results may be clarified via a meta-analysis. To the best of our knowledge, no study
has investigated age variation points for gender differences in motor skills. Hence, the
main aim of the present study was to systematically review and provide a meta-analysis of
the gender differences in FMS, locomotor skills and object control skills in children aged
3–6 years. Secondarily, this study aims to investigate the age pattern of gender differences
in motor skill proficiency by meta-regression analysis and determine the age inflection
points at which gender differences emerge.

2. Materials and Methods

The systematic review was performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [23], and the study
was registered with PROSPERO (CRD42021281160).

2.1. Eligibility Criteria

Articles assessing proficiency in FMS, locomotor skills and object control skills in
children aged 3 to 6 years were included in this systematic review and meta-analysis. Stud-
ies were selected if they met the following criteria: (1) children aged 3–6 years; (2) scores
reported by age and gender, if the study is an intervention study, with a baseline data report
required; (3) results assessed using the Test of Gross Motor Development scale (TGMD),
including modified versions; and (4) outcome measures reported using raw scores.

We excluded studies that met any of the following criteria: (1) review articles, con-
ference abstracts or books; (2) participants not being assessed simultaneously according
to age and gender; (3) inclusion of special populations such as those with disabilities or
diseases; and (4) studies not published in English. We calculated the pooled effect size
through meta-analysis.

Inclusion and exclusion criteria were formulated and applied by two reviewers (Y.Z.
and M.K.) independently, and in the case of disagreement, they were confirmed by another
reviewer (W.Y.).

2.2. Search Strategy

The literature search was conducted until 10 July 2021 by two independent reviewers
(Y.Z. and Y.L.) with the following electronic databases: PubMed, Scopus and Web of Science
(Supplementary Materials). Search terms included “child” OR “children” OR “preschoolers”
OR “boy” OR “girl” AND “fundamental movement skills” OR “motor skills” OR “motor
development” OR “gross motor” AND “TGMD” OR “Test of Gross Motor Development”.
Specific search strategies can be found in the Supplementary Materials. In addition, we
manually searched reference lists in some key previously published studies and reviews.

42



Int. J. Environ. Res. Public Health 2022, 19, 8318

2.3. Data Extraction and Quality Assessment

Data were independently extracted by two reviewers (W.Y. and F.H.) and cross-
checked, and controversial issues were discussed based on the original text to determine
the final outcome. The extracted information included study characteristics (author name,
publication time, country, study type), participant characteristics (environment, age, gender,
sample), measurement information (outcome measures, outcome indicators, outcome), etc.

The two reviewers (M.K. and F.H.) independently assessed the quality of each in-
cluded article using the Joanna Briggs Institute (JBI) quality appraisal checklists for cross-
sectional, case–control, cohort studies, quasi-experimental and randomized control tri-
als [24] (Supplementary Materials). If there were disagreements, we discussed these to-
gether until consensus was reached. The critical evaluation checklist for various research
methods has 8 to 13 items, and positive responses were rated as “yes”. We identified studies
with an overall positive response between 50% and 75% as studies with moderate quality,
and studies with a positive response over 75% were considered to be of high quality.

2.4. Synthesis Methods

In this study, differences in FMS proficiency among boys and girls were compared
using Review Manager version 5.4.1 from the Cochrane Assistance Network. The data in
this paper are continuous variables, and the comprehensive effect index is the Standard
Mean Difference (SMD) and its 95% CI. SMD was interpreted as very small (<0.2), small
(0.2–0.5), moderate (0.5–0.8) and large (>0.8) [25], where p < 0.05 indicates significant differ-
ences between the genders. The I-squared (I2) statistic was used to test the heterogeneity
between studies. When I2 ≤ 50, there was no heterogeneity between studies, and a fixed-
effects model was used for meta-analysis; when I2 > 50, there was heterogeneity between
studies, and a random-effects model was used for meta-analysis [26]. The pooled results
showed heterogeneity between studies, which we addressed by meta-regression analysis
and subgroup analysis. In addition, we sequentially excluded literature for sensitivity
analysis, evaluated the stability of the combined results of the meta-analysis and verified
the existence of publication bias in the included studies using Egger’s test.

When more than two subgroups needed to be merged in the research, the first two
subgroups were merged first, then the third subgroup was merged, and so on. The merge
formula is as follows [27]:

SD =

√√√√ (N1 − 1)SD2
1 + (N2 − 1)SD2

2 +
N1 N2

(N1+N2)

(
M2

1 + M2
2 − 2M1M2

)

N1 + N2 − 1

where SD is standard deviation; Group 1 sample size is N1, mean is M1, standard deviation
is SD1; and Group 2 sample size is N2, mean is M2, and standard deviation is SD2.

3. Results
3.1. Search Results

A total of 2543 articles were retrieved through PubMed, Scopus and Web of Science
databases, and 68 articles were obtained from reference lists of previously published studies
and reviews. In the beginning, 623 duplicate records were removed from the 2543 articles.
Of the remaining 1920 studies, 1688 irrelevant articles were excluded by reading the titles
and abstracts, resulting in 232 items. After 15 articles that were not found were excluded,
217 articles were finally reviewed by full-text reading. From this stage, 44 articles were
excluded due to age mismatch, 98 articles were removed because of insufficient information,
7 articles were excluded as they used other assessment tools, and 32 records were excluded
due to other outcome measures. Ultimately, 36 articles met the inclusion criteria. In
addition, 68 articles retrieved from the reference list were screened layer by layer, and 2
articles were finally included for the analysis. The detailed flow chart of the literature
search, screening and selection is shown in Figure 1.
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Figure 1. Flowchart of the study selection according to the Preferred Reporting Items for the System-
atic Reviews and Meta-Analysis (PRISMA 2020) method.

3.2. Characteristics of Included Studies and Quality Assessment

After the inclusion and exclusion criteria had been applied, a total of 38 articles (39 studies)
were included in the systematic review and meta-analysis. These studies were carried out in
19 different countries as follows: Australia [28], Belgium [29], Brazil [30–34], Britain [35–37],
China [38–43], Croatia [44], Germany [45], Iran [46], Indonesia [47,48], Ireland [49,50], Japan [51],
Korea [52], Myanmar [53], Poland [54,55], Portugal [56,57], Puerto Rico [58], Singapore [59],
South Africa [60,61] and the USA [29,62–65]. A total of 2598 children participated in the FMS
assessment, 8837 children participated in the locomotor skills assessment, and 8394 children
participated in the object control skills assessment, ranging in age from 3 to 6 years old. A
total of 33 studies were cross-sectional studies [28–38,40,43–45,47–63,65], one was a case–control
study [39], one was a cohort study [42], two were quasi-experimental studies [46,64], and one
was a randomized controlled study [41]. There were 2 studies that used TGMD-1 [44,58],
30 that used TGMD-2 [28–32,35–41,43,46,47,50–57,59–64], 1 that used the modified version of
TGMD-2 [33], 5 that used TGMD-3 [42,45,48,49,65], and 1 that used the modified version of
TGMD-3 [34]. Based on the JBI quality evaluation criteria, the quality scores of the included
studies ranged from 60% to 100%. Most of the included articles are of high quality, a few are of
medium quality, and none of them are of low quality. Test locations, test items, score reports
and quality assessments are shown in Table 1.
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3.3. Gender Difference in Total FMS

Sixteen studies assessed total FMS [30,32,35–37,39–42,44,49,58,60,61,64,65], including
1351 boys and 1247 girls. Figure 2 displays the forest plots of standardized mean differences
and 95% CI for the total FMS score (16 studies) based on the random effects meta-analysis
results. Significant differences favor boys vs. girls (SMD = 0.17 (95% CI 0.03, 0.31), p = 0.02,
I2 = 64).

Figure 2. Forest plot of total FMS scores [30,32,35–37,39–42,44,49,58,60,61,64,65].

3.4. Gender Difference in Locomotor Skills

Thirty-seven articles (thirty-eight studies) assessed proficiency in locomotor skills [28–57,59–65],
including 4290 boys and 4087 girls. Figure 3 displays the forest plots of standardized mean dif-
ferences and 95% CI for the locomotor skills score (38 studies) based on the random effects
meta-analysis results. Gender differences in locomotor skill proficiency approached significance,
trending in favor of girls (SMD =−0.07 (95 % CI−0.15, 0.01), p = 0.09, I2 = 66%).

3.5. Gender Difference in Object Control Skills

Thirty-seven articles (thirty-eight studies) assessed proficiency in object control skills [28–57,59–65],
including 4291 boys and 4103 girls. Figure 4 displays forest plots of the standardized mean
differences and 95% CI for the object control skills score (38 studies) based on the random
effects meta-analysis results. Significant differences were found, favoring boys vs. girls
(SMD = 0.48 (95% CI 0.38, 0.58), p < 0.00001). Meta-regression displays that age is associated
with gender differences in object control skills (p < 0.05). To further explore the effect of age,
we divided studies with age-specific assessments into a 3 year-old group, a 4 year-old group,
a 5 year-old group and a 6 year-old group. In subgroup analyses (Figure 5), we found
marginally significant results favoring boys vs. girls in children aged 3 (SMD = 0.27 (95%
CI 0.00, 0.54), p = 0.05) and significant results favoring boys vs. girls aged 4, 5 and 6 years
(SMD = 0.58 (95% CI 0.38, 0.77), p < 0.00001; SMD = 0.59 (95% CI 0.31, 0.88), p < 0.00001;
SMD = 0.81 (95% CI 0.61, 1.01), p < 0.00001), which increased with age.

3.6. Sensitivity Analysis and Publication Bias

After excluding 39 studies one by one, it was found that there was no significant
change in the magnitude or direction of differences in the proficiency of children of different
genders in terms of FMS, locomotor skills or object control skills.

Egger’s test was used to assess publication bias in FMS, locomotor skills and object
control skills. The results showed that none of the studies included in the above review
had publication bias (p > 0.05), as shown in Table 2.
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Table 2. The result of publication bias estimation.

Item Coef. Std. Err. t p > |t| 95% Conf. Interval

FMS 0.8661726 1.340221 0.65 0.529 −2.008316 3.740662
LM −0.2382333 0.6962142 −0.34 0.734 −1.650221 1.173755
OC −0.4231878 0.8376626 −0.51 0.616 −2.122046 1.275671

Figure 3. Forest plot of locomotor skills scores [28–57,59–65].

Figure 4. Forest plot of object control skills scores [28–57,59–65].
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Figure 5. Forest plot of object control skills (age subgroups) [28–57,59–65].

4. Discussion

This systematic review and meta-analysis aggregated studies from Asia (China [38–43],
Iran [46], Indonesia [47,48], Korean [52], Myanmar [53], Japan [51] and Singapore [59]),
Africa (South Africa [60,61]), Europe (Belgium [29], Britain [35–37], Croatia [44], Ger-
many [45], Ireland [49,50], Poland [54,55] and Portugal [56,57]), North America (the United
States (US) [29,62–65] and Puerto Rico), Oceania (Australia [28]) and South America
(Brazil [30–34]) and demonstrated gender differences in FMS proficiency in children aged
3–6 years. Combined results show that boys are more proficient than girls in total FMS
proficiency. From the two dimensions of proficiency in locomotor skills and in object
control skills, marginally significant differences were found favoring girls, and significant
differences were found favoring boys in object control skills.

Differences in proficiency in object control skills between boys and girls seem to take
some cues from biology. A study reported that boys are more likely to use finely segmented
pelvic–torso–shoulder rotation when throwing [66]. Young explained the differences in
human throwing and hitting behavior from an evolutionary perspective. Early humans
made a living by throwing stones and swinging clubs. Women invested more resources
into reproduction, and men were more likely to be hunters and warriors. These kinds
of patterns are inherited through natural selection [67]. A previous study speculates
that mature throwing is more likely an innate skill whose development is biologically
determined and somewhat difficult to be influenced by nurture, and the same may be true
of striking [68]. Sociological factors and behavior habits may also contribute to gender
differences in proficiency in object control. Physical education programs are important
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for the development of FMS in preschoolers. Research shows that structured physical
activity lessons can improve children’s FMS [69]. A meta-analysis shows that three or
more teacher-led physical activity sessions per week significantly improved FMS [11].
Furthermore, studies have shown a correlation between FMS proficiency and physical
activity levels in children. A study using TGMD-2 and accelerometers measured data on
FMS and physical activity in kindergarteners and found a positive relationship between
object control skills and moderate-intensity physical activity (MVPA) [70]. However, it has
been shown that girls are significantly less likely to participate in physical activity than
boys during the preschool years, especially at moderate to high intensity [71]. A systematic
review including 10,316 children aged 3–6 years (5236 boys and 5080 girls) demonstrated
that boys were more physically active than girls [72]. A survey in Norway showed that
among children aged 3–4, only 32% of girls and 67% of boys were able to achieve the
recommended 60 min of moderate to vigorous physical activity per day [73]. Therefore,
different levels of physical activity may be responsible for the gender differences in object
control scores. In addition, differences in exercise content may also contribute to gender
differences in object control. A cross-sectional study from Japan showed that 5 year-old
boys had significantly higher raw scores in terms of object control than girls of the same
age (37.8 ± 6.24 vs. 34.5 ± 6.62, respectively), which is consistent with our findings, and
the difference is mainly reflected in hitting, kicking and throwing [51]. A study in Australia
showed that girls opted for dance and aerobic exercises far more often than boys [74]. A
study found that Taiwanese girls prefer to play hopscotch, balance beam and house, while
boys prefer ball games and slapstick games [75]. Previous studies have indicated that girls
tend to lack opportunities to practice ball games, while boys generally spend more time
participating in these games [76,77], which may also be related to parental educational
attitudes [78]. In addition, an interesting study in Canada showed that 5 year-old girls’
perception of physical ability was related to their proficiency in locomotor skills, but not to
object control skills, which may be because girls do not value object control skills [79].

Object control skills are more important than locomotor skills in childhood and con-
tinue to affect adolescence [44]. Evidence shows that gender disparities are reduced if girls
have the same opportunities for mentoring, feedback, practice and encouragement [64].
Our meta-regression analysis revealed that age was the main factor influencing differences
in proficiency in object control skills between boys and girls. Using subgroup analysis to
further explore the effect of age, we found that gender differences in children’s proficiency
in object control skill tend to be significant at age 3, and the advantage tends to favor
boys. The difference is significant at the age of 4, and the advantage of boys begins to
gradually increase with age, reaching a maximum at the age of 6. We recommend that
parents and teachers should start paying attention to children’s movements when they are
3 years old and consciously guide children’s sports participation types; in particular, girls
are encouraged to participate in ball games. Scholars should comprehensively consider the
growth and development patterns, types of exercise and professional guidance of boys and
girls when studying FMS guidance plans for children.

This meta-analysis provides evidence for gender differences in FMS proficiency in
children aged 3–6 years, but some limitations should be considered. First, there are fewer
articles and a smaller sample size for children aged 3 and 4 years, which requires more
data to confirm. Second, our study only included children aged 3–6 years, and gender
differences in FMS in children of other ages are also an important topic. Third, due to
the limited number of articles, the study could not be specific to each item in the TGMD
subscale (e.g., running, jumping, dribbling, etc.). Studies on specific TGMD items will
therefore also be an interesting and useful topic as the number of high-quality studies
increases. Finally, because TGMD is the most common tool for measuring FMS proficiency
in educational, clinical and research settings, our study only included articles using TGMD
or any modified version (TGMD-2 or TGMD-3), but this may have led to inconsistent
results. Currently, assessments of children’s FMS competencies are primarily conducted
through process-oriented and product-oriented approaches. TGMD is a process-oriented
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assessment that examines children’s motor performance on locomotor and object control
tasks. We suggest that future research use product-oriented tools to further explore the
gendered characteristics of FMS proficiency in young children.

5. Conclusions

Our findings demonstrated that there were gender differences in total FMS proficiency
in children aged 3–6, with boys being more proficient than girls, and locomotor proficiency
differences between gender approached significance, with a trend favoring girls. In the
performance of proficiency in object control skills, boys were better than girls, and this
difference gradually increased with age. We recommend focusing on and developing girls’
object control skills starting at age 3.
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Abstract: Physical fitness and body weight are key correlates of health. Nevertheless, an increasing
number of children display poor physical fitness and high body weight. The aim of this study was to
examine the prospective association of physical fitness with body weight throughout the elementary
school years with a special emphasis on children with high body weight or poor physical fitness at
baseline. A total of 303 Austrian children (55.1% male) completed the German motor test up to eight
times over a 4-year time span (between the ages 6 and 10 years). Physical fitness did not differ across
quartiles of body weight at baseline. A more pronounced weight gain, however, was associated with
an impaired development of physical fitness and this association was more pronounced in children
with higher baseline body weight. In addition, the detrimental effects of an impaired development of
physical fitness on subsequent body weight were more pronounced in children with higher baseline
body weight. No differences in the longitudinal association between body weight and physical
fitness, on the other hand, were observed across quartiles of baseline fitness. These results emphasize
the importance of the promotion of physical fitness, particularly in children with increased body
weight, to ensure future health.

Keywords: overweight; obesity; youth; cardiorespiratory fitness; muscular strength; BMI percentile;
motor competence

1. Introduction

Excess body weight is one of the major health risks in modern society due to the
association with various non-communicable diseases [1,2]. Overweight/obesity during
childhood is associated with cardiovascular dysfunction and asthma [3–5], in addition
to psychological problems including lower self-esteem, underachievement in school, and
overall quality of life [6]. Children with excess body weight are also at increased risk to
become overweight/obese adults [7] and, even in the absence of overweight/obesity during
adulthood, children with excess body weight have an increased risk for cardiovascular
disease later in life [8].

Physical fitness, which consists of cardiorespiratory endurance, muscular strength,
and endurance, in addition to flexibility and body composition, is also a critical marker
of health [9]. Various components of physical fitness have been associated with beneficial
effects on cardiovascular and metabolic disease risk, bone health, and psychological and
cognitive outcomes, which contribute to an enhanced quality of life [9–13]. As physical
fitness is defined as a person’s ability to perform daily tasks without undue fatigue and
adequate energy to enjoy leisure-time pursuits [14], it should also be considered a critical
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aspect in the promotion of an active lifestyle. The beneficial associations of physical fitness
with various health parameters, however, are independent of physical activity [15], and
children with a better physical fitness have a lower risk for metabolic and cardiovascular
disease in adulthood independent of confounding factors [9,16]. Given these long-term
effects, both physical fitness and body weight have been recognized as predictors of
morbidity and mortality [9,10,17,18].

There is also extensive evidence on an inverse association between physical fitness
and body weight [19–22], in addition to the independent association of these entities with
several health outcomes. Longitudinal studies further showed that current body weight
affects the development of physical fitness [23–25] and that poor physical fitness increases
the risk for excess weight gain [23,26]. Despite considerable efforts to control excess
weight gain and promote physical fitness in youth, overweight/obesity rates in children
remain high and physical fitness levels have declined over the last several decades [27–29].
These trends are further associated with low motor competence in children, which is
critical for the promotion of physical activity that, in turn, enhances physical fitness and
facilitates weight management [30]. Given the long-term health implications, such a
development not only affects the individual but also puts a substantial burden on the health
care system [31–33]. Accordingly, additional actions are required to prevent the potential
adverse health outcomes associated with poor physical fitness and high body weight.
Recent efforts addressing low physical fitness and high body weight in children, however,
have achieved limited success and it appears that a more targeted approach is warranted.
This also requires a better understanding of the reciprocal association between physical
fitness and body weight. The present study, therefore, examined potential differences in
the cross-sectional and longitudinal association between these two entities across different
levels of physical fitness and body weight in Austrian elementary school children. Given
the potentially greater deficiencies in functional capacity and future health risks, a special
focus was given to participants with low initial fitness and those with high body weight.

2. Materials and Methods

The study was conducted in the largest county of the federal state of Tyrol, Austria. Of
the total 71 elementary schools in the county, 15 schools were selected via a random number
generator and received information about the study. One school declined to participate
due to organizational problems. The final sample, therefore, consisted of 14 schools that
participated in data collection throughout the 4-year observation period. In order to track
participants throughout their entire elementary school time, only students who were in
first grade at baseline were eligible for participation. In addition, participants needed to
be able to complete a physical fitness test battery, and children with mental, neurological,
or physical diagnoses were excluded from the study. This resulted in a sample size of
392 children (55.4% male; age: 6.9 ± 0.5 years). The study protocol was approved by the
Institutional Review Board of the University of Innsbruck (certificate of good standing,
16/2014), the school authorities of the federal state of Tyrol, and the school board of
each participating school. Written parental consent was obtained prior to baseline data
collection and children provided oral assent at the time of data collection. All study
procedures were in accordance with the ethical standards of the Declaration of Helsinki (as
amended in 2013).

Participants completed anthropometric measurements and physical fitness tests during
each fall and spring semester over their four years in elementary school, which resulted
in up to eight measurements throughout the entire observation period. Baseline data
collection occurred during the school entry evaluation in October 2014 and the final follow-
up measurements were completed in June 2018 when children were in their final grade
(fourth grade) of elementary school. In order to be included in the analysis, participants
needed to provide valid and complete data for at least five measurements, including at
baseline and the last follow-up assessment.
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Data collection occurred in the participating school’s gymnasium during regular class
time in a single session. Anthropometric measurements and fitness tests were adminis-
tered by exercise science graduate students, who were well trained in conducting these
measurements in a pediatric population during the course of a research seminar prior to
data collection. A total of 14 students were involved in the measurements throughout the
4-year study period, with 6 to 7 students present during each measurement session in the
schools. An overview of the procedures for each testing session is provided in Figure 1.
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Figure 1. Data collection procedure at each measurement time.

Body height (cm) was measured with a portable stadiometer (SECA® 217, Hamburg,
Germany) and weight (kg) was measured with a calibrated digital scale (SECA® 803, Ham-
burg, Germany) to the nearest 0.1 cm and 0.1 kg, respectively, with children wearing gym
clothes and barefoot. Body mass index (BMI) was calculated (kg/m2) and converted to BMI
percentiles (BMIPCT) using German reference values [34]. Children with a BMIPCT above
the 90th percentile were classified as overweight/obese. For the statistical analyses, quar-
tiles of baseline BMI percentiles were established (Quartile 1: BMIPCT < 29.0; Quartile 2:
29 ≤ BMIPCT < 50.2; Quartile 3: 50.2 ≤ BMIPCT < 76; Quartile 4: BMIPCT > 76.0).

Upon the completion of anthropometric measurements, participants completed the
German Motor Test (DMT6-18) [35], which has been shown to provide valid and reliable
information on physical fitness in children and adolescents [35,36]. The DMT6-18 consists
of eight test items that assess cardiorespiratory endurance, muscular endurance, muscular
strength, power, speed and agility, and balance and flexibility. Specifically, participants
performed a 6 min run, sit ups, push ups, a standing long jump, a 20 m sprint, 20 s
sideways jumping, backwards balancing, and a stand and reach test, with practice trials
and measured attempts as specified in the test manual. Fitness tests were administered
in random order after a standardized 5 min warm up, except for the 20 m sprint, which
was completed at the beginning, and the 6 min run, which was completed at the end
of the test session. In addition to raw performance values, the DMT6-18 provides sex-
and age-standardized scores. The average of these scores is used as an indicator for
overall physical fitness, with a value of 100 indicating average physical fitness for the
respective age and sex; higher scores indicate above average physical fitness and lower
scores indicate below average physical fitness [35]. As shown for baseline BMIPCT, quartiles
for baseline physical fitness were established based on overall physical fitness scores
(Quartile 1: overall physical fitness < 100; Quartile 2: 100 ≤ overall physical fitness < 105;
Quartile 3: 105 ≤ overall physical fitness < 108; Quartile 4: overall physical fitness ≥ 108).

Statistical Analysis. Normal distribution of the data was confirmed prior to statistical
analyses. Cross-sectional associations between BMIPCT and components of physical fitness
were examined via Pearson correlation analysis. Linear mixed models (LMMs) were used
to determine change in BMIPCT and overall physical fitness throughout the observation
period in order to account for different time intervals between measurement periods.
Subsequently, ANOVA was used to examine differences in the development of BMIPCT
and physical fitness across quartiles of baseline BMIPCT and baseline physical fitness,
respectively. Additionally, quantile regression analyses were performed to determine the
effect of change in physical fitness and BMIPCT on physical fitness and BMIPCT at follow-
up, respectively, across baseline quartiles of BMIPCT and baseline quartiles of physical
fitness. In addition to change in BMIPCT or physical fitness (based on LMM), baseline
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BMIPCT and physical fitness were included in the regression models. Secondary analyses
included sex as a co-variate to examine potential sex-specific associations. All statistical
tests were performed in SPSS V26.0 software (SPSS Inc., IBM Corp., Armonk, NY, USA)
with the significance level set at α < 0.05.

3. Results

Of the 392 eligible participants 303 children between 6 and 8 years of age at baseline
(55.1% male; 9.3% overweight/obese) provided valid measurements for at least five time
points, including baseline and the last follow-up measurement. There were no differences
in sex distribution and anthropometric characteristics at baseline between children included
in the analyses and those excluded due to missing follow-up data. Children with sufficient
follow-up measurements, however, displayed better overall physical fitness at baseline
compared to those excluded (104.2 ± 5.9 vs. 100.9 ± 6.5, p < 0.01).

Descriptive characteristics of participants included in the analyses are shown in Table 1.
Boys were taller and heavier compared to girls but there was no difference in BMIPCT.
Accordingly, there was also no difference in weight status and sex distribution did not differ
across quartiles of BMIPCT. There was also no sex difference in overall physical fitness and
sex distribution across quartiles of physical fitness. Absolute performance for the 6 min
run, sit ups, standing long jump and 20 m sprint, however, was better in boys, whereas
balance and flexibility was better in girls (p < 0.05).

Table 1. Descriptive characteristics at baseline for the total sample and separately for boys and girls.
Values are Mean ± SD.

Total Sample
(n = 303)

Girls
(n = 135)

Boys
(n = 166)

Age (years) 6.9 ± 0.5 6.9 ± 0.5 6.9 ± 0.5
Height (cm) ** 122.4 ± 5.7 121.2 ± 5.3 123.4 ± 5.9
Weight (kg) * 24.3 ± 4.4 23.6 ± 4.2 24.8 ± 4.5
BMI percentile 51.8 ± 27.3 50.2 ± 26.4 53.0 ± 28.1
6 min run (m) ** 854 ± 140 823 ± 130 879 ± 143
Sit ups (# in 40 s) ** 15.1 ± 5.6 14.0 + 6.0 16.0 ± 5.2
Push ups (# in 40 s) 11.6 ± 3.7 11.5 ± 3.7 11.7 ± 3.6
Long jump (cm) ** 113.5 ± 17.9 106.2 ± 15.8 119.4 ± 17.3
20 m sprint (s) ** 4.8 ± 0.5 5.0 ± 0.6 4.6 + 0.4
Side jumps (# in 15 s) 23.0 ± 5.8 22.3 ± 5.6 23.5 ± 5.9
Balance (steps) * 26.7 ± 9.8 28.0 ± 10.2 25.7 ± 9.5
Stand and reach (cm) 1,** 0.8 ± 5.6 1.9 ± 5.2 −0.1 ± 5.7
Overall fitness score (Z) 104.2 ± 5.9 103.5 ± 6.2 104.7 ± 5.6

1 positive values indicate reaching beyond the toes, while negative values indicate not reaching toes. * sig. sex
difference (p < 0.05); ** sig. sex difference (p < 0.01).

Pearson correlation analyses did not show significant cross-sectional correlations be-
tween BMIPCT and components of physical fitness at baseline, except for a low inverse
association between BMIPCT and 6 min run performance (Table 2). Nevertheless, the
prevalence of overweight/obesity differed significantly across fitness quartiles (Q1: 4.0%,
Q2: 3.0%, Q3: 1.7%, Q4: 0.7%; p = 0.02). However, during the last follow-up assessment,
when children were 10.4 ± 0.5 years of age, significant cross-sectional associations were
observed between BMIPCT and all components of physical fitness, except for flexibility.
Accordingly, overall physical fitness was negatively associated with BMIPCT (r= −0.43,
p < 0.01) when participants were in fourth grade, whereas there was no significant correla-
tion between overall physical fitness and BMIPCT in children when they were in first grade.
In addition, low significant negative correlations between weight change and change in
various components of physical fitness were observed, which also resulted in a negative
association of weight change with change in overall physical fitness during the elementary
school years (r = −0.25, p < 0.01).
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Table 2. Association between body weight and physical fitness at baseline and last follow-
up, and between change in body weight and change in physical fitness. Values are Pearson
correlation coefficients.

