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Preface to ”Health Promotion in Children and
Adolescents through Sport and Physical
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The second edition of the Special Issue entitled “Health Promotion in Children and Adolescents
through Sport and Physical Activities”has been successfully completed, as expected. As stated in the
preface to the ﬁrst edition, this Special Issue (SI) was initially intended to address a challenge in this
ﬁeld, but this over time topic is becoming an important cornerstone for scientists who are exploring
the fascinating subject of pediatric exercise. I’m grateful to all contributors for choosing MPDI and in
particular my Special Issue.
Antonino Bianco
Editor
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The second edition of the Special Issue entitled “Health Promotion in Children and
Adolescents through Sport and Physical Activities” has been successfully completed, as
expected. As stated in the preface to the ﬁrst edition, this special issue (SI) was initially
intended to address a challenge in this ﬁeld, but this topic is becoming, over time, an
important cornerstone for scientists who are exploring the fascinating subject of pediatric
exercise. We open the second edition of this Special Issue with an interesting study protocol
described by Ng et al., from the Health Research Institute, University of Limerick. The
manuscript presents a useful overview of initiatives designed to encourage people to
become more active and increase their awareness of the potential beneﬁts of physical
activity (PA). Chulvi-Medrano et al. present a 47-year comparison of lower body muscular
power in Spanish boys. The authors conclude that a decline in lower body muscular power
occurs in 10–11-year-old Spanish boys, which may be due to the increasing prevalence of
sedentary lifestyles across Europe, particularly in the southern regions. Josip Karuc and
Marjeta Mišigoj-Duraković investigate the relationship between functional movement (FM)
patterns, PA level, and weight status in an average adolescent population. As expected,
the authors reinforce the consensus that overweight and obese adolescents exhibit poorer
functional movement than normal-weight adolescents. Nemanja Lakicevic, a PhD student
from Palermo University, presents evidence of the effects of alcohol consumption on
recovery following resistance exercise. The systematic review was publicized on social
media and provides an interesting overview of the potentially negative effects of alcohol,
particularly in regard to adolescents.
The acute cardiometabolic responses to multi-modal integrative neuromuscular training are reported by a pioneer in the science of modern pediatric exercise. Prof. Avery
Faigenbaum is currently regarded as a major contributor in the ﬁeld, often proposing new
ideas and highlighting resistance training as the driving force behind the proper growth
and development of coming generations. In line with Faigenbaum et al., Migliano et al.
signiﬁcantly contribute to this SI with their validation of cardiorespiratory ﬁtness measurements in adolescents living in Texas (USA). Mustafa Söğüt et al. report interesting data
regarding anthropometric obesity indices, body fat percentage, and grip strength in young
adults. Of interest, Roscoe et al. investigate accelerometer-based physical activity levels in
British preschoolers. On the other hand, joint mobility among young people participating
in free climbing has been investigated by Gasbarro et al.
The ESA Program is also discussed in this Special Issue, in the contribution of Ewan
Thomas et al., who consider the entire consortium involved in this innovative and sustainable European project (more than 60 people involved). The randomized controlled
trial carried out by Chua et al. shows that four minutes of sprint interval training has no
acute positive effects on alertness, mood, and memory in children. The study also provides
useful information for physical education teachers interested in introducing new settings
and scenarios to their lessons. The closing paper of the Special Issue is that by Tamara Rial
and colleagues. Their investigation considers urinary incontinence (UI) among adolescent
female athletes. Interestingly, the prevalence of UI among such athletes participating in
1
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impact sports was most dominant and higher in those engaged in trampolining, followed
by rope skipping. In conclusion, I wish to thank the MDPI Editorial Ofﬁce, and particularly
Molly Lu, for supporting me in the role of SI editor. I am also grateful to the EIC Giuseppe
Musumeci for the valuable guidance he provided following several rejections.
This Special Issue presents a total of 12 papers, encompassing 31 different afﬁliations,
with authors from 12 different countries spanning three different regions of the world
(Europe, North America, and Asia).
I hope to continue the success of this Special Issue with a third edition in the near future.
Conﬂicts of Interest: The authors declare no conﬂict of interest.
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Abstract: Taking part in regular physical activity (PA) is important for young adolescents to maintain
physical, social and mental health. Schools are vibrant settings for health promotion and the
complexity of driving a whole-school approach to PA has not been tested in the Irish school context.
The feasibility of the pilot programme of the Department of Education and Skills second level Active
School Flag (SLASF) is needed. SLASF is a two year process that consists of the Active School Flag
(ASF) certiﬁcate programme (year 1) and the ASF ﬂag programme (year 2). This protocol paper
is speciﬁc to the ﬁrst year certiﬁcate process. Three schools around Ireland were recruited as pilot
schools to carry out the year-long SLASF programme with 17 planned actions involving the entire
school. Students in the transition year programme have a particular role in the promotion of PA in
SLASF. Data collection consists of physical measures, accelerometers, survey data and interviews
at the beginning and the end of the academic year. The primary focus on the feasibility of the
programme is through process evaluation tools and ﬁdelity checks consisting of implementation of
the SLASF programme through whole-school surveys, focus group discussions of key stakeholder
groups, as well as one-to-one interviews with a member of management at each school and the SLASF
coordinator of the school. Secondary outcomes include PA levels and its social cognitive theories
based correlates through physical health measures, surveys carried out pre- and post-intervention, as
well as focus group discussions of the students. The results of this study are needed to improve the
development of the SLASF through a predetermined stopping criteria and inclusion into systems
thinking approaches such as the Healthy Ireland Demonstration Project.
Keywords: physical activity; adolescent; health promotion; activePal; intervention

1. Introduction
There are multiple reasons—physical, psychological, social, environmental—health for
adolescents to take part in regular physical activity (PA). However, adolescence forms a highly
volatile stage in life where transitional periods can inﬂuence behaviour [1] and is a critical time for
PA participation where habits—good or bad—developed, later persist into adulthood [2]. Despite the
evidence of health beneﬁts from PA, a clear reduction in PA levels is apparent alongside increasing
age in adolescence. Data from the Children’s Sport Participation and Physical Activity (CSPPA) study
highlighted a decline in meeting the PA guidelines, at least 60 min of moderate-to-vigorous (MVPA)
per day, from 18% among 12y olds (ﬁrst year of second level education in Ireland) to 6% among 18y
olds (last year of second level education in Ireland) [3]. Similarly, a systematic review and pooled
J. Funct. Morphol. Kinesiol. 2019, 4, 16; doi:10.3390/jfmk40100163
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analysis indicated that PA levels decline by a mean of 7% per year over this period [4,5]. By the age
of 15y, on average, across 42 countries in the Health Behaviour in School-aged Children study, only
11% of girls and 21% of boys self-reported sufﬁcient MVPA levels [6]. Global PA decline throughout
adolescence, across a range of measurement units, appears as high as 60–70% [4]. Action is needed to
reduce the drop in PA levels.
Actions that target the drop in PA levels can include interventions at the individual, community
and within policy [7]. Although policy interventions may provide the best return on investment [8],
creating such changes requires a strong evidence base that interventions targeting the behaviours
actually works. At the individual level, interventions that were designed to increase school-based PA
levels have yet to demonstrate its effectiveness [8]. In particular, multi-component PA interventions
have yet to demonstrate improvements in overall MVPA [9]. However, at the community level,
school-based PA programmes have demonstrated some positive effect on overall PA levels [10].
1.1. Whole-School Approaches to Physical Activity Promotion
Successfully run school-based PA programmes includes quality physical education, physical
activities before-, during- and after-school, at the school grounds, as well as activities based in the local
community [11]. Haapala and colleagues [11] suggested that recess time activities before, during and
after school are opportune moments to promote PA. Similarly, a study based on a 12 week walking
intervention among girls who took part before-school and during recess times increased the time in
light intensity PA by 10 min but differences in MVPA were not statistically significant when compared
to the intervention group [12]. Some recent studies have investigated the role of peers in boosting
PA levels. For example, peer leaders (15–16y olds) slightly older than the target group (13–15y olds)
encouraged after-school activities. By the end of the 7-week after-school intervention, there was a
statistically significant increase of three minutes of daily MVPA [13]. Same-aged peers were also
effective in promoting six minutes of daily MVPA through diffusion messages among girls during the
entire school day [14]. Statistically significant changes on PA levels were found for those identified as
low active at baseline in an intervention that focused on increasing step count in both boys and girls [15].
Few school-based programmes managed to succeed in increasing boys’ PA levels for school-based
interventions through a peer-led model [16,17]. Programmes with in-class activities that promote PA by
the class teachers are another way to increase PA levels [18]. The latter activities requires a whole-school
approach towards PA promotion and in Ireland, this is known as the Active School Flag (ASF) [19].
The ASF (www.activeschoolﬂag.ie) is a Department of Education and Skills (DES) initiative
supported by Healthy Ireland. It takes a ‘whole-school approach’ and requires all members of the
school community to work together to strengthen the delivery of the physical education programme
and to promote PA throughout the school in a fun and inclusive manner. It emphasises quality PE,
co-curricular PA as well as partnerships with students, parents and the wider community. In 2018, 29%
(N = 1329) of primary schools in Ireland had achieved ASF status. Some have the need for renewal,
thus at the time of print, 722 primary schools currently have possession of an Active Flag. The journey
towards achieving this status begins with self-evaluation in the areas of (i) physical education (ii) PA
and (iii) partnerships. Following this, schools are expected to devise a strategic plan and implement
changes to help improve the quality of PE, provide additional opportunities for PA and support
additional involvement with the wider community. Lastly, the school has to provide a week-long focus
on PA in an Active School Week.
The ASF is well-established as a primary school initiative but has yet to be developed for the
secondary level education sector. A generic model has been tried among secondary level schools,
although it did not achieve the same effect because the uptake of secondary level schools is below 5%.
The most notable differences were the lack of whole-school engagement in the secondary level schools.
Feedback from those experiences suggested that the generic ASF in secondary level was viewed as
a physical education programme as opposed to a whole-school initiative. Furthermore, there are
structural differences between primary and secondary level schools, thus a direct translation of the
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primary ASF to the secondary level setting would be specious. Some examples of differences include;
in primary schools, a single teacher generally remains with the same class throughout the entire day,
whereas at secondary level schools, students are taught by multiple teachers. In the secondary level
schools, many schools do not have a compulsory timetabled physical education in accordance with
DES recommendations (i.e., a double timetabled period for all students every week). Secondary level
schools tend to be larger and cater for more students than primary schools, yet facilities for promoting
PA can be limiting. Peer inﬂuences tend to be stronger at secondary level education [20] and students
will often choose to socialise with their friends and be sedentary rather than take part in PA [21].
In primary schools, all teachers are encouraged to take part in continuous professional development
(CPD) as part of their classroom responsibility in the areas of physical education and PA. Class teachers
in secondary level schools tend to be specialists in their subject area and may not have the conﬁdence
or competence to create active breaks in the classroom [22].
In the majority of Irish secondary level schools, there is the ‘Transition Year’ (TY) period,
whereby it is non- examinable and students may go on to try out activities beyond the normal
school curriculum [23]. The aims of TY are to “increase social awareness and social competence with
‘education through experience of adult and working life’ as a basis for personal development and
maturity” [24]. TY programmes can cover various aspects of personal development, including visits to
hospitals to learn about health behaviours [25], as well as taking part in other science programmes [26].
Many TY based programmes seek to develop youth leadership skills (i.e., Gaisce the President’s Award,
Young Social Innovators, Gaelic Athletic Association (GAA) future leaders, etc.).
1.2. Theoretical Background to the Study
The theoretical premise of this feasibility study is underpinned by social cognitive theories [27]
These theories are the most cited for health behaviour change interventions [28]. In these theories,
there is a triad relationship between personal and environmental factors with behaviours being
explored through individual level factors such as self-efﬁcacy, stages of readiness for behavioural
change and school related autonomy. In self-efﬁcacy theory [29] there are four sources; mastery
accomplishments, vicarious experiences, verbal persuasion and physiology are strong predictors of
behaviour. Novice learners, such as students in TY, tend to have low conﬁdence to promote PA at
the beginning of the year [30]. When schools express their interest to be an SLASF school, a resource
pack (see methods section) would support these students to improve the self-efﬁcacy (opportunities
for mastery accomplishments), create timetabled meetings with the purpose to focus on the SLASF
(opportunities for vicarious experiences) and regular contact with others who are also carrying out the
SLASF (opportunities for verbal persuasions), the sources of self-efﬁcacy may create a better suited
environment for promoting PA.
Being autonomous in making decisions is known to be directly related to intrinsic motivations
towards a behaviour [31]. However, in the school context, students may feel their overall autonomy is
restricted to the bounds of the school. As a result, some students may ﬁnd the school environment
something that they can thrive in, whereas others may feel the environment restricts individual choices.
The autonomy supportive environment is as important as having autonomy among school-aged
children because it can lead to greater levels of PA outside of the school context [32]. Factors that
may inﬂuence the autonomy or autonomy support can include the perception of school academic
performance and the way teachers and peers support academic performance [33], perceptions of ability
to make decisions in the school [34] and feelings of belonging in the school [35]. Furthermore, it
has been reported that individual well-being is associated with individual’s sense of autonomy [36],
therefore studies may need to consider the mediating factors of student well-being.
The levels of readiness for taking part in regular PA would vary vastly among the students
throughout the school. According to the transtheoretical model [37] individuals are at different
stages of their intention for behavioural change. Progression between the five noted stages include
pre-contemplation (not ready), contemplation (getting ready), preparation (ready), action and
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maintenance. According to the model, the factors that influence moving between these stages consist of
biopsychosocial factors, including self-efficacy, own and socially supported decisions and going through
the process of change [38]. Through awareness of the stages of change among the target population,
there is a greater understanding of how to create targeted interventions for the promotion of PA.
1.3. Measures of Feasibility
The SLASF programme is in its pilot phase as part of a larger systems based Healthy Ireland
Demonstration Project. It is also a feasibility study, because we aim to investigate whether it
is suitable in secondary level schools and if so, how to do that [39]. According to Bowen and
colleagues [40], designing feasibility studies can have eight areas of focus; acceptability, demand,
implementation, practicality, adaptation, integration, expansion and limited efﬁcacy. Although the
SLASF is a non-clinical study, the feasibility study is useful to provide an indicator for stopping,
revisions or continuing for a scaling up a randomised control trial [41]. Moreover, the predeﬁned rules
need to be put in place prior to the analysis to prevent uncontrollable biases [42]. In Table 1, Bowen
and colleagues’ areas of foci for this feasibility study are broken down into the areas which this study
researches and stopping criteria.
Table 1. Areas of focus for feasibility studies with measures and stopping criteria.
Focus

Measures

Stopping Criteria

Acceptability

Pragmatic survey instrument on suitability, satisfying
and attractiveness for SLASF in schools for the TY and
the whole-school at the end of the year.

When less than half the school students and TY
consider SLASF to be suitable, satisfying or attractive
to them.

Focus group and interviews to describe the process of
satisfaction of the programme, ﬁt into the school’s
culture and the positive and negative effect on the
school.

When interviews describe strong statements that have
a negative impact on the school’s culture or too much
dissatisfaction to the programme.

PA audit of sections of the school.

No improvement over the academic year.

Demand

Implementation

Attendance list at the speciﬁc activities

Unsustainable numbers in attendance.

Survey instrument based on readiness for PA
behaviours.

Over half of students increased their readiness if they
can.

Focus groups based on the TY engagement in the
SLASF process.

Discussions conﬁrm low attendance rates and lack of
demand for activities.

Action Logs from the logbook.

Over half actions left incomplete

Focus groups on implementation ease

Discussions where respondents report too many
challenges preventing implementation

Staff interviews

Data that suggests lack of resources to implement the
programme and failures to execute the actions.

Practicality

Action plans for promotion of PA

If action plans could not be drawn up by the speciﬁed
time frame

Adaptation

Registrations at events carried out as part of the action
plan

Substantial decrease in participation over a 6 week
period

Integration

Pre- and post-test results on PA opportunities and its
participation

No increased opportunities since the beginning of the
programme.

Interviews with management about costs to
organization and school policies

Descriptions whereby the costs are not sustainable.
Indicators that there is a lack of staff

Expansion

Interviews of management

Descriptions of the uniqueness of the programme to
the school and difﬁculties to roll out to other schools.

Limited Efﬁcacy

Pre- and post-test results from the comprehensive
surveys

Reduction in main outcome variables over the course
of the year that is greater than the difference between
each year cohort at the baseline measurements

ASF logbook entries

Notes that report barriers to completing actions that
are not manageable

PA audit

Low level of usage when compared with the beginning
of the year
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1.4. Purpose of the Study
The primary objective for this study is to see if the SLASF certiﬁcate is an acceptable programme
in secondary level Irish schools. The secondary objectives are to see how feasible it is to operationalise
the components needed for testing a year-long intervention. These include collecting accelerometer
and physical health measures of students in the schools, completion of survey questions for pre- and
post-intervention evaluation and investigate areas for improvement from a pilot study to scale-up
intervention programme.
2. Methods and Design
2.1. Setting
Eligible schools include secondary level schools in the Republic of Ireland that have not previously
applied for the SLASF. Special educational needs schools or schools without a range of students from
each year group are excluded. The feasibility study will be conducted in three secondary level
schools, covering the demographics of a girls only school, a mixed school with designated ‘Delivering
Equality of Opportunity in Schools’ (DEIS) status and a mixed mainstream school. A DEIS school
is part of the Department of Education and Skill’s action plan for educational inclusion to address
disadvantaged education.
2.2. Recruitment
2.2.1. School Recruitment
The SLASF programme is a comprehensive programme and employs a whole school approach.
As an intervention programme, schools were invited to take part if they are not currently in the process
of obtaining the Active School Flag. The normal process of the SLASF recruitment is for schools to
make an application but this was suspended to allow time to develop the new model. Schools that
were interested in carrying out the feasibility study contacted the Active Schools ofﬁce and requested
to pilot the second level programme. There were three schools that responded and accepted because
they each have a strong well-being structure in place in their schools. This is a feasibility study with
secondary outcomes on efﬁcacy hence matched control schools (one girls only, one mixed and one
mixed DEIS school) were recruited to take part in the survey component of the study. No reserve
list was formed for this cohort but engagement of all three schools throughout the year to follow the
feasibility and evaluate the SLASF process.
2.2.2. Student Recruitment
In the participating schools, there are two levels of student engagement—basic and comprehensive.
Although all students are exposed to the same SLASF programme, those engaged in the SLASF Basic
are required to complete less data collection measures than those in the SLASF Comprehensive.
The whole school is involved in the SLASF Basic and a random class from each year group is selected
to take part in the SLASF Comprehensive. Classes are known as mixed ability tutor groups. Students
obtain their consent to take part in the study. Even though there may be some students who do not
obtain consent or would not like to withdraw from the comprehensive aspect of the study, there is no
likely reason for them to inﬂuence the feasibility of the study.
The SLASF initiative is structured to ﬁt into the TY framework providing real and meaningful
opportunities for student voice and youth leadership. A TY class would be nominated by the school as
the SLASF TY class. This TY class attends classes in relation to SLASF tasks including youth leadership,
mentoring and PA promotion.
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2.3. Consent
All students are given information letters for their parents. The information stated the purpose of
the study as well as components of the study that would involve their child. Also, the letter invites the
parents to speak to their children about the study and there are contact details to the research team to
answer questions the parents may have. Because of population bias from active consent, passive consent
was used for all students in the basic part of the programme. The school manages the returned forms of
withdrawal. This is because it is part of the whole-school process and as a feasibility of programme,
schools need to be aware of how to handle withdrawal from the programme. The online survey requests
the students to give their assent (if under the age of 16) or consent (if over the age of 16).
Students assigned to the comprehensive study, receive the same information sheets as the basic
programme but in addition, information about the other measures that are included as part of the
feasibility and process evaluation. Parents are asked to give opt in consent due to the nature of data
collection (i.e., use of accelerometers). As part of Irish law, students over the age of 16 can give their
own consent to take part in the study. All students were asked to opt in to be included in video
recordings of interviews.
2.4. Allocation Strategy
There was no allocation strategy used to select the schools. As a feasibility study, it was important
to test the SLASF in various contexts. Three contexts were chosen; a DEIS school, a girls only school
and a mixed school. All schools are considered to be large in size and this would test out the possible
whole-school approach.
2.5. Active School Flag Intervention
The SLASF feasibility model is co-designed by a SLASF steering group and staff, researchers of
the University of Limerick and feedback from the three lead schools. The SLASF process is designed
to be peer-led by a TY SLASF class, who will have the support of an SLASF coordinator, SLASF
committee members, school staff and school management. The initiative challenges peers to ﬁnd
ways to encourage more students in their school to engage in school-based PA opportunities (year
1—SLASF certiﬁcate) and community-based PA opportunities (year 2—SLASF ﬂag). During year 1
(Active School Flag certiﬁcate) the focus is on increasing participation in school-based PA opportunities.
Year 2 (Active School Flag) is focused on community-based activities.
Previously the SLASF was viewed as a physical education initiative. In order to generate greater
whole-school engagement, the SLASF tasks are formatted to draw support for the SLASF TY team
from school management and teachers across a variety of different subjects. The new format of the
SLASF process complements two current key educational initiatives: The Well-Being Framework by
the Irish National Council for Curriculum and Assessment, the School Self-Evaluation process by
the Department of Education and Skills and a new initiative presently at draft stage: The Parent and
Student Charter also by the Department of Education and Skills. Students working towards Gaisce
the President’s Award can use their SLASF work to fulﬁl their Community or Personal Skill challenge
requirement. Another beneﬁt of SLASF is that it will link schools with the current national Healthy
Ireland PA programmes and national youth charity events including:

•
•
•
•
•
•

Get Ireland Walking—www.getirelandwalking.ie
Parkrun—www.parkrun.ie
Get Ireland Swimming—www.swimireland.ie/get-swimming
Swim for a Mile Challenge—www.swimireland.ie/get-swimming/swim-for-a-mile
Darkness into Light—www.darknessintolight.ie
Cycle Against Suicide—www.cycleagainstsuicide.com
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The SLASF programme is a whole-school approach to increase PA opportunities and generate
opportunities for student voice and youth leadership. Currently, there are two levels. The ﬁrst level
is a certiﬁcate. This is open to all secondary level schools. It can serve as a good link from primary
schools to continue on the ethos of active schools and allow a school to consider whether to take the
next step or not. Moreover, SLASF is a DES (Department of Education and Skills) initiative and it can
only be awarded to schools that adhere to physical education timetable recommendations that is, a
double timetabled period of physical education for all year groups. This provision is not in place in
a large number of secondary level schools, thus heretofore excluding them from the SLASF process.
The introduction of the certiﬁcate level, without eligibility criteria, opens the SLASF process to all
interested post primary schools. If the SLASF certiﬁcate proves beneﬁcial it may encourage them to
revisit their timetable policy.
Achievement of the ﬂag is a whole school process, meaning that management, staff and students
all play a role in the programme. There is a requirement for website updates and an online presence.
In order to achieve the SLASF Certiﬁcate a number of tasks must be completed during year 1.
These include: (1) a staff slideshow, (2) an SLASF team slideshow, (3) class time slideshow (4) SLASF
training day, (5) an SLASF awareness week (towards the beginning of the year), (6) website showcase,
(7) SLASF whole school questionnaire, (8) SLASF launch event, (9) SLASF action plan, (10) ‘Did You
Know?’ campaign, (11) PA module as part of Social, personal and health education (SPHE) subject for
junior cycle students, (12) Active School WALKWAY, (13) Community Mapping of extra curriculum
activities, (14) Community Event, (15) Active School Week, (16) SLASF accreditation visit and (17)
school PA space audits (Figure 1).

Figure 1. Second Level Active School Flag (SLASF) Intervention and Research Components Timeline.

All 17 activities are scheduled throughout the school year including a combination of staff and
students as the main actors in this process. The SLASF TY class should take leadership guided and
supported by the SLASF coordinator and committee on the programme. A key part of the process is
that the SLASF coordinator has timetable provision allocated to two class periods per week to carry
out work with the TY class. The committee includes staff representatives from the school, including
one from management, an SLASF coordinator, two other staff who work on the well-being curriculum
to include SPHE, Civic, Social, Political Education (CSPE) and Physical Education teachers, as well as
four youth leaders. Structure of different actors in the process can be viewed in Figure 2.
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Figure 2. Actors of the Second Level Active school Flag.

Schools wishing to work towards the second level of the SLASF process, the Active School Flag,
must have completed the certiﬁcate level and be able to conﬁrm that they timetable physical education
in accordance with DES recommendations.
At the student level, there are three levels of involvement. There is the SLASF team, which is
comprised of the SLASF TY programme group. There are four SLASF youth leaders who represent
the team at the school committee level. To be a youth leader, the SLASF team member needs to apply
for the position through an application process that is evaluated by the staff members of the SLASF
committee. The youth leaders end up representing the student voice at the SLASF committee and have
the responsibility of presenting the SLASF action plan and the SLASF end of year review to the school
Principal. The third student level is the SLASF class representatives. There are two in every class in the
school and students can also apply for this position through an application form. The selection will be
made by the class tutor in consultation with the SLASF coordinator.
2.5.1. TY Leader Role
The TY leader role is responsible for planning, promoting and implementing the SLASF initiatives
and events throughout the school year. Based on self-efﬁcacy theory [29], TY leaders are a closer
connection to the students in the schools than teachers, thus strengthen vicarious experiences.
Moreover, social support and leadership from the TYs can reinforce the basic premise of proactive
behaviour change [43]. The SLASF team can be identiﬁed by being given pins to wear on their uniform.
Moreover, part of the time spent on SLASF activities can be used as part of a time bank for other
volunteering programmes, such as, Gaisce the President’s Award. The selected SLASF youth leaders
will receive their own distinct pins to wear on the uniform.
2.5.2. Activities for Certiﬁcation
For schools to be successful in achieving the activities needed for certiﬁcation, there is a yearly
planner with guideline dates for task completion that the schools will use to keep on track. This also
includes the accreditation visit. For example, the SLASF slideshows for the staff, team and youth
leaders need to have been completed before the 2nd week of the school year. A designated training
day takes place a week later. The purpose of this training day is to introduce the pilot schools to
each other and the research team. The research team describes the whole year process evaluation and
measurements taken throughout the year. There are co-design opportunities between the TY leaders
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and researchers to formulate the surveys used to collect data. The training day is not expected to run
every year once feasibility is over. At this training day, two members of staff, the SLASF coordinator
and another on the SLASF team take four student leaders to a training venue to learn about how to
run the activities throughout the year. The website should also go live at the outset of the process.
The website should encompass an easy to ﬁnd link to the SLASF section of the site and there are the
four core parts of the SLASF process; Physical Education; PA; Partnerships; and Active School Week.

•
•
•
•

Another activity that the school needs to complete is the SLASF Awareness Week. This should be
completed two weeks after the training day.
School census questionnaire is deployed a week after the awareness week and this precedes the
ofﬁcial launch of the SLASF process.
During the launch, there would be a school wide tug of war (TOW) competition that is planned,
promoted and organised by the SLASF committee.
For the launch day the overall winning TOW team will compete against a staff team at a whole
school event to launch the SLASF initiative.

A school census questionnaire was developed to help the SLASF team to identify their action
plan. Core questions about PA opportunities, physical education, involvement in extra-curriculum
activities and barriers to PA were included in an online survey. For a week after the awareness week,
the survey is available for completion. All responses are anonymous and completed conﬁdentially.
Class teachers supervise and help answer any technical questions related to the completion of the
survey. The data is stored on a secure server that is only accessible to the researchers. However, the
overall results for each variable would be computed and provided for the school to carry out their
own descriptive analyses with the TY group. The TY class can then produce meaningful ﬁndings from
the survey to show the school through the notice board and used for one of the planned actions.
For the TOW event a free rope and a 2 1/2 h workshop will be provided for each school. This will
enable TYs to coach and ofﬁciate TOW competitions and SLASF committee members that complete
the course will receive a TOW Community Coach certiﬁcate upon completion. Each class in the school
will be involved in this event with each having 3 TOW teams that compete against each other during
tutor time or physical education class to decide what team will represent the class. Each class TOW
team competes against the other classes in their year group during lunchtime to ﬁnd the best TOW
team for their year. Local role models can be invited to help launch the event by taking part in one of
the TOW teams. This event should take place before the mid-autumn break.
After the mid-autumn break, the schools would have access to their school’s results from the
school questionnaire. The SLASF teams are given a month to review the results and start to design
an SLASF action plan. At least three action points need to be agreed upon by the SLASF team.
The proposed SLASF actions should be presented to the Principal for agreement. The agreed actions
are then implemented in the second half of the school year. Towards the end of the year, the three
agreed actions will be reviewed by the SLASF team members and presented to the school Principal
during the last two weeks of the school year.
In addition, all students in the selected year group in the school will take part in a four weeks
PA module delivered by the Social and Personal Health Education (SPHE) teachers. There would
have to be a ‘Did You Know?’ campaign around the school that helps raise awareness about the
beneﬁts of PA for teenagers, in particular the positive impact that PA has upon focus, concentration
and academic achievement. Another practical task for the SLASF team is to signpost an Active School
WALKWAY. The walkway is a route that can be used by the students in the school during recess time
or under teacher supervision for active learning activities, before/after tests or during free classes.
SLASF, in partnership with Get Ireland Walking, designed Active School WALKWAY packs consisting
of colourful outdoor all-weather sign post plaques which include orienteering symbols. One of the
tasks that the SLASF TY class have to undertake is to map, measure and erect the walkway signposts
to create a school walking route. A school WALKWAY Day where all classes get the opportunity
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to complete the walkway route with their teachers on a nominated school day needs to be agreed
by school management. Then it is organised and promoted by the SLASF TY team. The organised
walkway can be used as part of orienteering activities during timetabled physical education, as well as
other school-based initiatives.
As the year ends, the school prepares for the accreditation visit for the certiﬁcate. A follow up
visit takes place during the acquisition of the ﬂag year. Prior to this, the school needs to organise
a community mapping exercise and community events which should help with the design of the
Active School Week (ASW) programme. The main aims of the ASW are to promote PA in a fun and
inclusive way, as well as raising awareness about the availability and variety of PA opportunities
for teenagers and their families in their local community. Throughout this week the school provides
many and varied opportunities for staff and students to become more physically active throughout the
school day.
2.5.3. Expected Outcomes Tables and Measures
According to their training resources, the programme aims to impact on a number of areas.
However, to measure them all, multiple sources are required. A collection of survey instruments can
be used to measure some of the outcomes, whereas some interviews can be used to evaluate other
outcomes. In addition, the programme is year-long and a whole-school approach, hence site visits and
checking on progress through logbook entries would be used to determine the processes carried out
during the study. In Table 2, there is a list of the areas that SLASF aims to promote and some measures
that can be used to test these outcomes.
Table 2. Aligning outcomes with measures.
SLASF Target Areas

Measures of Efﬁcacy

Details

Physically educated
Physically active school
community

Self-efﬁcacy in PA
Comprehensive Survey and focus
groups
Whole-school survey and focus
groups
Teacher scheme of work
Teacher scheme of work

Student survey

Broad physical education
Balanced physical education
More inclusiveness
Partnership with others to
promote pa culture
Active school week
Increased concentration
Improved learning
Maintenance of discipline
Improved test results
School enjoyment
Increase Daily PA
Reduced sitting time
Reduction in overweight and
obesity

Survey item and discussions
List of physical education
activities and discussions
Teacher records
Teacher records

TY logbook

Taster session from ASW

TY logbook
Harter scale
Teachers perceptions
Teacher records
Winter and summer test
Questionnaire
Accelerometers
Accelerometers
Self-report and anthropometric
measures of height and weight

Record of entries
Student survey
Student and teacher survey
Discipline records
Academic records
Student survey
Comprehensive Data
Comprehensive Data
Comprehensive data

2.5.4. Questionnaires
There are two types of online surveys carried out throughout the year. The basic survey is
completed by the entire school. This survey is anonymous and the focus is on PA participation and
barriers to school related physical activities. This survey is a compulsory part of the SLASF process.
Administration of the survey is decided by the school, with the intention to cover the entire school.
Ideally, a census sweep of the school takes place at the same time. However, there may be some
technical issues that may prevent this from happening. For example, schools may have a limited
number of computers accessing the internet at any one time (bandwidth limits), may have a limited
number of units to complete the survey (lack of tablets or computers) or could not get all the school
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to take part at the same time (timetabling issues). The results of the survey will be given back to
the school for the purpose to plan speciﬁc school-based interventions. Therefore, it is important that
the mode of data collection, analysis and reporting can be completed quickly and easily. Failing all
technical capabilities to collect from an online platform, extra resources would be dedicated to ensure
double coding from pen and paper surveys.
The second type of survey is a comprehensive survey, used for evaluating the feasibility of the
study. The participants in this study input their user-ID so that the data can be linked from the
beginning and end of the year long programme. Completion of the online survey takes place as one
of the testing stations during the data collection visits. All the students have tablets or allocated to a
school computer to complete the online survey. Details of the instruments are reported in Table 3.
Table 3. Battery of questionnaires.
Battery

Items

Response Scales

Psychometric
Information

PA Screening measure

2 items on number of days in a week
of at least 60 min of MVPA per day

0–7 days

Validity & Reliability
[5,44]

PA opportunities

Modiﬁed items about local
opportunities for PA to the context of
schools instead of ‘residential area’

5 point scale, 1 = disagree a
lot, 5 = agree a lot

Original items used
from an interview
guide.