6 Min
Run (m)

Sit Ups
(Reps)

Push
Ups

(Reps)

Long-
Jump
(cm)

20 m
Sprint
(sec)

Side
Jumps
(Reps)

Balance
(Steps)

Stand and
Reach (cm)

Baseline
Age: 6.9 years BMI PCT −0.21 ** 0.02 −0.02 −0.02 −0.06 0.03 −0.06 0.12

Follow-Up
Age: 10.4 years BMI PCT −0.36 ** −0.24 ** −0.27 ** −0.32 ** 0.30 ** −0.22 ** −0.29

** −0.01

Change
(∆ 4 years) BMI PCT −0.15 ** −0.16 ** −0.11 −0.17 ** 0.17 ** −0.13 * −0.13 * −0.11

* p < 0.05; ** p < 0.01; BMIPCT—BMI (body mass index) percentile; reps—repetitions in 40 s for sit ups and push
ups, and repetitions in 15 s for sideways jumping.

Longitudinal analyses showed a significant increase in the prevalence of overweight/
obesity from 9.3% in first grade to 17.5% in the fourth grade. Across the entire sample, par-
ticipants with a higher baseline BMIPCT displayed a lower improvement in all components
of physical fitness (p for trend < 0.05), except for balance and flexibility (Figure 2). Change
in BMIPCT, however, did not differ across quartiles of baseline BMIPCT and baseline fitness.
Accordingly, the increase in the prevalence of overweight/obesity did not differ across
quartiles of physical fitness (Figure 3). There were also no differences in changes in various
components of physical fitness across quartiles of baseline fitness, except for the 20 m sprint
(p for trend < 0.01), where a more pronounced improvement was detected in participants
with lower baseline performance.
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Figure 3. Cumulative prevalence of overweight/obesity throughout the observation period across
quartiles of baseline physical fitness (Q1 indicates low physical fitness).

Linear regression analyses further showed a significant negative association between
change in BMIPCT and subsequent fitness (Table 3). The detrimental effect of higher weight
gain on fitness development was particularly pronounced in participants with higher
BMIPCT at baseline. No clear pattern of this association was observed across baseline
fitness quartiles. The association between baseline fitness and fitness at the last follow-up,
however, was stronger in participants with lower baseline fitness. These results remained
essentially unchanged after including sex as covariate.

Table 3. Regression coefficients based on linear regression analysis for overall physical fitness at
last measurement.

BL Fitness (β) BL BMIPCT (β) ∆ BMIPCT (β) R2

Total Sample 0.525 ** −0.309 ** −0.252 ** 0.456

Low BMIPCT 0.490 ** −0.015 −0.008 0.241
<avg. BMIPCT 0.596 ** 0.042 −0.238 * 0.416
>avg. BMIPCT 0.516 ** −0.126 −0.427 ** 0.530
High BMIPCT 0.560 ** −0.054 −0.427 ** 0.523

Low BL Fitness 0.444 ** −0.502 ** −0.211 * 0.508
Avg. BL Fitness 0.222 * −0.287 ** −0.359 ** 0.268
Above avg. BL Fitness 0.198 −0.302 ** −0.150 0.179
High BL Fitness −0.006 0.244 * −0.485 ** 0.269

BL—baseline; BMIPCT—BMI percentile; ∆—annual change based on linear mixed model. * p < 0.05,
** p < 0.01. Low BMIPCT—BMIPCT < 29; below average BMIPCT—29 ≤ BMIPCT < 50.2; above aver-
age BMIPCT—50.2 ≤ BMIPCT < 76; high BMIPCT—BMIPCT ≥ 76. Low fitness—overall fitness < 100;
average fitness—100 ≤ overall fitness < 105; above average Fitness—105 ≤ overall fitness < 108; high fitness—
overall fitness ≥ 108.

Change in physical fitness was negatively associated with subsequent BMIPCT as
well (Table 4). This association was also more pronounced in participants with higher
baseline BMIPCT, whereas no clear pattern was observed across baseline fitness quartiles.
Further, the association between baseline BMIPCT and BMIPCT at follow-up was less
pronounced in participants with below-average baseline BMIPCT compared to those with
higher baseline BMIPCT. The inclusion of sex as additional independent variable in the
regression models did not have a significant impact on the previously reported results.
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Table 4. Regression coefficients based on linear regression analysis for overall BMI percentile at
last measurement.

BL Fitness (β) BL BMIPCT (β) ∆ Fitness (β) R2

Total Sample −0.102 ** 0.742 ** −0.203 ** 0.686

Low BMIPCT −0.144 0.235 * −0.006 0.075
<avg. BMIPCT −0.068 0.227 * −0.326 ** 0.155
>avg. BMIPCT −0.289 ** 0.342 ** −0.541 ** 0.495
High BMIPCT −0.104 0.372 ** −0.387 ** 0.291

Low BL Fitness 0.020 0.644 ** −0.239 ** 0.631
Avg. BL Fitness −0.110 0.761 ** −0.238 ** 0.740
Above avg. BL Fitness −0.044 0.813 ** −0.101 0.733
High BL Fitness −0.105 0.746 ** −0.261 ** 0.671

BL—baseline; BMIPCT—BMI percentile; ∆—annual change based on linear mixed model. * p < 0.05, ** p < 0.01.
Low BMIPCT—BMIPCT < 29; below average BMIPCT—29 ≤ BMIPCT < 50.2; above average BMIPCT
—50.2 ≤ BMIPCT < 76; high BMIPCT—BMIPCT ≥ 76. Low fitness—overall fitness < 100; average
fitness—100 ≤ overall fitness < 105; above average Fitness—105 ≤ overall fitness < 108; high fitness
—overall fitness ≥ 108.

4. Discussion

The results of the present study show an inverse association between body weight and
physical fitness in older children, whereas the association was limited in younger children.
Increased body weight and low physical fitness at younger ages, however, were associated
with an attenuated development of physical fitness and increased weight gain throughout
the elementary school years, respectively. In addition, this study showed that the inverse
reciprocal longitudinal association between body weight and physical fitness was more
pronounced in children with high body weight at young ages, whereas no differences in
the prospective association between body weight and physical fitness were observed across
quartiles of baseline physical fitness.

These results are consistent with previous studies that showed an inverse association
between body weight and physical fitness in children [20,26,37]. Musálek et al. further
showed that even children who have increased body fat despite being considered normal
weight displayed poorer performances on endurance and strength tests [38]. A reduc-
tion in body fat, on the other hand, was associated with an improvement in physical
fitness [39]. Thus, body weight has been shown to account for a substantial portion of the
variability in physical fitness during childhood [40,41] and the increase in population body
weight has been associated with declines in physical fitness. Accordingly, today’s youth
display lower physical fitness than those of previous generations [27,42]. The detrimental
effect of increased body weight is particularly pronounced in weight-bearing activities,
whereas associations between body weight and muscular strength have been less consis-
tent [37,39,41,43,44]. This may be attributed to the fact that excess body weight may be a
morphological constraint, particularly when the body needs to be moved against gravity,
which potentially results in less efficient movement patterns and lower exercise tolerance,
increasing the risk for withdrawal from various forms of physical activity [45,46]. Increased
body weight is also associated with lower motor competence [30], which provides the
foundation for engagement in various forms of physical activity [47]. The resulting lower
engagement in various forms of physical activity also reduces the opportunities for the
development of physical fitness [48], which results in a vicious cycle of increased body
weight, poor physical fitness, and low physical activity [49]. High motor competence, on
the other hand, enables children to engage in more physical activity over time, which
enhances physical fitness and facilitates the maintenance of a healthy body weight. Accord-
ingly, a recent review showed significantly higher fitness levels and lower body weight,
and particularly body fat, in active compared to inactive adolescents [50]. The fact that low
physical activity tracks from childhood into adolescence and adulthood [51], and increases
the risk for various health problems later in life [52], further emphasizes the need for early
intervention strategies.
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The inverse association between body weight and physical fitness, however, appears
to be limited at younger ages but strengthens with age [20,53,54]. Accordingly, change
in body weight was negatively associated with the development of various aspects of
physical fitness throughout the elementary school years. This, however, also implies that
overweight/obese children who changed their weight status to normal weight can achieve
similar fitness levels as those who were always normal weight [55]. Strategies targeting
excessive fat accumulation in children, therefore, have been recommended to ensure
functional capacity later in life [39]. In particular, middle childhood is considered a critical
period, where positive trajectories of high physical fitness and healthy body weight or
negative trajectories of poor physical fitness and increased body weight start to diverge [56].
The lack of differences in the development of body weight and physical fitness across
quartiles of baseline fitness at the beginning of elementary school also indicates the high
potential for the promotion of physical fitness at young ages as all children can benefit from
the promotion of physical fitness, independent of their current fitness level. In particular,
exercise programs of higher intensity have been shown to improve physical fitness [9,57].
Physical education in elementary school and movement programs in pre-schools, and
youth sports, therefore, should be considered important intervention settings for ensuring
sufficient physical fitness early in life [58]. The importance of early interventions is further
emphasized by the fact that low fitness levels are sustained during adolescence, which
can have major effects at the individual level and for society due to the associated health
risks [39]. The results of the present study additionally highlight the importance of focusing
on children with increased body weight as these have a higher risk for entering a vicious
cycle of excess weight gain and poor physical fitness, which is most likely accompanied by
lower physical activity levels and associated health problems.

Given the importance of physical fitness for future health among children and youth,
independent of physical activity [59,60], monitoring physical fitness levels in children and
adolescents has shifted from a performance-related focus to the assessment of health-related
fitness [12]. At least partially due to low physical activity levels in youth, there has been a
resurgence of research on health outcomes related to physical fitness in recent years [12].
Such research may be even more important in light of the observed recent declines in
physical fitness due to movement restrictions in response to the COVID-19 pandemic [61].
The collection of fitness data at national and school levels, therefore, should be considered
a public health priority [12]. Nevertheless, only a few countries have implemented national
surveillance systems for physical fitness. One example in Europe is Slovenia, which can
also be used to highlight the benefits of such efforts. Slovenia has collected physical
fitness data for all children and adolescents for more than three decades via the “SLOfit”
initiative [62]. In response to the observed decline in physical fitness that started in the
1990s, Slovenia implemented a national health-promotion program in 2010 that included
two additional hours of physical education per week [63]. As a result, physical fitness levels
have notably improved, and Slovenia was the only European country to receive an “A–“
grade for physical fitness and overall physical activity in the recent Global Physical Activity
Report Card [64]. In addition to highlighting poor physical fitness in European youth, it
was shown that only 9 of the 20 European countries participating in the Global Physical
Activity Report Card provided adequate data to determine a grade for physical fitness in
youth. This aspect further emphasizes the need for the implementation of national fitness
testing initiatives that can guide the implementation of policies targeting physical fitness in
youth [15].

Despite the important insights provided by the present study, there are some limita-
tions that need to be considered when interpreting the results. There was no information on
physical activity and, therefore, it was not possible to examine the association of changes in
physical activity with alterations in body weight and physical fitness. The small sample
size along with higher fitness levels of children that were included in the analyses com-
pared to those excluded due to missing data may also limit generalizability of the findings.
Furthermore, even though BMI is a well-accepted proxy measure for the assessment of
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weight status, it does not directly measure body fatness and fat distribution [65]. A higher
BMI could also be associated with higher lean body mass, rather than fat mass, which
has a stronger association with health compared to body weight [66]. Nevertheless, BMI
is commonly used in epidemiological studies and has been shown to correlate well with
body fat percentage in youth [67]. The utilization of a validated test battery that assesses
various components of physical fitness, which was administered by trained personnel,
on the other hand, should be considered a strength of the present study. Additionally,
a total of eight measurements were administered over four years throughout the entire
elementary school period, which allows for an investigation of the dynamic, prospective
relationship of physical fitness and body weight. Causality, however, cannot be established
due to the observational nature of this study. The insights gained, nevertheless, enhance
the understanding of the complex interaction between body weight and physical fitness
and, therefore, support evidence-based practice. In order to examine causal relationships,
randomized controlled trials that explore effects of different exercise programs on physical
fitness in youth are needed. Such longitudinal studies should also include other critical
correlates of leisure time physical activity, such as self-efficacy and socio-environmental
aspects, along with the assessment of health markers in order to provide further evidence
on the impact of physical fitness on future health and well-being. With an increased public
awareness on the influence of physical fitness and body weight on future health, there may
also be a stronger commitment to emphasize the promotion of physical fitness in children
as a critical contributor to public health.

5. Conclusions

In conclusion, the results of the present study show an inverse reciprocal relationship
between body weight and physical fitness in elementary school children. The fact that this
association starts to emerge during the elementary school years emphasizes the importance
of early intervention strategies that minimize excess fat accumulation to ensure adequate
physical fitness later in life. Additionally, it was shown that the inverse association between
body weight and physical fitness was more pronounced in heavier children, whereas no
differences in the progression of physical fitness were observed across different levels
of baseline fitness. This highlights the potential of promoting physical fitness for each
child, independent of their current fitness level. Intervention efforts, nevertheless, should
pay particular attention to children with non-optimal weight status as they are at an
increased risk for entering a vicious cycle of excess body weight, poor physical fitness, and
low physical activity, which has a significant impact on general development and health
later in life.

Author Contributions: Conceptualization, K.G.; methodology, K.G.; formal analysis, C.D. resources,
G.R.; data curation, K.G.; writing—original draft preparation, C.D.; writing—review and editing,
S.-T.C., A.C., G.F., G.R. and K.G.; project administration, K.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the University of Innsbruck (certificate
of good standing 16/2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

63



Int. J. Environ. Res. Public Health 2022, 19, 3441

References
1. Pi-Sunyer, F.X. The obesity epidemic: Pathophysiology and consequences of obesity. Obes. Res. 2002, 10 (Suppl. 2), 97S–104S.

[CrossRef] [PubMed]
2. Poirier, P.; Giles, T.D.; Bray, G.A.; Hong, Y.; Stern, J.S.; Pi-Sunyer, F.X.; Eckel, R.H. Obesity and cardiovascular disease: Pathophysi-

ology, evaluation, and effect of weight loss: An update of the 1997 American Heart Association Scientific Statement on Obesity
and Heart Disease from the Obesity Committee of the Council on Nutrition, Physical Activity, and Metabolism. Circulation 2006,
113, 898–918. [PubMed]

3. Cote, A.T.; Harris, K.C.; Panagiotopoulos, C.; Sandor, G.G.; Devlin, A.M. Childhood obesity and cardiovascular dysfunction.
J. Am. Coll. Cardiol. 2013, 62, 1309–1319. [CrossRef] [PubMed]

4. Ayer, J.; Charakida, M.; Deanfield, J.E.; Celermajer, D.S. Lifetime risk: Childhood obesity and cardiovascular risk. Eur. Heart J.
2015, 36, 1371–1376. [CrossRef]

5. Lang, J.E.; Bunnell, H.T.; Hossain, M.J.; Wysocki, T.; Lima, J.J.; Finkel, T.H.; Bacharier, L.; Dempsey, A.; Sarzynski, L.; Test, M.; et al.
Being Overweight or Obese and the Development of Asthma. Pediatrics 2018, 142, e20182119. [CrossRef]

6. Lobstein, T.; Jackson-Leach, R.; Moodie, M.L.; Hall, K.D.; Gortmaker, S.L.; Swinburn, B.A.; James, W.P.T.; Wang, Y.; McPherson, K.
Child and adolescent obesity: Part of a bigger picture. Lancet 2015, 385, 2510–2520. [CrossRef]

7. Simmonds, M.; Llewellyn, A.; Owen, C.G.; Woolacott, N. Predicting adult obesity from childhood obesity: A systematic review
and meta-analysis. Obes. Rev. 2016, 17, 95–107. [CrossRef]

8. Umer, A.; Kelley, G.A.; Cottrell, L.E.; Giacobbi, P.; Innes, K.E.; Lilly, C.L. Childhood obesity and adult cardiovascular disease risk
factors: A systematic review with meta-analysis. BMC Public Health 2017, 17, 683. [CrossRef]

9. Ortega, F.B.; Ruiz, J.R.; Castillo, M.J.; Sjöström, M. Physical fitness in childhood and adolescence: A powerful marker of health.
Int. J. Obes. 2008, 32, 1–11. [CrossRef]

10. Ruiz, J.R.; Castro-Piñero, J.; Artero, E.G.; Ortega, F.B.; Sjöström, M.; Suni, J.; Castillo, M.J. Predictive validity of health-related
fitness in youth: A systematic review. Br. J. Sports Med. 2009, 43, 909–923. [CrossRef]

11. Zaqout, M.; Michels, N.; Bammann, K.; Ahrens, W.; Sprengeler, O.; Molnar, D.; Hadjigeorgiou, C.; Eiben, G.; Konstabel, K.; Russo,
P.; et al. Influence of physical fitness on cardio-metabolic risk factors in European children. The IDEFICS study. Int. J. Obes. 2016,
40, 1119–1125. [CrossRef] [PubMed]

12. Sacheck, J.; Hall, M. Current evidence for theimpact of physical fitness on health outcomes in youth. Am. J. Lifestyle Med. 2015, 9,
388–397. [CrossRef]

13. Smith, J.J.; Eather, N.; Morgan, P.J.; Plotnikoff, R.C.; Faigenbaum, A.D.; Lubans, D.R. The health benefits of muscular fitness for
children and adolescents: A systematic review and meta-analysis. Sports Med. 2014, 44, 1209–1223. [CrossRef] [PubMed]

14. Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Physical activity, exercise, and physical fitness: Definitions and distinctions for
health-related research. Public Health Rep. 1985, 100, 126–131. [PubMed]

15. Lang, J.J.; Tomkinson, G.R.; Janssen, I.; Ruiz, J.R.; Ortega, F.B.; Léger, L.; Tremblay, M.S. Making a Case for Cardiorespiratory
Fitness Surveillance Among Children and Youth. Exerc. Sport Sci. Rev. 2018, 46, 66–75. [CrossRef] [PubMed]

16. Grøntved, A.; Ried-Larsen, M.; Møller, N.C.; Kristensen, P.L.; Froberg, K.; Brage, S.; Andersen, L.B. Muscle strength in youth
and cardiovascular risk in young adulthood (the European Youth Heart Study). Br. J. Sports Med. 2015, 49, 90–94. [CrossRef]
[PubMed]

17. García-Hermoso, A.; Ramírez-Campillo, R.; Izquierdo, M. Is Muscular Fitness Associated with Future Health Benefits in Children
and Adolescents? A Systematic Review and Meta-Analysis of Longitudinal Studies. Sports Med. 2019, 49, 1079–1094. [CrossRef]

18. Ajala, O.; Mold, F.; Boughton, C.; Cooke, D.; Whyte, M. Childhood predictors of cardiovascular disease in adulthood. A systematic
review and meta-analysis. Obes. Rev. 2017, 18, 1061–1070. [CrossRef]

19. Janssen, I.; Leblanc, A.G. Systematic review of the health benefits of physical activity and fitness in school-aged children and
youth. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 40. [CrossRef]

20. Fiori, F.; Bravo, G.; Parpinel, M.; Messina, G.; Malavolta, R.; Lazzer, S. Relationship between body mass index and physical fitness
in Italian prepubertal schoolchildren. PLoS ONE 2020, 15, e0233362.

21. Barnett, L.M.; Lai, S.K.; Veldman, S.L.; Hardy, L.L.; Cliff, D.P.; Morgan, P.J.; Zask, A.; Lubans, D.R.; Shultz, S.P.; Ridgers, N.D.; et al.
Correlates of Gross Motor Competence in Children and Adolescents: A Systematic Review and Meta-Analysis. Sports Med. 2016,
46, 1663–1688. [CrossRef] [PubMed]

22. Tsiros, M.D.; Coates, A.M.; Howe, P.R.; Walkley, J.; Hills, A.P.; Wood, R.E.; Buckley, J.D. Adiposity is related to decrements in
cardiorespiratory fitness in obese and normal-weight children. Pediatr. Obes. 2016, 11, 144–150. [CrossRef]

23. Greier, K.; Drenowatz, C. Bidirectional association between weight status and motor skills in adolescents: A 4-year longitudinal
study. Wien. Klin. Wochenschr. 2018, 130, 314–320. [CrossRef] [PubMed]

24. Ruedl, G.; Franz, D.; Frühauf, A.; Kopp, M.; Niedermeier, M.; Drenowatz, C.; Greier, K. Development of physical fitness in
Austrian primary school children: A longitudinal study among overweight and non-overweight children over 2.5 years. Wien.
Klin. Wochenschr. 2018, 130, 321–327. [CrossRef]

25. Albrecht, C.; Hanssen-Doose, A.; Oriwol, D.; Bös, K.; Worth, A. Beeinflusst ein Veränderung des BMI die Entwicklung der
motorischen Leistungsfähigkeit im Kindes- und Jugendalter? Ergebnisse der Motorik-Modul Studie (MoMo). Beweg. und Gesundh.
2016, 32, 168–172.

64



Int. J. Environ. Res. Public Health 2022, 19, 3441

26. Lopes, V.; Maia, J.; Rodrigues, L.; Malina, R. Motor coordination, physical activity and fitness as predictors of longitudinal change
in adiposity during childhood. Eur. J. Sport Sci. 2012, 12, 384–391. [CrossRef]

27. Tomkinson, G.R.; Lang, J.J.; Tremblay, M.S. Temporal trends in the cardiorespiratory fitness of children and adolescents rep-
resenting 19 high-income and upper middle-income countries between 1981 and 2014. Br. J. Sports Med. 2019, 53, 478–486.
[CrossRef]

28. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from
1975 to 2016: A pooled analysis of 2416 population-based measurement studies in 128·9 million children, adolescents, and adults.
Lancet 2017, 390, 2627–2642. [CrossRef]

29. Brunner, F.; Kornexl, E.; Kastner, H.; Drenowatz, C.; Greier, K. Fitness trend analysis in male Austrian middle and high school
students from 1975 to 2010. Curr. Issues Sport Sci. 2021, 6, 007. [CrossRef]

30. Bolger, L.E.; Bolger, L.A.; O’Neill, C.; Coughlan, E.; O’Brien, W.; Lacey, S.; Burns, C.; Bardidd, F. Global levels of fundamental
motor skills in children: A systematic review. J. Sports Sci. 2021, 39, 717–753. [CrossRef]

31. Drozdz, D.; Alvarez-Pitti, J.; Wójcik, M.; Borghi, C.; Gabbianelli, R.; Mazur, A.; Herceg-Čavrak, V.; Lopez-Valcarcel, B.G.;
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Abstract: The current study examined parents’ subjective perception types and characteristics re-
garding the 0th-Period Physical Education Class of Middle School in Korea. The Q-methodology was
applied, and the final 25 Q-Samples were selected through the composition of the 42 Q-population.
Among Korean parents, 20 students who participated in “Physical Education Activities in Class 0”
for more than one year were selected as P-Sample. Q-sorting was performed by the P-Sample. Data
collected by Q-sorting were analyzed using the PQ method program version 2.35, with centroid factor
analysis and varimax rotation. The finding pointed to four types, with a total explanatory variance of
63%. Type 1 (N = 7), and was named “urgent legal and institutional settlement of 0th-period physical
education”. Type 2 (N = 4) has the theme of “beach-head for a vibrant school life”. Type 3 (N = 4)
was named “enhancement of academic capability”. Type 4 (N = 4) was described as “strengthening
physical and mental health”. Moreover, the consensus statements between each type were investi-
gated in Q1 and Q2. These findings highlight the importance of the “0th-period physical education
class” so the program could be expanded and institutionalized in Korea.

Keywords: 0th-period physical education class; adolescent; parents; Q-methodology; subjectivity

1. Introduction

Different cardiovascular exercises that can be practiced in everyday life, such as
swimming, walking, running, cycling, and mountain climbing, improve oxygen transfer to
each body cell [1]. In addition, it positively affects neurological and cognitive function in
all ages, from children to the elderly [2]. Since regular exercise has been steadily reported
to improve brain function in various age groups, adolescence, the most active period for
nerve production and cell connection, is a critical moment to enhance cognitive function by
participating in the exercise [3].

Physical activity during adolescence positively affects the brain’s readiness to accept
new information, improving learning memory [4] and optimizing the mental environment
to increase alertness and concentration [5]. Marsh and Kleitman [6] noted that healthy
children generally have better learning skills than their counterparts. Furthermore, children
who practiced regular exercise also had higher memory skills and academic achievement [7].
Hence, it is well documented that adolescent exercise improves the brain’s structure by
supplying blood to the brain and further improves academic ability while functioning to
make the brain’s state optimal [8].

One interesting topic among the various studies of adolescent exercise participation
is related to morning exercise. For example, a recent study revealed that routine morning
exercise improved the health and weight management of the overweight population [9].
Moreover, McGowan et al. [10] suggested that completion of a morning swimming session
with resistance exercise can substantially enhance sprint-swimming performance completed
later the same day. In this respect, morning exercise can draw academic significance in
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studies targeting adolescents. For instance, consistent morning exercise participation, such
as swimming in adolescents, positively affects the sleep–wake cycle [11]. In addition,
Babadi et al. [12] observed that adolescents who engaged in morning exercise at school had
a lower prevalence of hypertension. At the same time, the other group who spent more
time on sedentary activities were at higher risk for hypertension.

A project attempted to prove the effectiveness of such early morning exercise related
to academic achievement. The study showed that early morning exercise with moderate
to vigorous intensity optimizes students’ brain function, attentional control skills, and
learning attitude [13]. In 2010, the project leader, Dr. John Lately, was invited as a guest
lecturer in Korea to introduce his findings and emphasize early morning exercise in the
school system. Since then, the early morning exercise program has been implemented at
the public schools in the country and was named “0th-period physical activity” or “0th-
period physical education class” [14]. Recently, the term “0th-period physical education
class (0th-period PE class)” has been generally accepted for autonomous physical activity
sessions (i.e., 7:30~8:30 a.m.) before the official class begins [15].

Various studies on “0th-period PE class” have been conducted in Korea, and
Jeon et al. [15] found that the participation of middle school students had a statistically
significant effect on perceived enjoyment and learning attitudes. Furthermore, an inter-
vention study at the elementary school also concluded that the early morning exercise
program significantly improves social skills, autonomy, and stability [16]. Finally, for
the high school case, a 3-year long-term morning exercise program positively influenced
participants’ fitness test scores, physical self-concept, and academic achievement [17].

Although many studies showed positive results of adolescent morning exercise pro-
grams, parents’ involvement and perception are not well documented yet. In general,
parental involvement in a child’s education is consistently found to be positively associ-
ated with a child’s academic performance [18]. However, Lim et al. [19] pointed out that
excessive parental obsession with their children’s academic achievement might harm the
expansion of “0th-period PE class”. Furthermore, Jeon et al. [20] stressed that parents’
perceptions should also be further investigated, noting that there will be great differences
between middle school students’ perceptions and parents’ perceptions in participation
in “0th-period PE class”. In this respect, the Q methodology could be used as one of the
prominent ways to reveal other social perspectives that exist on issues or topics related
to physical activity [21]. Therefore, considering the parental influence on adolescents,
investigating and analyzing parents’ perceptions and demands is of great importance for
successfully settling the “0th-period PE class”. The results of this study will contribute to
grasping parents’ perspectives in exploring improvements in morning exercise programs
and presenting policy directions for future program expansion.

Consequently, the current study examined the parental perception of a morning exer-
cise program for adolescents to provide ideas and agendas for successfully implementing
“0th-period PE class” in the country. Two research questions guided the methodology
and data analysis. First, using the Q-methodology, how are parents’ perceptions of the
“0th-period PE class” categorized? Second, what are the characteristics of each type, and
what are the differences, commonalities, and implications?

2. Methods

The Q-methodology was developed by William Stephenson in 1953 [22]. It is a
suitable technique to recognize the “subjectivity” perceived by humans. Particularly,
it is suitable for questions about personal experiences, preferences, values, and beliefs
about the research topic [23]. In addition, unlike the R-methodology, the Q-methodology is
an operant methodology that represents perceptions in the study subjects’ own thoughts
and languages, not in the researcher’s operational definition [24]. For this reason, it is
used in different academic fields such as psychology, nursing, and pedagogy [25]. The
advantage of the Q method over other forms of discourse analysis is that since everyone
responds to the same set of Q statements, researchers can directly compare participants’
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responses in a consistent manner. This is usually distinct from other types of qualitative
discourse analysis. Hence, it could be an appropriate way to explore how Korean parents
perceive their children’s physical activities during the 0th period in South Korea.