The exercise self-efﬁcacy
scale for adolescents

10 items on conﬁdence to participate
in a variety of conditions

11 point sliding scale, 0 = not
at all conﬁdent, 10 = very
conﬁdent

Nigg & Courneya,
1999 [45]

PA peer support scale

4 items on the frequency of peers
inﬂuence for PA

0 = never, 5 = every day

Prochaska et al., 2002
[46]

PA, plans, expectancy
and intention

Modiﬁed 3 items on the planning,
expectancy and intention to do PA in
the coming week

1 = unlikely, 8 = likely

Hagger et al., 2001
[47]

Readiness for behaviour
change

Single item to determine which stage
of the transtheoretical model in terms
of PA

Select one item of each stage
of the transtheoretical model

Lee et al., 2001 [48]

Perceived school
performance

Single item about perceptions of
teacher’s evaluation of students’
grade

Very good, good, average,
below average

Felder-Puig et al.,
2012 [49]

Perceived school
performance

Two items about the students
perception of their school grades

5 point scale, 1 = strongly
disagree, 5 = strongly agree

Felder-Puig et al.,
2012 [49]

Harter’s Self-perception
scale for adolescents

5 items from the scholastic
competence subscale.

Polarised responding

Harter et al., 1982
[50]

Belonging in school

2 items on belonging to a school

1 = Strongly agree,
5 = strongly disagree

OECD

School satisfaction

How do you feel about school a
present

1 = I like it a lot, 5 = I don’t
like it at all

HBSC since 2001

School effort

How pressured do you feel by the
schoolwork you have to do

Not at all A little, Some,
A lot

HBSC since 2001

Participation of
organised activities

3 items about the student-led
activities at school.

1 = Strongly agree,
5 = strongly disagree

HBSC in 2013/14

Kidscreen-27

Items on the physical and
psychological well-being and the
autonomy and parent relations

Not at all, Slightly,
Moderately, Extremely

Ravens-Sieberer,
et al., 2006 [51]

2.6. Process Evaluation
2.6.1. Logbook Activities
Each school is given a logbook to record their activities. This is used as part of the accreditation
process and is used by the researchers to evaluate the processes that the school used. The logbook
is mainly used by the SLASF team and the SLASF committees. Every week, the TY students have
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the opportunity to complete a small section in the diary to record what took place. The diary is
linked to the school year and the expected timescale for carrying out speciﬁc activities. There is also a
chart for the SLASF team to complete by recording the agreed actions to be carried out by the SLASF
team. The team need to record the date of the agreed action, a short title for the action, the person(s)
responsible, date of the action completed and a check box.
The TY team carries out a brief version of the System of Observing Play and Leisure Activity
in Youth (SOPLAY) [52]. SOPLAY is a direct observation tool that is used by the TYs to assess PA
levels within speciﬁc PA areas in the school. Due to resources, the full SOPLAY protocol had to be
reduced down to three speciﬁc areas around the school. Furthermore, the TYs use tablets to video
record the speciﬁc area and retrospectively carry out the observations. It is designed in this way
because the technology is more readily available in schools than the time when SOPLAY was created
by McKenzie and colleagues [52]. Through, observing the video recordings, the results can be veriﬁed
so the validity of the results are stronger. Trained researchers with the SOPLAY counting system can
verify the results from the TYs by matching the observation results. The videos can also be used as part
of a TY class, where the students can get an understanding of ways to record the different intensities of
PA. The SOPLAY exercise is carried out over six times throughout the school year. The assignment
of the dates are researcher assigned days. The TYs are informed of the audit in the morning of the
day the recording takes place. To reduce potential bias in the results, the TYs are reminded not to tell
others that they are carrying out the observation. Observations take place twice during lunchtimes,
one 10 min into the beginning and the second when there is 10 min left.
Another activity recorded in the logbook is the SLASF committee meetings. The logbook provides
space for six meetings throughout the year. The meeting minutes include the people in attendance,
the areas of discussion and the actions that were agreed. There is also space in the logbook has space
for a list of agreed action created by the TY class during their timetabled class time. To encourage
compliance, there is room for information such as the agreed action, the person responsible and the
date for completion. In addition, there is room in the logbook for the TY team and coordinator to note
activities that take place in a speciﬁc week. For each week, tasks that are suggested, such as the slide
show, presentation of the action plan and so forth are available for the TY and coordinator to help
remind to be on track.
2.6.2. Whole-School Surveys
There are three surveys to be carried out by all students in the school. The whole-school survey is
part of the feasibility study and is carried out through an online survey platform. It is a mandatory
action to be carried out by the school and is carried out during the ﬁrst two months of the academic
year. The school uses this information for creating and implementing three school speciﬁc action
plans. Within this survey there are details of participation levels and barriers to taking part in physical
education and extra curriculum activities. Both staff and students complete a second survey halfway
through the process with items also related to process evaluation. Items will test implementation,
ﬁdelity and satisfaction of the tasks completed to date. The ﬁnal whole-school survey has items
related to process evaluation and is completed towards the end of the academic year but before the
accreditation visit. The survey will also be held on an online survey platform. Due to the difﬁculties
in getting whole-school engagement towards the end of the school year, the survey has pragmatic
evaluation items whereby it can be completed on a mobile device such as a tablet or smart phone.
2.7. Sample Size
There are three schools that are part of the feasibility study. Unlike a sample size calculation, a
justiﬁcation is made for feasibility studies [53]. In Table 4, information about the size of the school,
the type and the number of participants expected to complete the comprehensive arm of the study
is presented.
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According to the Department of Education and Skills school lists, School B is one of the largest
secondary level in Ireland, with 1313 enrolled students. It is also a DEIS school. Approximately
10% of secondary level students attend a DEIS designated school. Moreover, there are known
socioeconomic barriers towards PA [6], therefore it is necessary to carry out this feasibility in a
DEIS school environment. School A is an all-girls school. Almost one in ﬁve schools in the country are
all-girls’ schools. There are many reports of girls having lower levels of PA than boys and therefore it
is essential to include an all-girl’s school. School C has a slightly fewer number of students than the
national average of 999 students per school. Moreover, the ratio between girls and boys is slightly
higher for girls (1:1.05), whereas the national average in mixed schools tends to have fewer girls than
boys (1:0.87).
Table 4. Sample size descriptions.
School
Intervention
A
B
C
Control
D
E
F

Students

Girls

Boys

Teachers

DEIS

Comprehensive (N)

971
863
1313

971
440
664

423
649

70
70
120

N
N
Y

100
150
150

582
629
378

582
322
206

307
172

41
45
35

N
N
Y

123
121
88

2.8. Data Analyses
2.8.1. Quantitative Data
The data from the surveys are analysed through relevant statistical methods for the follow up
data in this feasibility study. Compatible data between comprehensive and basic surveys can be used
to determine the test-retest reliability of the items given that a smaller subsample of the entire school.
As reliability is an important psychometric property for question items, this is carried out during the
ﬁrst phase of data collection.
Students take part in the comprehensive study have their measures taken two times during the
academic year. The ﬁrst time takes place in autumn 2018 and the second takes place six months later
during the spring 2019. Accelerometer data are transferred through the ActivPal software based on
15sec epoch. The standardised cut-offs for different types of motion; sleep, standing, light, moderate
and vigorous PA are then compared at an individual level from pre- and post-test time points. Similarly,
the height, weight and grip strength data is compared between the time points and used to control the
differences in accelerometer data. Comprehensive survey data is also analysed with differences in PA
and school related factors.
Exploratory approaches include cross-sectional multivariate analyses of PA and school-related
factors as independent variables and device-based PA and perceptions of PA opportunities as the
dependent variables. Mixed models and multi-level regression analyses can be used on the data that
has sufﬁcient follow up data from the ﬁrst time point. The multi-level approach takes into account
between- and within- individual processes that explain variances in the outcome measures. Through
this approach, it is possible to test the extent of PA (psychosocial variables) and school-related factors
in relation to changes in PA levels and opportunities, at the same time to examine the individual versus
the school factors that contribute to the outcome variables.
The follow-up data adds another level of analysis that can test the changes through the
intervention. It makes it possible to examine, for example, the changes in PA levels across the schools
from the beginning and the end of the study, while also taking into account changes in the psychosocial
variables included in this study. The interactions between the contexts can conﬁrm behavioural change
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theories by examining the mediating and moderation mechanisms in PA levels. The majority of the
statistical analysis would be carried out using IBM SPSS.
2.8.2. Qualitative Data
The majority of the qualitative data comprises of focus group data. The way data is captured is a
summary of individuals who collectively agree and discuss on the content [54]. Therefore, the ﬁrst
phase of analysis is to provide quantitative analysis of the subjects and the group types [55]. Focus
groups can be useful to ﬁnd a consensus on a phenomenon, as well as to engage with participants to
discuss and share ideas that would otherwise be difﬁcult to gather from one to one interviews [56].
In particular, the structural approach to children’s group research can be used and transferred across
to adolescents so that the students’ voice to be heard [57]. Because the way a person in the focus
group may consider a way to respond to the moderators’ questions could differ from what other
individuals may be thinking at the time, it is important to consider the way individuals respond, with
whom and in what ways [55]. Transcriptions are matched with assistant moderator notes of verbal
and non-verbal behaviours.
The data from one-to-one interviews is more straightforward. A semi-structure interview guide
is used to direct the respondent to focus on the research questions and is used for further probing
into these questions if the respondent needs to explain something further. Interviewees data are also
merged with intonation coding to help reinforce the importance of non-verbal behaviour. The double
coding from the transcription across the different qualitative approaches creates a rich source of data.
The combination of data is inserted into NVivo software for qualitative analysis. The metadata
and types of data are used to create a rich data set. The data undergoes a thematic analysis as
suggested by Lederman [58] by (1) identifying the big ideas, (2) creating units of data, (3) categorizing
the units, (4) negotiating categories and (5) identifying themes and use of theory. The theories
surrounding social-cognitive theories, including self-efﬁcacy theory [29], self-determination theory [31]
and competence motivation theory [50] are lens used in the ﬁnal steps of the content analyses.
The data are collected through follow up measures throughout the year. The researchers
incorporate verification checking at the beginning of each session to place a point where the respondents
can focus on. In particular, we are interested in the processes of the intervention, as well as the potential
transformation in beliefs, thoughts and actions over the course of the year. These steps are useful for
designing the results in a way that allows for multi-method approach to the overall research questions.
2.8.3. Mixed Methods Analyses
Both quantitative and qualitative data can complement each other. We hope that the data that
derives from both methods of inquiry can be partly explained through the literature to date and
other types of data that is collected. To return to the points of evaluation of the feasibility study,
there are various numbers of expected outcomes that the school is expected to achieve and they are
measured directed through particular sources (Table 2). For example, the expected outcome of a
broad physical education curriculum is measured through the whole school survey on participation of
various physical education activities. The data taken from the beginning of the year gives insight to
the types of activities that the students reported to have attended in the past 12 months. Through data
collection across all year groups, the survey data can be used to determine how broad the physical
education programme actually is. The post-test survey would give an indication of the extent of the
physical education programme. However, reliance solely on this measure may be limited to the actual
item that is included in the survey [59]. Therefore, combining the data from focus groups by the
students and staff at the school can give more details about what was popular, who experienced the
changes and the mechanisms in place to make the broader physical education opportunities. Therefore,
the focus on the results are on the processes of creating the change, thus allowing further insight into
the behavioural change techniques used to facilitate such changes.
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The SLASF log data contains both quantitative and qualitative data and can be analysed for the
percent of completion towards the SLASF. Actions in relation to SLASF throughout the year form
descriptive feasibility analyses. Differences in the PA audit across the year are analysed through
descriptive statistics over time. In combination with the logbook of actions and the results of the PA
audit more details about the feasibility of schools’ actions from the TY class can be determined in
relation to desired outcomes.
2.9. Availability of Data and Materials
After completion of the study, data will be stored at the University of Limerick’s Data archive
without potential identiﬁers and request for data can be made through the study’s principal investigator
(Last author). All supplementary materials for the SLASF programme including the resource pack,
template logbook and accompanying resources will be available at https://osf.io/frx6t/.
2.10. Ethics Approval and Consent to Participate
The study follows the principles of the Declaration of Helsinki. The study protocol has been
approved by the research ethics committee of the Faculty of Education and Health Sciences, University
of Limerick (ref no. 2018/10/18_EHS). Written informed consent will be sought from participating
teachers, students and students’ guardians. All participants have permission to withdraw from the
study at any time and data deleted if collected. In cases of important protocol changes, requests
from the ethical committee will be sought for. Trial Registration: https://osf.io/keubz/register/
5771ca429ad5a1020de2872e; Registered 24th September 2018; Clinical Trial Registration: NCT03847831.
3. Discussion
In this year-long feasibility study of the SLASF, a mixed-method approach is used to give
recommendation to stop, revise or conduct a randomised control trial. The whole-school approach
requires multiple stakeholders, primarily the students in secondary level schools, the TY students, the
SLASF staff and its committee, as well as the management. The theories used in this paper are based
on social cognitive theories and stages of change model [29,31,50].
Whole-school based interventions in the promotion of PA have been increasing [11,19] although
the inception of the SLASF in the secondary level schools is more complicated than primary level
schools. The diversity of foci at secondary level schools brings challenges towards a uniform and
national programme. This is evident to date, whereby 29% of primary schools are ASF schools, whereas
less than 5% of secondary level schools have this status. Therefore, a feasibility study is needed to test
the readiness prior to national roll-out.
The results from this study would be used to help inform the development of the SLASF and
report the experiences of the schools in the feasibility study. Secondary outcomes from the measures
carried out in the study may lead to improved understanding of the mechanisms of the promotion
of PA. Moreover, the direct mapping of the stated goals of the SLASF with measures would provide
evidence. Future iterations of the SLASF may include opt in by the students to take part in the SLASF
TY programme, thus providing a mixture of students who are active and inactive.
The challenges to this programme include the ﬁdelity of the year-long programme. Schools are
dynamic systems all with different characteristics based on the people who attend it. Challenging
aspects could include issues arising from the coordination of the staff and pupils to carry out the
tasks. There may be other activities that take place in the school, which reduce the efforts needed to
run the programme or conversely, highly engagement that roles are dispersed more than previously
planned. Monitoring of ﬁdelity and carrying out process evaluations would help inform the way the
programme is run.
This feasibility study is novel in design in that it a whole-school approach to the promotion of
physical activity among adolescents who are empowered to organize activities over the course of the
year. School management also receive an incentive by striving towards the goal and recognition of
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an Active School Flag. Successful piloting of the SLASF can lead to upscaling to all secondary level
schools around the Republic of Ireland due to the programme endorsement by the Department of
Education and Skills. Testing of the programme can be part of large scale RCT that would ﬁt under the
Healthy Ireland Demonstration Project.
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Abstract: Much of the evidence examining temporal trends in ﬁtness among youth has found a
decrease in measures of muscular strength and muscular power over recent decades. The aim of this
study was to examine trends in lower body muscular power in Spanish boys over 47 years. In 1969
140 boys (10–11 years; body mass index = 19.24, SD = 2.91 kg/m2 ) and in 2016, 113 boys (10–11 years;
body mass index = 19.20, SD = 3.15 kg/m2 ) were recruited. Lower body power was assessed using
the vertical jump (VJ) and standing long jump (SLJ) tests. Signiﬁcant diﬀerences and a large eﬀect size
were shown between groups in the SLJ (p = 0.001; d = 0.94) and the VJ (p = 0.001; d = 0.66). SLJ data
in 1969 were higher (1.52 m, SD = 0.19) when compared to the 2016 data (1.34 m, SD = 0.18). The VJ
performance of the 1969 sample was also higher (25.95 cm; SD = 6.58) than the 2016 sample (21.56 cm;
SD = 4.72). SLJ and VJ performance of the 2016 group decreased 11.8% and 16.9%, respectively. There
were no signiﬁcant diﬀerences between groups in body mass index. The results indicate a secular
decline in lower body muscular power in 10–11-year-old Spanish boys with no signiﬁcant changes in
body mass index over the 47-year study period.
Keywords: pediatric dynapenia; children; resistance training

1. Introduction
Low levels of muscular ﬁtness (i.e., muscular strength, muscular power and local muscular
endurance) in children and adolescents are associated with poor motor competence, functional
limitations and adverse health outcomes [1,2]. Recent ﬁndings indicate that measures of muscular
strength and power in modern-day youths are lower than in previous generations [3–6]. Sandercock and
Cohen reported a decline in muscular ﬁtness (bent-arm hang, sit-ups and handgrip) using allometric
equations in 10-year-old English children from 1998 to 2014, and noted this trend was independent
of secular changes in body size [5]. A similar trend in muscular ﬁtness was observed in Spanish
adolescents between 2001–2002 and 2006–2007 [4], and in an international sample of children and
adolescents between 1964 and 2017 [7].
Lower levels of muscular strength and power in modern day youths appear to be consequent
to lifestyles characterized by reduced physical activity and increased sedentary behavior [3,5,8].
Importantly, muscular strength and fundamental movement skill proﬁciency are considered
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foundational for ongoing participation in physical activity across the lifespan [8,9]. Therefore,
it is critical to examine temporal trends in muscular ﬁtness in youth due to the far-reaching implications
for disease prevention and health promotion. A recent meta-analysis concluded that poor muscular
ﬁtness was associated with lower levels of bone mineral density and self-esteem, as well as higher
levels of body fat and cardiometabolic risk [1]. In support of these observations, lower handgrip levels
in youth with obesity have been associated with increased cardiometabolic risk [10]. Further, low levels
of performance on selected measures of muscular ﬁtness, including the handgrip, push-up and long
jump early in life have been found to be associated with an increased risk of metabolic syndrome later
in life [11]. Speciﬁcally, the long jump is a ﬁeld test commonly used in youths as a general measure of
lower body muscular ﬁtness [12].
Temporal trends of muscular ﬁtness performance in youth can be used to inform public health
policies about youths’ physical activity and health [13]. However, there are a limited number of studies
examining trends in lower body muscular ﬁtness in youths over recent decades. Additional data are
needed to ﬁll this research gap. The aim of this study was to describe temporal trends in lower body
muscular power in Spanish boys over a 47-year time period from 1969 to 2016. We hypothesized that
contemporary trends towards decreasing levels of muscular strength and muscular power shown in
previous studies will be similar in Spanish children in 2016 as compared to Spanish children in 1969.
2. Materials and Methods
Data were collected from two separate cross-sectional samples from the same school in Galicia,
Spain. The sample consisted of the total boys (10 to 11 years of age) enrolled in the school during both
years. Participants included 140 boys (10–11 years; body mass index = 19.24, SD = 2.91 kg/m2 ) in 1969
and 113 boys (10–11 years; body mass index = 19.20, SD = 3.15 kg/m2 ) in 2016. The University Da
Coruña Ethics Committee approved this research study and parents and participants were informed
about experimental procedures and provided parental permission and child assent, respectively.
Body mass index (BMI) was calculated as body mass measured on an analogic scale to the nearest
0.1 kg divided by height measured on a stadiometer to the nearest 0.5 cm squared. Lower body power
was assessed using the vertical jump (VJ) and standing long jump (SLJ) tests following standardized
procedures [14]. In the SLJ the participant stood with both feet just behind the starting line on a marked
ﬂoor. The distance between the starting line and the back edge of the participant’s heel was measured
after each jump. For the VJ test, participants were instructed to jump as high as possible and mark
the wall with chalk on their ﬁngers. The vertical jump was calculated by subtracting a participant’s
standing reach height from the maximal jump height. Participants were permitted to perform a
countermovement prior to jumping vertically or horizontally. The test order was randomized, and all
participants performed 3 trials per test. Participants were allowed to rest for 1 min between trials
and for 3 min between the VJ and SLJ tests. The best score from each test was used for data analysis.
In 2016, the same testing protocols and procedures were followed as in 1969. The VJ and SLJ were part
of the Spanish physical education curricula during the study period and therefore all participants had
2 familiarization sessions with these tests.
A Kolmogorov–Smirnov test was conducted to determine whether the data met the assumptions
of normality of distribution. When the data met the normal distribution, two-tailed t-tests were applied
for normally distributed data and the Mann–Whitney test was used for non-normal data to determine
diﬀerences between cohorts. Signiﬁcance was stablished at p < 0.05. D-Cohen eﬀect size (ES) was
calculated using the recommended Equation (1) [15].
ES =

mean of the experimental group − mean of the control group
standard deviation of the control group
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3. Results
In 1969, the sample mean age was 10.53 (0.50) years-old (min 10- max 11-years-old) and the median
was 11-years-old. In 2016, the sample mean age was 10.43 (0.49) years-old (min 10- max 11-years-old)
and the median was 10-years-old. Characteristic outcomes in the diﬀerent cohorts are presented in
Table 1.
Table 1. Participant demographics and lower body muscle power over a 47-year-period in Spanish boys.
Variables

Sample 1
1969 n= 140 Mean (SD)

Sample 2
2016 n= 113 Mean (SD)

Δ

Height (cm)
Mass (kg)
BMI 1 (kg/m2 )
SLJ 1 (m)
VJ 1 (vm)

147.06 (6.21)
41.68 (6.21)
19.24 (2.91)
1.52 (0.19)
25.95 (6.58)

140.25 (6.17)
38.01(8.08)
19.20 (3.15)
1.34 (0.8)
21.56 (4.72)

−4.6
−8.8
−0.20%
−11.8%
−16.9%

1

p-Value
0.001
0.001
0.473
0.001
0.001

Cohen’s d
1.18
0.50
0.01
0.94
0.66

BMI: Body Mass Index; SLJ: Standing Long Jump; VJ: Vertical Jump.

4. Discussion
Signiﬁcant diﬀerences and a large eﬀect size were found in SLJ and VJ performance from 1969 to
2016. Over this 47-year period, SLJ performance decreased 11.8% and VJ decreased 16.9%. These results
indicate a declining trend in lower body muscular power in 10–11-year-old Spanish boys with no
signiﬁcant changes in BMI. Our ﬁndings show a greater decline in SLJ than in previous research.
We observed an 11.8% decline in SLJ between 1969 and 2016, whereas Moliner-Urdiales and colleagues
found a decline in SLJ performance of 4.8% in 12.5- to 17.5-year-old Spanish adolescents assessed
between 2001–2002 and 2006–2007 [4]. Similarly, Hardy and colleagues reported a decline in SLJ in youth
between 1985 and 2015, with 10-year-old boys decreasing SLJ performance by 4.8% [13]. These trends
in measures of lower body muscular strength and muscular power in youth may be explained by
declining levels of regular participation in physical education, outdoor active play, and sport activities
during the respective study periods [16]. Of interest, Tomkinson and colleagues quantiﬁed global
changes in anaerobic ﬁtness in more than 20 million youths and reported improvements in performance
from 1958 to 1982, followed by a plateau and eventual decline in anaerobic test performance until
2003 [17]. This observed decline in anaerobic performance is consistent with our observed temporal
trends in musculoskeletal ﬁtness. Similarly, Kaster and colleagues evaluated temporal trends in
sit-up performance in almost 10 million children and adolescents and reported large international
improvements from 1964 to 2000 before then stabilizing near zero until 2010 before declining [7].
Of note, national trends in sit-up performance were strongly and positively associated with trends
in vigorous physical activity, with countries with the largest improvements in sit-up performance
reporting the largest increases in vigorous physical activity [7].
Another outcome of interest is the BMI. Our ﬁndings indicate that there was no signiﬁcant
diﬀerence in BMI between 1969 and 2016. However, the 2016 boys were shorter with a lower body mass
than in 1969. These diﬀerences could be attributed to a younger age of development. While BMI in
our study showed no signiﬁcant diﬀerences over a 47-year period, other reports observed an increase
in BMI over a period of 30 years [13]. Our ﬁndings are not consistent with others who reported that
today’s youths are taller and heavier than previous generations [13]. Of interest, the Spanish physical
education curricula in the 1960s, 1970s and 1980s typically included more strength- and skill-building
physical exercises, as compared to the more recent focus on aerobic games and activities. As such,
trends in BMI and body composition must be viewed in light of the type and intensity of exercise
performed, as well as the age, sex and biological maturation of the study participants.
We found a decrease in lower body power independent of changes in body size and BMI over
the study period. The same downward trend in muscular ﬁtness independent of secular changes in
body size and BMI was also observed in 10-year-old English children, as reported by Sandercock and
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Cohen [5]. While our 1969 sample was heavier and taller than our 2016 sample, with no signiﬁcant
diﬀerences in BMI, English children in the Sandercock and Cohen study were taller and heavier in
2014 than in 2008 and 1998, with no signiﬁcant diﬀerences in BMI [5]. Collectively, these results
suggest that changes in muscular ﬁtness over time may not be associated with secular changes in
BMI and body size. It is possible that other factors, such as trends in quality and quantity of physical
activity engagement, may contribute to the observed decline in muscular ﬁtness in modern day youths.
This downward trend in muscular ﬁtness in modern day youths has also been reported in children
and adolescents from other countries [3]. It should be noted that, without regular opportunities to
engage regularly in strength-building exercises, today’s youths may be less likely to attain the adequate
levels of muscular ﬁtness that are needed for ongoing participation in MVPA [3,18]. Since low levels
of muscular strength and power early in life are risk factors for pediatric dynapenia and associated
health-related concerns [19], the SLJ has been suggested as a valid general index for assessing muscular
ﬁtness in youths [12].
Our results show that the 2016 cohort was shorter and their SLJ performance was signiﬁcantly
lower than in 1969. In young adults, SLJ performance has been found to be inﬂuenced by several
factors, including anthropometrics [20]. Taller subjects have a higher center of gravity and longer leg
lever that can produce greater mechanical jump forces. It has been reported that femur length has
a signiﬁcant inﬂuence on VJ performance [21]. In 10- to 12-year-old children, a positive moderate
correlation between femur length and SJL, and a weak positive correlation between standing height
and SLJ, were reported [22]. Given these observations, participant’s anthropometrics may aﬀect the
take-oﬀ angle during the SLJ and, consequently, the jump distance.
Our study has several limitations that should be considered when interpreting the data. Notably,
we included a relatively small sample of boys from Galicia, a region of Spain. Therefore, our data
are not representative of all Spanish youths. Additionally, we did not assess the biologic maturation
of the participants and we did not measure their current levels of physical activity with validated
questionnaires. Additionally, we did not include the periodic testing of muscular ﬁtness during
the 47-year study period and, therefore, changes in performance during selected periods of time
cannot be analyzed. The assessment of body composition in order to diﬀerentiate between lean body
mass and fat mass was not performed. Additional research is warranted to address the changes
in muscular phenotype (e.g., muscular strength and power) in girls and boys, while controlling for
confounding variables, such as exercise participation and training history. Finally, it has been reported
that sociodemographic variables [13] and the trends towards unhealthy eating habits [23] may inﬂuence
ﬁtness performance in youths; however, we did not assess these variables.
5. Conclusions
To the best of our knowledge no previous studies have examined temporal trends in muscular
ﬁtness in youths over a 47-year period. Our novel ﬁndings are consistent with other reports from
western societies that highlight declines in measures of muscular strength and muscular power
in modern day children and adolescents. To alter the current trajectory towards lower levels of
muscular ﬁtness in children and adolescents, developmentally appropriate interventions that target
neuromuscular deﬁciencies and enhance muscular strength and power are needed to avert the troubling
consequences of pediatric dynapenia.
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Abstract: Obesity, low level of physical activity and dysfunctional movement patterns presents one of
the leading health issues that can contribute to increased risk for developing not only metabolic and
cardiovascular disease, but also musculoskeletal problems. The aim of this paper is to summarize
literature and evidence about relationship between functional movement (FM) patterns, physical
activity (PA) level and weight status in average adolescent population. In addition, this paper
summarized current evidence about relations between maturation eﬀects and functional movement
among athletic adolescent populations. Summary of current evidence suggests that decreased
physical activity level is negatively correlated to functional movement in adolescence. Additionally,
most studies suggest that weight status is negatively correlated to functional movement patterns
although there is conﬂicting evidence in this area. Evidence consistently showed that overweight
and obese adolescents exhibit poorer functional movement compared to normal weight adolescents.
In addition, it appears that maturation has eﬀects on functional movement in athletic populations of
adolescents. It is therefore important that practitioners consider interventions which develop optimal
functional movement alongside physical activity and weight management strategies in children, in
order to reduce the risks of injuries and pathological abnormality arising from suboptimal movement
patterns in later life.
Keywords: FMS; pubescence; pediatric population; fundamental movement