2.1. Q–Population (Concourse of Statements) and Q-Sample

Q-population, called concourse, is the raw material of the Q-Sample. The Q-population
can be constructed using a variety of methods, including focus group interviews, individual
in-depth interviews, and literature reviews [26]. Therefore, in this study, Q-population was
created through two aspects. First, a focus group interview (FGI) was conducted for a group
that included parents with a lot of information about their children’s “0th-period PE class”,
physical education (PE) teachers with experience in the class, and professors majoring in
sports pedagogy [27]. Second, various documents that can indirectly understand parents’
perceptions of the “0th-period PE class” were analyzed [28]. Through the above method
process, 42 Q-populations were finally secured. Next, 42 statements (the “concourse”) were
reinterpreted and reclassified.

In the Q-methodology, the more Q-Samples, the less reliable they tend to be, and if a
complex thinking process on the research topic is needed, it is necessary to adopt fewer
than 30 [29]. Finally, 25 Q-Samples were confirmed. In addition, Q-sorting was conducted
twice for 5 research participants. The test results were found to be r = 0.72, and reliability
was secured [30]. The final Q-Sample is presented in Table 1.

Table 1. Q-Sample.

Q Number Q Statements

1 Morning exercise can create a sense of goal and impellent.
2 Through participation in morning exercise, it has changed or is becoming a bright personality.
3 Through participation in morning exercise, the relationship with teachers is expanding and improving.
4 Through participation in morning exercise, the relationship with school friends is expanding and improving.
5 Morning exercise helps improve adaptability to overall school life.
6 Morning exercise helps develop social skills such as cooperation and thoughtfulness.
7 Participation in morning exercise is helpful in psychological stability and stress relief.
8 Muscle strength (muscle endurance) and body flexibility improved through morning exercise.
9 Participation in morning exercise helps improve exercise functions such as agility and power.

10 Morning exercise makes physical attractiveness (body, physique, etc.) even better.
11 Participation in morning exercise increases attention and interest in other sports.
12 Morning exercise has increased interest in participating in physical education(PE) class.
13 Morning exercise has given rise to awareness of the importance of future exercise (lifetime PE).
14 Morning exercise increases concentration on various tasks.
15 Through participation in morning exercise, children’s grades improved.
16 Participation in morning exercise reduced the fatigue of children.
17 Participation in morning exercise can develop regular lifestyle habits.
18 Morning exercise induces active and confident daily life.
19 Morning exercise allows youths to develop regular eating habits.
20 It is necessary to change the teacher’s positive perception of “0th-period PE class”.
21 It is necessary to develop infrastructure (facilities, programs) for the operation of the “0th-period PE class”.
22 There is a need for an incentive system for teachers who operate “0th-period PE class”.
23 Research on the effectiveness of “0th-period PE class” is needed.
24 Legal and institutional settlement of “0th-period PE class” is necessary.
25 It is necessary to strengthen the publicity of “0th-period PE class” for parents.

2.2. P-Sample

The Q-methodology is a method of measuring subjective opinions within an individual.
Most importantly, there is no limit to the number of P-Samples because “inter-individual
difference in significance” is the core of the study rather than the “inter-individual dif-
ference” of the study respondents. This is because the characteristics of the population
are not inferred from the characteristics of the P-Sample [31]. The number of P-Samples
should be fewer than the number of items in the Q-Sample for statistical reasons [32]. B-

69



Int. J. Environ. Res. Public Health 2022, 19, 7760

middle School in a metropolitan city, South Korea, was selected as a research environment.
B-middle School has been running “0th-period PE class” for more than 10 years since 2012.
Among them, parents who could provide sufficient data on the “0th-period PE class” were
recommended by the teacher in charge of the class. Prior to the start of the study, consent
for participation in the study was received from the principal of B school and the physical
education teacher. Lastly, 20 parents of students who participated in the “0th-period PE
class” for more than one year were selected as P-Samples [22]. The detailed characteristics
of P-Samples are as follows in Table 2.

Table 2. Summary of characteristics for P-Sample and factor weight.

Factor (Type) P-Sample Age Child’s Age Gender Participation Period
(Semester) Factor Weight

Type 1.
(N = 7)

1 55 16 Male 6 0.69
2 54 15 Male 5 0.74
8 43 15 Female 5 0.78
9 52 14 Male 4 0.87

15 41 15 Female 6 0.88
17 55 15 Male 6 0.61
18 45 16 Female 6 0.68

Type 2.
(N = 4)

3 44 15 Female 5 0.70
10 50 16 Male 5 0.73
16 45 16 Female 5 0.90
19 51 16 Male 6 0.81

Type 3.
(N = 4)

4 49 15 Male 5 0.92
5 44 16 Female 6 0.70

11 46 15 Female 5 0.69
20 44 15 Male 5 0.81

Type 4.
(N = 4)

6 56 16 Male 6 0.84
12 49 14 Female 3 0.89
13 50 16 Female 5 0.58
14 58 15 Male 5 0.59

Non-significant sample 7 55 16 Male 6 0.32

2.3. Q-Sorting and Factor Analysis

Q-Sorting is the task of placing Q-Samples in a Q-sorting response table for P-Samples.
To this end, a forced sorting method was applied in which 20 P-Samples were classified one
by one according to the degree to which they positively or negatively agree with the concept
and thoughts of the “0th-period PE class” [33]. The specific Q-Sorting process is as follows.
From 1 December 2021 to 31 December 2022, Q-Sorting was conducted for P-Sample.
Specifically, due to the recent COVID-19 pandemic, it was conducted through non-face-
to-face video conferencing (ZOOM). The Q-Sorting method was sufficiently described to
each respondent. In addition, after P-Sample read Q-Sample, the most positive (+4) to
most negative (−4) questions were placed at both extremes one by one. Next, the positive,
negative, and neutral questions were divided into three groups and placed in the positive
(+) to negative (−3). Finally, the contents of the reasons for placing them in the questions
of both extremes were written, and interviews were conducted in the background [29].
Regarding this procedure, consent to participate in the study was received before the study
began. The distribution frame and score composition of the Q population are shown in
Figure 1.
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The processing of the collected data was analyzed using the PQ method (VERSION 2.35)
program [34]. Factor analysis was conducted through the centroid method, and factor rotation
was analyzed through the Varimax rotation method [35]. To determine the ideal number of
factors, only factors with an eigenvalue of 1.0 or more were extracted, and the optimal number
of types was calculated by entering the number of factors from 7 to 2 [35,36].

3. Results

As a result of the parent’s subjectivity in the “0th-period PE class”, a total of 4 types
were extracted. The eigenvalue, explanatory variance ratio, and correlation results for
each type are as follows. Next, four types of parents’ perceptions of “0th-period PE class”
were presented.

3.1. Eigenvalues (EVs), Variance and Correlations between Factor (Type)

The EVs for each type appeared as 6.19, 3.42, 3.15, and 3.17, respectively. Furthermore,
the explanatory variance was derived as 0.20, 0.15, 0.14, and 0.14, respectively. The total
variance was 0.63, resulting in 69% explanatory power for all four factors. All factors met
the Kaiser–Guttman criterion [36,37]. Table 3 yields the results.

Table 3. Eigenvalue (EVs) and variance between types.

Type 1 Type 2 Type 3 Type 4

Eigenvalue (EVs) 6.19 3.42 3.15 3.17
% of explanatory variance 0.20 0.15 0.14 0.14

Total variance 0.20 0.35 0.49 0.63

Table 4 demonstrates the correlation between the four factors. Looking more closely,
the correlation between Types 1 and 2 was the highest. On the other hand, Types 2 and 4
had the lowest figures. As most of the overall correlation values were derived low, explana-
tory power and independence for each type were secured, and it can be seen that all types
were clearly distinguished [31].

Table 4. Correlations between types.

Type 1 Type 2 Type 3 Type 4

Type 1 1.000
Type 2 0.16 1.000
Type 3 0.08 0.40 1.000
Type 4 0.12 0.05 0.13 1.000

3.2. Type 1 (Factor 1): Urgent Legal and Institutional Settlement of “0th-Period PE Class”:
Strengthening Facilities, Programs, Instructors, and Publicity

The results of statements recognized positively or negatively by participants belonging
to Type 1 are shown in Table 5. Each Z-score is also presented in Table 5. In this type, the
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statements that participants positively agreed with are in the following order: Q24, Q23,
Q22, and Q21, with Z-scores of 1.80, 1.61, 1.40, and 1.21, respectively. The participants also
had the most negative viewpoints on the Q8 statement, with a Z-score of −2.01.

Table 5. Statements with a Z score of ±1.00 or higher for each type and Z score results.

Q Statement Z Score

Type 1

Positive

Q 24 1.80
Q 23 1.61
Q 22 1.40
Q 21 1.21

Negative
Q 8 −2.01
Q 9 −1.69

Q 11 −1.35

Type 2

Positive
Q 4 1.82
Q 6 1.52
Q 5 1.20

Negative
Q 9 −1.89
Q 8 −1.41
Q 3 −1.20

Type 3

Positive
Q 14 1.92
Q 15 1.65
Q 12 1.23

Negative
Q 3 −1.92
Q 4 −1.50
Q 6 −1.19

Type 4
Positive

Q 10 1.82
Q 8 1.41

Q 12 1.17

Negative Q 15 −1.84
Q 14 −1.30

A total of seven participants belonged to Type 1 and showed the largest number
of respondents. The P-Sample number and the factor weight were P1 (0.69), P2 (0.74),
P8 (0.78), P9 (0.87), P15 (0.88), P17 (0.61), and P18 (0.68). Respondent P15 displayed the
highest factor weight, which well represents the point of view of Type 1.

3.3. Type 2 (Factor 2): Beachhead for a Vibrant School Life: Improving Interpersonal Relationships,
Social Skills, and Adaptability

As shown in Table 5, The statement most agreed upon by the participants in Type 2 is
Q4, followed by Q6 and Q5, with a Z-score of 1.82, 1.52, and 1.20, respectively. In addition,
the most negative statements is Q9 (Z-score = −1.89), followed by Q8 (Z-score = −1.41)
and Q3 (Z-score = −1.20).

Four participants belonged to Type 2. Respondents P3, P10, P16, and P 19 belonged to
this type, with factor weights of 0.70, 0.73, 0.90, and 0.81, respectively. The factor weight of
P 16 was the highest, indicating well with regard for this type of perspective.

3.4. Type 3 (Factor 3): Enhancement of Academic Capability: Increased Concentration, Positive
Learning Attitude, and Increased Academic Performance

Table 5 illustrates the positive and negative statements for Type 3 and each Z-score. In
Type 3, the most positive Q statement by participants are Q14 (Z-score = 1.92), followed by
Q15 (Z-score = 1.65) and Q12 (Z-score = 1.23), whereas the most negative statement is Q3
(Z-score = −1.92).

There are four participants in this type. Participants P4, P5, P11, and P20 belonged to
Type 3, and the factor weight was 0.92, 0.70, 0.69, and 0.81, respectively.
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3.5. Type 4 (Factor 4): Strengthening Physical and Mental Health: Improving Exercise Function,
Increasing Interest in PE Classes, and Leading a Healthy Daily Life

The statements (positive and negative) of Type 4 and each Z score are shown in Table 5.
The most positively agreed-upon statement is Q10 (Z-score = 2.05), whereas the most
negatively agreed statement was Q15 (Z-score = −1.84).

In the last type, Type 4, four respondents were identified. As we have seen from
Table 5, participants P6, P12, P13, and P14 were included in this type, and the factor weight
was 0.84, 0.89, 0.58 and 0.59, respectively.

3.6. Consensus Statements by All Types

Table 6 indicates the commonly agreed-upon statements for all types, namely Q1 and
Q2, with Z-scores of 0.78 and 0.60, respectively.

Table 6. Consensus statements.

Q Statement Z Score

Q 1. Morning exercise can create a sense of goal and impellent. 0.78
Q 2. Through participation in morning exercise, it has changed or is becoming a bright personality. 0.60

4. Discussion

The researchers have discussed the EVs, variance, and correlation between the five
types and reviewed the classification results for P-Sample and Q-Sample involved in each
type with Z-scores. We have also checked the consensus statements.

In terms of correlation findings regarding each type, since the correlation between all
types was low, each type’s independence and explanatory power were secured. A strong
correlation between Type 2 and Type 4 was observed, which means that the classification
intensity of respondents belonging to Type 2 and Type 4 is the highest. In other words,
perceptions between the two types of respondents are different prominently. For example,
in the case of Type 2, children’s participation in the early morning exercise program was
recognized by the participants belonging to Type 2 as having a positive effect on revitalizing
school life. On the other hand, however, they had negative thoughts about physical and
mental reinforcement. In the case of Type 4, they were aware of the advantages of improving
their children’s exercise skills and increasing interest in PE classes. However, they were
not aware of the impact on school life. The discussion based on the results of this study is
as follows.

Most of all, respondents from Type 1 showed great awareness of the inclusion of
“0-period PE class” into a regular curriculum, not a temporal activity. That is, there is a
need for a multifaceted infrastructure in which the “0th-period PE class” can be operated as
a regular class. Therefore, expanding facilities, diversifying programs, and placing expert
instructors should be considered first to improve the quality of early morning exercise
programs. In addition, the respondents were convinced that the “0th-period PE class”
helped students develop in various aspects which legitimate promotion expansion of early
morning exercise. As a result, this type was titled “urgent legal and institutional settlement
of “0th-period PE class”: Strengthening facilities, programs, instructors, and publicity”.

As mentioned earlier, the early morning exercise program has been activated in Korea
since 2010. However, lack of attention from the teachers, low incentives for participat-
ing teachers and students, and recognition as an extra-curricular activity are regarded as
decisive reasons for the institutional failure to settle down. Lee [21] pointed out several
issues each school undergoes in the operation of the early morning exercise program. As
a result, the researcher suggested optimizing the program for each school environment,
strengthening the role of operating teachers, and improving program facilities. Meanwhile,
cooperation between PE teachers, general teachers, and students was emphasized as the
most crucial factor for the program’s success [19]. For example, Jeon et al. [38] emphasized
the theoretical basis for implementing the “0th-period PE class” for middle schools and
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applied practical measures to encourage the participation of teachers and students. Fur-
thermore, this will be possible through stable administrative and financial support from
government and local agencies [21]. Hence, the result that the most significant number
of respondents were distributed in Type 1 means the possibility of legal and institutional
settlement of the “0th-period PE class”.

Secondly, the Type 2 participants strongly believed that early morning exercise plays a
significant role in leading to successful school life. Notably, respondents recognized that the
program was helpful in social development, such as cooperation with others, interpersonal
skills, and leadership building [39]. Moreover, unlike in regular classes, interaction with
friends and teachers frequently occurs, leading to students’ social development and expan-
sion of social networks. These results mean that “0th-period PE class” helps students adapt
to overall school life. Lee et al. [40] suggested that the program not only manages stress but
also prevents deviations from school for students. Jeon et al. [20] explored Korean middle
school students’ subjective perception types and characteristics regarding participation in
the “0th-period PE class”. He concluded that the program was recognized as the driving
force for students to maintain a stable school and could be an advantage of the morning
exercise program from a parent’s point of view.

Based on the discussion above, Type 2 was named “Beachhead for a vibrant school
life: Implying interpersonal relationships, social skills, and adaptability”. Meanwhile,
participants in Type 2 recognized that “0th-period PE class” had a positive effect on school
life but showed a negative perception of improving motor skills and physical fitness such
as agility, muscular strength, and endurance.

Thirdly, Type 3 was named “Enhancement of academic capability: Increased concentra-
tion, positive learning attitude, and increased academic performance”. In this type, positive
perceptions of academic achievement were mainly derived. Interestingly, participants in
Type 3 showed a negative perception about the development of social skills through the
early morning exercise program.

Recently, scholars in kinesiology have shown scientific evidence of an association
between physical activity and academic achievement. Research studies on a positive rela-
tionship between physical activity and academic achievement have been discussed [41–43],
especially for those adolescent populations [4,6]. For example, Hobart [8] demonstrated
that the morning exercise program improves the brain’s structure and condition, improving
academic performance. Furthermore, there is scientific evidence that physical activity can
contribute to developing and activating the hippocampus, which has a significant role in
learning and memory in the limbic system [44,45].

Studies conducted in Korea related to these topics produced similar results. For exam-
ple, participation in the “0th-period PE class” improved high school students’ academic
performance than a control group that did not receive the morning exercise program [46].
However, the results also showed that students in the control group had more stress and
mental issues. Park and Moon [16] mentioned that the morning exercise program could
improve academic performance through increased concentration. Thus, the logical and
theoretical connection between morning exercise and academic achievement supports the
response of Type 3 participants.

Lastly, Type 4 is titled “Strengthening physical and mental health: Improving exercise
function, increasing interest in PE classes, and leading a healthy daily life”. Participants
in this category were highly aware of the direct physical effects of participation in sports
and exercise. Furthermore, experiencing the morning exercise program contributed to
motivation and active participation in PE classes. Based on these results, the healthy daily
life of student agency was logically derived. However, respondents of Type 4 showed a
negative perception of the impact on academic performance through the early morning
exercise program.

The benefits of early morning exercise have been substantially proven by scientific
evidence in physiology and medical science [47]. For example, regular morning exercise
program participation positively improved adolescents’ motor skills, cardiorespiratory
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endurance, and muscle strength [16,48]. Furthermore, the sports club activities in the “0th-
period PE class” significantly affected elementary school students’ physical self-concept [49].
For this reason, the researchers draw attention to the fact that maintaining healthy daily life
is possible by participating in “0th-period PE class” in terms of physical and mental benefits
for adolescents [50,51]. Based on the above academic perspective, various perceptions
of parents in the results of this study were discussed. A variety of previous studies
have already published the effects of early morning exercise. However, this study has
the ultimate goal of institutionalizing the “0th-period PE class” based on early morning
exercise. Particularly, the positive perception of parents was derived in a different aspect
from the students participating [20] in the “0th-period PE class”. As remarked in the
introduction, the role of parents is important in the institutional development of public
education in South Korea. Thus, this study’s findings can be an academic driving force for
“0th-period PE class” to be operated as a regular class in the near future.

5. Conclusions

The current study attempted to establish a systematic settlement of the “0th-period PE
class” in Korea. The researchers mainly explored the subjective perspectives of parents re-
garding the morning exercise program of middle schools in Korea using the Q-methodology.
The composition of the 42 Q-population resulted in selecting the final 25 Q-Samples. Among
the participants, 20 students who participated in “0th-period PE class” for more than one
year were selected as P-Sample. The Q-sorting process was performed by the P-Sample.
Data collected by Q-sorting were analyzed using the P-Q method program (version 2.35)
with centroid factor analysis and varimax rotation. The data analysis categorized the
results into four types with a total explanatory variance of 63%. The four types are as
follows: urgent legal and institutional settlement of the “0th-period PE class” (Type 1, n = 7);
beachhead for a vibrant school life (Type 2, n = 4); enhancement of academic capability
(Type 3, n = 4); and strengthening physical and mental health (Type 4, n = 4). Moreover, the
consensus statements between each type were investigated in Q1 and Q2.

Based on published papers, the morning exercise program is more prevalent and
widely spread in the United States, UK, and Japan. Moreover, a legitimate legal basis
supports program implementation in some countries, which guarantees adolescents the
right to education and a healthy lifestyle [52]. However, the Korean education community
has yet to implement legal and institutional procedures to settle the “0th-period PE class”.
For this reason, continuous attention of the academic community should be followed [20].
The results of this study produced academic intellectual assets that could be systematically
implemented in a “0th-period PE class” in Korea. Future directions include further studies
to advance the “0th-period PE class”, as well as better understand the roles and relation-
ships among diverse stakeholders (policymakers, administrators, teachers, students, and
parents).
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Abstract: Health is an essential part of any individual, and gains particular importance in youth, as a
good health at this age is more likely to reduce health risks both in the short and long term. The aim
of this study was to assess the impact of physical and contextual parameters on youths’ perceived
health. A total of 919 adolescents completed questionnaires on self-rated health status, electronic
media use, leisure time and club physical activity, alcohol and tobacco consumption, and back pain,
as well as performed the German Motor Performance Test. Participants with very good health had
significantly higher physical fitness, leisure time exercise, and participated in sports clubs more often
than those with poorer health. Electronic media use was significantly higher for those with poor/very
poor health. Future intervention programs to improve youth health status should not only focus
on active lifestyle but might also consider the impact of socioenvironmental factors, such as daily
media use.

Keywords: youth; perceived health; physical fitness; structured sport activities; screen time

1. Introduction

Being healthy is an essential part of any adolescent life. In fact, youths with a positive
health status have higher chances to grow into healthy adults, as several serious diseases
(e.g., cardiorespiratory fitness, mental disorders) that generally occur in adulthood originate
from health issues during adolescence [1]. Although several approaches exist to study
people’s health status, individual self-perception has grown as one of the most interesting
methods due to several advantages. Compared to medical records, self-perception tools
are easier to apply, allow for encompassing broader strata of the population at lower costs,
and have been shown to be a valid assessment strategy [2]. Although there exist some
differences due to sociodemographic factors compared to the objective assessment of health,
these two methods are deemed to obtain comparable findings [2].

Perceived health status is influenced by several socioenvironmental and personal
factors. Studies found a positive association between physical fitness and perceived health
in youth, especially in terms of cardiorespiratory and muscular fitness [3,4]. Participation in
organized sports activities may also be an essential contributor to perceived health as there
exists a positive relationship between sports participation and perceived health regardless
of the sociocultural environment [5,6]. In addition, children with healthier body mass index
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(BMI) display enhanced perceived health status or higher perception of health-related
self-efficacy [7,8]. Furthermore, BMI and weight status may indirectly affect perceived
health through associations with active habits and nutritional and lifestyle choices [9].

On the other hand, unhealthy behaviors, such as tobacco and alcohol consumption,
excessive screen time and electronic media use, and back pain, can be mentioned as
prominent sources of reduced health perception in youth [9–11]. Tebar et al. [12] showed a
worse health perception in youth with a higher number of sedentary activities, regardless
of their physical activity habits. Prolonged sitting and excess screen time are also related
to back pain at early ages [13,14], which has a detrimental effect on perceived health as
well [11,15].

Although previous studies have investigated the separate effect of the factors men-
tioned earlier on perceived health, to date, there are only a few studies addressing their
intertwined action. Perceived health, however, is the result of the combination of phys-
ical, social, environmental, and demographic agents, and its alteration cannot be fully
understood without considering this wide spectrum of variables. The aims of this study,
therefore, are to evaluate the current perceived health of upper secondary school pupils
and its associations with multiple health-related factors; to compare physical, social, and
environmental variables by health status; and to analyze the explanatory power of such
variables on perceived health status.

2. Materials and Methods
2.1. Participants

Using a cross-sectional design, adolescents between grades 9 and 12 from six randomly
selected public secondary schools participated in the study. Data collection occurred during
spring 2018. The study protocol received formal ethical approval. Parents provided written
informed consent, and participants provided assent at the time of data collection. All study
procedures were in accordance with the ethical standards of the Declaration of Helsinki.

2.2. Anthropometric Measurements

In line with previous studies on Austrian adolescents [16,17], students’ height and
weight were measured in sport clothing and barefoot during regular physical education
lessons in the school gym. Body height was measured with a mobile stadiometer “Seca 217”
(Seca, Hamburg, Germany) with an accuracy of 0.1 cm, and body weight was measured
with a calibrated scale “Grundig PS 2010” (Grundig AG, Neu-Isenburg, Germany) with an
accuracy of 0.1 kg. BMI (kg/m2) was calculated, and students were classified according to
the BMI reference system by Kromeyer-Hauschild et al. [18] into three groups: underweight
vs. normal weight vs. overweight/obese.

2.3. Questionnaire

Regarding the perceived health status of adolescents, self-rated health represents a
meaningful subjective indicator for general health [19]. According to the Health Behavior
in School-Aged Children (HBSC) study [20], self-rated health was measured by a single
item with the question “Would you say your health in general is . . . ”. For answering
this question, we used a five-point Likert scale (very good, good, moderate, poor, very
poor). Participants were subsequently divided into four health categories (very good, good,
moderate, poor/very poor), which are comparable to the four HBSC categories of self-rated
health (excellent, good, fair, poor) [20]. Participants also reported their average daily time
(hours/day) of electronic media use (smartphone, tablet, computer, TV, etc.) outside of
school as well as the presence of a TV in their bedroom [16]. Sports club participation
was determined via self-report (yes/no). In addition, participants reported mean duration
(hours per week) of practicing sports in a club setting as well as during leisure time. Weekly
hours of sports club participation and weekly hours of physical activity in leisure time were
then summed up to obtain a total amount of weekly leisure time sports activity. Finally,
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smoking and alcohol consumption, as well as current back pain during the previous 7 days,
were reported using a dichotomous variable (yes/no), respectively.

2.4. Physical Fitness

For testing the physical fitness, participants completed the German Motor Perfor-
mance Test (GMT) 6-18 [21]. The GMT is a standardized test battery consisting of eight
items that assesses various subdomains of physical fitness: 20 m sprint (sprint velocity),
balancing backwards on three 3 m long beams with different width (coordination in a
task requiring precision), jumping sidewards over a middle line for 15 s (coordination
under time pressure), stand-and-reach (flexibility), push-ups in a period of 40 s (strength
endurance), sit-ups in a period of 40 s (strength endurance), standing long jump (power),
and 6 min run (endurance). With regard to the performance criteria of GMT 6-18, the
inter-rater reliability (0.95) and test–retest reliability (0.82) of the test battery were good, and
the battery has been validated for assessing speed, coordination, flexibility, strength, and
endurance [21]. According to the exact instruction of the test manual by Bös [21], tests were
carried out by trained physical education students in the gymnasiums of the participating
schools. All tests were completed during a single session, lasting about 90 min in random
order, except for the 20 m sprint, which was completed at the beginning, and the 6 min run,
which was completed at the end of the testing session. Values of the eight test items were
standardized according to age and sex-reference values resulting in so-called Z-values,
with a value of 100 representing average performance in the tests. According to Bös [21],
the formula for the standardization is

Z = (xi −M)/SD × 10 + 100 (1)

where xi is the raw value of the test item, M is the mean, and SD the standard deviation of the
age- and sex-specific norm sample. Values above 100 indicate above-average performance
and values below 100 indicate below-average performance. The average of all scores was
used as an indicator for overall physical fitness [21].

2.5. Statistics

Data are presented as means ± standard deviations and relative (absolute) frequen-
cies, respectively. All statistical analyses were conducted using SPSS Statistics version 26
(IBM, New York, NY, USA). The first step of the analysis consisted of tests on differences
in potentially associated factors between the four health groups group with very good
perceived health (VH), good perceived health (GH), moderate perceived health (MH), and
poor/very poor perceived health (PH). Since the group sizes were unequal (n = 34 for
the smallest and n = 482 for the largest group), Kruskal–Wallis H-tests were calculated
for continuous factors (age, BMI, mean daily electronic media use, mean weekly leisure
time sports activity, and mean physical fitness). For categorical factors (sex, weight status,
electronic media in bedroom, sports club participation, and prevalence of smoking and
drinking alcohol, as well as of suffering from back pain), Pearson’s chi-square tests were
used to evaluate differences between the four health groups. In the case of a significant
result, additional post hoc tests with Bonferroni correction were performed.

The second analysis step consisted of a multiple multinominal logistic regression anal-
ysis with health status as the dependent variable. A multinominal logistic regression model
was chosen since proportional odds between categories of health status were not assumed.
The reference level was set to the group with very good perceived health (VH). All variables
with significant differences between categories were included as predictor variables to the
multiple model, except for weight status to avoid redundancy with BMI. Although not
significant in the simple analysis, age was included in the multiple model to account for
age differences in the predictor variables (e.g., percentage of smokers, percentage of alcohol
consumers, BMI). Odds ratios (OR), including 95% confidence intervals (95% CI), were
calculated for all predictor variables.
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All p-values were two-tailed, and values less than 0.05 were considered to indicate
statistical significance.

3. Results

A total of 919 adolescents (55.6% girls) with a mean age of 15.5 ± 1.3 years and a mean
BMI of 22.0 ± 3.9 kg/m2 participated. With regard to the additional classification into three
weight groups, 5.3% (n = 49) of students were in the underweight group, 75.3% (n = 692) in
the normal weight group, and 19.4% (n = 178) in the overweight/obese group, respectively.

Regarding self-rated health status, 21.8% of adolescents stated very good health, 52.6%
good, 21.9% moderate, and 3.7% poor/very poor health.

In total, 68% stated to have a TV or computer in the bedroom, and 42% participated in
sports clubs. Additionally, 8.7% reported smoking, 59.8% consumed alcohol, and 42.2%
reported suffering from back pain.

Mean reported daily electronic media use was 2.7 ± 1.7 h, mean reported weekly
leisure time sports activity was 9.8 ± 4.9 h, and mean physical fitness (Z-value) of the
cohort was 105.6 ± 6.2.

In Table 1, results of the univariate comparison of the four different health groups are
presented. Significant differences between groups were found with regard to sex, BMI,
weight status, electronic media in the bedroom, daily electronic media use, sports club
participation, weekly leisure time sports activity, physical fitness, smoking, and prevalence
of back pain.

Table 1. Group differences in factors between adolescents with a very good, good, moderate, and
poor/very poor perceived health. Values are means with SD or prevalence (%).

Factors Very Good
Health (n = 200)

Good Health
(n = 482)

Moderate Health
(n = 201)

Poor/Very Poor
Health (n = 34) p-Value Post Hoc c

Age [years] 15.6 ± 1.3 15.5 ± 1.3 15.5 ± 1.3 15.4 ± 1.6 0.691 a none

Sex [%], girls 44.5 57.9 61.7 50.0 0.002 b VH:GH, VH:MH,

BMI [kg/m2] 21.3 ± 2.7 21.6 ± 3.4 22.8 ± 4.5 25.9 ± 7.1 <0.001 a VH:MH, VH:PH,
GH:MH, GH:PH

Weight status [%] <0.001 b VH:MH, GH:MH

Underweight 3.5 5.8 7.0 0

Normal weight 87.0 77.2 63.2 52.9

Overweight/adipose 9.5 17.0 29.9 47.1

Electronic media in
bedroom [%], yes 72.5 63.1 74.1 76.5 0.008 b GH:MH

Daily electronic
media use [h] 2.4 ± 1.3 2.6 ± 1.7 2.9 ± 1.7 3.8 ± 2.7 <0.001 a VH:MH, VH:PH

Sports club
participation [%], yes 59.0 43.4 25.4 23.5 <0.001 b VH:GH, VH:MH,

VH:PH, GH:MH

Weekly leisure time
sports activity [h] 8.0 ± 5.4 6.2 ± 5.0 3.9 ± 3.7 3.1 ± 4.1 <0.001 a

VH:GH, VH:MH,
VH:PH, GH:MH,

GH:PH

Physical fitness
[Z-value] 108.4 ± 5.4 106.0 ± 5.8 102.9 ± 5.6 99.7 ± 9.1 <0.001 a

VH:GH, VH:MH,
VH:PH, GH:MH,

GH:PH

Smoking [%], yes 4.0 8.5 13.9 5.9 0.005 b VH:MH

Alcohol consumption
[%], yes 56.5 61.2 61.2 52.9 0.546 b none

Back pain [%], yes 35.0 41.3 47.8 61.8 0.006 b VH:PH

Notes: Data are displayed as means ± standard deviations or relative frequencies, as appropriate. a: Kruskal–
Wallis H-test, b: chi-square-test, c: significant differences specified according to Bonferroni-corrected pairwise
comparisons. BMI: body mass index, VH: group with very good perceived health, GH: group with good perceived
health, MH: group with moderate perceived health, PH: group with poor/very poor perceived health. Bold values
indicate significant differences.
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In Table 2, results of the multiple multinomial regression model are presented. Com-
pared to the group with very good perceived health (reference group), being female
(OR = 1.57) significantly increased the odds for being in the group with good perceived
health. Conversely, being older (OR = 0.84), having electronic media in the bedroom
(OR = 0.57), showing higher physical fitness (OR = 0.93), and not reporting back pain
(OR = 0.66) significantly decreased the odds for being in the group with good perceived
health compared to the group with very good perceived health.

Table 2. Results of the multiple multinomial regression analysis with the dependent variable per-
ceived health status.

Variable B SE B OR OR 95% CI lb OR 95% CI ub p

GH vs. VH
Intercept 11.52 (2.54) <0.001

Age [years] −0.17 (0.07) 0.84 0.74 0.97 0.015
Sex, female 0.45 (0.19) 1.57 1.09 2.27 0.016

Body mass index [kg/m2] 0.04 (0.03) 1.04 0.98 1.11 0.170
Electronic media in bedroom, yes −0.56 (0.20) 0.57 0.39 0.84 0.004

Daily electronic media use [h] 0.10 (0.06) 1.10 0.97 1.25 0.129
Sports club participation, yes −0.61 (0.32) 0.54 0.29 1.02 0.057

Weekly leisure time sports activity [h] −0.03 (0.02) 0.97 0.94 1.01 0.166
Physical fitness [Z-value] −0.08 (0.02) 0.93 0.90 0.96 <0.001

Smoking, yes 0.73 (0.41) 2.08 0.94 4.63 0.072
Back pain, no −0.42 (0.19) 0.66 0.46 0.95 0.024

MH vs. VH
Intercept 15.79 (3.12) <0.001

Age [years] −0.21 (0.08) 0.81 0.69 0.96 0.014
Sex, female 0.42 (0.24) 1.52 0.96 2.42 0.074

Body mass index [kg/m2] 0.10 (0.03) 1.11 1.03 1.18 0.003
Electronic media in bedroom, yes −0.24 (0.25) 0.79 0.48 1.30 0.351

Daily electronic media use [h] 0.11 (0.07) 1.12 0.97 1.30 0.124
Sports club participation, yes −0.89 (0.36) 0.41 0.20 0.83 0.012

Weekly leisure time sports activity [h] −0.12 (0.03) 0.89 0.84 0.94 <0.001
Physical fitness [Z-value] −0.13 (0.02) 0.88 0.84 0.92 <0.001

Smoking, yes 1.16 (0.44) 3.17 1.33 7.55 0.009
Back pain, no −0.83 (0.23) 0.44 0.28 0.68 <0.001

PH vs. VH
Intercept 17.48 (5.49) 0.001

Age [years] −0.36 (0.16) 0.70 0.51 0.95 0.022
Sex, female −0.06 (0.44) 0.94 0.40 2.21 0.883

Body mass index [kg/m2] 0.20 (0.05) 1.22 1.11 1.34 <0.001
Electronic media in bedroom, yes −0.59 (0.49) 0.55 0.21 1.46 0.233

Daily electronic media use [h] 0.26 (0.10) 1.30 1.06 1.59 0.013
Sports club participation, yes −1.48 (0.56) 0.23 0.08 0.68 0.008

Weekly leisure time sports activity [h] −0.13 (0.07) 0.88 0.77 1.00 0.047
Physical fitness [Z-value] −0.15 (0.04) 0.86 0.80 0.93 <0.001

Smoking, yes 0.19 (0.86) 1.20 0.22 6.49 0.829
Back pain, no −1.61 (0.43) 0.20 0.09 0.46 <0.001

Notes: R2 (Nagelkerke) = 0.26, model chi-square (21) = 243.45, p < 0.001, B: unstandardized regression coefficient,
SE: standard error, OR: odds ratio, 95% CI: 95% confidence interval, lb: lower bound, ub: upper bound. Bold
values indicate p < 0.05. VH: group with very good perceived health (reference group), GH: group with good
perceived health, MH: group with moderate perceived health, PH: group with poor/very poor perceived health.

Compared to the group with very good perceived health (reference group), the likeli-
hood for being in the group with moderate perceived health significantly increased with
higher BMI (OR = 1.11) and smoking (OR = 3.17). Conversely, being older (OR = 0.81), par-
ticipating in a sports club (OR = 0.41), higher weekly leisure time sports activity (OR = 0.89),
higher physical fitness (OR = 0.88), and not reporting back pain (OR = 0.44) was associated
with a decreased likelihood to be in the group with moderate perceived health.

Similarly, the odds for being in the poor/very poor health group was significantly
larger in adolescents with higher BMI (OR = 1.22) compared to the group with very good
perceived health. Age (OR = 0.70), sports club participation (OR = 0.23), higher weekly
leisure time sports activity (OR = 0.88), higher physical fitness (OR = 0.86), and not reporting
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back pain (OR = 0.20), on the other hand, was associated with decreased odds for being in
the group with poor/very poor health perceived health compared to the group with very
good perceived health. Additionally, the chance for an increased daily electronic media use
was significantly higher in the poor/very poor health group (OR = 1.30).

4. Discussion

The aims of this study were to evaluate the current perceived health of upper sec-
ondary school students and its associations with multiple health-related factors; to compare
physical, social, and environmental variables by health status; and to analyze the explana-
tory power of such variables on perceived health status.

Our findings show that almost three quarters of the studied population (74.4%) per-
ceive their health as at least good. In accordance, the latest Austrian Health Interview
Survey [22] reported that the vast majority of adolescents reported being satisfied with
their health status, with less than 10% considering their health as poor or very poor.

A more detailed analysis of the results indicates that a high perception of health (very
good, good) is very similar in male and female participants (44.5% and 57.9% of girls,
respectively); however, two thirds of the “moderate health” group is represented by girls.
This seems to be partially in line with previous studies suggesting that women tend to
show a poorer perception of their health [23,24] or similar perception to men, despite the
latter reporting higher incidence of health issues [25].

When analyzing the factors associated with perceived health in youth, the positive
association between physical fitness and perceived health is clear. In fact, physical fit-
ness seems to have a significant influence at all levels of health, as indicated by various
studies [3,4]. In line with our findings, Liu et al. [26] proposed a significant association
between overall physical fitness and general health, which, together, may predict adoles-
cents’ lifestyle choices and their willingness to engage in and promote healthy habits. The
prominent role of physical fitness is also emphasized in studies focusing on different areas
of youth’s individual health, such as mental health [27], physical and metabolic health [28],
social health [29], and overall quality of life [4]. Physical fitness, therefore, should be
promoted in different settings, including the school environment, physical education, and
leisure time.

Accordingly, leisure time physical activity appears to be an important determinant
for perceived health, particularly discriminating between positive and low or negative
perception of health [30]. Gomes et al. [31] report that leisure time exercise may positively
influence mental health both directly and indirectly by reducing the time spent by youth in
sedentary activities. These types of activities are also bidirectionally associated with health
literacy, which may not only improve adolescents’ health status, but also their knowledge
and understanding of the indicators of health and, as a consequence, influence their lifestyle
choices [32].

Our sample reported significantly better health for those engaging in sports club
activities compared to those who did not. Participation in sports clubs, in fact, may be
important not only for individual health but also as an opportunity for youth to reduce
social and environmental inequities [33].

Similar to our findings on leisure time and organized physical activity, in our study,
worse BMI scores were only associated with lower to poor perception of health, with no
significant differences between those participants who reported being in very good or
good health. This is in line with previous studies showing the impact of BMI and weight
status on perceived health [7,9]. Additionally, BMI is considered a mediator of the relation
between participation in physical activity and perceived health [9].

It may have been surprising that having electronic media in the bedroom did not
affect the perception of health in our sample. Although some studies suggest a relation
between media availability in the bedroom and certain factors associated with general
health, such as sleep time and quality [34], increased screen time [35], or even depression
symptoms [36], the availability of electronic media in the bedroom does not necessarily
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lead to their usage or over-usage. In our sample, the fact that most of the participants stated
to have media available in their bedroom regardless of the health group they belonged
to might simply indicate that they do not make excessive use of them. However, when
we combine these results with those on the daily usage of media, the difference between
adolescents in the “very good health” group and those in the “moderate” and “poor
health” ones becomes significant. It is also evident from our data that only the “very
good health” group members (and partially the “good health” group ones) are close to
the recommendations on maximum daily screen time (2 h/day) [37], whereas those who
perceived lower or poor health spent an average of 3 h and 4 h on screen, respectively.
Excessive screen time, therefore, should be considered as correlation of the perception of
one’s own health, as already stated elsewhere [10,12].

In addition, reported back pain is significantly lower in the “very good health” group
compared to all the other groups. This is in line with previous studies on the impact of
this issue on perceived health [11,15]. As the authors emphasize, back pain is logically
strictly related to people’s consideration of their own health as positive or negative. In
fact, differently than physical fitness, physical activity, and body composition, which may
be perceived very differently based on cultural aspects [38], and screen time, which some
individuals may at times perceive as positive for their mental health [39], back pain is
embedded in one’s health condition, and may be even considered as a component of it.
Therefore, it is reasonable to assume that those who did not report any back pain consider
their health better compared to those who experienced such a problem. Finally, it is
important to keep in mind that our results on back pain may not be sufficiently accurate, as
the onset and duration of this issue (for instance, chronic vs. acute), as well as its intensity
and source (mechanical, neurological, etc.), were not considered in the present study.

Limitations

This study presents some limitations. Although perceived health status evaluated
with a single item is considered a valid measurement method, using self-rating tools may
encompass risks, such as invalid responses, social desirability biases, or general response
biases [40]. Additionally, health status has been evaluated with a single item. Given the
complex structure of such a variable, a single item might not reflect such condition in full.
However, we decided not to burden the participants with an excessively long series of
items, in accordance with previous literature on the topic [41,42], and based it on single-
item assessment that has been validated [43]. Additionally, our analysis of potential agents
of perceived health could not include several other variables that are also known to be
associated with it, such as personality traits [44], dietary patterns [45], or family situation
and social support networks [46].

In the future, this type of study could also expand to explore potential differences in
such network of variables based on school location (for instance, type of neighborhood,
urban vs. rural) or school type (public or private). Another interesting addition to this
research could be represented by a deeper analysis of participants’ sports habits both within
sports clubs and during leisure time, since the type of exercise is known to potentially affect
health-related parameters [47].

5. Conclusions

Perceived health status may be influenced by many factors, both environmental and
personal. Among them, the overall level of physical fitness, which includes cardiores-
piratory endurance, muscular strength, and flexibility, among others, seem to be central
determinants for the perception of adolescents’ health. Accordingly, sports club participa-
tion and overall leisure time physical activities appear to be critical correlates of perceived
health. In addition, screen time needs to be considered in strategies targeting health in
adolescents. Therefore, future investigations/approaches should be multifocal and in-
clude robust physical fitness developmental plans through physical education curricula
in school while also emphasizing participation in organized sport club activities and re-
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placing sedentary leisure time, such as screen time, with more active tasks. All these
attempts/interventions may enhance youth health literacy as well, which could reduce
other detrimental health behaviors such as smoking and alcohol consumption. Any in-
tervention should also include parental counseling and a coordinated effort of families,
teachers, and administrators in order to pursue appropriate strategies targeting the diverse
contributors of adolescents’ health.
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Abstract: The present study aimed to examine the differences in sleep hygiene, balance, strength,
agility, and maximum aerobic speed (MAS) between two groups of female handball players aged
under 14 (U14) and under 17 (U17) years. Seventy-two female handball players participated and
were divided into two groups according to age: U14 (n = 36, age: 13.44 ± 0.5 years) and U17
(n = 36, age: 15.95 ± 0.76 years). Sleep hygiene was evaluated using three questionnaires: Sleep
quality and sleepiness via the Pittsburgh (PSQI) and Epworth (ESS) questionnaires, and the insomnia
questionnaire via the measurement of the insomnia severity index (ISI). Physical fitness was evaluated
with the stork balance tests with eyes open (OEB) and closed (CEB), the vertical jump (SJ), horizontal
jump (SBJ), and five jump (FJT) tests, the agility (t-test) and the maximum aerobic speed (MAS) tests.
No significant differences were shown between U14 and U17 players in all PSQI, ISI, and ESS scores,
and balance and strength performances. Meanwhile, the U17 players’ performances were significant
better in agility quality (p = 0.003 < 0.01) and MAS (p = 0.05) compared to the U14 players. Biological
gender specificity during the maturation phase may inhibit the improvement of balance, and strength
performances between the age of 13 and 17 years, while agility and MAS performances are more
affected by age alterations.

Keywords: sleep quality; puberty; sleep disorders; physical condition; insomnia; sleepiness; body fat;
lean body mass

1. Introduction

Handball is a team sport with an intermittent nature involving several physical quali-
ties such as balance [1,2], muscular strength [3,4], agility [5,6], and endurance [7,8]. Thus, im-
proving these qualities is essential for development during childhood and adolescence [9].

Previous studies have shown the importance of this evaluation to distinguish the elite
players from the sub-elite players of the same age category [10,11]. It was demonstrated,
however, that the reactive agility quality presented, for example, a distinguishing factor
for experienced versus amateur players [12]. Although basic motor abilities have been
evaluated in women’s handball [13], to the best of the authors’ knowledge, no studies have
examined the difference that may occur in some measures of physical condition in the
young players.

Mostly, young athletes’ training sessions are based on technical and tactical work
and less on the development of physical abilities, which change with age and are affected
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by biological maturation [14]. It is important to mention that the stabilization of fitness
is noted between the beginning and end of puberty [15], and that girls’ morphological
development is marked by a high intensity of fat mass accumulation at that phase, which
represents an inhibiting factor for performance [16].

Understanding the effects of changes in girls during the transition from pre-puberty to
post-puberty seems to be of interest for coaches to better plan and intervene, especially on
the physical level, to optimize performance. Therefore, one of the objectives of our study
was to focus on the differences in some measures of physical fitness in female handball
players between the ages of under 14 and under 17. We hypothesized that performance
is better for U17 compared to U14 for both anaerobic and aerobic tests. However, having
3 years’ experience in practice, may present a good argument to distinguish this difference
during maturation regardless of gender.

Indeed, having sleep disorders such as insomnia can inhibit the proper functioning
of cognitive mechanisms such as attention, concentration, and memory, which are factors
in sports performance. These troubles, which were suggested to be caused by fatigue and
daytime sleepiness [17], are related to poor physical condition [18], including cardiorespira-
tory capacity [19]. This prompts us to focus on the evaluation of certain aspects of sleep in
young athletes in their adolescent phase.

This period of adolescence undergoes dramatic changes in sleep [20,21]. In this context,
two processes intervene in its regulation. The first one targets the intrinsic circadian system,
and the second one targets the homeostatic sleep–wake system [22]. This context, however,
explains the short sleep duration, during either the nights and even the day of sports
training [23,24].

It was reported that many adolescents suffer from the prevalence of sleep disorders
such as sleepiness [17] and insomnia [25,26]. As recently shown [27], more than 39%
of adolescents suffered from poor sleep quality. In this regard, it is crucial to develop
comprehensive sleep education in adolescents at first, and which should be respected in
the school curriculum.

Furthermore, this finding leads us to evaluate the nature of sleep hygiene by estab-
lishing a comparison of the quality of sleep via the Pittsburgh questionnaire (PSQI), the
insomnia questionnaire via the measurement of the insomnia severity index (ISI), and
sleepiness via the Epworth questionnaire (ESS), between U14 and U17 female players.

However, the objectives of the present study were (1) to compare sleep parameters
(PSQI, ISI, and ESS) between U14 and U17 female players and (2) to compare the differences
in some fitness measures between these two different age groups.

2. Materials and Methods
2.1. Participants

Seventy-two healthy female handball players participated in this study. They were
divided into two different age groups: U14 (36 players, age: 13.44 ± 0.5 years, height:
1.64 ± 0.04 m, BM: 57.83 ± 5.79 kg, BMI: 21.49 ± 1.52 kg m−2) and U17 (36 players, age:
15.95 ± 0.76 years, height: 1.67 ± 0.05 m, BM: 59.21 ± 6.16 kg, BMI: 21.22 ± 1.63 kg m−2).
All of them belong to a regional local handball team, and they train for 1 h 30 min per
session 4 times weekly. Before beginning the intervention, all participants and their parents
signed an informed consent form in accordance with the international ethical standards,
in particular the Declaration of Helsinki [28]. It should be noted that four participants
withdrew before the start of the study for personal reasons (2 from each group) and their
data were not accounted for in the statistical analysis.

2.2. Anthropometric Measurements

All anthropometric measurements were performed in the afternoon at the end of the
week with the help of a specialized physician.

Body height was measured in centimeters with no shoes, heels together, and the back
of the subject parallel to the stadiometer (Model 214 height rod; Seca, Hamburg, Germany).
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Body mass (BM) was assessed to the nearest 0.1 kg with a digital scale (Tanita, Tokyo, Japan)
and the body mass index (BMI = Mass [kg]/(Height [m])2) was determined. The fat mass
(FM), lean mass (LM), and body mass index (BMI) were measured for each participant by
bioelectrical impedance analysis (BIA) (Tanita Body Composition Analyzer Mode TBF-300,
Tokyo, Japan).

With the help of a qualified pediatrician, assessment of the pubertal stage was deter-
mined according to the Tanner classification [29] (Tanner and Whitehouse 1976): Pubertal
children included Tanner stages II-III and post-pubertal children were in Tanner stages
IV-V (refer to Table 1).

Table 1. Anthropometric parameters of the 2 groups of U14 and U17.

Group U14
N = 36

U17
N = 36

PS (II–III/IV–V)
Height (m)

15/21
1.64 ± 0.04

17/19
1.67 ± 0.05 *

Body mass (kg) 57.83 ± 5.79 59.21 ± 6.16 *
Body mass index (kg m−2) 21.49 ± 1.52 21.22 ± 1.63 *

Body fat (%) 24.45 ± 1.5 22.27 ± 1.3
Lean body mass (kg) 43.95 ± 2.7 46.18 ± 3.1 *

Values are mean ± SD; PS: pubertal stage. Significantly different from U14: * p < 0.05.

2.3. Procedure

The experimental part of this study was spread over a vacation period of 3 days
(Figure 1). Before the commencement of the experimentation, a physician made sure
that the players were not sick, did not take any medication, and had not practiced any
sport on that day. Thus, all tests were performed in a single session starting at 4:00 pm
since performance peaks in the late afternoon for anaerobic tests and in accordance with
the hours of the day in which most of the training sessions were regularly performed as
determined by Chtourou et al [30], except for the VAMEVAL test, which was performed in
the second session.
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IV-V (refer to Table 1). 

Table 1. Anthropometric parameters of the 2 groups of U14 and U17. 

Group 
U14 

N = 36 

U17 

N = 36 

PS (II–III/IV–V) 

Height (m) 

15/21 

1.64 ± 0.04 

17/19 

1.67 ± 0.05 * 

Body mass (kg) 57.83 ± 5.79 59.21 ± 6.16 * 

Body mass index (kg m−2) 21.49 ± 1.52 21.22 ± 1.63 * 

Body fat (%) 24.45 ± 1.5 22.27 ± 1.3 

Lean body mass (kg) 43.95 ± 2.7 46.18 ± 3.1 * 

Values are mean ± SD; PS: pubertal stage. Significantly different from U14: * p < 0.05. 

2.3. Procedure 

The experimental part of this study was spread over a vacation period of 3 days (Fig-

ure 1). Before the commencement of the experimentation, a physician made sure that the 

players were not sick, did not take any medication, and had not practiced any sport on 

that day. Thus, all tests were performed in a single session starting at 4:00 pm since per-

formance peaks in the late afternoon for anaerobic tests and in accordance with the hours 

of the day in which most of the training sessions were regularly performed as determined 

by Chtourou et al [30], except for the VAMEVAL test, which was performed in the second 

session. 

 

Figure 1. Study design for U14 and U17 female players. Figure 1. Study design for U14 and U17 female players.

Day1:

On the first day, the 2 groups completed the three sleep questionnaires. Thus, each
participant had to answer questions about their sleep attitudes during the days and nights
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of the last month: The Pittsburgh Questionnaire (PSQI), the Insomnia Questionnaire (ISI),
and the Sleepiness Questionnaire (ESS). Each of these is composed of several items. To
answer the questionnaires, an explanation was presented by an examiner who gave a verbal
signal to the participant who passed from one item to another.

The Pittsburgh sleep quality index (PSQI) [31] is a questionnaire for the subjective
evaluation of sleep quality; it is composed of 19 questions combined into 7 scores. The
7 component scores are added together to obtain an overall score ranging from 0 to 21, and
an increase in the score coincides with a decrease in sleep quality.

Moreover, the insomnia severity index (ISI) [32] is a self-reported subjective measure
of insomnia symptoms and the levels of worry caused by sleep disorders, composed of
seven items. When adding up the scores, it helps to give an overall score ranging from 0
to 28. Therefore, the scores between 0 and 7 = No insomnia; 8–14 = Subclinical insomnia
(mild); 15–21 = Clinical insomnia (moderate); and 22–28 = Clinical insomnia (severe).

On the other side, the Epworth Sleepiness Scale (ESS) [33] is a self-administered
questionnaire; it is composed of 8 items that measure the “usual probability of dozing or
falling asleep” in common everyday situations. The ESS score ranges from 0 to 24, and
when the score is higher than 10 it is an indicator of severe drowsiness.

Day2:

The second day of the intervention was dedicated to the realization of the tests in the
indoor handball court. Each training session started with a warm-up of approximately
10-min based on running, joint mobilization, and stretching followed by five bursts of 20-m
sprints [34].

Participants also performed the balance test “stork balance” with eyes open and eyes
closed. This test consists of maintaining balance on one leg and on the sole of the foot for
as long as possible.

Except for the test of the squat jump (SJ), which was performed in door a Handball
court, the standing long jump (SBJ) and the five-jump tests (FJT) were performed outdoors
on an athletic field. In the agility test “t-Test”, the participant accelerated and decelerated
with rapid changes of direction. When the players had completed all repetitions, they
moved from one test to the other. The passive recovery time was fixed to 5-min. It
is important to note that a familiarization test was performed at the beginning of the
intervention to eliminate any learning factor that could bias the results. Four investigators
assured the completion of all the tests. All participants were encouraged verbally. However,
all measures were again collected and performed (in the same conditions) for comparison
with baseline values.

2.3.1. Stork Balance Test

This test was performed as described by Sopa [35]. The participant was required to
stand on a single leg of their choice, barefoot and on a flat surface. The other leg was raised
so that the foot of that leg was glued next to the knee of the supporting leg. The participant
had to put her hands on her hips. The clock started when the participant lifted the heel of
the supporting leg. The participant had to maintain this position for as long as possible,
and the timer stopped when she dropped the heel of the supporting leg, rotated the body
in any direction, or lifted the hands from the hips. Each player had 3 attempts to practice
balancing either with eyes open (OEB) or closed (CEB). The participant was allowed to
practice their balance for one minute and the total time was recorded. The best result of the
three attempts was taken into consideration.

2.3.2. Squat Jump (SJ)

This test involved evaluating the quality of jumps using an Opto-jump system [36].
Three trials were performed, and the best performance expressed in centimeters was
retained for statistical analysis.
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2.3.3. The Standing Broad Jump or the Horizontal Jump (SBJ)

This test was performed as indicated by [37].
From the standing position, both feet had to touch the starting line and the player

had to jump as far as possible in a horizontal direction. The take-off and landing phases of
the jump had to be performed with both feet. The distance from take-off to the heel of the
nearest foot on landing was measured in centimeters. Three trials were performed, and the
best performance was taken for later analysis.

2.3.4. Five Jump Test (FJT)

The participant performed five successive horizontal jumps [38], which started with
their feet together and with an upright posture. The participant executed five bouncing
strides on one leg, elevating the free knee and the opposite arm towards the front, and
finished with both legs together. The distance covered was measured and expressed in
meters. Three attempts were performed, and the best performance was taken into account.

2.3.5. The Agility t Test

This test was administered as described by [39]. At the signal, the participant sprinted
forward 9.14 m, touched the end of the first cone with her right hand, then ran laterally
to the left for 4.57 m to touch the end of the second cone with the left hand and continue
to move again for 9.14 m to the right and touch the end of the third cone with the right
hand. The participant made a lateral return of 4.57 m to the left to touch the cone in
the middle with the left hand. The test ended with a backward run to the starting point
(9.14 m). A photoelectric cell (Photocells, Microgate®, Bolzano, Italy) was used to measure
the performance. Three attempts were performed, and the best performance was taken
into account.

2.3.6. VAMEVAL Test

In order to assess the maximum aerobic speed (MAS), a running test was performed on
a 200-m athletic track. This was administered as described by [34]. Blue cones were placed
every 20-m at the lane line boundary of the track. Similarly, red cones were placed 2-m
behind the blue cones. An examiner followed participants with a scoring table containing
the beep times of the different levels, a stopwatch, and a whistle. The examiner made a
short sound when the participant had to be next to the blue cone so that he could manage
the running speed according to each level. At each whistle, the participant had to be within
2-m of the blue cones. When the participant did not follow the rhythm of the sound and was
twice behind a red cone or when he stopped the race, the event was over. The maximum
aerobic speed (MAS) corresponds to the level already finished. If the participant did not
run the last stage for the full duration, then the method in [40] was used to calculate the
MAS. The test started on the track at 8 km/h for 2 min, and for each stage of one minute,
the speed increased by0.5 km/h.

Maximum aerobic speed in km/h was recorded. VO2max was calculated using the
formula proposed by [41,42]: VO2max = 0.0324 × v2+ 2.143 × v + 14.49; where v is the
speed of the last level expressed in km h−1 and VO2max in mL kg−1 min−1.

2.4. Statistical Analysis

Analyses of all data were performed using SPSS version 26.0 (SPSS, Inc., Chicago, IL,
USA). Results were presented as mean ± standard deviation. The categorization of the
3 sleep variables (PSQI, ISI, and ESS) was presented as percentages for the U14 and U17
athletes. For all the studied variables, the normality of the data distribution was checked
using the Kolmogorov–Smirnov method.