1. Introduction
According to WHO, obesity has tripled since 1975 and thus represents one of the leading world
health problems [1]. Along with the obesity and overweight, low level of physical activity (PA) puts
overweight children at a higher risk for developing noncommunicable diseases. Although PA level
is important for health of the locomotor system and represents a quantitative measure of human
movement, due to importance of locomotor health, qualitative aspects of movement need to be
considered as well. Functional movement (FM) considers qualitative aspects of movement, and can be
deﬁned as optimal postural control and mobility of joints and body regions involved in a particular
movement. On the other hand, dysfunctional movement patterns present low level of quality of
FM and can be related to injury incidence and thus endanger musculoskeletal (MSK) health and can
contribute to developing degenerative changes in adulthood.
Looking altogether, obesity, low level of PA, and dysfunctional movement, can contribute to
even more increased risk for developing not only metabolic and cardiovascular disease, but also
MSK problems in adulthood. Therefore, literature about mutual adverse eﬀects of dysfunctional
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movement on mentioned variables need to be considered in order to provide practical information for
professionals in the ﬁeld of kinesiology, medicine, and related areas.
The importance and inﬂuence of PA and weight status on adolescent health has been investigated
widely, however only few studies have examined the relationship between FM, PA level, and obesity
among the pediatric population. To date, only few studies have examined FM in the general adolescent
population [2–11]. There are only four studies that investigated relation between weight status and FM
in children [8–11]. Additionally, only one study by Duncan and Stanley, investigated the association
between FM and PA level among children [10]. However, no study appears to have summarized
literature about functional movement and its relation to PA level, weight status, and maturation in the
average adolescent population.
Therefore, the aim of this paper is to summarize literature and evidence about the relationship
between FM patterns, PA level, and weight status in the average adolescent population. Additionally,
this paper will summarize current evidence about relations between maturation eﬀects and functional
movement among the athletic adolescent population.
2. Materials and Methods
The author of this study conducted a search in PUBMED (from 1 January 1990 to 1 May 2019)
searching for association between functional movement, weight status, physical activity level,
and maturation in adolescent populations. Key words used for electronic searches were: “functional
movement”, “functional movement screen”, “weight status”, “physical activity”, “physical activity
level”, and “maturation”. Combining the key words “functional movement” and “functional movement
screen” with the other key words: “adolescents”, “intervention”, “weight status”, “physical activity”,
“physical activity level”, and “maturation” were used according to Boolean logic. The studies were
checked by one researcher (J.K.) and were searched by title/abstract. In this study, inclusion criteria
were (1) studies that investigated functional movement on average adolescent population and exercise
intervention aimed to improve functional movement outcomes in average adolescents, (2) studies that
examined the association between functional movement and weight status and physical activity level
in average adolescent populations, (3) studies that investigated the association between functional
movement and maturation in athletic adolescent populations, and (4) English as a publication language.
Exclusion criteria in this study were (1) studies that investigated adult populations, special populations
(e.g., ﬁreﬁghters, oﬃcers, military population etc.) and populations with speciﬁc diseases or injuries,
and (2) studies that investigated functional movement skills (FMS) or functional capacity/competence
in pediatric populations were excluded as well. In addition, manually selected papers from references
within selected researches were included in this paper.
3. Results
After an electronic search, the total number of studies that investigated functional movement
via functional movement screen was 202. After inclusion and exclusion criteria were met, and after
manually selection of references, 14 studies were included in this narrative review. After search,
studies were categorized into three distinct areas: (1) functional movement in the average adolescent
population and exercise intervention aimed to improve functional movement outcomes (six studies
selected), (2) physical activity, weight status and functional movement among the adolescent population
(four studies) and (3) maturation and functional movement among the athletic population of adolescents
(four studies). Each of these study areas are incorporated and interpreted in the discussion section.
4. Discussion
4.1. Clinical Importance of the Functional Movement and Functional Movement Screen as a Diagnostic Tool
The Functional Movement ScreenTM (FMSTM ), originally created by Gray Cook and Lee Burton, is a
screening instrument intended to evaluate deﬁciencies in mobility and stability [12,13]. FMSTM includes
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seven tests: the deep squat, hurdle step, inline lunge, shoulder mobility, ASLR, trunk stability
push-up and rotary stability. To the author’s knowledge, this is the only diagnostic instrument
available, described and validated in scientiﬁc literature for the purpose of screening functional
movement patterns.
Scoring the FMSTM has its own rules and procedures. The FMS raters use a standardized procedure
to evaluate movement function. While performing FMS testing, each participant has a maximum
of three trials for each test in accordance with the recommended protocol. Each test is scored on a
three-point scale, from 0 to 3, with higher scores indicating better FM. In the presence of pain, a score
of zero is noted. For each test, the highest score from three trials is recorded. An overall composite
score was calculated with a total FMS score of 21 according to standardized guidelines. Descriptions of
each FMS test, as well as standardized guidelines for the complete FMS testing is well written in the
literature and can be studied elsewhere [12,13].
Some studies have shown the eﬃciency of the FMS in determining injury risk in athletes [14–16],
however, others indicated the opposite [17–19]. Although there is conﬂicting evidence about the FMS
as an injury predictive tool, the author’s opinion is that the FMS has critical value for identifying
movement mobility and stability deﬁciencies. Deﬁcits in movement mobility and joint stability
potentially predispose athletes and average populations to higher injury risk since optimal movement
patterns can possibly prevent and reduce that risk.
Several studies reported moderate to good inter-rater and intra-rater reliability of the FMS even
among novice raters [20,21]. In addition, two-hour education on using FMS as a diagnostic tool seems
to be eﬃcient according to prior research [21].
4.2. Functional Movement in the Average Adolescent Population and Exercise Intervention aimed to improve
Functional Movement Outcomes
Although there are a number of studies that investigated functional movement among athletic
adolescents, only few studies investigated FM in the average adolescent population. These studies
investigated relations between FM and PA or weight status. Additionally, few studies investigated
maturation eﬀect on functional movement in the athletic adolescent population. Only one study
provided normative values for the FMS in the adolescent population [2]. Another study investigated
the prevalence of functional movement patterns in children over the ﬁrst three years of post-primary
education [3].
Abraham et al. [2] investigated functional movement patterns in the average population of
adolescents. This study included a large number of participants (n = 1005) with ages from 10 to
17 years old. They reported a mean value of the total FMS score of 14.5 points. Additionally, results
showed a signiﬁcant diﬀerence in total FMS score between females and males. However, no signiﬁcant
diﬀerence in scores existed between those who reported a previous injury and those who did not.
In addition, the authors suggested normative values for the individual functional movement patterns
for this population that can be found in their paper [2]. However, there are few limitations of this
study that should be considered while implementing normative values in the practice. Large age span
(10–17 years) among participants in this study reveals that pre-pubertal and pubertal subjects were
included in the sample. Additionally, this study excluded all inactive children which could potentially
lead to higher mean values. Although there are few limitations in this study, this is the ﬁrst study that
provided normative values for a school aged adolescent population.
Lester et al. [3] examined the age-related association of functional movement among children in
Ireland. The aim of this study was to gather data on prevalence of movement skills and functional
movement patterns in children over the ﬁrst three years of post-primary education (n = 181,
mean age = 14.4). In this research, 43.6% of adolescents were in year one, 23.8% of adolescents
were in year two and 32.6% adolescents were in year three with age range from 12.3 to 16.4 years old.
Looking altogether, authors reported that results of the functional movement outcomes in their sample
were suboptimal across all years. As authors stated, signiﬁcant age-related diﬀerences were reported.
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When we look this data, as age increases, scores on the in-line lunge pattern decrease (diﬀerence
between the ﬁrst and third year). Additionally, the mean total FMS score reported in this study
was 14.05, which is similar to results obtained by Abraham et al. The authors of this study strongly
suggest that school-based intervention should be incorporated across the post-primary education child
population in order to decrease decline in the impaired movement patterns.
Four studies investigated the impact of exercise intervention on functional movement outcomes.
Coker [4] investigated the impact of the standardized warm-up protocol in middle school children on
functional movement parameters. Participants from seventh-grade and four eighth-grade physical
education classes participated in this study (n = 120, mean age = 13.1 years old). A six-week intervention
included exercises that targeted mobility and stability of joints and muscle activation (exercise targeted
ankle joint mobility, pelvic stability and dysfunctional gluteal, abductors, and adductors muscles).
Results of this study suggest that a warm-up, which consists of exercises that target typical movement
and body dysfunctions among adolescents of a sensitive age, can signiﬁcantly reduce dysfunctional
movement patterns. It is the author’s opinion that school policies should implement these programs
into the physical education curriculum in order to reduce dysfunctional movement pattern prevalence
and potentially reduce risk injury incidence among the average adolescent population.
A study done by Nourse et al. [5] investigated the impact of live video diet and exercise intervention
on vascular and functional outcomes in overweight and obese children (mean age = 14.5, n = 20).
The intervention lasted 12 weeks and included three times per week videoconferences with a trainer
and diet consultations. Results of this study showed a signiﬁcant reduction in waist-hip ratio and
improvement in total functional movement screen score. Average improvement of the participants
in total FMS score was 13 to 17 points, from baseline to the end of this intervention, respectively.
Authors of study concluded that a 12-week live video intervention improves functional movement
outcomes in the population of overweight and obese adolescents.
St Laurent et al. [6] investigated the impact of a suspension-training movement on functional
movement in children (n = 28, average age = 9.3 years old). Participants were divided into two groups
(control and intervention group). After the six-week suspension-training movement program was
ﬁnished, the intervention group showed better results in functional movement outcomes relative to
the control group. Authors of this study suggest that intervention using this kind of training modality
could be beneﬁcial for improving functional movement outcomes.
Wright et al. [7] examined the impact of fundamental movement training on functional movement
outcomes in physically active children (n = 22, average age = 13.4). Participants were divided into two
groups, where the intervention group was included in the training that focused on movement quality
(weekly 4 × 30-min session) and participants from the control group were involved in multisport
activity. Interestingly, results showed that short-term intervention focusing on movement quality did
not have an eﬀect on functional movement parameters in physically active children compared to the
control group.
4.3. Physical Activity, Weight Status, and Functional Movement among Adolescent Populations
Although PA level and FM have critically important roles for general health of children, to date,
only three studies appear to have examined relations between FM, weight status, and PA level among
adolescents [8–11].
Study performed in Moldova investigated the relationship between FM, core strength, posture,
and body mass index (BMI) [8]. Researchers collected data from 77 children, from 8 to 11 years old with
an average BMI value of 16.4. Mitchell et al. reported the average total FMS score of 14.9 [8], which is
slightly higher than the study done by Abraham et al. [2]. The results of this study showed that static
posture and BMI are not related to FM. Additionally, researchers did not ﬁnd a correlation between
posture and FMS total score. These results are obvious since posture in this study was assessed in the
static position while FMS tests assess movement and dynamic postural stabilization. On the other
hand, results showed that core strength was positively related to the total FMS score. The authors of
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the study concluded that the individual test scores indicate that none of the test items were too diﬃcult
for the children, which means that the same tests can be directly used in clinical practice and school
classes with school-aged children.
An interesting study done by Duncan et al. [9] examined the association between FM and
overweight and obesity in British children. Data were obtained from 90 children, 7–10 years old.
After BMI was determined, children were classiﬁed as normal weight, overweight, or obese according
to international oﬃcial guidelines. The results for total FMS score for normal weight children was
14.7, for overweight 12.2, and for obese children 9.0. Duncan et al., showed that total FMS score was
negatively correlated with BMI. Additionally, the scores in all individual FMS tests were higher for
normal weight children compared to obese children. In addition, normal weight children performed
better than overweight children in the two tests: deep squat and shoulder mobility. On the other hand,
overweight children scored better than obese children in four movement patterns (hurdle step, inline
lunge, shoulder mobility, and ASLR). This result puts overweight and obese children in the group of
children with increased risk for injury incidence. These are clinically important ﬁndings, because over
time, dysfunctional movement patterns along with the eﬀect of excess weight and consequently higher
load on the joints, can possibly lead to degenerative changes in later life. This research highlights that
overweight and obesity are signiﬁcantly associated with poorer functional movement in children.
Findings of this study seems to be contradictory with the results of the study mentioned before [8].
However, in a study done by Mitchell et al., there are few limitations that need to be considered.
The authors did not separate participants into three categories (normal weight, overweight, and obese).
In addition, 9% of the children were categorized as overweight (with no information about number
and percentage of obese children), whereas in study done by Duncan et al. one third of children were
classiﬁed as overweight/obese [9]. This limitation can potentially lead to opposite results and limited
conclusion, and therefore can minimize the importance of potential relations between higher values of
the BMI and suboptimal functional movement patterns in children.
In this research ﬁeld, one more interesting study was performed by the same authors [10].
Duncan and Stanley investigated relations between weight status, physical activity level, and functional
movement in British children. This study was performed on 58, 10–11 year old children. The results
showed that the total FMS score was negatively correlated with BMI and positively related to PA level.
Normal weight children scored signiﬁcantly better for total FMS score compared to children classiﬁed
as overweight/obese. The mean of total FMS scores was 15.5 for normal weight children and 10.6 in
overweight/obese children.
Duncan and Stanley explained these results through few possible mechanisms. These authors
suggested that deﬁcits in FM could exist prior to being overweight. They pointed out that: “Excess
weight and functional prowess are the results of natural selection since children who are functionally
limited will remain inactive and will not develop optimal functional movement patterns that underpin
performance to the same level of mastery as children without functional limitation.” [10]. Additionally,
the authors discussed that children who are not functionally limited may more likely enjoy PA, and thus,
engage in more regular practice of functional movement patterns that underpin performance. Looking
altogether, the results presented in these studies support the need for interventions to increase level of
physical activity and improve functional movement in overweight and obese pediatric populations.
Garcia-Pinillos et al. [11] examined relations between functional movement patterns and weight
status in children aged between 6 and 13 years old (n = 333). Results of this study show that weight
status is moderately negatively correlated with total FMS score. In addition, overweight and obese
children showed poorer functional movement compared to normal weight children. These results
are consistent with the study done by Duncan et al. In addition, signiﬁcant diﬀerences were found
between normal weight, overweight, and obese children in lower-extremity movement patterns (deep
squat, hurdle step, in-line lunge) and ﬂexibility tests (shoulder mobility, straight leg-raise), but also in
trunk stability pattern (push-up). This research revealed that girls outperformed boys in tests that
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require ﬂexibility and balance, while boys outperformed girls in stability tests which support previous
ﬁndings in context of sex dimorphism in individual functional movement patterns [2].
The information presented in the paragraphs above are essentially important for the practice of
physical education teachers, coaches, and other professionals who work with pediatric populations.
Optimal level of PA and optimal FM in children can reduce the risks of orthopedic abnormality arising
from suboptimal movement patterns in later life. Since suboptimal movement patterns and low PA
level could predispose children to a higher risk of the injury incidence, practitioners should consider
functional movement interventions. It is the author’s opinion that this population needs speciﬁc
exercises that address suboptimal movement patterns ﬁrst, and then exercises targeting weight status
to minimize risk of high-load exercise on the skeletal system in the pediatric population.
4.4. Maturation and Functional Movement among Athletic Populations of Adolescents
To date, a number of studies investigated maturation eﬀects in the average and athletic population
of adolescents. However, only few studies appear to have examined the relationship between maturity
and functional movement patterns [22–25]. These studies included only the athletic adolescent
population. Within this paragraph, the author will brieﬂy provide a review of current evidence and
conclusions about maturation eﬀects on functional movement among athletic adolescents.
A study done by Portas et al. investigated the eﬀect of maturity on functional movement screen
scores in elite, adolescent soccer players [22]. The authors showed that maturity has substantial
eﬀects on FMS performance. Although this research highlights that ﬁndings are relevant only to
those analyzing movement of soccer players, the authors of the mentioned study concluded that FMS
assessment appears to be invalid for practical usage for very young players.
Paszkewicz et al. compared functional and static evaluation tools among adolescent athletes [23].
The authors of this study compared FMS scores and Beighton and Horan joint mobility index (BHJMI)
scores among pubescence in adolescent athletes. Based on the results of the modiﬁed pubertal
maturation observational scale, the authors separated subjects into three groups: prepubescent,
early-pubescent, and postpubescent groups. The researchers revealed a main eﬀect for FMS scores
across pubertal groups, but not in BHJMI composite scores. The postpubescent participants had
higher FMS scores compared with the prepubescent participants and the early-pubescent athletes.
Additionally, the results of this study did not conﬁrm any correlation between FMS composite scores
and BHJMI composite scores. The results of this study suggest that the FMS can discriminate between
levels of pubescence and detect alterations during the pubertal growth cycle, whereas the BHJMI
may not.
Lloyd et al. examined relationships between functional movement screen scores, maturation,
and physical performance in young soccer players [24]. This study demonstrated that variation of
physical performance of youth soccer players could be explained by a combination of both functional
movement screen scores and maturation.
Wright and Chesterton [25] aimed to investigate diﬀerences between individual functional
movement patterns at diﬀerent stages of maturation in young athletes (mean age = 14.1 years, age
between 8 and 18 years old) from various sports (ﬁeld athletics, endurance sport, team sports, combat,
and water sports). Participants were categorized in the three distinct maturation groups, participants
who were before, at, and after their adolescent growth spurt (peak height velocity (PHV)). The authors
found that diﬀerences among these groups were greatest in movement patterns that have high demands
on stability, which suggests that adolescents potentially develop stability in this period of growth.
These ﬁndings are consistent with studies mentioned before in this section [22,23]. In addition, results
of the push-up test were higher in children who were at growth spurt or after growth spurt, when
compared with children before growth spurt. In addition, authors of this study concluded that
maturation has no eﬀect on total FMS score.
However, it appears that there is no study that investigated the relationship between maturation
eﬀects and functional movement patterns among the average adolescent population. Due to the
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importance of this research ﬁeld, the author is of the opinion that more studies are necessary in this
research ﬁeld.
5. Conclusions
This paper gave a detailed description and summarization of the current literature in the ﬁeld
of pediatric PA level, obesity, and maturation related to functional movement. Although there are
only few studies in this ﬁeld of research, the author highlights the importance and health beneﬁts
of optimal FM in children, as well as the consequences of dysfunctional movement patterns on the
health of the locomotor system. Summary of current evidence suggests that decreased physical activity
level is negatively correlated to functional movement in adolescence. Additionally, most studies
suggest that weight status is negatively correlated to functional movement patterns, although there is
conﬂicting evidence in this area. Evidence consistently showed that overweight and obese adolescent
exhibit poorer functional movement compared to normal weight adolescents. Most of the studies that
examined eﬀects of exercise intervention on functional movement improved functional movement
outcomes, while one study showed the opposite. It is clear that more research is needed on this topic
to establish true intervention eﬀects. In addition, it appears that maturation has eﬀects on functional
movement in the athletic population of adolescents. It is therefore important that practitioners consider
interventions which develop optimal functional movement alongside physical activity and weight
management strategies in children, in order to reduce the risks of injuries and pathological abnormality
arising from suboptimal movement patterns in later life.
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Abstract: Background: The aim of this manuscript was to describe the eﬀects of alcohol ingestion
on recovery following resistance exercise. Methods: A literature search was performed using
the following database: Web of Science, NLM Pubmed, and Scopus. Studies regarding alcohol
consumption after resistance exercise evaluating recovery were considered for investigation. The main
outcomes took into account biological, physical and cognitive measures. Multiple trained researchers
independently screened eligible studies according to the eligibility criteria, extracted data and
assessed risk of bias. Results: A total of 12 studies were considered eligible and included in the
quantitative synthesis: 10 included at least one measure of biological function, 10 included at least
one measure of physical function and one included measures of cognitive function. Conclusions:
Alcohol consumption following resistance exercise doesn’t seem to be a modulating factor for creatine
kinase, heart rate, lactate, blood glucose, estradiol, sexual hormone binding globulin, leukocytes and
cytokines, C-reactive protein and calcium. Force, power, muscular endurance, soreness and rate of
perceived exertion are also unmodiﬁed following alcohol consumption during recovery. Cortisol
levels seemed to be increased while testosterone, plasma amino acids, and rates of muscle protein
synthesis decreased.
Keywords: strength; training; muscle mass; muscle function; performance

1. Introduction
Resistance exercise (RE) is a commonly practiced modality of physical exercise used by both
amateurs and elite athletes [1]. RE is a type of exercise that has gained a lot of interest over the
past two decades, speciﬁcally for its role in improving athletic performance by developing muscular
strength, power and speed, hypertrophy, local muscular endurance, motor performance, balance,
and coordination [2]. While non-athletes use it to simply develop muscular physique, professional
athletes engage in RE to enhance their athletic capabilities in various sports [3]. Variables such as
exercise intensity, exercise frequency, load, number of sets and repetitions, rest periods and training
volume can be manipulated in order to maximize RE induced eﬀects in terms of muscle hypertrophy
and strength [4]. Physiological and psychological constraints leading to a reduction in physical or
mental performance can be classiﬁed as fatigue which is a phenomenon that has protective role in
human physiology [5]. Exercise is a potent stimulus with respect to altering homeostatic variables
which triggers adaptive reactions that counter the metabolic changes and repair the structural damage
caused by the previous training session [5]. The stressful eﬀects of RE can temporarily impair athlete’s
performance [6]. Therefore, the speed and quality of recovery are absolutely essential for the high
performance athlete and, if done correctly, optimal recovery can lead to numerous beneﬁts training and
upcoming competition [7]. The main purpose of recovery is to restore physiological and psychological
processes, so that the person engaging in vigorous exercise can repeat training sessions at an appropriate
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level [7]. It is also typically dependent on the nature of the exercise performed and any other outside
stressors that the athlete may be exposed to [7].
Certainly, one of the unnecessary stressors during recovery phase is alcohol (ALC) consumption [8,
9]. Worldwide, alcohol is the most commonly used psychoactive drug; it is estimated that each adult
person consumes, on average, about 4.3 L of pure alcohol per year [10]. In the current era, consumption
of alcohol is increasing exponentially in Western society [11–13] and it is common knowledge that
alcohol can permeate virtually every organ and tissue in the body, resulting in tissue injury and
organ dysfunction [14]. Alcohol consumption results in hormonal disturbances that can disrupt the
physiological ability to maintain homeostasis and eventually can lead to various disorders, such as
cardiovascular diseases, reproductive deﬁcits, immune dysfunction, certain cancers, bone disease, and
psychological and behavioral disorders [14]. In terms of post exercise recovery, acute alcohol ingestion
reduces muscle protein synthesis in a dose-and time-dependent manner, after the cessation of exercise
stimulus [8]. Alcohol does this mainly by suppressing the phosphorylation and activation of the mTOR
pathways, the crucial kinase cascade regulating translation initiation [8,15]. Concomitantly, alcohol
increases the expression of muscle speciﬁc enzymes that are up regulated by conditions that promote
skeletal muscle atrophy [8,16].
Emerging research provides new insights into the eﬀect of alcohol consumption on post-exercise
muscle recovery but more research is needed to determine how this relationship exists and establish the
physiological mechanisms governing this response. Therefore, the aim of this review is to understand
the eﬀects of alcohol consumption during recovery, on muscle function, following RE.
2. Materials and Methods
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement has
been used to structure this manuscript.
2.1. Inclusion and Exclusion Criteria
Studies that meet the following criteria will be included or excluded in this systematic review.
2.2. Eligibility Criteria
When it comes to eligibility criteria, only articles written in English language and published in
peer-reviewed journals have been considered during the search. There was no limit on publication date
when it comes to article eligibility. Diﬀerent formats of publications such as reviews, meta-analysis,
abstracts, citations, scientiﬁc conference abstracts, opinion pieces, books, book reviews, statements,
letters, editorials, non-peer reviewed journal articles and commentaries have been excluded. With
respect to intervention, publications were included only if they used a speciﬁc measure of performance
or biomarker, that considered recovery following RE and alcohol intoxication. Articles exploring
recovery after endurance type of training have been eliminated.
2.3. Participants
All the analyzed participants were adults to whom an ALC intervention was administered
following a bout of RE. Children were not considered for analysis. There was no limitation when
it comes to age, gender, number of participants, and duration of intervention or follow up period.
Furthermore, there was no limitation when it comes to training status.
2.4. Interventions
The interventions described in the eligibility criteria will be included in this review. The
interventions aimed to understand the eﬀects of ALC on biological, physical and cognitive measures
following RE. According to the nature of the review diﬀerent methodological approaches which
evaluate similar outcomes will be considered.
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2.5. Comparators
Comparators will be control groups (people not consuming ALC [NO-ALC]) if present or
if cross-over designs will be adopted the intervention groups will act as controls after each
wash-out period.
2.6. Outcomes
The primary outcome will be to understand the eﬀects of ALC compared to the NO-ALC
intervention.
Such ﬁndings will be applied to all the biological, physical and cognitive
measures retrieved.
2.7. Search Strategy
We used EndNote v. 8.1 software (Clarivate Analytics, Jersey, UK) for the article search. The
papers have been collected through PubMed (NLM), Web of Science (TS), and Scopus using the string:
((“alcohol” AND “exercise*” and “recovery*”; “ethanol” AND “exercise” AND “recovery”; “alcohol*”
AND “resistance training” AND “recovery”; “ethanol” AND “resistance training*” AND “recovery”;
“alcohol*” AND “strength*” AND “recovery”; “ethanol” AND “strength” AND “recovery”; “alcohol*”
AND “training” AND “recovery”; “ethanol” and “training” and “recovery”)).
2.8. Selection of Study Objects
The article screening was carried out in a three-step process: title reading, abstract reading and
full text reading, respectively. If any disagreements were noticed between the two investigators, a
third one considered the current process independently and discussed the decision with the other
investigators. Furthermore, investigators were not blinded to the manuscripts, study title, authors, or
associated institutions during the selection process. Both qualitative and quantitative articles were
included in the review. The screening processes have been summarized via PRISMA ﬂow diagram
(Figure 1).
2.9. Risk of Bias
Risk of bias for the included studies was assessed through Downs and Black checklist [17]. This
tool is useful when evaluating the quality of original research articles in order to synthesize evidence
for public health purposes. This checklist contains 27 ‘yes’-or-’no’ questions over ﬁve diﬀerent domains.
It oﬀers both an overall score for study quality and a numeric score out of a possible 32 points. The
ﬁve domains contain questions about study quality, external validity, study bias, confounding and
selection bias, and power of the study.
Two independent researchers have completed the Downs and Black checklist of all included
articles to determine the quality of each study. The maximum score a study can receive is 32, with
higher scores indicating better quality. The studies were then divided into groups and marked as ‘high
quality’ (score 23–32), ‘moderate quality’ (score 19–22), ‘lower quality’ (score 16–18) or ‘poor quality’
(<14) (Supplementary File S1 and S2). Kendall Tau correlation coeﬃcient statistical method was used
to determine inter-rater reliability. We used R statistical software (Bell Laboratories, Murray Hill, NJ,
USA) version 3.6 to perform this analysis. Quality of evidence was determined by the study design
and by Downs and Black score.
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Figure 1. Prisma Flow Diagram

2.10. Data Synthesis
The critical information acquired from the included articles was extracted into Microsoft Excel
for Macintosh, version 14.0 (Microsoft Corp, Redmond, WA, USA) spreadsheet. The most important
characteristics of the studies, as author name and publication year, sample size, aim, alcohol dose, how
this was mixed and administered, the study measures, the RE protocol adopted, the study design and
the outcomes have been delineated in the tables while certain speciﬁcs about the particular study were
described in a narrative manner.
3. Results
From a preliminary title and abstract search, a total number of 471 studies have been identiﬁed
in the three screened databases. After the application of inclusion criteria on each article’s title and
abstract, 63 records were considered eligible. Duplicates were removed leaving 24 studies for full text
screening. After full text screening, two additional studies from the relevant bibliography have been
added. Of the 24 studies analyzed, 10 were included for the ﬁnal synthesis. Therefore a total number
of 12 studies were included in the qualitative synthesis of this review article. The process of article
inclusion has been synthesized in Figure 1. Risk of bias assessment was ﬁnalized through Downs
and Black checklist for all included studies (Supplementary File S1 and S2). The mean score was 19
(range = 12–28). After performing the inter-rater reliability test via Kendall Tau analysis we detected
the score of 0.46 which can be classiﬁed as moderate but signiﬁcant (p-value 0.026). As previously
stated, after comprehensive screening, ﬁles were split into diﬀerent quality categories in accordance to
predetermined quality criteria (Supplementary File S1 and S2).
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In order to evaluate the eﬀects of alcohol consumption on recovery following RE, the results
have been summarized into three categories: (1) biological and (2) physical measures and (3)
cognitive function.
Of the retrieved studies, 10 took into account at least one biological measure [9,18–26], 11 took
into account at least one physical measure [9,18–25,27,28] and cognitive function only one [24].
The retrieved biological measures include creatine kinase (CK) [18–25], heart rate [19,26],
lactate [19,26], blood glucose [9], urine measures [24], cortisol [19,21,24,26], testosterone [19,21,24,26],
estradiol [26], sexual hormone binding globulin (SHBG) [21,26], leukocytes and cytokines [19,21,22],
C-reactive protein (CRP) [24], plasma amino acids [9], intracellular signaling proteins and rates
of muscle protein synthesis (MPS) [9] and calcium (Ca2+ ) [25]. The physical measures include
force [18,20–25,27,28], power [19,21,24,28], muscular endurance [25], soreness [18,20,22,23,28] and rate
of perceived exertion (RPE) [19,24,26]. The cognitive measures included a modiﬁed version of the
STROOP test which evaluated time and accuracy of each response for congruent and incongruent
stimuli. The alcohol dose provided to the participants in the included studies ranged between 0.6g/kg
to 1.5g/kg. As deﬁned by Kalinowski and Humphreys [29] a standard drink equals to 10 g of alcohol.
Therefore, the alcohol dose provided to the participants, if we consider a man of 70kg, equals to 42 to
105 g of alcohol (4.2 to 10.5 standard drinks), which corresponds to 3 bottles of beer of 330 mL at 5%
alcohol or a 370mL bottle of spirit at 37.5% alcohol, respectively. All the included studies adopted a
cross-over research design. A summary of the retrieved studies is shown in Table 1.
3.1. Biological Measures
3.1.1. Creatine Kinase
Eight studies included CK measurement [18–25]. All the retrieved studies showed that CK
increases following each RE protocol in both ALC and NO-ALC conditions showing a time interaction
with RE. However, when analysing interaction with the diﬀerent conditions, no diﬀerences were shown
between the ALC and NO-ALC condition for none of the retrieved studies. Clarkson et al. [20], have
also correlated peak CK activity from the ALC and the NO-ALC condition and found a high correlation
coeﬃcient (r=0.95), whereas Paulsen et al. [25] have also stratiﬁed the ﬁndings for man and women
ﬁnding again no diﬀerences between the two groups neither for time or treatment assessment. Such
results, as also highlighted by each author of the included studies, demonstrate that ALC cannot be
considered as a modulating factor for CK following RE and that the increases of CK are the result of
muscle damage following the exercise bouts.
3.1.2. Heart Rate
Two studies included measures of heart rate [19,26]. In both studies heart rate increased
following the exercise intervention, however no diﬀerence was shown between the ALC and the
NO-ALC condition.
3.1.3. Lactate
Two studies included measures of lactate [19,26]. In both studies lactate increased following the
exercise intervention, however no diﬀerence was shown between the ALC and the NO-ALC condition.
3.1.4. Blood glucose
Only Parr et al. [9] evaluated the concentration of blood glucose. It has to be noted that Parr
administered a concentration of alcohol in conjunction with either CHO or PRO. The results highlight
a signiﬁcant time and treatment interaction. Blood glucose concentration increased 0.5 and 4.5 h post
intervention in the ALC-CHO group but not in the ALC-PRO or NO-ALC groups. Such ﬁndings
demonstrate that blood glucose is aﬀected by CHO but not ALC during recovery after RE.
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9

10

Barnes et al.
[19] (2012)

Haugvad et al.
[21] (2014)

11

Barnes et al.
[18] (2010)

10

12

Barnes et al.
[27] (2010)

Clarkson et al.
[20] (1990)

n

Author [Ref]
(Year)

Investigate the eﬀects of
ethanol on recovery of
muscle function after RT.

Assess the eﬀect of acute
ALC ingestion on muscle
indicators.

To investigate the eﬀects
of post-game ALC
consumption
on whole-body,
sport-speciﬁc
performance.

To compare the eﬀects of
post-exercise ALC
ingestion with that of an
isocaloricnon-ALC
beverage on changes in
muscle performance.

Evaluate if ALC interacts
with damaged muscles.