A student’s t-test of independent samples was performed to compare the mean scores
of PSQI, ISI, and ESS according to age (U14 and U17). Thereafter, the different measures
of physical condition such as the average values of balance, strength, agility, and MAS

93



Int. J. Environ. Res. Public Health 2023, 20, 330

between these 2 groups were also calculated. An alpha p value of less than 0.05 was used
as a significance threshold.

3. Results

No significant differences were observed for the different sleep parameters (PSQI, ISI,
and ESS) between the U14 and U17 players (Table 2).

Table 2. Comparison of the means of sleep quality, sleepiness, and insomnia between the two groups.

Group PSQI ISI ESS

Group U14 5.44 ± 1.576 7.19 ± 2.649 6.36 ± 1.91
Group U17 5.47 ± 1.540 7.50 ± 2.49 6.31 ± 1.89

Values are mean ± SD; PSQI: Pittsburgh Sleep Quality Index; ISI: Insomnia Severity Index; ESS: Epworth
Sleepiness Scale.

The prevalence of players with poor sleep quality (PSQI ≥ 5) was 61.1% for the U14
group and 63.8% for the U17 group of older participants; mild insomnia (ISI ≥ 11) was
8.3% for the U14 group and 8.4% for the U17 group; sleep debt (ESS > 8) was 19.4% for the
U14 group and 22.3% for the second group (see Table 3).

Table 3. Percentages of sleep parameters of the U14 group and U17 group.

Variables Group U14 Group U17 Average of the 2 Groups

PSQI ≥ 5 61.1% 63.8% 62.45%
PSQI < 5 38.9% 36.2% 37.55%
ISI ≥ 11 8.3% 8.4% 8.35%
ISI < 11 91.7% 91.6% 91.65%
ESS > 8 19.4% 22.3% 20.85%
ESS < 8 80.6% 77.7% 79.15%

PSQI ≥ 5: poor sleep quality; ISI ≥ 11: mild insomnia; ESS > 8: sleep debt or excessive daytime sleepiness.

Although it was not significant, the balance performance with eyes open and closed
for the U14 group was better (0.59 and 0.31, respectively).

In the between-group comparison, the agility values were higher (p < 0.01) in favor
of the U14 group compared to the U17 group. Therefore, we reject the null hypothesis of
equality of variances, and a significant difference between the two groups regarding agility
performances was noted. Concerning the vertical (SJ) and horizontal (SBJ) jump tests, no
significant difference was noted (p = 0.06 and p = 0.43, respectively).

Although the difference was not significant (0.06 > 0.05), the performance of the
five-jump test (FJT) of the younger U14 players was better than that of the others, with a
difference of 2% between the two groups.

On the other hand, the mean performance of the maximum aerobic speed capacity of
the older U17 players was significantly higher compared to theU14 players (p < 0.05) (see
Table 4).

Table 4. Performance parameters of balance, agility, strength, and MAS in the two groups.

Group OEB CEB SJ SBJ FJT t-Test VAMEVAL

U14 11.01 ± 8.52 2.88 ± 0.86 24.8 ± 5.38 1.59 ± 0.20 9.12 ± 0.54 12.8± 1.11 12.2 ± 1.35
U17 10.49 ± 9.75 2.24 ± 1.11 28.5 ± 4.04 1.66 ± 0.20 8.90 ±0.98 11.7 ** ± 0.59 12.69 * ± 0.91

Values are mean ± SD; OEB: open-eye balance; CEB: closed-eye balance; SJ: squat jump; SBJ: squat broad jump;
FJT: five jump test; t-Test: Agility t-Test; VAMEVAL: maximum aerobic capacity test. Significantly different from
U14: * p < 0.05, ** p < 0.01.
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4. Discussion

The current study examined the evaluation of the differences in PSQI, ISI, and ESS
scores between U14 and U17 female players and of some measures of balance, strength,
agility, and maximum aerobic speed.

Collectively, the main findings indicated, however, no significant differences in the dif-
ferent sleep parameters between the two groups of female players. However, significantly
higher performances for the U17 category in agility quality and MAS, when compared to
the U14 players, were noted.

Concerning the sleep parameters, this can be explained by the similarities in age
between these two groups although they belong to different categories (U14: school A; U17:
cadet B).

Furthermore, as the PSQI, ISI, and ESS scores increased in relation to the decreased
sleep quality, this strengthens the idea of aptly targeting different participants’ age cat-
egories in order to have better performance. When using different age categories, Dav-
enne [43] also found that sleep disorders such as nocturnal awakenings, short durations of
deep sleep with slow waves, and problems with early awakening were highly prevalent
with advancing age.

Furthermore, Rasekhi et al. [44], noted several determinants of the appearance of
poor sleep quality and increased ISI in adolescents, i.e., gender, BMI, nature of sport,
coffee consumption, daily activity, diet, and skipping breakfast. A recent study by Bruce
et al. [45] even noted the importance of the biological factor at this age range, which causes
a biological delay in the time taken to fall asleep. In fact, to attend school, most young
are obligated to wake up too early, as is the fact for our female players. Hence, a sleep
debt during the school week as shown in the current study, resulted in an in-crease in
the ISI, ESS, and PSQI scores. However, sleep disorders, comprising poor sleep quality
that exceeded 61% (PSQI ≥ 5), mild insomnia (ISI ≥ 11) which was approximately 8.3%,
and sleep deprivation (ESS > 8) which was 19.4% for the U14 group against 22.3% for the
U17 group, might all be considered as stimulating negative factors. These corroborate the
study of Bel et al. [46] conducted on adolescents, which showed that the prevalence of
sleep disorders is the result of the accumulation of several factors such as the relationship
between insufficient sleep and poor nutrition. It is therefore a necessity to adopt educational
strategies that may develop a culture of healthy lifestyles in order to have mentally and
physically balanced adolescents.

Furthermore, Ferranti et al. [47] noted in one study that only 47% of adolescents
followed the recommendations for daily sleep hours, while Carvalho [27] showed that
more than 39% of adolescents had poor sleep quality and this was related to poor quality
of life, such as nutrition or daily activities. According to Figueiro [48], a sleep phase
characterized by long sleep latencies relative to desired bedtimes resulted in significant
sleep deprivation in subjects’ daily activities.

From another perspective, we noted that the balance performance of the stork with
eyes open and closed was better for the U14 group compared to the U17 group. We have to
stress the fact that there were no previous studies having compared the unipodal balance
quality of U17 and U14 female players in handball. Since unhealthy sleep habits increase
with age, we suppose that this may be one of the factors that affected the behavior of the
female players in the present study. In fact, the prevalence of sleep disorders has further
been shown to affect the muscle strength of the lower limbs [49–51], which helped to
maintain control of the posture through sensorimotor strategies. Maintained over a long
period of time, this sleep disorder can deteriorate postural stability by acting on cognitive
and biomechanical mechanisms [52–55]. According to Cerrah et al. [56], this requires may
be the application of functional balance training for adolescents three times a week to
improve static balance performance.

Concerning the participants’ average BMI values, the results showed that in the U14
group, these were significantly elevated compared to the U17 group. In fact, Rusek et al. [57]
focused on sedentary adolescents of both sexes and showed that the increase in BMI values
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corresponded to better balance performance. In the following study, the 3 years of experi-
ence in sports practice for the U17 group were supposed to be sufficient in showing better
sensorimotor performances resulting in a better balance and good postural control. Those
results seem to be in disagreement with what was reported by Caballero et al. [58], showing
that the level of expertise related to handball practice was a factor that improved postural
balance. It is important to mention that his study was based on male handball players, and it
may be that the increased testosterone secretion affected the noted anthropometric changes.

Regarding the between-group jump comparison (SJ, SBJ, FJT), they were indicative
of the quality of the explosive strength using the lower limbs, even though no significant
differences were noted. This study showed however that no significant difference was
obtained for the comparison of the different jump performances (SJ, SBJ, FJT) between the
two groups. Previous studies [59,60] involved participants of both sexes, aged between
6 and 18 years, and indicated an increase in SBJ performance in girls to a plateau at age
12–13 years. In fact, the study by Chung et al. [61], conducted on 12.712 Chinese students
between the ages of 8 and 18 years, generated standard SBJ test data and showed stability
of SBJ performance for female players from the age of 12 years old, while these values
continue to increase for males up to 18 years with a very significant difference between the
two sexes. Similarly, Ramírez-Vélez et al. [62] found that SBJ scores increased from the age
of 9 to 12.9 years and reached a plateau at an age between 13 and 15.9 years for girls.

In another study, Ramos-Sepúlveda et al. [63] found further, better performances for
males and which depended on muscle strength. We presume, therefore, that in the growth
phase, the distinction according to sex is necessary to improve the explosive strength of the
lower limbs, because this age interval is characterized by the linear increase in muscular
explosive strength for both sexes. This latter is related to mechanical and neurological
factors as previously shown [64]. Moreover, male subjects possess a more rapid increase in
gonadal steroid hormones, growth hormones, and muscle mass and bone mineral content
favoring better muscular strength performance until late adolescence [61]. In contrast, girls
have an intense accumulation of fat mass in the early pubertal phase [16], which presents
an inhibiting factor for muscle strength.

Concerning the agility t-test in U17 and U14 female handball players, the results
showed better performance for U17 players with a highly significant difference compared
to U14 players (p < 0.01 with a difference of 9%). The morphological factors are supposed
to be related to maturation, such as height, the amount of fat mass, and muscle tissue
mass [60].

Furthermore, the increases noted in the agility performance between U14 and U17
may have occurred in relation to the intermittent nature of the practiced sport involving
multidirectional changes. Thus, regular practice in such a sport optimizes the quality of
agility that naturally improves throughout childhood and adolescence, albeit in a non-linear
fashion [65,66].

Lastly, the different measures of maximum aerobic speed (MAS) showed significant
results that were better in U17 players compared to U14. This result may explain the
importance of regular and continuous physical activities practiced during the preparation
period, leading to improved aerobic capacity as indicated by other authors [67,68]. However,
other studies reported conflicting results. For example, Berthoin et al. [69] showed that the
MAS increased from 6 to 11 years for girls and then remained constant until 17 years for
both sexes. Therefore, it is essential to take into account certain particularities such as sex
or the intervention of certain biological processes (i.e., testosterone, GH, etc.) with a better
evaluation of the aerobic capacity during the maturation phase.

However, the present study also has limitations. First, the number of participants
studied is relatively small, and some subjects refused to join the study at the beginning,
which may have led to selection bias in the results of the study. Second, perhaps the
presence of a third group older than those studied could have added other interpretations.
This will be taken into consideration in the following study. Third, only girls were included
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in this study, which didn’t allow us to better examine gender differences and show the
effect of sleep on exercise performances.

5. Conclusions

In conclusion, our collected results suggest the need to focus several factors, to assess
physical abilities. It is therefore essential to employ a program in the field of sports practice
adapted to young players, taking into account the biological changes related to their
muscular development, while targeting qualities such as balance and strength, which are
less developed, especially between 13 and 17 years. However, other studies seem necessary
to examine the impact of the prevalence of sleep disorders in a larger and more varied
population in order to improve the quality of games and ensure better performances.
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Abstract: With the beginning of the COVID-19 pandemic in December 2019, each country has
developed strategies to try to control the virus. The restrictions and subsequent consequences also
limited the possibilities and structures for being physically active. Therefore, the aim of this study
was to examine changes in physical fitness in a cohort that was investigated over an extended
period. Physical fitness testing was conducted with the IPPTP-R in a primary school from a small
rural community annually since 2012. Mean values of test items were calculated for each cohort.
We conducted an ANCOVA to examine the differences between cohorts PreCOVID and 2020 as
the first year of the COVID-19 pandemic, and between PreCOVID and 2021 as the second year of
the COVID-19 pandemic. Overall, no evidence for a negative effect of the COVID-19 pandemic
on physical fitness in children between the ages of 7 and 9 years was found. In strength tests,
performances increased when comparing the PreCOVID cohort and COVID-19 cohorts (Push-Ups:
p < 0.001, ηp

2 = 0.032; p = 0.017, ηp
2 = 0.006). No evidence for a change was found for endurance

(6-min Run: p = 0.341, ηp
2 = 0.001; p = 0.267, ηp

2 = 0.001. The rural community maintained physical
fitness despite restrictions and limitations through the environmental circumstances. Considering
this, it is a positive example of how adequate long-term efforts promoting physical fitness make an
impact and an active friendly environment helps to overcome COVID-19 pandemics limiting the
structures for being physically active.

Keywords: motor performance; motor development; youth; effects; influences; cross-sectional study

1. Introduction

The importance of physical fitness for the healthy development of children and the
positive influence for a lifelong active lifestyle are well-known and documented [1,2]. The
level of physical fitness predicts an individual’s level of engaging in physical activity
through given opportunities and limited capacities [3,4]. Physical fitness is the basis on
which movement patterns are developed to be able to be physically active and, on the other
hand, has a positive impact on psychosocial factors [5–8].

Nevertheless, the levels of physical activity and physical fitness in youth have declined
over the last decades, along with other variables influencing an active lifestyle. Since
the beginning of the twenty-first century, physical fitness has been stagnating at a low
level worldwide. Overall, children are less fit than those of former generations [9–12].
Accordingly, the majority of children and adolescents do not meet the recommendations of
the World Health Organization for daily physical activity [13,14]. Sedentary behavior of
children and adolescents has increased and screen-time exceeds recommendations [15,16].
As a consequence, the prevalence of obesity and overweight has steadily increased in past
years, especially in younger children [17].

With the beginning of the COVID-19 pandemic in December 2019, each country has
developed a strategy to try to control the virus. In Germany, the first officially registered case
of COVID-19 appeared at the end of January 2020. Nationwide school closures and contact
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restrictions were implemented for the first time in March 2020, and again in December 2020
until March 2021 [18]. These restrictions also affected sports clubs, fitness centers, and the
cancellation of all sports in schools, i.e., physical education lessons, extracurricular sports
groups, or being active during breaks in the schoolyard. The COVID-19 pandemic and the
subsequent consequences therefore not only limited social life, but also the possibilities and
structures for being physically active.

There are studies that have examined the influence of the COVID-19 pandemic on
physical activity [19,20]. A meta-analysis revealed a slightly negative global change in
physical activity for children and adolescents [19]. In Germany, the differentiated analysis
of data from the Motorik–Modul (MoMo) study showed an increase of daily physical
activity, such as playing outside or unstructured activities, during the first lockdown, but
children could not maintain this level during the second lockdown [21]. In contrast, the
time spent in organized sports and overall physical activity decreased over the study
period [20–22].

There are also some studies that examined the influence of the COVID-19 pandemic
and associated restrictions not only on physical activity, but also on the physical fitness
construct [23–26]. Despite different measurement methods and study participants, the
studies all reported a declining trend for endurance [23,24,27]. There appears to be less
and inconclusive evidence for decreasing strength [24,25]. However, most of the studies
have single measurement points before, during, or after the COVID-19 pandemic, but
there is a lack of long-term monitoring. In our study, we conducted physical fitness testing
in the same cohort over a period of eight years, plus 2020 and 2021, years in which the
COVID-19 pandemic occurred. Therefore, these cohorts, which constitute the specific study
population, provide the opportunity to draw conclusions based on a strong foundation of
physical fitness data.

The aim of the study was to examine effects of the COVID-19 pandemic and changes
in the different dimensions of physical fitness in a cohort that was investigated over an
extended period.

2. Materials and Methods

This study used a cross-sectional cohort design with a population-based ad hoc sample.
Overall, ten cohorts were followed yearly from 2012 until 2021. In the following, cohort
always refers to the age group of 7–9-year-olds in the respective testing year. The Interna-
tional Physical Performance Test Profile—revised (IPPTP-R) was used to test the physical
fitness in in the German federal state of Baden-Württemberg [28]. All data presented in this
paper were from children from a small rural community with fewer than 5000 inhabitants
located in the northeast of Baden-Württemberg that participated in the test procedure over
the entire period of ten years.

2.1. Physical Fitness

The IPPTP-R is an effective and validated physical fitness assessment tool developed to
be conducted in practical settings [28]. It is based on the approach of Bös and Mechling [29]
and the German Motor-Test 6–18 [30]. It contains eight test items representing the five main
dimensions of physical fitness endurance, strength, speed, coordination, and flexibility.
Additionally, constitutional data including height, weight, and BMI were collected, and
children’s age and sex, as well as test date and other characteristics of data collection were
recorded. Table 1 shows the different test items. The detailed and precise description of the
test items can be found in the existing manuals [28,30].

2.2. Data Collection

The primary school in the community reported on here conducted the testing annually
in October, except in 2020, when testing was limited due to the COVID-19 lockdown.
Therefore, the 2020 tests were conducted in December. The teachers and volunteers were
trained as multipliers using manuals, test material, and additional support and to execute
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the test tools. On a testing day, each child was tested in the school, sorted according to class.
Parents provided informed consent forms through the primary school that conducted the
testing. With informed consent, the test results were entered into the evaluation software
and any personalized raw data on children’s physical fitness were pseudonymized initially
and checked for quality. The data set regarding this community was retrieved from the
total data set using postal code as variable of allocation. The extracted data were then
analyzed in a separate dataset.

Table 1. Test items of the IPPTP-R.

Dimension Test Item Unit

Endurance 6 min Run Meter
Strength Standing Long Jump Centimeters

Sit-Ups Number in 40 s
Push-Ups Number in 40 s

Speed 20 m Dash Seconds
Coordination Balancing Backwards Number of steps

Jumping Sideways Number of jumps in 15 s
Flexibility Stand and Reach Centimeters

2.3. Sample Description

As mentioned above, all data were from one community in the German state of Baden-
Württemberg, which participated over the entire study period. Overall, 999 primary school
children between the ages of 7 to 9 years (MV ± SD: age: 7.98 ± 0.82; weight: 29.0 ± 6.9 kg;
height: 132.8 ± 7.5 cm) were included in the analysis. Among them, 55.6% (n = 555) were
boys and 44.4% (n = 444) were girls. In the analysis, cohorts were compared to examine
the effects and consequences of the COVID-19 pandemic on physical fitness levels. The
different cohorts from the period between 2012 and 2019 were combined and considered
representative of the physical fitness of children in the community before COVID-19. This
cohort, called PreCOVID, comprised 801 children (MV ± SD: age: 7.97 ± 0.82; weight:
28.8 ± 7.0 kg; height: 132.7 ± 7.4 cm). The cohort from 2020, the first year of the COVID-19
pandemic, called COVID1, included 91 children in the analysis (MV ± SD: age: 7.93 ± 0.87;
weight: 28.9 ± 5.7 kg; height: 132.7 ± 7.8 cm). The cohort from 2021 (COVID2) included
107 children (MV ± SD: age: 8.08 ± 0.77; weight: 30.2 ± 7.1 kg; height: 133.4 ± 8.1 cm).
The exact number of children according to cohort and gender is shown in Table 2.

Table 2. Distribution of the sample.

Cohort Year of
Measurement Boys (n) Girls (n) Overall (n)

2012–2019
PreCOVID

2012 57

n = 460
(57.4%)

44

n = 341
(42.6%)

101

n = 801
(100%)

2013 62 39 101
2014 56 43 99
2015 39 28 67
2016 61 33 94
2017 57 45 102
2018 64 49 113
2019 64 60 124

2020
COVID1 2020 43 n = 43

(47.3%) 48 n = 48
(52.7%) 91 n = 91

(100%)

2021
COVID2 2021 52 n = 52

(48.6%) 55 n = 55
(51.4%) 107 n = 107

(100%)

Overall 555
(55.6%)

444
(44.4%)

n = 999
(100%)
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2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 28 (IBM Corporation,
Armonk, NY, USA). To obtain an overview of the distribution within the sample, frequency
analyses and cross tables were conducted.

Descriptive statistics with mean values and 95% CI were calculated for each test item
and cohort overall and separately for boys and girls to reflect the entire measurement
period. Missing data were not interpolated. The analysis was controlled for age and BMI.
We conducted a univariate analysis of covariance (ANCOVA) to examine the differences be-
tween the cohorts PreCOVID and COVID1, and between PreCOVID and COVID2 adjusted
for gender. The PreCOVID cohort value was formed using the mean value of individual
cohorts from 2012–2019. The level of significance was set at p < 0.05. Effects were assessed
with partial eta squared (ηp

2). Pairwise comparisons with Bonferroni correction were
performed to determine differences between the cohorts.

3. Results

Overall, 999 primary school children aged 7 to 9 years from a small rural community
in the German state of Baden-Württemberg were included in the study (PreCOVID n = 801;
COVID1: n = 91; COVID2: n = 107). There were no significant differences for age and BMI
between the ten cohorts, but gender-specific differences in mean values in the test items.

Figure 1 shows the trends in test items for all measurement years overall and separately
by gender (see Table A1).

There was a linear, consistent level of performance for the 20 m dash through 2017 in
boys and girls. In 2018, an increase was observed for either gender, and this level of speed
remained stable until the last measurement in 2021. The ANCOVA for the test item 20 m
dash revealed that children in the cohort COVID1 were 0.20 s slower than in the PreCOVID
cohort (F(1,859) = 15.89; p < 0.001; ηp

2 = 0.018). The comparison with cohort COVID2
showed a significant difference of 0.23 s (F(1,861) = 18.69; p < 0.001; ηp

2 = 0.021). The
influence of the covariate gender was significant for both ANCOVAs (p < 0.001; p < 0.001).

The analysis of the test item balancing backwards showed an opposite gender-specific
trend until 2015, followed by a peak in 2016 for both boys and girls. This increase stopped
abruptly and tended to remain stable until 2019. No significant difference was found in
the ANCOVA, with 0.22 steps between cohort PreCOVID and COVID1 (F(1,874) = 0.06;
p = 0.813; ηp

2 = 0.000). However, children in cohort COVID2 performed 2.03 steps better
than cohort PreCOVID (F(1,893) = 5.67; p = 0.017; ηp

2 = 0.006). The covariate gender had no
significant influence on the analysis (p = 0.232; p = 0.215).

The mean values for jumping sideways revealed no trend. There were ups and downs
through all cohorts, with a peak in 2020 and a minimum of performance in 2012 and 2017.
There were inverse performance levels for boys and girls for the cohorts 2014 through
2016. Analyzing the differences for the test item jumping sideways showed that there was
a difference of 4.32 fewer steps in PreCOVID compared with COVID1 (F(1,874) = 27.05;
p < 0.001; ηp

2 = 0.030). There was no significant difference found between PreCOVID
and COVID2, with 1.24 fewer steps measured for PreCOVID (F(1,892) = 2.71; p = 0.100;
ηp

2 = 0.003). The influence of the covariate gender was not significant (p = 0.423; p = 0.353).
A steadily declining trend was found for the test item stand and reach, with its

minimum in 2018. The level of flexibility subsequently increased. This development was
found for boys and girls equally, but with clear differences in the measured values. The
ANCOVA revealed 0.88 cm more in COVID1 than in cohort PreCOVID, but the difference
was not significant (F(1,871) = 1.44; p = 0.230; ηp

2 = 0.002). PreCOVID had 1.00 cm less
for stand and reach than COVID2, but this difference was also not significant (F(1,888)
= 2.16; p = 0.142; ηp

2 = 0.002). The covariate was statistically significant in both cohort
comparisons (p < 0.001; p < 0.001).

Push-up performance was consistent over the cohorts before increasing in 2017 and
peaking in 2019. A significant difference was found in COVID1 with 2.29 more performed
push-ups compared with PreCOVID (F(1,875) = 28.63; p < 0.001; ηp

2 = 0.032). There was
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a significant positive difference between PreCOVID and COVID2 of 0.94 (F(1,892) = 5.69;
p = 0.017; ηp

2 = 0.006). The covariate gender had no significant influence on either ANCOVA
(p = 0.855; p = 0.924).

Figure 1. Trends for test items over each year of measurement overall, and for boys and
girls separately.

The test item sit-ups improved consistently, but showed an apparent reversal in
gender-specific performance for 2014 and the highest levels up to 2019. Analyzing cohort
differences with the ANCOVA, the performance differed significantly with 1.95 more sit-
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ups in COVID1 than in PreCOVID (F(1,863) = 9.87; p = 0.002; ηp
2 = 0.011). In addition,

with 1.36 more sit-ups, COVID2 was significantly better than PreCOVID (F(1,881) = 5.50;
p = 0.019; ηp

2 = 0.006). The covariate gender had a significant influence on the differences
(p < 0.001; p < 0.001).

For standing long jump, initial measurements already showed significant differences
between boys and girls. This difference was found for all cohorts with no apparent trend.
However, the analysis revealed that children in COVID1 jumped 7.24 cm farther than
children in PreCOVID (F(1,873) = 11.13; p < 0.001; ηp

2 = 0.013). However, the comparison
between PreCOVID and COVID2 showed no significant difference, with 0.56 cm more for
COVID2 (F(1,890) = 0.08; p = 0.782; ηp

2 = 0.000). The covariate gender was statistically
significant for both cohort comparisons (p < 0.001; p < 0.001).

The mean values for 6 min run in the 2012 cohort differed significantly for boys and
girls. Performance differed by gender over the measurement period, but the development
of the overall sample revealed no trend. No significant differences were found between
COVID1 and PreCOVID for the 6 min run, with COVID1 running only 15.31 m more than
PreCOVID (F(1,857) = 0.91; p = 0.341; ηp

2 = 0.001). The children in PreCOVID ran 16.94 m
less than COVID2, but these differences were also not significant (F(1,866) = 1.23; p = 0.267;
ηp

2 = 0.001). The covariate gender had a significant influence on the measured differences
(p < 0.001; p < 0.001). See Tables A2 and A3 for the adjusted mean values of the ANCOVA
in each test item and cohort.

4. Discussion

The aim of the study was to examine COVID-19 effects on the physical fitness of
primary school children in a rural community in Baden-Württemberg with fewer than
5000 inhabitants. We conducted measurements over a long-term period and therefore have
strong evidence for the overall levels and changes of physical fitness in the sample.

4.1. Summary and Evaluation of the Results

For the test item 20 m dash, the statistically significant differences had no practical
relevance. Speed levels remained stable in the COVID-19 cohorts. Comparing the results
for balancing backwards, we see that the previously constant performance increased in the
measurement for COVID2, but remained the same in COVID1. In addition, representing
the dimension coordination, jumping sideways also had a peak in COVID1, but the same
stable level before and after. Thus, no evidence for an effect was found. Pombo et al. [31]
also reported no inferior results for jumping sideways in 6–9-year-old Portuguese chil-
dren tested before and after the COVID-19 lockdown. However, from December 2019 to
September 2020, there was an overall general trend of shifting to a lower quartile [31]. An
increase in children’s performance categorized as “very low” in the 20 m shuttle run was
also observed by Basterfield et al. for participants in a primary school in England [25].
Flexibility performance in the stand-and-reach test did not differ significantly between
the three cohorts. The rising trend of recent years was not stopped by the pandemic. In
contrast, there was a negative effect in the study in England, which measured a decrease of
1.8 cm between October 2019 and November 2020 for 8–10-year-old children [25].

The number of performed push-ups was significantly higher in both COVID cohorts
compared to the overall 2012–2019 pre-pandemic cohort, which was also reflected in
the results of the sit-ups test. There was no evidence that upper body strength levels
were influenced negatively by COVID-19 restrictions and consequences. While Wahl-
Alexander and Camic [27] found a decrease of 35.6% for push-ups and 19.4% for sit-
ups in children with a mean age of 9.6 years between summer 2019 and 2020, other
results are consistent with our findings. The same was found for leg strength, which was
measured using the standing long jump test. Performance levels increased significantly in
the COVID1 cohort, but then remained stable again compared to the PreCOVID cohort,
and showed no evidence of negative effects. Basterfield et al. [25] and Wessely et al. [32]
also reported a performance increase for standing long jump. This suggests that strength is
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more resilient to negative effects of COVID-19 than other dimensions of physical fitness [25].
However, Chambonnière et al. [24] measured the standing long jump performance of 3rd
and 4th graders in France for the period between 2020 and 2021 and found a decrease of
34.7 cm. This is consistent with another study examining the same age between 2019 and
2020 [31].

The analysis for endurance revealed no significant difference between the cohorts
and no effect of the COVID-19 pandemic. The performance levels for the 6 min run were
stable across the measured cohorts. Other studies that analyzed endurance found different
effects [23,25,27,31]. Jarnig et al. [23], who also implemented the 6 min run, reported a de-
crease of 102 m in children aged 7-to-10 years old between September 2019 and September
2020 [23]. Two other studies performed the 20 m shuttle run to measure effects for en-
durance and reported 2.39 [24] and 3 [25] fewer shuttles in their second measurement point.

4.2. Explanation Approaches

Overall, our results show no evidence for a negative effect of the COVID-19 pandemic
on physical fitness in children between the ages of 7 and 9 years, but changes varied for
the different test items and dimensions. Especially, performances of the COVID cohorts in
test items for strength increased. It seems that alternative options of exercising physical
fitness like online and indoor workouts mitigate some effects of COVID-19 pandemic.
However, due to the restrictions and closures of organized forms in sports clubs or schools,
we conclude that dimensions where high intensities and stimuli are needed could not
benefit. This could suggest the relevant role of physical activity with peers and within
an institution to maintain a global and comprehensive development in all dimensions of
physical fitness.

When classifying the data into gender and age-specific percentiles of a nationwide
reference sample, the children in this specific community represent a very high level of
physical fitness above the average [33,34]. The community has various specific initiatives
and commitments to promote physical activity. For example, the primary school curriculum
emphasizes the importance of physical fitness and appropriate promotion is determined in
the preamble. The community is also a part of the project “Bewegte Kommune-Kinder”
which aims to enable a sufficient and adequate development of physical fitness for all
children in the community. It seems that children who had higher levels of physical fitness
before COVID-19 are more resilient with regard to restrictions and limitations affecting
physical activity. Similary, Jarnig et al. [23] reported that children who were members of
sports clubs had better cardiorespiratory fitness measures at all time points. However, a
higher level in the beginning leads to a higher level after the pandemic [23]. Adequate
levels of physical fitness appear to increase resilience to limited physical activity due to
external circumstances, such as the lockdowns during the COVID-19 pandemic.

Furthermore, there is evidence that total physical activity did not decline globally dur-
ing the COVID-19 pandemic but that the form of being physically active changed [19–21,35].
While organized physical activity decreased, time spent in habitual physical activity and
unstructured forms such as playing outside increased [20,22,35]. Schmidt et al. [22] found
an increase from 75 min per day before the COVID-19 pandemic to 105 min per day playing
outside during lockdown in spring 2020 for 6-to-10-year-old children in Germany. Most
notably, socioeconomic background and place of residence are influencing determinants
of levels of physical activity and physical fitness [19,20,32,35]. We also analyzed physical
activity changes in our sample and can confirm these findings. Children indicated that they
spent less minutes for physical activity in sports clubs, while time for physical activity in
leisure time increased during the COVID-19 pandemic [36].

Wessely et al. [32] reported decreasing results for measurements of physical fitness
during the COVID-19 pandemic, whereby children with a high social burden showed lower
performance levels. Children with low socioeconomic status also showed lower levels of
physical activity, but the home and living environment had a particular influence [19,20].
In our study, we have no data on socioeconomic status of the study subjects, but we

107



Int. J. Environ. Res. Public Health 2022, 19, 9504

consider community structure data. The community has less than 5000 inhabitants and is
located in the north-east of Baden-Württemberg in Germany. The environment is known as
rural with access to green areas and playgrounds. For the children in this community, the
environment might have provided easy opportunities to be physically active during the
COVID-19 pandemic and thus possibly prevented a negative effect on physical fitness. For
rural children, the impact of COVID-19 policies and restrictions was limited, but results
may differ in urban children. Asked with whom they were physically active, more children
in this community named their parents, when restrictions were issued [36].

4.3. Limitations

There are limitations regarding sample and selection bias since we investigated an
ad hoc sample with a cross-sectional cohort design of children from one primary school
in a rural community of the German federal state Baden-Württemberg. The sample is not
representative and its results show a selection effect concerning a higher physical activity
and fitness compared with the whole of Germany. However, the long study period and the
number of cohort measurements before and during the COVID-19 pandemic ensure that
children’s physical fitness is considered globally and not just a one-point statement based
on a one-point measurement.

Moreover, in this study were some confounding factors, e.g., socio-economic status,
educational level of parents, and level of testosterone, which may affect the results, but
were not controlled. However, we can use some physical activity data to classify. For
future investigations, the methodology should be improved and possible cofounding
data collected.

4.4. Practical Implications

The results showed that this particular community, which has been testing and sup-
plementing physical fitness promotion with additional projects for ten years, has an above-
average level of physical fitness. The data thus suggest that a variety of long-term physical
fitness programs really do help a lot when it comes to promoting an active and healthy
lifestyle. The programs should be anchored sustainably in the community and target peo-
ple’s behavior and the conditions. Because not every child had the same opportunities to
be physically active [18,32], especially in times when restrictions and limitations influence
regular and structured physical activity, policy makers, communities, and other relevant
stakeholders must provide children with access to environments that are conducive to and
supportive of physical activity. Parents should operate as role models for an active lifestyle.
Further research needs to examine larger cohort data to determine generalizable effects of
the COVID-19 pandemic on physical fitness in children. In addition, these cohorts need to
be monitored for additional years to establish long-term effects and influences. Pooling
data, for example with the MO|RE data repository, from many small samples tested with a
uniform and standardized measurement tool helps provide a wide range of participants
and increases the comparability of findings across studies [37].

5. Conclusions

In conclusion, this study examined effects of the COVID-19 pandemic and changes
in various dimensions of physical fitness in a cohort investigated over a long-term period
of ten years. We found no evidence for an overall negative effect, but results differed
between test items and dimensions. The rural community presented in this study is well
aware of the importance of physical fitness. Physical fitness was maintained despite
restrictions and limitations through the environmental circumstances. Considering this,
this sample is a positive example of maintaining physical fitness throughout the COVID-19
pandemic. Adequate interventions and long-term efforts make an impact, but should
address each child.
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Appendix A

Table A1. Mean values for each test item and cohort overall and separately for boys and girls.

Test Item Cohort
Mean Value (95% CI)

Male Female Overall

20 m

2012 4.03 (3.94–4.11) 4.33 (4.19–4.48) 4.16 (4.08–4.24)
2013 4.15 (4.07–4.24) 4.35 (4.22–4.47) 4.23 (4.15–4.30)
2014 3.91 (3.83–4.00) 3.94 (3.85–4.02) 3.92 (3.86–3.98)
2015 3.83 (3.71–3.96) 3.89 (3.75–4.04) 3.86 (3.77–4.00)
2016 3.99 (3.88–4.10) 4.10 (3.94–4.26) 4.02 (3.93–4.12)
2017 3.85 (3.75–3.94) 4.00 (3.90–4.09) 3.91 (3.85–3.98)
2018 4.34 (4.26–4.41) 4.54 (4.43–4.65) 4.42 (4.36–4.49)
2019 4.43 (4.30–4.57) 4.62 (4.47–4.76) 4.52 (4.42–4.62)
2020 4.34 (4.21–4.47) 4.41 (4.30–4.52) 4.38 (4.29–4.46)
2021 4.38 (4.20–4.55) 4.43 (4.22–4.63) 4.40 (4.27–4.53)

BalBw

2012 39.74 (37.60–41.87) 36.86 (33.85–39.88) 38.49 (36.71–40.26)
2013 39.80 (37.80–41.81) 38.64 (36.10–41.18) 39.35 (37.80–40.90)
2014 36.39 (33.96–38.82) 39.14 (36.56–41.72) 37.61 (35.85–39.37)
2015 35.23 (32.16–38.30) 35.61 (31.99–39.22) 35.39 (33.11–37.67)
2016 39.27 (37.38–41.16) 39.91 (37.78–42.04) 39.50 (38.09–40.91)
2017 35.73 (33.68–37.78) 36.79 (34.33–39.24) 36.18 (34.63–37.73)
2018 36.61 (34.71–38.51) 36.98 (35.15–38.81) 36.77 (35.45–38.09)
2019 33.43 (31.04–35.82) 36.41 (34.42–38.39) 34.87 (33.30–36.43)
2020 35.33 (32.42–38.24) 38.56 (36.08–41.05) 37.11 (35.23–39.00)
2021 37.90 (35.88–39.93) 40.72 (38.51–42.94) 39.34 (37.84–40.84)

JumpSw

2012 30.48 (28.64–32.32) 29.90 (27.50–32.30) 30.23 (28.78–31.68)
2013 31.62 (29.37–33.86) 31.45 (28.96–33.94) 31.55 (29.90–33.20)
2014 31.35 (29.41–33.29) 34.01 (32.04–35.98) 32.53 (31.14–33.92)
2015 32.78 (30.20–35.37) 32.09 (28.49–35.69) 32.49 (30.42–34.56)
2016 33.95 (32.14–35.76) 31.80 (29.77–33.84) 33.18 (31.81–34.55)
2017 29.84 (27.98–31.71) 29.67 (27.64–31.70) 29.77 (28.42–31.13)
2018 35.29 (33.59–36.98) 33.17 (31.23–35.10) 34.38 (33.11–35.53)
2019 31.33 (29.70–32.97) 31.77 (29.90–33.64) 31.54 (30.32–32.76)
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Table A1. Cont.

Test Item Cohort
Mean Value (95% CI)

Male Female Overall

2020 36.68 (34.03–39.34) 35.83 (33.53–38.14) 36.23 (34.51–37.94)
2021 33.77 (31.86–35.68) 32.56 (30.59–34.54) 33.15 (31.79–34.51)

St&R

2012 4.48 (3.34–5.62) 5.54 (4.32–6.76) 4.94 (4.11–5.77)
2013 4.84 (3.49–6.20) 6.40 (4.85–7.95) 5.45 (4.43–6.47)
2014 2.70 (1.05–4.35) 5.20 (3.39–7.02) 3.81 (2.58–5.03)
2015 −0.02 (−2.73–2.69) 4.94 (2.41–7.47) 2.01 (0.06–3.96)
2016 −0.21 (−1.89–1.48) 2.97 (0.82–5.12) 0.90 (−0.44–2.24)
2017 −1.60 (−3.59–0.39) 2.09 (−0.22–4.40) 0.07 (−1.46–1.60)
2018 −2.43 (−3.84–−1.02) 1.74 (−0.16–3.63) −0.62 (−1.81–0.57)
2019 −1.13 (−2.82–0.56) 2.17 (0.55–3.79) 0.47 (−0.73–1.66)
2020 2.57 (0.17–4.97) 3.82 (2.08–5.57) 3.25 (1.82–4.68)
2021 −0.99 (−3.06–1.08) 3.54 (2.04–5.04) 1.32 (−0.01–2.64)

PU

2012 13.61 (12.63–14.60) 13.14 (12.13–14.15) 13.41 (12.71–14.10)
2013 13.18 (12.39–13.98) 12.54 (11.55–13.53) 12.93 (12.32–13.54)
2014 14.96 (13.37–16.56) 16.09 (14.56–17.63) 15.46 (14.36–16.57)
2015 13.85 (12.68–15.01) 13.71 (12.21–15.21) 13.79 (12.89–14.69)
2016 14.19 (13.43–14.94) 12.85 (11.92–13.77) 13.71 (13.11–14.30)
2017 13.47 12.50–14.45) 13.14 (11.93–14.34) 13.33 (12.58–14.07)
2018 14.94 (14.40–15.48) 14.67 (14.07–15.27) 14.82(14.42–15.22)
2019 17.65 (16.93–18.37) 17.45 (16.73–18.17) 17.55 (17.05–18.06)
2020 15.98 (14.75–17.20) 17.49 (16.48–18.50) 16.78 (16.00–17.57)
2021 14.88 (13.77–16.00) 15.96 (14.99–16.93) 15.44 (14.71–16.17)

SU

2012 15.88 (14.75–17.00) 14.70 (13.34–16.06) 15.36 (14.50–16.23)
2013 19.32 (17.76–20.87) 16.84 (15.41–18.27) 18.36 (17.24–19.47)
2014 16.87 (15.29–18.44) 17.90 (16.06–19.75) 17.32 (16.14–18.50)
2015 17.54 (15.41–19.67) 17.26 (14.73–19.78) 17.42 (15.84–19.01)
2016 19.09 (17.60–20.57) 16.65 (14.61–18.68) 18.23 (17.03–19.43)
2017 17.25 (16.01–18.49) 14.55 (13.29–15.81) 16.09 (15.18–17.01)
2018 18.11 (16.79–19.43) 15.78 (14.19–17.36) 17.10 (16.08–18.12)
2019 20.32 (18.76–21.88) 18.59 (17.22–19.97) 19.48 (18.44–20.52)
2020 20.00 (18.08–21.92) 18.60 (17.18–20.01) 19.25 (18.09–20.41)
2021 19.71 (18.02–21.40) 17.70 (16.03–19.37) 18.69 (17.51–19.87)

SLJ

2012 139.54 (134.95–144.13) 120.59 (114.53–126.65) 131.29 (127.21–135.37)
2013 132.90 (127.89–137.92) 124.92 (118.14–131.71) 129.79 (125.74–133.84)
2014 133.58 (128.50–138.67) 134.84 (128.92–140.76) 134.13 (130.34–137.92)
2015 133.90 (129.10–138.70) 125.00 (116.76–133.24) 130.26 (125.85–134.66)
2016 129.37 (124.65–134.09) 117.67 (110.92–124.42) 125.17 (121.20–129.15)
2017 138.72 (133.39–144.05) 120.53 (115.73–125.32) 131.22 (127.15–135.29)
2018 131.91 (129.87–136.94) 121.63 (116.18–127.07) 127.50 (123.73–131.27)
2019 134.44 (129.30–139.59) 125.14 (119.90–130.37) 129.98 (126.27–133.70)
2020 139.41 (133.13–145.70) 133.04 (127.39–138.70) 135.98 (131.80–140.15)
2021 132.75 (126.53–138.97) 126.57 (121.29–131.86) 129.60 (125.56–133.65)

6 min

2012 1056.79 (1019.57–1094.01) 903.60 (859.31–947.90) 990.92 (959.09–1022.75)
2013 1044.85 (1010.55–1079.14) 948.78 (907.96–989.61) 1007.82 (980.29–1035.35)
2014 1016.37 (975.45–1057.28) 936.19 (893.23–979.15) 980.54 (950.28–1010.80)
2015 996.31 (953.16–1039.46) 974.18 (936.37–1011.99) 987.06 (957.98–1016.14)
2016 1026.43 (988.75–1064.10) 919.73 (876.69–962.76) 988.97 (958.83–1019.11)
2017 1032.39 (996.43–1068.34) 950.41 (905.34–995.49) 997.01 (968.11–1025.91)
2018 1022.42 (990.24–1054.60) 931.18 (900.59–961.77) 983.82 (959.87–1007.77)
2019 1103.38 (1052.19–1154.57) 955.44 (920.26–990.62) 1031.84 (998.10–1065.57)
2020 1045.39 (996.26–1094.52) 963.89 (918.40–1009.38) 1001.86 (968.03–1035.70)
2021 1004.31 (956.22–1052.41) 939.65 (904.93–974.37) 969.65 (940.40–998.90)

20-m Dash: 20 m; Balancing Backwards: BalBw; Jumping Sideways: JumpSw; Stand and Reach: St&R; Push-Ups:
PU; Sit-Ups: SU; Standing Long Jump: SLJ; 6-min Run: 6 min.
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Table A2. Adjusted mean values of the ANCOVA in each test item- PreCOVID vs. COVID1.

Test Item PreCOVID
Mean Value (95% CI)

COVID1
Mean Value (95% CI)

Pairwise Comparisons
∆ Mean Value (SD)

20 m 4.16 (4.13–4.19) 4.36 (4.27–4.46) ∆ +0.20 (0.05)
p < 0.001

BalBw 37.26 (36.68–37.84) 37.04 (35.28–38.80) ∆ −0.22 (0.95)
p = 0.813

JumpSw 31.95 (31.43–32.47) 36.27 (34.72–37.81) ∆ +4.32 (0.83)
p < 0.001

St&R 2.09 (1.63–2.55) 2.98 (1.61–4.34) ∆ +0.88 (0.74)
p = 0.230

PU 14.49 (14.23–14.76) 16.78 (15.98–17.58) ∆ +2.29 (0.43)
p < 0.001

SU 17.45 (17.06–17.84) 19.40 (18.25–20.56) ∆ +1.95 (0.62)
p = 0.002

SLJ 129.80 (128.43–131.14) 137.02 (132.99–141.06) ∆ +7.24 (2.17)
p = 0.001

6 min 996.33 (986.26–1006.40) 1011.64 (981.75–1041.53) ∆ +15.31 (16.08)
p = 0.341

20-m Dash: 20 m; Balancing Backwards: BalBw; Jumping Sideways: JumpSw; Stand and Reach: St&R; Push-Ups:
PU; Sit-Ups: SU; Standing Long Jump: SLJ; 6-min Run: 6 min.

Table A3. Adjusted mean values of the ANCOVA in each test item- PreCOVID vs. COVID2.

Test Item PreCOVID
Mean Value (95% CI)

COVID2
Mean Value (95% CI)

Pairwise Comparisons
∆ Mean Value (SD)

20 m 4.19 (4.13–4.19) 4.39 (4.29–4.49) ∆ +0.23 (0.05)
p < 0.001

BalBw 37.26 (36.69–37.83) 39.29 (37.72–40.86) ∆ +2.03 (0.85)
p = 0.017

JumpSw 31.95 (31.44–32.46) 33.19 (31.80–34.57) ∆ +1.24 (0.75)
p = 0.100

St&R 2.09 (1.64–2.55) 1.10 (−0.15–2.34) ∆ −1.00 (0.68)
p = 0.142

PU 14.49 (14.23–14.76) 15.44 (14.71–16.17) ∆ +0.94 (0.40)
p = 0.017

SU 17.45 (17.06–17.84) 18.81 (17.74–19.88) ∆ +1.36 (0.58)
p = 0.019

SLJ 129.80 (128.44–131.17) 130.36 (126.64–134.08) ∆ +0.56 (2.02)
p = 0.782

6 min 996.23 (986.25–1006.22) 979.29 (951.07–1007.51) ∆ −16.94 (15.26)
p = 0.267

20-m Dash: 20 m; Balancing Backwards: BalBw; Jumping Sideways: JumpSw; Stand and Reach: St&R; Push-Ups:
PU; Sit-Ups: SU; Standing Long Jump: SLJ; 6-min Run: 6 min.
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Abstract: The aim of the study was to analyse the fitness level of young horse riders before and
after 12 weeks of training restrictions instituted due to the COVID-19 emergency. Anthropometrical
measure assessment and an eight-items fitness test battery were administered to 61 puberal and
adolescent female amateur horse riders. Subjects were evaluated within 3 weeks before (pre-tests)
the period of training restrictions and on the first day of normal training after it (post-tests). Post-test
results showed significant increases in body weight (Z: −1.732; p value: 0.001; ES: −0.157) and BMI
(F: 9.918; p value: 0.003; ES: 0.146), whilst the performance in hand grip and abdominal strength, hip
mobility, and 10 × 5 m Shuttle and Cooper 12 min tests’ outcomes significantly decreased (F: 29.779;
p value: 0.001 F: 29.779; p value: 0.001 F: 29.779; p value: 0.001 F: 29.779; p value: 0.001 F: 29.779;
p value: 0.001, respectively). Correlation analysis revealed that riders’ experience was significantly
correlated with hand grip (p < 0.01), leg strength (p < 0.01), hip mobility (p < 0.05), and 5 × 10 m
Shuttle (p < 0.01) and the Cooper 12 min (p < 0.01) test results. It could be suggested that equestrian
activities could produce a higher fitness level in puberal and adolescent riders, whilst home-based,
unsupervised, and unattentively planned training during the twelve weeks of training restrictions
might be insufficient to maintain it.

Keywords: SARS-CoV-2; adolescent fitness; young athletes; outdoor sport; horse riding

1. Introduction

Evidence that programmes promoting organised physical activities and sports amongst
children and adolescents may contribute to the improvement of health-related quality of
life has been systematically reported [1–8]. Horseback riding can be seen as an appropriate
organised recreational physical activity, and indeed, it is practised by many young people.
It is a sport which requires a high level of dexterity and postural muscular effort, with an
emphasis on excellent fine motor skills and balance, in order for the rider to practise an
ethological equitation [9]. It recruits aerobic and anaerobic energy systems with increasing
energy cost as the horse progresses through the gaits; it improves postural control by coor-
dinating one’s body movements with those of the horse, and it has been proven to produce
effective physical fitness changes ranging over various aspects such as muscle strength and
muscle mass, total and regional body composition, cardiorespiratory endurances, agility,
and balance enhancement [10–16]. Amongst the most suitable equestrian disciplines for
children and adolescents are endurance, pony games and show jumping. Endurance is
a long-distance competition against the clock which tests the speed and endurance of a
horse and challenges the rider’s effective use of pace. It requires a synergetic horse and
rider combination to successfully complete a marked course within a specified time that is
specifically designed to test their stamina and fitness on the track with distance, terrain,
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climate, and clock constraints without compromising the welfare of the horse. Although
the rides are timed, the emphasis is on finishing the race in good condition rather than
coming in first. Each course is divided into phases with a compulsory halt for a veterinary
inspection which determines whether the horse is fit to continue or not. At the beginner’s
level, horses complete courses that vary from 15 km to 19 km long, either at walking or
trotting speed. Pony games is a team sport that combines the love of ponies and friends
with various races. Teams of four or five riders and ponies take part in a series of exciting
races that involve a mix of turns, handovers, skill, vaulting, and galloping against other
teams. Competitions are comprised of several relay-style races, requiring riders to pick up
objects from the ground while remaining in the saddle, weave through a series of poles at
high speeds, hand items to teammates without slowing their ponies, and dunking objects
into buckets; beginners usually compete at the walking and trotting gaits. Show jumping is
a competitive equestrian sport in which the horse and rider are required to jump over all of
the fences in a course that has been designed for a particular show without knocking them
down and within a set time limit. Competitors compete one by one, and judges determine
whether the fences are successfully cleared and assign penalties and points; then, the times
and scores are compared to determine the winner.

In Italy, where the study was conducted, after the first period of the SARS-CoV-2
pandemic when physical activities were restricted to home-based training and individual
outdoor jogging and running, competitive horse riders have attempted other forms of
training besides those on the horse; nonetheless, they suffered from significantly decreased
performance with a substantial contribution of cognitive distress to the overall perception
of effort [17]. It is worth noting that in Italy, high-level athletes and horse owners have
been allowed to resume training after eight weeks of lockdown, while recreational athletes
were kept from sport activities for four weeks longer. This led to concerns about the impact
of detraining on young athletes’ health, performance, and injury risk at the resumption of
regular physical activity [18–20].

To this purpose, a detailed profile of athletes’ physical fitness allowed not only the
determination of the underlying performance qualities for training-planning purposes,
but also a wide range of health-related attributes associated with the quality of life. Many
studies investigated fitness- and health-related changes after the COVID-19 confinement in
healthy or diseased school children and adolescents [21,22]. However, young athletes could
suffer a major impact during confinement due to their greatly modified lifestyle. Most
athletes will find themselves searching for an optimal solution to maintain their physical,
physiological, and psychological levels as close as possible to their original ones. Many
studies collected questionnaires and interview data on young athletes’ confinement and on
its outcomes, and general guidelines have been provided for athletes to optimally maintain
physical and mental fitness whilst respecting the measures taken during the COVID-19
confinement period [23]. However, to the best of our knowledge, no studies collected
objective measures of physical activity and fitness level changes in young, healthy athletes
during the first strict confinement period that could be useful for planning the activities to
be implemented in youth sports settings if a new wave of confinements were to occur in
the future.

To quantitatively assess the physical attributes of the young and children, field fitness
test batteries can be administered with inexpensive and easy-to-use equipment, being
therefore useful for the continuous monitoring of training effects and fitness levels as well
as for the comparison amongst different populations [24–26].

To assess the effect of twelve weeks of training restrictions due to the COVID-19
pandemic on young recreational horse riders of different equitation disciplines, the aim of
the study was to analyse their fitness level by administering a motor fitness test battery
before and after the emergency period and to compare their results with reference values
of healthy, active, age-matched athletes of the same geographical region.
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2. Materials and Methods

Sixty-six female puberal and adolescent (age range 9 to 18 with a mean age of
13.87 ± 0.34) recreational horse riders practicing endurance, pony games and show jump-
ing equestrian disciplines were recruited for the study. Inclusion criteria were participating
regularly and continuously and taking equestrian classes at least twice a week for 12 or
more months. Exclusion criteria were noncomplying with home-based training during all
of the 12 weeks of training restrictions, testing positive for SARS-CoV-2, or suffering injuries
or illnesses during the test period or in the 3 preceding months. Three of the subjects either
tested positive for SARS-CoV-2 or suffered injuries or illnesses during the test period or
in the 3 preceding months, and 2 of them did not practice horse riding continuously in
the previous year. This led to the exclusion of 5 riders and left 61 participants equally dis-
tributed amongst the three equestrian disciplines (Endurance, n = 20; Pony Games, n = 20;
Show Jumping n = 21). Participants’ equitation experience was assessed as the number
of months ranging from the first time they rode a horse to the pre-test date, with a mean
value of 13 ± 3.1 months. During the 6 months before the study, the subjects had regularly
completed 2 ± 0.3 training sessions per week, each lasting 45–50 min each on the horse.

All riders and their legal tutors received written and oral information about the
purpose of the study, of their rights as study participants, and of the anonymity of their
data and provided written informed consent. The project received approval from the
institutional review board (protocol code CAR-14/2019).

As depicted in Figure 1, fitness test batteries were part of the regular training program
and were usually administered every 8 weeks by the coaches of the clubs involved. Since
subjects were familiar with all test protocols long before data collection, a learning effect
impact on the post-test outcome should not be likely. Tests were administered throughout
the 3 weeks preceding the pandemic period and immediately after the resumption of
physical activity after the 12 weeks of training restrictions. The motor fitness test battery
comprised 8 items performed as previously described [24,26].
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Figure 1. Training and test sessions timeline.

During the 12 weeks of the training restriction period, athletes trained on their own,
on a regular basis, for approximately 45–50 min 2 days per week; the routine comprised
stretching warm-up, no-load isometric and elastic-band-resisted exercises for the core, and
upper and lower limb muscle strength training, as depicted in Figure 2. Home-based
training was initially programmed for 8 weeks; one set and one repetition were added for
every exercise every 2 weeks. From the first to the eighth and from the nineth to the twelfth
week, the training programme remained unchanged [27].
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Compliance with the home-based training programme was ascertained by text mes-
sages to the coaches listing the number of exercises, sets, and repetitions completed during
each week. The weekly training programme was considered completed if at least 80% of
the maximal repetitions and sets were accomplished for each exercise.

2.1. Anthropometric Measures

To measure height, the athlete stood on the stadiometer platform with their shoes off.
Their feet were together, and the heels were supported on the base of the device with the
arms along the body. The participant was instructed to gaze outward, and the measurement
was rounded to the nearest 0.5 cm. We assessed the body weight simultaneously by
instructing the athlete to step on the scale (with their shoes off). The results were recorded
in kilograms and centimetres (HE HEM Medical Weight Scale with Stadiometer, HIWEIGH,
Shanghai, China). All anthropometric measurements were taken by the same medical
doctor in charge of all of the clubs involved. Body mass index (BMI) was calculated as
weight in kilograms/height meters squared [28].

2.2. Motor Fitness Test Batteries

Motor fitness tests are comprised in the Eurofit and ALPHA test batteries that have
been widely used throughout Europe with children and adolescents [29]. They have been
developed as a standardised European fitness test battery used to assess the effectiveness
of physical education and to measure the health-related fitness of schoolchildren [30]. The
fitness test battery’s inter-rater reliability and test-retest reliability are considered adequate
to support their clinical use; indeed, they have been successfully used with primary, middle,
and high school students, providing reference data bases [26,31]. The same test items have
been used in the school districts of our children and adolescents, ensuring that subjects may
have come from similar ethnic, cultural, socio-economic, and socio-demographic groups.
Physical education schoolteachers provided the results of their last collection, which served
as reference values for comparison with our subjects.

The sit-and-reach test was employed to assess hip mobility since it has been suggested
that hip flexibility is the main determinant of the back-saver sit-and-reach test in adoles-
cents, and no significant differences in inter-method agreement were observed between the
back-saver sit-and-reach test and the sit-and-reach test, implying that they are compara-
ble [32]. The flamingo test was demonstrated to be suitable for measuring youth aged 9 to
17 years [33]. Amongst the balance tests, the flamingo test results were mostly predicted by
strength of the abdominal muscle in pre-adolescent girls [34]; therefore, it seemed to be the
most suitable for horse riders that centre their motor control in the core area. Moreover, the
flamingo test showed the highest associations with the other motor abilities and correlated
the best with endurance running as compared to the one-leg stance on a low beam and the
low-beam walking test. Amongst the three tests, it also showed the highest reliability score
(0.910) in pre-adolescent children [35].