Aim
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-Low dose 0.6
or 0.7 g/kg
-High dose 1.2
or 1.4 g/kg

0.8g/kg

1g/kg

1g/kg

1g/kg

Alcohol
(dose)

Single dose.

A beverage was
consumed every 15
min over a total time
of 90 min.

A beverage was
consumed every 15
min over a total time
of 90 min.

A beverage was
consumed every 15
min over a total time
of 90 min.

Administration
Time

The beverage
40%
ethanol/volume, was consumed in
about 90 min.
Absolut
vodka diluted
with 200-mL
sugar-free
lemonade(raspberry
ﬂavour) and
water to a
total of 1.5 L

Vodka 40%
with orange
juice (ratio 1:1)

37.5%
ALC/volume;
Smirnoﬀ
Vodka in
orange juice
(ratio 3.2:1).

37.5%
ALC/volume;
Smirnoﬀ
Vodka in
orange juice
(ratio 3.2:1).

37.5%
ALC/volume;
Smirnoﬀ
Vodka in
orange juice
(ratio 3.2:1)

Mix

-MVC
-Power
-Cortisol and
Testosterone
-SHBG
-CK
-Leukocytes.

-CK
-Soreness
-Isometric strength

-HR
-Lactate
-RPE
-CMJ
-HPO
-CK
-Cortisol and
Testosterone
-Leukocytes

-Soreness
-Peak and averaged
torque
-CK

-Strength.
-Peak and averaged
torque.

Measures

Squats, lower limb
presses, and bilateral
knee extensions were
performed in 4 sets
with a load of 8RM
with 2 min rest.

50 repetitions at a
lat-pulley.

Cross-Over

MVC was decreased after the
ALC trial 12h training. MVC
normalized in both groups after
24h. No diﬀerence in Jump
performance; Cortisol was
higher at 12 at 24h in the high
dose group. Neither testosterone
or SHBG were inﬂuenced by
ALC. Free testosterone was
lower in the high dose group at
12 and 24h. No diﬀerences in the
CK for any group. No
diﬀerences in leukocytes.

No diﬀerence in CK.
No diﬀerence in soreness.
No diﬀerence in strength.

HR and Lactate showed no
diﬀerence. RPE varied
signiﬁcantly.
Diﬀerences in CMJ but not in
HPO were present.
No diﬀerences in the leukocyte
count. CK was higher in the
ALC group only after 48h.
Testosterone did not show any
diﬀerences. Cortisol was higher
in the ALC group after 36h.

Cross-Over

BURST Protocol
(intense 20-m shuttle
run with 180◦ turns)

Cross-Over.

Peak concentric, eccentric were
lower in the ALC group.
No diﬀerences in CK and
soreness

Cross-Over

300 maximal eccentric
contractions of the
quadriceps muscles
of one lower limb at
an angular speed of
30◦ /s.
300 maximal eccentric
contractions of the
quadriceps muscles
of one lower limb at
an angular speed of
30◦ /s.

Outcomes (Compared to
Comparator)
No diﬀerences in acute
performance measures.
Decreased performance was seen
after 36h following ingestion.

Comparator
Cross-Over

Resistance Training

Table 1. Descriptive characteristics of the retrieved studies.
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8

McLeay et al.
[23] (2017)

9

10

Levitt et al.
[28] (2018)

Murphy et al.
[24] (2013)

The eﬀect of acute ALC
consumption on
muscular recovery
process.

13

Levitt et al.
[22] (2017)

To evaluate the eﬀects of
ALC ingestion on
lower-body strength and
power
and physiological and
cognitive recovery

To investigate the eﬀects
of ALC consumption on
recovery of muscle force.

To investigate the eﬀect
of ALC consumed after
heavy eccentric
resistance exercise on
measures of muscle
power.

Aim

n

Author [Ref]
(Year)
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1g/kg

0.88 g/kg

1.09 g/kg

1.09 g/kg

Alcohol
(dose)

37.5%
ALC/volume;
Smirnoﬀ
Vodka in
orange juice
(ratio 3.2:1).

37.5%
ALC/volume;
Smirnoﬀ
Vodka in
orange juice

Smirnoﬀ 40%
ALC Vodka
diluted to 15%
v/v in an
artiﬁcially
sweetened
beverage.

The ALC was
diluted to 15%
v/v in an
artiﬁcially
sweetened
beverage.

Mix

An equal volume of
beverage was
consumed every 20
min over a total time
of 150 min

Six drinks were
consumed every 15
min over 1.5 hr.

The beverage was
split into 10 equal
portions and one
portion consumed
every 3 min during
the 30-min beverage
ingestion period.

The beverage volume
was split into 10 equal
portions; one portion
was administered
each minute over a
10min ingestion
period.

Administration
Time

Measures

-RPE
-CMJ
-MVC
-Urine
-CK
-CRP
- Cortisol and
Testosterone
-Cognitive function

-CK
-Soreness
-Isometric, concentric
and eccentric torque.

-Soreness
-Peak power
-Peak force
-Jump height

-TNF-α
-Il-1β
-Il-6
-Il-8
-Il-10
-Soreness
-Isometric, concentric
and eccentric torque
-CK

Table 1. Cont.

Rugby match

300 maximal
single-lower limb
eccentric leg
extensions through a
60◦ ROM at an
angular speed of
30◦ /s.

4 sets of 10 repetitions
at 110% of concentric
1RM; 3 min passive
rest in between sets

300 maximal
single-lower limb
eccentric leg
extensions.

Resistance Training

No diﬀerence in isometric,
concentric and eccentric torque.
No diﬀerence in CK.
No diﬀerence in muscle soreness.

Cross-Over

No diﬀerence in RPE.
No diﬀerences in CMJ and MVC.
No diﬀerence in CK and CRP.
No diﬀerence in testosterone.
Large eﬀect size for cortisol
increase after 16h in the ALC
group.
Larger urine volume after night
in the ALC group.
Decreased cognitive function
was observed in the ALC group.

No diﬀerences were found in
peak power nor peak force or
jump height.
No diﬀerences were found in
soreness measures.

Cross-Over

Cross-Over

No diﬀerence in soreness.
No diﬀerence in strength.
No diﬀerence in CK.
No diﬀerence in any cytokine.

Outcomes (Compared to
Comparator)

Cross-Over

Comparator
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8

Vingren et al.
[26] (2013)

To examine the
testosterone
bioavailability and the
anabolic endocrine
milieu in response to
acute ethanol ingestion

Evaluate acute ALC
intoxication on skeletal
muscle function

Evaluate the eﬀect of
ALC intake on rates of
myoﬁbrillar protein
synthesis following
strenuous exercise

Aim

Mean 1.1g/kg

1.09 g/kg

1.5 g/L

-1.5g/kg with
CHO
-1.5g/kg with
PRO

Alcohol
(dose)

ALC was
diluted to a
concentration
of 19% v/v
absolute
ethanol in an
artiﬁcially
sweetened
and
calorie-free
beverage

ALC 96% with
orange juice
(ratio 1:4)

Vodka and
Orange juice
(ratio 1:4)

Mix

The participants
drank 1/10 of the
drink each minute
during a 10-min
ingestion period.

5 doses with intervals
of 1h each.

6 equal volumes were
consumed during a 3
h period.

Administration
Time

Measures

-HR
-RPE
-Testosterone
-SHBG
-Lactate
-Cortisol
-Estradiol

-CK
-Ca2+
-Strength
-Endurance

-Biopsy
-Blood glucose
-Plasma AA
concentration
-Intracellular
signalling proteins

Table 1. Cont.

No diﬀerences in strength and
endurance.
No diﬀerences in CK.
Small reduction in Ca2+ only in
the ALC group.

Cross-Over

Cross-Over

MVC Isokinetic
endurance and
isometric knee
extensors (30
extensions at a
velocity of 180◦ /s)
6 × 10squats starting
at 80% of 1 RM and 2
min of rest between
sets.

No diﬀerence in HR, RPE and
lactate. Serum testosterone and
free testosterone was higher for
ALC at 300min post exercise. FAI
was higher in the ALC group.
No diﬀerence in cortisol levels.
No diﬀerences in estradiol.

Blood ALC was higher in the
CHO compared to the PRO
group after 6 and 8h after
consumption. Blood Glucose
was higher in the ALC-CHO
group after 5h.AA (EEA and
BCAA) were lower in the ALC
groups compared to the no ALC
group.mTOR phosphorylation
was higher in the no ALC group
at 2 and 8h post exercise.
p70S6Kphosphorylation was
higher in the no ALC and the
ALC-PRO group at 8h post
exercise. Muscle protein
synthesis was greater in the No
ALC group than the ALC-PRO,
which was greater than the
ALC-CHO group.

Cross-Over

-8 × 5 at ,80% of 1RM
-10 × 30 s high
intensity intervals at
110% of PPO; 3 min
rest between sets

Outcomes (Compared to
Comparator)

Comparator

Resistance Training

N= Number of participants; g/L= grams per liter; g/kg= grams per kilogram; ALC= Alcohol; CK= Creatine kinase; Ca2+ = Calcium; MVC= Maximum voluntary contraction; ROM= Range
of movement; HR= Heart rate; RPE= Rating of perceived exertion; CMJ= Counter movement jump; HPO= Horizontal power output; RE= Resistance exercise; SHBG: Sex hormone-binding
globulin; RM= Repetition maximum; CRP= C-reactive protein; CHO= carbohydrate; PRO= Protein.; AA= Amino Acids; PPO= Peak power output; EAA = Essential amino acids; BCAA=
Branched Chain amino acids; FAI= Free androgen index.

Tot.
127

19

8

Parr et al. [9]
(2014)

Poulsen et al.
[25] (2007)