In the flamingo test for balance, participants stood upright on a special wooden beam
(50 × 3 × 4 cm). The leg they stood on was fully extended, whilst the free leg was bent at
the knee, and the foot of that leg was held with the hand on the same side of the body. The
timekeeper helped the participant assume the correct position and started taking the time
when the subject released the timekeeper’s hand. The result was the maximum number of
attempts in 1 min, which was limited to 30. If the subject exceeded this number 15 times in
the first 30 s, the subject’s result was recorded as 31 [35].

The sit-and-reach test required the use of the sit-and-reach standardized box; the
participant was required to sit with their knees straight and legs together, and their feet
placed against the box, then they slowly reached forwards as far as possible and the furthest
position the participant could reach (in centimetres) was recorded [32].

Hand grip was tested for the dominant hand only using a digital hand dynamometer
(TKK 5101 Grip-D, Takey, Tokyo, Japan). The subjects looked forwards with their feet
shoulder-width apart and were instructed not to touch the dynamometer with any part
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of the body except for the hand being measured. During the test, subjects stood with
their arm straight down at their side, their shoulder slightly abducted (approximately 10◦),
their elbow in full extension, their forearm in a neutral position, and their wrist extended;
the display of the dynamometer was aligned so it would face the examiner, providing
blind measurements to the subject. Participants were instructed to squeeze gradually
and continuously for at least 2 s and were encouraged to do their best when performing
the tests [36].

For the standing broad jump for leg strength, the participant stood behind the starting
line with their feet together and pushed vigorously in order to jump forwards as far as
possible. The distance was measured with a 10 m line (echoENG, Cormano, Italy) from
the take-off line to the point where the back of the heel was closest to the take-off line after
landing on the mat or anti-slip floor [37,38].

Sit-ups were used to test abdominal strength and required the subjects to lie face-up
on a mat in a supine position with their knees bent at 90-degree angles. The feet were
placed flat on the mat and held in position by the examiner. The subjects’ arms were
crossed on their chest with the hands on the opposite shoulders. When the examiner
signalled the start, a timer was started, and the subjects performed as many repetitions
as they could within 30 s. To complete a full repetition, each subject flexed their trunk,
allowing their lower back to come off the mat, until the subject’s elbows contacted his or
her thighs. This movement was reversed to the starting position, and the sequence was
repeated until the 30 s had expired. The examiner counted the number of repetitions, and
the passing of the 30 s was assessed with a stopwatch (Hanhart Delta E 200 1/100 sec.,
Hanhart, Gütenbach, Germany) [39,40].

For the flexed-arms hang tests that tested the arms’ strength, participants were asked
to hang for as long as possible on a horizontal bar with a flexed arm so that the chin was
level with the horizontal bar [41]. The subject was assisted into position, and the bar was
grasped using an overhand grip with the hands shoulder width apart; the timer started
when the subject was released. The timer was stopped when the subject’s chin fell below
the level of the bar or the head tilted backwards to enable the chin to stay level with the
bar. The time was recorded using a stopwatch (Hanhart Delta E 200 1/100 sec., Hanhart,
Gütenbach, Germany).

In the 10 × 5 m shuttle test for speed and agility, marker cones were placed five metres
apart, and participants were required to run back and forth between them for a total of
50 m. They started with a foot on one marker; when instructed by the timekeeper, the
subject ran to the opposite marker, turned, and returned to the starting line. This was
repeated five times without stopping. At each marker, both feet were required to fully cross
the line, and the time it took to cover the 50 m was measured with a stopwatch (Hanhart
Delta E 200 1/100 sec., Hanhart, Gütenbach, Germany) [42].

In the Cooper’s 12-min run test for aerobic fitness, the distance travelled in this period
was measured. The test was performed on an athletic track by counting the number of laps
in the established perimeter with a known distance. The measurements of the perimeter
and the distance of the incomplete turns were measured with a 50 m line (echoENG,
Cormano, Italy) and the passing of the 12 min was assessed using a stopwatch (Hanhart
Delta E 200 1/100 sec., Hanhart, Gütenbach, Germany) [43].

Tests were divided into two separate sessions. Session 1 comprised the Cooper’s
12-min run, the sit-and-reach, the hand grip, and the standing broad jump tests. Session 2
comprised the 10 × 5 m shuttle, the flamingo, the sit-ups and the flexed-arms hang tests.
The running test was completed at the end of the test session; the others were performed in
a random order by each subject.

All tests were preceded by a 15 min warm-up consisting of running and stretching for
both the upper and lower limbs as well as for core activation.

For each item, the best of 3 attempts was retained, except for the 10 × 5 m shuttle
and the Cooper 12 min tests, which were performed once for the pre-test and once for the
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post-test. All the tests were administered by expert coach graduates in sports science; the
same coach oversaw the tests both in the pre- and the post-pandemic periods.

2.3. Reference Fitness Test Values

Fitness test batteries have been applied in the school districts of our group of puberal
and adolescent horse riders, ensuring that subjects may have come from similar ethnic,
cultural, socio-economic, and socio-demographic groups. Physical education schoolteach-
ers provided us with the results of their last collection of fitness values dated 2007. The
results for the same 8 test items obtained from 1687 female high school non-athlete students
were used. Since these values are age- and sex- matched (age: 11–18 years), they served as
reference values to be compared with those of our subjects.

2.4. Statistical Analysis

For all data, descriptive statistics were calculated, and distributions were verified
to identify potential outliers. We also checked the distribution to see if assumptions of
normality had been violated by a Shapiro–Wilk test. In the case of skewed distribution,
differences between the pre- and post-tests were analysed through a Mann–Whitney U
as a non-parametric method. For variables that were normally distributed, we applied
a repeated measure ANOVA and Bonferroni post hoc. This statistic model was chosen
to evaluate the differences within the groups (pre and post phases) and the differences
between the groups, specifically the three different equitation disciplines. Differences
between endurance, pony games, and show jumping were tested through a Kruskal–Wallis
test as a non-parametric method and by the Bonferroni post hoc test of repeated measure
ANOVA in the case of normally distributed variables. To assess the differences between
horse riders and age-matched reference values, an independent simple t-test was utilised.
To understand possible relationships between riding experience and pre-test measured
variables, Spearman rank correlation or Pearson correlation analyses were applied when
proper. Significance was accepted at the level of p < 0.05.

3. Results

Height, BMI, flamingo test, abdominal strength, 5 × 10 m shuttle, and hip mobility
presented a normal distribution of data, while age, riding experience, weight, hand grip,
leg strength, arm strength, and the Copper 12 min test did not.

The comparison between pre and post anthropometrical measures revealed that the
mean body weight and BMI significantly increased during the twelve weeks of training
restrictions, by 3.9% and 8.5%, respectively, as shown in Table 1.

Table 1. Anthropometric measures collected before (pre-test) and after (post-test) the twelve weeks
of training restrictions.

Age (years) Height (cm) Weight (kg) BMI

Pre-test 13.9 ± 2.7 159.4 ± 9.0 49.1 ± 7.9 19.1 ± 2.1
Post-test 13.9 ± 2.6 159.4 ± 8.9 * 51.0 ± 7.5 20.7 ± 3.4 *

F 29.779 9.918
Z −1.732 −1.732

p value 0.083 0.083 0.001 0.003
Effect size −0.157 0.997 −0.157 0.146

* Significant differences between pre- and post-test results, p < 0.05.

As reported in Table 2, hand grip, abdominal strength, and hip mobility results
significantly reduced after the training restrictions period—by −15.4%, −6.9%, and 82.9%,
respectively. Furthermore, the 5 × 10 m shuttle, and Cooper 12 min test results also
appeared significantly diminished in the post-test—by −3.5% and −11.5%, respectively.
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Table 2. Motor fitness test battery results collected before (pre-test) and after (post-test) the twelve
weeks of training restrictions.

Hand Grip
(kg)

Flamingo
Test (s)

Legs
Strength

(cm)
Abdominal
Strength (n)

Arms
Strength (s)

5 × 10 m
Shuttle (s)

Cooper 12 min
(m)

Hip Mobility
(cm)

Pre-test 29.3 ± 5.7 9.5 ± 4.2 146.0 ± 17.4 18.3 ± 3.8 10.2 ± 3.9 23.0 ± 1.9 1282.9 ± 196.8 1.1 ± 7.3
Post-test 24.8 ± 3.0 * 9.2 ± 4.7 144.2 ± 21.0 17.0 ± 3.1 * 9.5 ± 2.7 23.9 ± 2.2 * 1135.4 ± 149.3 * 2.1 ± 7.2 *

F 0.135 13.074 15.725 11.732
Z −4.353 −0.779 −1.219 −4.816

p value 0.000 0.714 0.436 0.001 0.223 0.000 0.000 0.001
Effect
size −0.384 0.002 −0.071 0.184 −0.110 0.213 −0.436 0.168

* Significant differences between pre and post-tests results, p < 0.05.

In Table 3, riders’ results collected in the pre-tests are confronted with age- and sex-
matched reference values obtained by a report on 1687 female middle and high school
students (age: 11–18 years) of the same school district. Riders’ body weight results were
significantly lower (−5.6%) than age-matched non-athletes’. Pre-test fitness measurements
were significantly lower except for handgrip, which was significantly higher (17%).

Table 3. Comparison of the fitness pre-test horse riders’ results with reference values.

Age (yrs) Height
(cm)

Weight
(kg) BMI Hand

Grip (kg)
Flamingo

Test (s)
Legs

Strength
(cm)

Abdominal
Strength

(n)

Arms
Strength

(s)

5 × 10 m
Shuttle

(s)
Cooper 12
min (m)

Hip
Mobility

(cm)

Reference
values 13.9 ± 2.7 158.2 ± 7.6 52.0 ± 7.4 19.1 ± 1.6 25.1 ± 4.0 10.7 ± 1.2 154.9 ±

7.6 19.3 ± 0.9 17.8 ± 2.8 21.0 ± 0.1 1743.1 ±
43.8 6.7 ± 1.9

% diff. 0.4 1.20 −5.6 −0.3 17.0 −11.2 −5.8 −5.3 −42.8 9.7 −26.4 −82.8
Z 0.000 −0.311 −2.636 −0.110 −4.236 −2.079 −3.857 −1.974 −8.399 −6.799 −9.547 −5.499

p values 1.000 0.756 0.008 * 0.912 0.000 * 0.038 * 0.000 * 0.048 * 0.000 * 0.000 * 0.000 * 0.000 *
Effect
size 0.001 −0.028 −0.239 −0.010 −0.383 −0.188 −0.349 −0.179 −0.760 −0.616 −0.864 −0.498

* Significant differences between horse riders’ results and age-matched reference values p < 0.05.

Riders of each discipline did not present significant differences in anthropometri-
cal characteristics. The subjects were 14.3 ± 2.9, 13.2 ± 2.1, and 14.1 ± 3.0 years old;
their heights (cm) were 161.1 ± 8.5, 155.3 ± 9.3, and 162.0 ± 8.1; their weights were (kg)
50.6 ± 9.3, 46.0 ± 7.0, and 50.8 ± 6.7; and their BMIs were 19.4 ± 2.5, 18.5 ± 2.2, and
19.3 ± 1.6 for endurance, pony games and show jumping, respectively.

Differences amongst equestrian disciplines highlighted that the endurance group
(Table 4) presented the statistically lowest abdominal strength and the show jumping
group showed the strongest hand grip values and the statistically highest arm strength in
comparison to the other two disciplines.

Table 4. Fitness values of riders for each equestrian discipline.

Handgrip
(kg)

Flamingo
Test
(s)

Legs
Strength

(cm)

Abdominal
Strength

(n)

Arms
Strength

(s)

5 × 10 m
Shuttle

(s)

Cooper
12 min

(m)

Hip
Mobility

(cm)

Endurance 28.2 ± 5.9 * 10.9 ± 32. 150.1 ± 9.0 16.1 ± 3.4 * 9.3 ± 3.7 * 23.9 ± 1.4 1301.7 ± 216.1 1.3 ± 8.7
Pony

Games 28.3 ± 5.4 * 9.3 ± 5.5 144.0 ± 24.2 19.3 ± 3.6 * 8.8 ± 0.3 * 23.4 ± 2.6 1316.0 ± 170.5 2.3 ± 7.1

Show
Jumping 31.6 ± 5.4 * 8.4 ± 3.0 144.0 ± 15.2 19.5 ± 3.5 * 12.6 ± 4.4 * 24.4 ± 2.4 1229.3 ± 201.1 −0.2 ± 6.1

p value 0.023 0.008 0.002

* Significant differences amongst the riders’ results of three equestrian disciplines, p < 0.05.

Correlation analysis revealed that riders’ experience was significantly correlated with
hand grip, leg strength, hip mobility, and with the 5 × 10 m shuttle and the Cooper 12 min
test results, as reported in Table 5.
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Table 5. Correlation coefficients of fitness values with months of equitation experience.

Exp.
(months)

Weight
(kg)

Height
(cm) BMI Handg.

(kg)
Flamingo

(s) Abd. (n) 5 × 10 m
(s) Hip (cm) Legs

(cm) Arms (s) Cooper
(m)

Age (y) 0.978 **

Exp.
(months) 1.000

Weight
(kg) 0.441 ** 1.000

Height
(cm) 0.645 ** 0.774 ** 1.000

BMI −0.001 0.743 ** 0.266 * 1.000

Handg.
(kg) 0.398 ** 0.423 ** 0.499 ** 0.159 1.000

Flamingo
(s) −0.093 −0.083 −0.098 −0.004 −0.364 ** 1.000

Abd. Str.
(n) 0.075 −0.123 −0.109 −0.190 −0.068 −0.084 1.000

5 × 10 m
(s) −0.343 ** 0.013 −0.232 0.166 −0.226 0.209 −0.168 1.000

Hip (cm) −0.285 * −0.141 −0.296 * 0.028 −0.259 * 0.211 0.013 0.194 1

Legs
(cm) 0.408 ** 0.077 0.258 * −0.085 0.126 0.025 0.219 −0.395 ** −0.083 1.000

Arms (s) 0.139 0.108 0.234 −0.077 0.323 * −0.187 0.229 −0.124 −0.304 * 0.256 * 1.000

Cooper
(m) 0.483 ** 0.016 0.133 −0.181 −0.023 0.168 0.181 −0.429 ** −0.146 0.499 ** 0.499 ** 1.000

Age in years, Exp. (riding experience in months), Weight (in kilograms), Height (in centimetres), BMI, Handg.
(hand grip in kg), Flamingo (balance test in seconds), Abd. Str. (abdominal strength test as number of repetitions),
5 × 10 m (10 × 5 m shuttle test in seconds), Hip (hip mobility tests in centimetres), Legs (legs strength in
centimetres), Arms Str. (arm strength in seconds), Cooper (Cooper 12 min test in metres). * p < 0.05; ** p < 0.01.

4. Discussion

Results of the present study evidenced that twelve weeks of training restrictions due
to the COVID-19 emergency and lockdown decreased the fitness level of young recreational
horse riders. Even though pupils were instructed by coaches to practise home-based
physical activities, it can be argued that either general and unguided exercise assignments
of 45–50 min 2 days per week were insufficient to retain adolescent physical fitness or that
assignments’ compliance was not respected, if not both. It has been demonstrated that
more experienced athletes of the same regional area (4 years of experience or more) who
have had the opportunity to be remotely assisted, guided, and monitored by their coaches
were more engaged in home training than their recreational counterparts, being able to
keep high physical activity levels even in an extraordinary situation such as a nationwide
lockdown [44]. It can be suggested that during training restriction periods, recreational
athletes may need more thorough fitness programs with more detailed instructions and
stricter surveillance than high-level athletes in order for home-based training to be effective.
Moreover, due to the possibly more pronounced detraining effect on novice and recreational
than on professional athletes, their training resumption should be even more carefully
managed before returning to full training intensities and volumes.

Anthropometric measurements of our group of young riders showed no differences
in height but significant increases in body weight and BMI. It can thus be argued that
equitation training apparently allowed the subjects to keep weight and BMI under control
before training restrictions intervened. Since BMI is generally related to an increased risk of
various diseases such as type 2 diabetes and heart disease and can have an important influ-
ence on adults’ health conditions, horse riding exercises can be suggested to be associated
with people’s health management [45].

It has also been put forward that, together with the athlete’s physical fitness, their
mental well-being can be affected by training restrictions [46–48]. The role of psychological
components in equitation disciplines is considered vitally important and athletes are
required to always be in control of both their body and mind [49–51]. The cooperative
effort of two non-related species, horses and humans, is essential to continually adapt to
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various unpredictable situations. The horse’s nature is governed by its instinctive reactions,
by the different gait employed, and by the characteristics of the land where the practice
is being carried out. Hence, a positive interaction between the horse and its rider when
coping with the emotional and physical challenges of equestrian tasks is a prerequisite
for success not only for competitions, but also for recreational activities [10,52]. Further
supporting this, in competitive horse riders, 8 weeks of training restrictions decreased the
performance outcome for up to six weeks following training resumption with a significant
rise in anxiety and rate of perceived effort during competitions [17]. Athletes with higher
levels of anxiety, such as those who do not respect sufficient recovery times, can suffer
a higher risk of injuries [53,54]. When training restarts, great attention should be paid
not only to the training workload but also to athletes’ physical and mental conditions,
perception of exertion, signs, and symptoms of anxiety [55]. For a safer and more efficient
way to resume training, young novice riders can begin practising in conditions of reduced
anxiety, such as on mechanical horse simulators [56,57]. Such simulators have been proven
to be effective and sufficient indoor workout equipment for people with limited time and
chances for outdoor activities and for enhancing neurologic functions in patients [6,58,59].
A study aimed to examine the energy expenditure and postural coordination of horse
riders and non-riders on a mechanical horse indicates a change in the energy system
from an aerobic mode at a low oscillation frequency to a lactic anaerobic mode at a high
oscillation frequency for both groups [57]. Horse riding simulation training can thus be a
fun and interesting alternative practice tool to resume equitation practice which allows the
avoidance of the interference of emotional distress, which may increase the fitness level
and the motivation to participate in exercise programmes.

Concerning horse riding training effects on physical fitness, medium-to-high training
loads in various equitation disciplines have been reported for general competitive riders,
for college females, for sedentary young female adults, and for healthy children, suggesting
that it is possible to achieve health benefits through accumulated horseback riding exercise,
particularly if riding is performed at the more intense gaits [6,52,60–65]. Olympic equestrian
athletes have been reported to have high values of muscle strength and balance, good
physical functions, and good maximal aerobic power [16]. Results of the present study on
recreationally trained young horse riders indicated higher hip mobility (−82.8%) and hand
grip (17%) with respect to age-matched reference values of the same geographical region.
The latter could be expected since the greater effort in horse conduction relies on the upper
limbs and hands, particularly in novice riders that depend on rough and taut controls of
the horse, with the use of excessive muscular force of the arms and hands [63]. This is also
confirmed by the significantly higher arm strength showed by the show jumping group,
being the discipline that requires the most directional control by the riders as compared to
endurance and pony games. High hip mobility can be explained by the fact that all coaches
participating in the study included mobility exercises in their usual sessions, which is not a
common practice of horse riding trainers.

On the other hand, our fitness test results indicated lower values, except for handgrip,
than those obtained by teachers in the same school district from age- and sex-matched non-
athlete students that we used as reference. However, it must be noted that reference values
were collected fifteen years earlier and could be irrelevant for the present puberal and
adolescent population [30]. Indeed, accelerometery data show that sedentary behaviours
of adolescent girls (12–15 years old) are increasing over time from 2003, with higher rates
reported in recent studies [66]. Consistently, in recent years, two thirds of European children
and adolescents were categorized as not sufficiently physically active, with lower physical
activity levels in Southern European countries and girls who are less active and more
sedentary in all age categories [67]. Therefore, outdated values referring to a possibly
more active population of the past may lead to an underestimation of the horse riding
training effect on the contemporary young population. Indeed, values measured after the
12 weeks of forced restriction from equitation training indicated a significant loss of hand
grip and abdominal strength and 5 × 10 m shuttle, and Copper 12 min test results and
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a significant increase in body weight and BMI. Moreover, our results showed that more
experience in horse riding was significantly correlated with higher hand grip, leg strength,
and hip mobility, and with the better results in the 5 × 10 m shuttle test and the Cooper
12 min test. Therefore, recreational equitation practice could be presumed to be a physical
activity that offers some training effects suitable for improving the fitness level of young
recreational riders.

With regards to the equestrian discipline that best suits fitness enhancement purposes,
values of the three groups are consistent between them, indicating similar training effects.
However, endurance riders appeared to achieve higher aerobic fitness involvement and
lower abdominal strength, whilst show jumping riders showed the highest hand and arm
strength. This could be ascribed to their opposite metabolic requests and different needs
for precise guidance of the horse. It can thus be supposed that each of the two disciplines
can be more suitable than the other if either cardiometabolic fitness or muscle strength is
the main goal, whilst pony games could be envisioned as the least specialised equitation
activity out of the three.

Limitations of the present study are represented by the lack of a control group, which
does not allow us to determine if pre-test fitness levels were attributable solely to horse rid-
ing or if other aspects might have been involved. Additionally, during training restrictions,
physical activity was entrusted to individual responsibility, giving rise to different sorts of
fitness outcomes. Further limitations were the small number of subjects for each equitation
discipline, the all-female subjects, and the sample of items chosen to be part of the test
battery that could not represent the actual horse riders’ training effects. It could certainly
be useful to discriminate which physical attributes are most pertinent to equitation training
and performance by broadening the motor fit test items and by correlating test results with
performance outcomes.

5. Conclusions

Twelve weeks of training restrictions due to the COVID-19 sanitary emergency de-
creased the fitness level of puberal and adolescent female recreational horse riders. It could
thus be suggested that home-based, unsupervised, and unattentively planned training can
be insufficient to maintain their fitness level during home confinement.
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Abstract: During the coronavirus disease 2019 (COVID-19) pandemic, many countries imposed
restrictions and quarantines on the population, which led to a decrease in people’s physical activity
(PA) and severely damaged their mental health. As a result, people engaged in fitness activities with
the help of fitness apps, which improved their resistance to the virus and reduced the occurrence
of psychological problems, such as anxiety and depression. However, the churn rate of fitness apps
is high. As such, our purpose in this study was to analyze the factors that influence the use of
fitness apps by adults aged 18–65 years in the context of COVID-19, with the aim of contributing to
the analysis of mobile fitness user behavior and related product design practices. We constructed
a decision target program model using the analytic hierarchy process (AHP), and we analyzed
and inductively screened 11 evaluation indicators, which we combined with an indicator design
questionnaire. We distributed 420 questionnaires; of the respondents, 347 knew about or used fitness
apps. Among these 347, we recovered 310 valid questionnaires after removing invalid questionnaires
with a short completion time, for an effective questionnaire recovery rate of 89.33%. We used the
AHP and entropy method to calculate and evaluate the weight coefficient of each influencing factor
and to determine an influencing factor index. Our conclusions were as follows: first, the effect of
perceived usefulness on the use of fitness apps by the study groups was the most notable. Second,
personal motivation and perceived ease of use considerably influenced the adult group’s willingness
to use fitness apps. Finally, the perceived cost had relatively little effect on the use of fitness apps by
adults, and the study group was much more concerned with the privacy cost than the expense cost.

Keywords: COVID-19; adult group; fitness APP; influencing factors

1. Introduction

The COVID-19 pandemic has hugely impacted people’s ways of living, intellectual
health, and quality of life worldwide [1]. The imposition of lockdown and quarantine
measures on populations has been used to restrict the spread of COVID-19, but such
measures have also had many serious consequences [2]. According to the results of multi-
country surveys, measures such as restraint and seclusion have negatively impacted social
participation, lifestyle pleasure, mental health, psychosocial and emotional disorders, sleep
quality, and employment status [3–5]. Some authorities announced a stoppage of all
services and activities except for a few basic services, which led to necessary adjustments
in the lifestyles of the affected populations, which severely damaged their mental health.
This was manifested by increased stress in the general population and an increase in the
number of depressions [6,7]. These abrupt modifications in people’s lives included, among
others, physical activity and exercise. Ammer et al. stated that home confinement during
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COVID-19 led to a reduction in physical activity (PA) and an increase of approximately
28% in the time spent sitting each day [8].

How humans coped and found approaches to being physically healthy in the face of
pandemic-related restrictions (home isolation and closed gyms, parks, and gymnasiums)
needs to be understood. Through health apps, users changed their traditional method of
engaging in fitness imposed by time and geographical barriers and could choose to exercise
anytime and anywhere, record their physical condition, and more flexibly control their
exercise. People’s intention to use fitness apps has substantially increased. However, the
churn rate of these apps is high, with over 45% of customers stopping after the novelty
wears off, so an in-depth perception of consumer motivation and the elements influencing
the use of health apps is required [9,10]. To gain insight into these issues, in this study, we
collected user data using a questionnaire and constructed a decision-goal scenario model
based on TAM through the analytic hierarchy process (AHP). The questionnaire included
questions about the user’s basic information and what factors affected their use of fitness
apps. We analyzed the user data to assess the factors that affected their continued use of
fitness apps. Next, we reviewed the literature on the impact of the pandemic on physical
health and described the factors influencing the use of fitness apps, and then presented the
details of our analysis and the final findings.

2. Literature Review

Sports and physical exercise play a vital role in the physical and intellectual health of
an individual [11]. The U.S. Physical Activity Guidelines suggest that all adults, even those
with chronic conditions, should engage in at least 150 to 300 min of moderate-intensity
exercise per week if they are capable [12]. Haider stated that decreased PA levels may
negatively affect fitness and can be related to an increase in nervousness and despair [13].
The findings of a study in Austria showed an increase in the duration of predominant
depressive signs and symptoms from 3% to 6% between pre- and post-pandemic [14].
Harleen et al. conducted semi-structured smartphone interviews in 2020 with 22 adults
who had usually exercised at a fitness center before the COVID-19 pandemic but who
stayed at home at some point during the countrywide lockdown. The results of the analysis
showed that participants’ situational perceptions at some stage during the lockdown were
extremely negative, and they lacked the motivation to exercise at a gym. They exhibited
mental health concerns and an over-reliance on social media. However, performing general
health exercises indoors during lockdown remarkably helped them to overcome their
psychological problems and fitness issues [15].

While experiencing a forced adaptation to new norms of maintaining social distancing,
health apps can assist humans to manipulate a change in their dietary intake, engaging
in both healthy and bodily activity, and promoting a wholesome lifestyle [16]. Based on
the above advantages, humans from all groups seized the opportunities provided by the
commercial online health industry, which vigorously improved their offerings of online
fitness. This situation actively promoted the digital reform of the ordinary health industry.
The Talking Data 2014 Mobile Internet Data Report showed that the number of users
of mobile health management on both iOS and Android platforms reached 120 million,
which was an increase of 113.4% from January to December 2014, and the growth rate
was increasing. Users of apps such as Goudong and Le Power Running have exceeded
10 million in number, and the number of downloads of Nike Training and Super Diet
King has increased by more than 300%. Sports and fitness apps have a wide range of
people using them. In addition, the use of sports and health apps to assist in guiding
exercise will change traditional sports and fitness methods, creating a shift in digital and
scientific fitness.

In the context of the rapid development of mobile fitness apps, many scholars have
focused on the factors influencing their use, engaging in theoretical research and practi-
cal studies. When studying the factors influencing college students’ fitness app use, Yi
considered fitness motivation, leisure, entertainment motivation, and structure rationality
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hardware requirements as antecedent variables of the perceived ease of use (PEOU) and
perceived usefulness (PU) based on the technology acceptance model (TAM). Yi considered
the perceived value variables as direct elements influencing university students’ mindset
toward health app use [17]. The empirical findings showed that PEOU, PU, and perceived
price positively affected college students’ attitudes toward using mobile fitness apps. PEOU
was positively influenced by the ease of operation experienced when using the health soft-
ware program and the rationality of the health software program design, whereas perceived
price was influenced by cellular hardware requirement, the cost of the software program,
and the value obtained in the course of its use. The factors that positively influenced PU
were, in descending order, fitness motivation, PEOU, motivation to acquire fitness knowl-
edge, perceived cost, and motivation to record fitness activities [18]. Cui investigated the
willingness to use mHealth programs based on the technology readiness and acceptance
model (TRAM) and extended the model by introducing health awareness. The constructed
model was tested by surveying 639 mobile fitness app users and potential users using
AMOS 22.0. The test results showed that optimism, revolutionary spirit, and health percep-
tion were necessary antecedent variables for the PEOU and PU of cell phone health apps,
which indirectly influenced the intention to use. PU and usage mindset directly influenced
cell phone health app users’ intention to use them [19–22]. Ardion et al. conducted a
technology acceptance model (TAM) test considering trust, social influence, and health
valuation on 476 German fitness app users, examining the factors influencing the German
users’ intentions to continue using specific fitness software. The outcomes of the structural
equation modeling showed that the respondents’ intention to use a particular health app
was primarily based on three factors: PEOU, PU, and prohibitive social norms [23].

In summary, in the context of the COVID-19 pandemic, country-wide fitness awareness
has increased, and mobile phone fitness app use has become a commonly accepted new
form of exercise [24]. Nowadays, the user and industry scales of mobile fitness apps are
rapidly growing, and the mobile fitness industry has broad market prospects and is now an
emerging area of general interest in the industry. In this context, we selected fitness apps
as the research object and analyzed which factors affected the use of fitness apps through
theoretical analysis and empirical testing. Our results benefit the analysis of mobile fitness
user behavior and related product design practices.

3. Research Methodology

In this study, we first reviewed a large amount of the literature to determine the
content of the study. We then summarized the relevant literature about the theoretical
knowledge of technology acceptance, perceived cost, and self-determination theory and
analyzed the relationship between them. Next, we selected reasonable judgment indicators
to provide a theoretical basis for the subsequent study [25]. In determining the study
population, according to the 2021 United Nations World Health Organization, the classifi-
cation of age groups placed those aged 0–17, 18–65, 66–79, 80–99, and 100 years or more
into the categories of minors, adults, middle-aged people, elderly people, and long-lived
people, respectively. Among them, those who should pay the most attention to physical
exercise and have a strong ability to make independent choices are adults aged 18–65 years.
Therefore, in this study, we distributed a questionnaire to the study group and collected
the data from the questionnaires. We screened the initially recovered data and then used
SPSSAU for reliability and validity analysis. Finally, we used two assignment methods,
AHP, and entropy weighting, to derive the comprehensive weighting results and analyze
the relevant indicators affecting the weighting of the use of fitness apps by adults under
65 years old [26].

3.1. Hierarchical Analysis and Entropy Method

We needed to analyze the factors affecting the use of fitness apps by adults from
multiple dimensions, and we selected the AHP method, which is used to combine the
qualitative and quantitative aspects of multi-objective complex problems to calculate the
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decision weights and use the experience of decision makers to judge the relative importance
of the weights between the criteria of whether each measurement goal can be achieved.
The entropy weighting method is combined with the resynthesis of indicator weights to
assign values, and the use of comprehensive weights makes the results more scientific, fair,
and persuasive.

3.2. Indicator Construction

In our analysis of the factors influencing the use of fitness apps by adults aged 18–65 years, we
needed to consider the current pandemic and policy guidance, the characteristics of health
app use, and the relevant research results to build a scientific and reasonable indicator
system. A wide range of elements may influence health app use: they may be multilevel,
multifactor, and multi-indicator. For evaluation index selection, by collecting the opinions
of relevant experts and designers, our final hierarchy of the fitness app-use influencing
factors included one target layer, four guideline layers, and eleven program layers.

3.2.1. Establishing Guideline Level Indicators

The technology acceptance model (TAM), proposed by Davis et al. in 1989, is one of
the most influential theories in the field of information systems research. In the preliminary
TAM, PU, and PEOU are the elements that directly impact the usage attitude and user
behavior through attitude intention [27]. Davis et al. reported that PEOU refers to the
effort customers perceive as being required to operate a new technology; PU refers to how
many customers accept as true that the technological device will enhance their overall
work performance [27]. Karah anna et al. demonstrated that PEOU and PU affect the users’
use behavior, and PEOU additionally impacts PU [28]. Bildad et al. found that the ease of
using Internet technology plays a key role in improving user faith in software builders [29].
Therefore, in the specific construction of the corresponding indicators, we used PEOU (B1)
and PU (B2) [30,31].

Despite the broad applicability of the TAM (Figure 1), the model can be modified
by adding external premises and theoretically sound elements, which can expand the
predictive power of the model [32]. The self-determination principle has been widely used
to help encourage physical activity in individuals, and intrinsic motivation represents
an archetype of independent activity, where people are motivated by intrinsic motivation
and are free to engage in activities independent of external factors [33–35]. According to
self-determination theory, consumer motivation (the reason why a person engages in an
activity) and consumer-aim (the purpose for this activity) is intently associated [36]. In
the field of advertising and customer behavior studies, researchers typically agree that
customers perceive the cost as a necessary factor influencing purchase decisions: and the
greater the perceived cost-utility of a product, the greater the motivation to buy it [37].
Regarding the elements affecting the perceived value, most researchers have considered
the antecedent variables of the perceived cost for empirical analysis. Perceived immediate
use advantages (i.e., perceived gains) and perceived sacrifices (i.e., perceived losses) are
the antecedent variables of perceived cost [38]. Some scholars have also used factors such
as perceived risk, cost of purchase, quality of service, and the quality of the product as
antecedent variables affecting the consumers’ perceived value (Wood and Scheer, 1996;
Zhong, K., 2013) [39]. Regarding the elements impacting the customer’s perceived value,
we introduced two achievable variables to the technology acceptance model: perceived
cost (B3) and personal motivation (B4) [40].
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3.2.2. Determination of Program-Level Indicators

We analyzed and inductively screened 11 evaluation indicators from H1 to H11 ac-
cording to the detailed division of the elements used for evaluating the first-level indicators
(Table 1). To measure indicator B1 (PU), we used the scale developed by Yang et al. to
set three measurement indicators: content adaptability (H1), content relevance (H2), and
content quality (H3) [41]. To measure indicator B2 (PEOU), we used the scale developed
by Gong et al.: the technology level (H4), interaction effectiveness (H5), and system com-
patibility (H6) [42–45]. For B3, the perceived value indicator, we measured the financial
cost (H7) and privacy cost (H8) based totally on the evaluation by San et al., who focused
on the effects of the perceived advantages and perceived dangers of people’s transactional
conduct [46–48]. To measure B4 (personal motivation indicator), we applied the scale de-
veloped by Park et al. and set three measures: health concerns (H9), outcome expectations
(H10), and social influence (H11) [49–51].

Table 1. Index system used for analyzing factors influencing use of fitness apps by adults aged
18–65 years.

Target Layer Guideline Layer Program Level References

A: Study factors influencing use of
fitness app by adults under
influence of COVID-19

B1: Perceived usefulness
H1: Content Adaptation
H2: Content Targeting
H3: Content Quality

Davis et al. (1989) [27]
Karahanna et al. (1999) [28]
Beldad et al. (2010) [29]

B2: Perceived ease of use
H4: Technical Grade
H5: Interaction Effectiveness
H6: System Compatibility

Davis et al. (1989) [27]
Chang et al. (2021) [31]

B3: Perceived cost H7: Financial Cost
H8: Privacy Cost

Kwon et al. (2022) [47]
Wang et al. (2022) [51]
Park et al. (2018) [49]

B4: Personal motivation
H9: Health Concerns
H10: Outcome Expectations
H11: Social Impact

Park et al. (2018) [49]

3.3. Questionnaire Design

Based on the literature review of the effect of the pandemic and health apps, we chose
eleven attributes to examine the factors influencing the use of health apps amongst adults
aged 18–65 years to determine the impact of COVID-19. We assessed these 11 attributes
with a questionnaire (Table 2). We built the questionnaire with Questionnaire Star, and the
first question required respondents to have used health apps or to have some knowledge of
health apps. The questions could be answered on a scale, and every question consisted of a
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set of statements. Each statement had nine responses, ranging from 1 to 9 according to the
evaluation of the degree of the effect, ranging from very unimportant to very important.
The questionnaire included basic information (sex, age, education level, and whether they
had used or known about fitness apps) and the evaluation of the importance of relevant
factors influencing their use.

Table 2. Description of index conversion questionnaire.

Program-Level Indicator Problem Description

H1: Content Adaptation Fitness app can provide different exercise categories of fitness programs for you
H2: Content Targeting Fitness app can meet your individual needs
H3: Content Quality Fitness app can provide scientific and professional fitness guidance for you
H4: Technical Grade Fitness app can be quickly opened on different types of devices
H5: Interaction Effectiveness Fitness app interface design is clear, convenient, and easy for you to use
H6: System Compatibility Fitness app can share data with all kinds of your wearable devices
H7: Financial Cost Fitness app can save you money
H8: Privacy Cost Fitness app can protect your personal privacy
H9: Health Concerns Fitness apps can ease your health worries
H10: Outcome Expectations Fitness app can achieve your expected results
H11: Social Impact Fitness app has a high social impact on you

4. Statistics and Analysis

We distributed 420 questionnaires using Questionnaire Star to adults aged 18–65 years.
The first part of the questionnaire asked the respondents whether they know about or have
used a fitness app; if they responded yes, they continued to the second part containing
influencing factor questions; if they responded no, the questionnaire ended. According
to the data collected from the questionnaires, 347 out of 420 people had knowledge of or
had used a fitness app. Among the 347 questionnaires, those with a shorter filling time
and multiple scores of the same response were considered invalid questionnaires and
deleted. Of the 347 questionnaires, 310 were valid, with an effective rate of 89.33%. Among
them, men and women accounted for 50.32% and 49.68%, respectively, of the respondents,
with most being 18–30 years old, followed by 31–40 years old (Table 3). Subsequently, we
performed frequency analysis and AHP on the 310-sample data to derive the weight values
for each index and perform the consistency test.

Table 3. Basic information of the questionnaire respondents.

Variable Options Frequency Percentage (%)

Sex
Male 156 50.323

Female 154 49.677

Age group (years)

18~30 225 72.581
31~40 51 16.452

Under 18 15 4.839
41~50 12 3.871

Over 50 7 2.258

Total 310 100.000

4.1. Confidence and Validity Analysis

Reliability research methods are often used when analyzing research projects to test
whether they are reasonable and meaningful (Table 4). Validity analysis is performed using
factor analysis methods to verify the validity level of the data with KMO values of com-
monality, variance explained values, factor loading coefficient values, and other indicators.
KMO values are used to select the suitability of the fact extraction, and commonality values
are used to eliminate unreasonable items (Table 5).
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Table 4. Cronbach reliability analysis.

Cronbach’s α Standardized Cronbach’s α Number of Items Number of Samples

0.917 0.918 11 310

Table 5. KMO and Bartlett test results.

KMO Value 0.926

Bartlett’s sphericity test
Approximate cardinality 1857.364

df 55.000
P 0.000 ***

Note: *** represents a significance level of 1%.

4.1.1. Questionnaire Reliability Test

The reliability coefficient, Cronbach’s alpha, is used to measure the internal consis-
tency or reliability of an instrument or questionnaire. This coefficient is often used for
questionnaires developed using multiple Likert scales to determine whether the scale is
reliable. We used Cronbach’s alpha to determine the reliability using SPSSAU, resulting in
a Cronbach’s alpha value of 0.917 (Table 4), which indicated the good reliability and high
internal consistency of this questionnaire for additional analysis.

4.1.2. Questionnaire Validity Test

Validity testing involves the measurement of the validity of the questionnaire research
data: whether the results obtained through the questionnaire are true and whether the
respondents’ evaluations are objective. For questionnaire validity tests, structural validity
is used, and the results reflect the accuracy of the questionnaire items. Structural validity
reflects the relationship between the questionnaire measurement results and the measured
items. The two indicators of structural validity are the KMO and Bartlett’s sphericity test.
The coefficients of the KMO range from 0 to 1; the closer the coefficient is to one, the higher
the validity of the questionnaire. Bartlett’s sphericity test result needs to be less than 0.01.
We imported the questionnaire into SPSSAU for analysis, finding a KMO value of 0.926
and Bartlett’s sphericity test result of 0.000, which indicated that the structural validity
of the questionnaire was excellent and all the factors had a strong correlation (Table 5).
According to Bartlett’s sphericity check, the significance of this check is infinitely close to
zero. Therefore, the questionnaire has appropriate validity and meets the conditions of
applicability for factor analysis.

4.2. Determination of Index System Weights Based on Hierarchical Analysis
4.2.1. Establishing Comparison Judgment Matrix

Based on the evaluation scales in the AHP, the elements in the product hierarchy model
are compared and assigned. To use mathematical methods for data processing, the data
needs to be transformed into a matrix to quantify the results and determine the importance
of the design elements. Supposing n influencing elements, b1 ..., bi ..., bj ..., bn, the project
elements are compared with each other in pairs and transformed into a judgment matrix
as follows:

B =




1 · · · b1i · · · b1j · · · b1n
bi1 · · · 1 · · · bij · · · bin
bj1 · · · bji · · · 1 · · · bjn
bnl · · · bni · · · bnj · · · 1


=

(
bij
)

nxn (1)

The Perron–Fresenius theorem shows that matrix B has a unique nonzero eigenroot,
i.e., the largest eigenroot (λmax) corresponds to the eigenvector (w).

Bw = λmaxw (2)
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The specific steps for calculating the feature vectors using the sum-product method
are as follows:

Normalize the data in b by column.

bij = bij/ ∑n
j=1 bij(i, j, . . . , n) (3)

Sum the normalized matrix peers.

w̃i = ∑n
j=1 bij(i = 1, 2, . . . , n) (4)

Divide the summed vector by n to obtain the weight vector.

w̃i = w̃i/n (5)

Find the maximum characteristic root.

λmax =
1
n ∑n

i=1
n

i = 1
(Bw)i

wi
(6)

where (Bw)i denotes its component of the vector Bw.
Based on the above Equations (1)–(6), we calculated the weight values of the designed

element objectives at the criterion and program levels and then ranked them in terms of
importance to complete the decision on the influencing factors.

4.2.2. Calculating Weight Coefficients

Because the hierarchical structure model we constructed had more elements at the
program level and the generated judgment matrix order was greater than nine, we used a
combination of the AHP and entropy methods for data processing. We formed the evalua-
tion indexes by decomposing the problem and comparing the judgment. We calculated the
weightings to obtain the comprehensive weight values of the elements at the program level.
We first calculated the AHP-based weight.

Check the consistency of matrix B. Calculate:

CR = CI/RI (7)

where CI is the consistency index; CR is the consistency ratio; and RI is the common random
consistency index.

CI = (λmax − n)/(n− 1) (8)

From Equation (8), CR can be calculated. CR < 0.1 indicates that the calculation of
matrix B is qualified and valid. If CR > 0.1, the matrix needs to be corrected [52].

Based on the above-mentioned ideas, we constructed the judgment matrix and calcu-
lated the weights of the impact factor (Tables 6–10).

From the outcomes in Tables 6–10, we found that the CR values of the judgment
matrices were all <0.1, so we skipped the consistency test. From this, we calculated the
weighting for the program-level elements to obtain the comprehensive weight values of
the program-level elements (Table 11).

Table 6. Target layer judgment matrix and weight value of influencing factor.

A B1 B2 B3 B4 wi λmax CI CR

B1 1 0.990 0.972 1.005 0.2709

4.000 0.000 0.000
B2 1.010 1 0.982 1.016 0.2737
B3 1.029 1.019 1 1.035 0.1858
B4 0.995 0.984 0.967 1 0.2695

136



Int. J. Environ. Res. Public Health 2022, 19, 15460

Table 7. PU judgment matrix and weight values.

B1 H1 H2 H3 wi λmax CI CR

H1 1 0.987 0.962 0.3276
3.000 0.000 0.000H2 1.013 1 0.974 0.3318

H3 1.040 1.027 1 0.3407

Table 8. PEOU judgment matrix and weight values.

B2 H4 H5 H6 wi λmax CI CR

H4 1 0.979 0.989 0.3297
3.000 0.000 0.000H5 1.022 1 1.010 0.3369

H6 1.012 0.990 1 0.3334

Table 9. Perceived cost judgment matrix and weight values.

B3 H7 H8 wi λmax CI CR

H7 1 0.970 0.4924
2.000 0.000 0.000H8 1.031 1 0.5076

Table 10. Personal motivation judgment matrix and weight values.

B4 H9 H10 H11 wi λmax CI CR

H9 1 0.991 1.074 0.3401
3.000 0.000 0.000H10 1.009 1 1.083 0.3431

H11 0.932 0.923 1 0.3168

Table 11. Comprehensive weight values of criterion-layer elements.

Guideline Layer Guideline-Layer Weights Program Level Program-Level Weights

B1 0.2709
H1 0.0888
H2 0.0899
H3 0.0922

B2 0.2737
H4 0.0902
H5 0.0922
H6 0.0913

B3 0.1858
H7 0.0915
H8 0.0943

B4 0.2695
H9 0.0917
H10 0.0924
H11 0.0854

4.2.3. Consistency Test

We performed consistency tests on the combined weight values of all the design
elements in Table 11, and the operational procedure and results are shown:

CI = ∑m
j=1 bjCIj =(0.000 0.000 0.000 0.000)




0.2667
0.2759
0.1909
0.2663


 = 0 (9)

CR = CI/RI = 0÷ 1.520 = 0 < 0.1 (10)

Based on Equations (9) and (10), CR = 0 < 0.1. The hierarchical total ranking of matrix
B was consistent with the consistency test principle, and we found that the calculations of
the comprehensive weight values of the scheme-level elements in Table 9 were scientific
and reasonable and so could effectively guide the practical analysis [53].
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4.3. Entropy Method Weights

The entropy approach is a goal-undertaking method, and the weights determined
with this method are more accurate than those obtained with the subjective challenge
method. Entropy is a measure of the disorder of a system, and by measuring the degree of
disorder in the variables, the weights of indicator variables can be obtained by comparing
the amount of information possessed by the variables. However, the method is prone to
imbalanced weights due to the large dispersion of a certain indicator.

In the entropy weight approach, the entropy weight of the index is first calculated by
applying the record’s entropy after standardizing the authentic data. The rank of item X,
when the index is positive, is standardized with the following system.

Yij =
Xij − Ximin

Ximax − Ximin

(11)

When the indicator is negative, its normalization treatment formula is:

Yij =
Ximax − Xij

Ximax − Ximin

(12)

where Ximax and Ximin are the maximum and minimum values of the indices, respectively;
Yij is the normalized result setting of the first impact factor affecting prevention and control.
For a certain impact factor j, its information entropy calculation formula Ej is:

Ej = −
1

ln m ∑m
i=1 Pij ln Pij (13)

Pij =
Yij

∑m
i=1 Yij

(14)

where Pij is the proportion of the standardized value and Yij is the total standardized
value. If the information entropy Ej of the factor influencing prevention and control is
smaller, the degree of variability in the factor is smaller, the sample data are more orderly,
the differentiation ability of the evaluation object is larger, and the information utility
value provided by the factor is larger. The stronger the influence on border prevention
and control, the higher the weight; conversely, the larger the information entropy E, the
larger the degree of variability is for the influence factor, and the information utility value
provided by the factor and the weight is smaller.

According to the calculated information entropy of each factor, E1, E2,· · · ,Ek, the
weight formula Wj for each factor can be calculated as follows:

Wj =
1− Ej

k−∑k
j=1 Ej

(15)

Based on Equations (11)–(15), we calculated the weights of each index (Tables 12 and 13).

Table 12. Weight results of each criterion layer based on entropy method.

Guideline Layer Information Entropy
Value Ej

Information
Utility Value Weighting Factor wj

B1 0.9963 0.0037 0.2576
B2 0.9966 0.0034 0.2329
B3 0.9961 0.0039 0.2671
B4 0.9965 0.0035 0.2425
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Table 13. Weight results of each index based on entropy method.

Guideline Layer Information Entropy
Value Ej

Information
Utility Value Weighting Factor wj

H1 0.9946 0.0054 0.0968
H2 0.9951 0.0049 0.0882
H3 0.9957 0.0043 0.0782
H4 0.9952 0.0048 0.0861
H5 0.9951 0.0049 0.0885
H6 0.9952 0.0048 0.0861
H7 0.9953 0.0047 0.0851
H8 0.9947 0.0053 0.0962
H9 0.9952 0.0048 0.0857
H10 0.9953 0.0047 0.0846
H11 0.9931 0.0069 0.1244

4.4. Integrated Weight Calculation

In this study, based totally on the reliability and availability of the data, we used
two strategies (subjective and goal weight replication) to resynthesize and assign the
weights of the influencing factors affecting the use of health apps by adults. We contin-
uously revised the influencing elements. The results indicated a large difference in the
weighting of the indicators using the two methods, especially in the process of determining
the weighted values of indicators H11 and H3. This difference was due to the difference
between the weights calculated by the mathematical model and our understanding of
the application of the indicators in practice, which led to the difference in the weight
coefficients. Our finding also further confirmed the necessity of studying the assignment of
subjective and objective integrated weights.

Based on the results of assigning weights to the indicators by the above two methods,
we calculated the combined weight Cj:

Cj=
wiwj

∑n
i=1 wiwj

(16)

where wi and wj represent the weights of the evaluation indexes calculated by the hierar-
chical analysis and entropy value method, respectively. We synthesized and calculated the
results of both the subjective and objective assignments (Tables 14 and 15).

Table 14. Comprehensive weight results (criterion layer) obtained using two weighting methods.

Guideline Layer Hierarchical
Analysis Weight wi

Entropy Method
Weight wj

Combined Weight Cj

B1 0.2709 0.2576 0.2808
B2 0.2737 0.2329 0.2565
B3 0.1858 0.2671 0.1997
B4 0.2695 0.2425 0.2630

Table 15. Comprehensive weight results (scheme layer) obtained by two weighting methods.

Indicator Hierarchical
Analysis Weight wi

Entropy Method
Weight wj

Combined Weight Cj

H1 0.0888 0.0968 0.0948
H2 0.0899 0.0882 0.0874
H3 0.0922 0.0782 0.0795
H4 0.0902 0.0861 0.0857
H5 0.0922 0.0885 0.0900
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Table 15. Cont.

Indicator Hierarchical
Analysis Weight wi

Entropy Method
Weight wj

Combined Weight Cj

H6 0.0913 0.0861 0.0867
H7 0.0915 0.0851 0.0859
H8 0.0943 0.0962 0.1000
H9 0.0917 0.0857 0.0867
H10 0.0924 0.0846 0.0862
H11 0.0854 0.1244 0.1172

4.5. Data Analysis

The weightings of B1 (PU), B2 (PEOU), B3 (perceived cost), and B4 (nonpublic motiva-
tion) for the assessment goal layer A were 0.2808, 0.2565, 0.1997, and 0.2630, respectively.
The comprehensive weights of H1, H2, and H3 were 0.0948, 0.0874, and 0.0795, respectively.
The weights of H4 (technical grade), H5 (interaction effectiveness), and H6 (system com-
patibility) for B2 PEOU were 0.0857, 0.0900, and 0.0867, respectively. The weight values of
H7 (financial cost) and H8 (privacy cost) for B3 (perceived cost) were 0.0859 and 0.1000,
respectively. The weight values of H9 (health concern), H10 (outcome expectations), and
H11 (social influence) for B4 (personal motivation) had weight values of 0.0867, 0.0862, and
0.1172, respectively.

According to the criterion-stage weight values, we found that the ranking of the
elements influencing the use of health apps by adults under the impact of COVID-19 were
B1 (PU), B4 (nonpublic motivation), B2 (PEOU), and B3 (perceived cost) (Figure 2). That is,
for this group, PU ranked first when people chose or used fitness apps, accompanied by
private motivation, which was especially influential, and then the PEOU and perceived
value. According to the weight values of the scheme layer, we found that these adults
were more influenced by H11 (social), H8 (privacy cost), H1 (content adaptability), H5
(interaction effectiveness), and H2 (content relevance), and less influenced by H6 (system
compatibility), H9 (health concerns), H10 (outcome expectation), H7 (financial cost), H4
(technical grade), and H3 (content quality) (Figure 3).
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5. Discussion

First, PU had the most notable effect on the adult use of fitness apps. The indicators
we used to measure B1 (PU) were the pair of H1 (content adaptability) and H2 (content
relevance), as well as H3 (content quality). Among them, H1 was the influencing factor
with the highest weight because the users of fitness apps are of different ages and have
different exercise purposes, physical bases, and exercise programs, so users have different
requirements for the content adaptability of fitness apps. If the app is not based on scientific
and effective assessment data for personalized program settings, the user may perform
improper or ineffective exercises. For example, some apps directly recommend HIIT
exercise programs for primary training; such training is characterized by high exercise
intensity, short duration, and high energy consumption, so is not suitable for most primary
fitness, leading to the user feedback of exercise intensity being too high and the exercise
program being difficult to implement. However, for people experienced with exercise, this
kind of exercise may not meet their fitness needs. Exercise apps should also help users
avoid injury due to exercise, allowing users to reduce the difficulty of the exercise and to
choose low-risk and low-threshold programs to ensure the safety of exercise; however, this
may prevent users from achieving the purpose of the exercise.

Second, personal motivation considerably influenced the study group’s intention to
use fitness apps. The indicators measuring B4 (personal motivation) were H9 (health con-
cerns), H10 (outcome expectation), and H11 (social influence). Among them, H11 and H9
had higher weights. The higher weight of H11 indicated that people were more influenced
by their community when using fitness apps. Social impact refers to the stress and impact
that people experience from the humans around them when they perform a behavior [52].
The environment and people around an individual, such as family environment and mem-
bers, friends, work environment, colleagues, etc., can substantially influence their specific
behavior. Community influence is more important in Chinese culture. If companies want
to improve their social influence, a long-term process is required; they should implement
measures to proactively improve the quality of their products and services, improve cus-
tomer experience, and assume their social role. H9 had a stronger impact on personal
motivation, indicating that the study group was aware of the importance of physical health;
therefore, concerns about their health will increase their autonomy in fitness. Given the

141



Int. J. Environ. Res. Public Health 2022, 19, 15460

effect of COVID-19, people’s fitness awareness has increased, and their intention to engage
in PA is stronger, increasing their motivation to use health apps.

Third, B2 (PEOU) strongly impacted the study participants’ use of fitness apps. PEOU
was influenced in decreasing order by interaction effectiveness, system compatibility, and
technical level. This indicated that this group preferred software that was easy to operate,
appropriate, with a reasonable design, and that had a user-friendly software interface,
which could provide a good user experience. The discovery, installation, and login of the
software, the use, recording, and uploading of results and sharing in the fitness process
should be easy and not require time or effort to learn. In addition, the interface of the
software should be reasonably designed, and the content should be relevant so that the
user feels that this product is suitable for them. In the design of mobile fitness apps,
user-friendliness should be considered.

Fourth, B3 (perceived cost) had relatively little impact on the use of fitness apps by
the study group; however, adults of this age were considerably more worried about H8
(privacy cost) than financial cost according to the weights of the scheme-level indicators.
Users face many risks in the process of using the mobile Internet; private information
may be leaked, and the perception of privacy risks negatively affects the perceived value.
Privacy price has a sizable poor impact on the perceived price. Fitness APPsapps should
have a clear, effective, and easy-to-understand security privacy policy. Expense cost also
affects the users’ experience of perceived cost during use. The perceived economic cost
is the users’ perception of objective costs with a certain subjectivity, and the higher the
perceived cost, the lower the perceived value. Therefore, enhancing the best of merchandise
and offerings and enhancing the value effectiveness is one of the core aggressive benefits
of sports activities and health apps. The degree of satisfaction with the merchandise and
offerings immediately determines whether or not customers are inclined to use them
continuously, and companies should focus on providing users with high-quality products
and services.

6. Conclusions

Our results showed that, first, in the criterion layer, the weight of PU was 0.2808,
which was much larger than that of the other indicators, indicating that PU most strongly
influenced the study group’s use of fitness apps under the influence of COVID-19. Among
the criteria that we used for measuring PU, the study group was more concerned about
content adaptability. Therefore, developers of health apps need to pay attention to the
special traits of users, provide more customized and scientific strategies and content, and
select reasonable and scientific fitness programs tailored to users according to their age,
occupation, height, weight, personal preferences, etc. Second, the weights of personal
motivation and PEOU were 0.2630 and 0.2565, respectively, indicating their stronger impact
on the willingness of the study groups to use fitness apps. We recommend that fitness
APP developers pay attention to the different characteristics of users and provide more
personalized service methods and content, improve the fun of exercise, and reduce the
fatigue experienced when users exercise. Third, the perceived cost had the lowest weight
of 0.1997, indicating a weaker influence on the group’s use of fitness apps. The data of
the indicators measuring the perceived cost showed that the study group was much more
worried about privacy than the financial cost, indicating that the group had a strong sense of
privacy. Security and privacy policies imply a commitment to users’ personal information.
Due to the small operating interface of cell phones and portable devices, companies should
proactively and prominently display protection policies so that users can feel the company’s
commitment to security and privacy.

Currently, the COVID-19 pandemic is still ongoing. Increasing people’s physical
activity during the pandemic to ensure physical and mental health and to improve the
well-being of the population remains a difficult task. The data from this study can help
subsequent fitness app developers understand user needs and provide an empirical basis
for subsequent fitness app development or iterations.
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