n

Author [Ref]
(Year)
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3.1.5. Urine Measures
Only Murphy et al. [24] included urine measures. Post-intervention urine output, nude mass and
urine-speciﬁc gravity were measured. No diﬀerences were found for nude mass and urine-speciﬁc
gravity between conditions. The ALC group had an increased total volume output overnight when
compared to the NO-ALC group.
3.1.6. Cortisol
Four studies included measures of cortisol [19,21,24,26]. In the study of Barnes et al. [19] the
cortisol levels increased after 12h after treatment in both conditions, after which at 24h returned to
baseline levels. A second rise in cortisol was seen at 36h under the ALC condition but not in the
NO-ALC condition. Haugvard et al. [21] showed that no diﬀerences were shown between the two
conditions at any speciﬁc time point after the intervention (12 and 24 h post-treatment). However, if
the 12 and 24 h cortisol values were combined and averaged, these resulted to be signiﬁcantly elevated
only in the ALC condition at 24 h after the intervention. Murphy et al. [24] showed that a signiﬁcant
decrease post-match was followed by a signiﬁcant increase at 16h post intervention. No diﬀerence
was found in the levels of cortisol between the two interventions. However, a large eﬀect size was
found between the %change from 2 to 16 h post-match for the increase in cortisol response after ALC
consumption. Vingren et al. [26] found that cortisol levels were not aﬀected by ALC post intervention.
Cortisol was elevated immediately after, after 20, 40, 60, 120, 140 and 300 min post-intervention in both
ALC and NO-ALC conditions.
3.1.7. Testosterone
Four studies included measures of cortisol [19,21,24,26]. In the study of Barnes et al. [19] no
diﬀerence in the testosterone levels compared to baseline ware seen at any time point after the
intervention in either two conditions (12-24-36 and 48 h after the intervention). In the study of
Haugvard et al. [21] the levels of testosterone were not altered across trials neither for the ALC and
the NO-ALC condition. Calculated free testosterone (testosterone/SHBG multiplied by a factor of 10)
was not diﬀerent between trials. However, if the measures at 12 and 24 h after the intervention were
combined and averaged the levels of testosterone resulted to be lower only in the ALC condition after
24 h. Murphy et al. [24] showed that a reduction in testosterone was present after 2 h post-match
followed by a signiﬁcant increase 16h post-match. However, no diﬀerences were shown between the
testosterone levels for the two conditions neither between %changes from 2 to 16 h post-match. Vingren
et al. [26] found a signiﬁcant eﬀect for treatment for testosterone in which the levels were increased
immediately and 140 and 300 min after the intervention for the ALC group, whereas it appeared to be
decreased in the NO-ALC group between 60 and 300 min post-intervention. Free testosterone also
seemed to be increased between 60 and 300 min post-intervention for both conditions.
3.1.8. Estradiol
Only one study included measures of estradiol after ALC consumption [26]. The study indicates
that the levels of estradiol were elevated immediately after and between 20 and 40 min after the
intervention, when compared to baseline measures, in both groups, with no signiﬁcant diﬀerences
between the ALC and the NO-ALC group. The results underlie that ALC has no eﬀect on estradiol
during recovery from RT.
3.1.9. Sexual Hormone Binding Globulin
Two studies included measures of SHBG [21,26]. In none of the included records the levels of
SHBG seemed to be altered by ALC intake, neither by the acute bouts of exercise proposed by the two
authors. ALC does not seem to be a modulating factor for SHBG following RE.
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3.1.10. Leukocytes and Cytokines
Three of the included studies included measures of leukocytes and cytokines [19,21,22]. Barnes
performed analysis of total and diﬀerential leukocytes and found that total, neutrophil and monocyte
concentration increased after the intervention but decreased to baseline values after 12h. However,
no diﬀerence was present between the two conditions. Haugvard et al. [21] found no diﬀerence
between conditions regarding the white blood cell, neutrophils or monocytes count. Following RE both
conditions showed a sub-clinical leucocytosis 1h post-exercise. Levitt et al. [22] analysed inﬂammatory
markers in women post-exercise, in particular TNF-α, IL-1β, IL-6, IL-8 and IL-10 before, at 5, 24 and
48h post-intervention.IL-10, IL-8 and TNF-α increased after the intervention in both groups. IL-6 and
IL-1β remained unchanged over time for both conditions. No diﬀerences for cytokine was present
between the ALC and the NO-ALC condition. ALC doesn’t seem to aﬀect neither leukocytes nor
cytokines after RE during recovery.
3.1.11. C-reactive Protein
C-reactive protein was evaluated only in the study of Murphy et al. [24], in which however no
signiﬁcant diﬀerence was highlighted neither regarding time, when data was compared to baseline,
neither regarding condition, when ALC and NO-ALC where compared. The ﬁndings indicate that
post-match alcohol consumption did not unduly aﬀect CRP markers of damage.
3.1.12. Plasma Amino Acids
Plasma amino acids (AA) have been included only in the study of Parr et al. [9], who evaluated
EEA, BCAA and leucine at 0, 1, 2, 4, 6 and 8 h after alcohol consumption following RE. It has to be
noted that Parr administered a concentration of alcohol in conjunction with either CHO or PRO. The
results were then compared to a control group who did not ingest ALC but consumed a single dose of
25 g of whey protein.
A signiﬁcant eﬀect for time and treatment were found. At all-time points the NO-ALC group had
signiﬁcantly higher levels of essential AA (EEA), branched chain AA (BCAA) and leucine compared to
the ALC-PRO group. Both groups (the NO-ALC and the ALC-PRO) had at all-time points signiﬁcantly
higher levels of AA compared to the ALC-CHO group. No diﬀerence in the levels of AA compared
to baseline was shown, at any time point, in the ALC-CHO group. Leucine, EEA and BCAA were
elevated compared to baseline at 1 and 6 h post-ALC ingestion for the NO-ALC and ALC-PRO group.
The data from the study of Parr et al. [9] indicates that ALC alone does not inﬂuence the levels of
plasma AA, however can be a factor that limits the rise of blood concentration of AA following
protein consumption.
3.1.13. Intracellular Signaling Proteins and Rates of Muscle Protein Synthesis
mTOR, p70S6K, eEF2, 4E-BP1, AMPK, MuRF-1 mRNA and fractional synthetic rate of myoﬁbrillar
protein synthesis were analysed in the study of Parr et al. [9]. ALC and NO-ALC consumption
modalities have been described in the previous subsection. mTORSer2448 phosphorylation was higher
in all groups at 2h post treatment. However, mTOR phosphorylation in the NO-ALC group was
higher than the ALC-CHO (76%) and ALC-PRO (54%) group at 2 and 8 h post-exercise. p70S6K
phosphorylation was greater after 2h post-exercise compared to baseline only in the NO-ALC and
the ALC-PRO groups. No diﬀerences were shown for the ALC-CHO group. eEF2 phosphorylation
decreased below rest values at 2 and 8 h in the ALC-CHO and ALC-PRO groups. No diﬀerences were
shown for the NO-ALC group at any time point.
No diﬀerences for time and condition were shown for 4E-BP1Thr37/46 or AMPKThr172
phosphorylation. There were increases above rest in MuRF-1 mRNA at 2 h post- intervention
with no diﬀerences between treatments. All values returned to baseline at 8h post- intervention.
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Fractional synthetic rate of myoﬁbrillar protein synthesis were increased above baseline for all
groups from 2 to 8 h post-intervention. However, a hierarchical reduction was shown when data was
compared to the NO-ALC group in the ALC-PRO (-24% compared to NO-ALC) and ALC-CHO (−38%
compared NO-ALC and −18% compared to ALC-PRO) groups. Data suggests that ALC consumption
impairs the response of muscle protein synthesis during recovery despite optimal nutrient provision.
3.1.14. Calcium
Only one study has evaluated the eﬀects of ALC on Ca2+ via blood sampling [25]. The authors
report that the Ca2+ levels were similar before exercise for both conditions. A decrease of approximately
2% was observed following the exercise bouts. A further decrease was observed in the ALC condition,
and the diﬀerence with the NO-ALC condition was signiﬁcant only after the strength evaluation.
Hypocalcaemia was not induced by ALC and no diﬀerences were shown for resting free Ca2+ levels
indicating that free Ca2+ concentrations were not aﬀected by alcohol per se.
3.2. Physical Measures
3.2.1. Force
Nine studies have examined the eﬀects of post-exercise ALC consumption on force [18,20–25,27,28].
McLeay et al. [23] evaluated maximal isometric, concentric and eccentric muscular contractions of
the quadriceps femoris using an isokinetic dynamometer for both lower limbs using one lower limb
as control. A signiﬁcant diﬀerence between lower limbs was present post-treatment (exercised vs.
non-exercised lower limb) up to 60 h post-exercise regarding maximal isometric tension, concentric and
eccentric torque but no diﬀerence was observed between the ALC and the NO-ALC condition. Barnes
et al. [18,27] in both studies evaluated isometric, concentric and eccentric contractions of the quadriceps
muscles of both lower limbs using one lower limb as control. Isometric tension was measured at 75◦
of knee angle. Concentric and eccentric torque was measured at an angular speed of 30◦ /s. In both
studies a decrease in performance was seen in both the ALC and NO-ALC groups over time in the
exercised lower limb for all the evaluated measures (isometric and eccentric peak torques as well
as for isometric, concentric and eccentric average peak torques). A greater decrease in performance
was however seen in the ALC group in the ﬁrst study [27] at 36h post-intervention (isometric and
eccentric peak torques were reduced 39 and 44% compared to pre-exercise measures, respectively,
with ALC whereas losses of 29 and 27% for the same measures in the NO-ALC group. Average peak
torque was reduced by 41% (isometric), 43% (concentric) and 45% (eccentric) with ALC compared
to 29, 32 and 26% with NO-ALC groups, respectively), while no diﬀerences were seen between 36
and 60h post-intervention. In the second study [18], except for average peak isometric torque, all
measures were diﬀerent between interventions with the greatest decrements observed in the ALC
group. Greatest decreases in peak torque were observed at 36 h with losses of 12%, 28% and 19%
occurring in the NO-ALC group for isometric, concentric and eccentric contractions, respectively. Peak
torque loss was signiﬁcantly larger in ALC with the same performance measures decreasing by 34%,
40% and 34%). Levitt et al. [22] measured peak torque for the knee extension exercise on each lower
limb using an isokinetic dynamometer. The same assessment procedure used by Barnes et al. [18,27]
was adopted. A reduction post-intervention was found for peak isometric, concentric and eccentric
torque between the exercised and not-exercised lower limb, but no diﬀerence was found between the
ALC and NO-ALC condition immediately post nor at 24 and 48 h post-intervention. Poulsen et al. [25]
evaluated isokinetic muscle strength of the dominant knee extensors and non-dominant wrist ﬂexors.
No diﬀerences in isometric strength was observed immediately post, 4, 24 or 48 h post intervention,
neither regarding time, when compared to baseline, neither regarding ALC condition. Murphy et
al. [24] measured peak MVC of the knee extensors and found that a signiﬁcant reduction compared to
baseline was evident at all measured time points (2 and 16 h post-intervention), but no diﬀerences
were present between the ALC and NO-ALC group. Haugvad et al. [21] have also measured isometric
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MVC of the knee extensors and the results reported by the authors showed stable values in all analysed
conditions (Low ALC dose, High ALC dose and NO-ALC). A decrease immediately after performance
and a recovery from immediately after to 12 and 24 h post intervention was seen in all groups, with no
signiﬁcant diﬀerences between trials. Clarkson et al. [20] measured isometric strength of the elbow
ﬂexors and the results are similar to those of Haugvad et al. with a reduction immediately post-exercise
but no diﬀerence between conditions. The level of isometric strength returned to baseline 5 days postintervention. Except for the studies of Barnes et al. no diﬀerences seem to be present following ALC
consumption on force during recovery following RE. It has to be noted that the ALC dose provided by
Barnes et al. is of 1g/kg, which is neither the minimum or maximum dose provided across the studies.
3.2.2. Power
Four studies [19,24,28,30] included measures of power following ALC consumption and RE.
Barnes et al. [19] have included measures of counter movement jump (CMJ) and horizontal power
output (HPO). HPO did not vary neither over time neither regarding condition. CMJ instead showed a
signiﬁcant time x treatment eﬀect, where a decrease in jump performance was observed after 24 and
48 h post-intervention only in the ALC group. However, the authors underline that the decrements
seen in performance are trivial as the decrease in the jumping performance of the CMJ was a mean
value of 12 cm. Murphy et al. [24] have included a measure of CMJ over time, where each participant
was required to perform 10-maximal repeated CMJs. The results of Murphy et al. do not show
any diﬀerence neither regarding time neither regarding condition. Levitt et al. [28] have included
measures of vertical power, and similarly to Barnes et al., the reported measures of power show a
time eﬀect, with a reduction in vertical power output after 24 and 48 h post-intervention, but no eﬀect
regarding condition. Haugvad et al. [21] included a measure of squat jump performed without any
counter movement on a force platform. Jump height was calculated for analysis. Jump height was
reduced immediately after and 12 h post-intervention in all groups (low-ALC, high-ALC and NO-ALC
condition). However, no diﬀerence between any group was present. ALC doesn’t seem to have an
eﬀect on power output, at least in the 48 h following its consumption.
3.2.3. Muscular Endurance
Maximal isokinetic muscular endurance was calculated for the dominant knee extensors and
non-dominant wrist in the study of Poulsen et al. [25] using an isokinetic dynamometer. Thirty maximal
reciprocal movements were performed at a velocity of 180◦ /s without any rest interval. Subjects were
instructed to exert maximal eﬀort in every single movement and not to economise the muscle exertion.
An endurance index was calculated deﬁned as the mean-peak torque of the last ﬁve repetitions as a
percentage of the mean-peak torque of the ﬁrst ﬁve repetitions. The results obtained by the authors
show no diﬀerences in muscular endurance 4, 24 and 48h after treatment neither after ALC intoxication
neither in the NO-ALC group. No changes were evident neither in the leg extensors neither in the
wrist ﬂexors or between the endurance index for both conditions for both muscle groups. The results
were also stratiﬁed according to gender and similar ﬁndings were achieved.
3.2.4. Soreness
Five studies included measures of soreness [18,20,22,23,28]. Barnes et al. [18] evaluated soreness
by asking each participant at diﬀerent time points their levels of soreness by giving a value from 0
(no pain) to 10 (worst possible pain). Soreness was rated while stepping up (concentric muscular
contraction) onto a 40 cm box and lowering into a squatting position. Clarkson et al. [20] evaluated
soreness by questionnaire, measured for the forearm ﬂexor muscles, using a scale of 1 to 10. Levitt et
al. [22] measured soreness applying on the vastuslateralis, in three diﬀerent points along the muscle
belly, a pressure of 35N. Each participant rated the pain giving a value from 0 to 10. In a subsequent
study Levitt et al. [28] evaluated pain by asking the participants to self-report their level of pain using
a scale from 0 to 5. McLeay et al. [23] used the same protocol as above described in the study of Barnes
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et al. [18]. All the retrieved records show a time eﬀect for muscle soreness related to the intervention
protocol, with increases over a period of 24 and 48 h after the training intervention, with no diﬀerences
between the ALC and the NO-ALC condition. The results indicate that RT is a factor responsible to
increase muscle soreness between 24 and 48 h post training, whereas ALC consumption is not.
3.2.5. Rate of Perceived Exertion
Rates of perceived exertion were measured in three of the retrieved studies [19,24,26]. The study of
Vingren [26], was the only one evaluating RPE before and after a single session of static RE. Barnes and
Murphy [19,24] evaluated RPE before and after a rugby match. In particular Murphy et al. evaluated
RPE after a competitive rugby league game, whereas Barnes et al. after a simulated rugby match. The
results of Vingren and Murphy highlight a signiﬁcant time eﬀect, with increases of RPE after the RT
and the rugby league game, but no signiﬁcant diﬀerences between the RPE of the ALC or the NO-ALC
groups. The results of Barnes et al. are in line to those of the previous authors regarding the time
eﬀect of RPE following the exercising protocol, however a diﬀerence was shown between conditions.
The ALC group reported lower levels of RPE at the end of the third quarter of the simulated game,
compared to the NO-ALC group at the same time measurement. Despite the signiﬁcant results, the
mean diﬀerence between the two conditions is very small (ALC=15.2 ± 1.6; NO-ALC=16.5 ± 1.2) and
not present at any other time point.
3.3. Cognitive Function
Cognitive function was assessed only in the study of Murphy et al. [24] through a modiﬁed version
of the Stroop test. This test of cognitive function was a computer-based program requiring subjects
to react to repeated color and word stimuli. The program analyzed response time and accuracy for
congruent and incongruent stimuli. Measures of cognitive function were recorded before, immediately
post, 2 and 16 h intervention. The results provided by the authors show no diﬀerence over time for
cognition test time, congruent reaction time, or incongruent reaction time. However, the time required
to complete the cognition test signiﬁcantly increased in the ALC compared to the NO-ALC group and
a large ES was shown for increased cognition test time, congruent and incongruent reaction time in the
ALC group compared to the NO-ALC group. The ﬁndings indicate that ALC consumption impairs
cognitive function during recovery, which may be a negative factor in sports where decision making
processes, speed and quality of responses to visual stimuli (especially team sports) are essential.
4. Discussion
By evaluating the eﬀects of alcohol consumption on recovery following RE from biological,
physical and cognitive perspective, we have been able to provide a comprehensive description of the
multifactorial nature of alcohol consumption. Indeed, alcohol consumption is a common occurrence in
the general population on global scale and it is a phenomenon that has not been explored in depth
when it comes to post-exercise recovery, even more so in RE post-exercise recovery. The main ﬁndings
highlight that ALC cannot be considered as a modulating factor for the majority of the retrieved
biological measures. In fact, creatine kinase, heart rate, lactate, blood glucose, estradiol, sexual
hormone binding globulin, leukocytes and cytokines, C-reactive protein and calcium do not seem to
be modiﬁed following ALC consumption during the acute recovery phase post-resistance exercise.
Only cortisol levels seem to be increased, conversely testosterone, plasma amino acids, and rates of
muscle protein synthesis decreased. When considering the retrieved physical measures force, power,
muscular endurance, soreness and rate of perceived exertion also seem to be unmodiﬁed following
alcohol consumption during recovery. The general ﬁndings therefore highlight that muscle function is
not altered by alcohol consumption following exercise bouts, however the altered endocrinological
asset regarding cortisol and testosterone and the consequent suppressed rates of muscular protein
synthesis and reduced circulating levels of amino acids, suggest that long-term muscular adaptations
could be impaired.
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A trend of heart rate increase following the exercise intervention has been detected, however no
diﬀerence was shown between the ALC and the NO-ALC condition. This conclusion raises diﬀerent
concerns since alcohol acts as a diuretic and it contributes to faster elimination of water content from
the bloodstream, leading to increased viscous blood plasma which is harder to pump and deliver to
the body tissues [31]. The heart has to adapt to these conditions to increase the cardiac output. There
seems to be a dose response relationship between the alcohol consumption and heart rate i.e., there is a
positive correlation between alcohol consumption and heart rate response [32]. Consequently, this has
the potential to alter individual RPE [33]. This latter parameter also seems to not be inﬂuenced by
alcohol consumption. Only one of the retrieved studies has shown there was a diﬀerence between
the ALC and NO-ALC group with the ALC group showing less perceived exertion compared to the
NO-ALC group.
As previously stated alcohol acts as a diuretic and thus can explain why in the study of Murphy
at al [24] the ALC group had an increased total volume output overnight when compared to the
NO-ALC group.
One of the most interesting ﬁndings of this review was found in the study by Parr et al. [9] who
demonstrated that blood glucose is aﬀected by CHO but not ALC during recovery after RE. This is
in alignment with ﬁndings of Lustig [34] who claims that toxic eﬀects of alcohol are very similar to
excessive sugar exposure mainly for its fructose content. Even though fructose does not show the same
acute toxic eﬀects of ethanol, it encompasses all the chronic hazardous eﬀects on long-term health [34].
Creatine kinase was also unmodiﬁed by ALC consumption. Such enzyme which is present
in the muscles, when detectable in the peripheral circulation, is commonly used as a measure of
muscle damage [8]. None of the authors which reported measures of CK showed diﬀerences between
groups, instead correlations were established between the ALC and the NO-ALC condition. ALC
cannot be considered as a modulating factor for CK following RE and the increases of CK shown are
the result of muscle damage following the exercise bouts. Neither leukocytes nor cytokines seem
to be changed following alcohol consumption, which means that the inﬂammatory response is not
modulated by alcohol consumption. Such is a controversial ﬁnding because as reported by diﬀerent
authors [35,36] alcohol abuse not only increases inﬂammation but also alters the immune function of
the body. Probably healthy individuals, who regularly exercise, as those included in each study of
this review, do not express altered inﬂammatory or immune function following a single acute alcohol
intoxication. Same trend is shown by CRP, which conﬁrms that muscle damage and inﬂammation are
not dependent, in the analyzed population, from the ingestion of alcohol [24]. Such ﬁndings may also
explain why perceived soreness was not diﬀerent between the ALC and NO-ALC groups analyzed.
Cortisol and testosterone levels during post RE when compared between ALC and NO-ALC
groups appear to be altered. On average, the participants who consumed ALC expressed higher levels
of cortisol and lower levels of testosterone in comparison to the NO-ALC group. Decreased levels
of testosterone and increased levels of cortisol are suggested to be indicative for a disturbance in the
anabolic-catabolic balance, which likely leads to decreased recovery and therefore, decreased levels of
performance [24,37]. When present in excessive levels, cortisol is an overall catabolic hormone, which
decreases lean body and muscle mass and increases energy expenditure [38]. Conversely, testosterone
is an anabolic hormone, which may also explain why in the study of Parr et al. mTOR phosphorylation
in the NO-ALC group was higher than the ALC-CHO (76%) and ALC-PRO (54%) group at 2 and 8 h
post-exercise. In addition, also rates of muscle protein synthesis were higher in the NO-ALC group
when compared to those who ingested ALC. However, muscle protein synthesis may also appear
decreased because of the decreased plasma levels of AA showed following ALC consumption. These
ﬁndings can have major implications with regards to the recovery and performance of both non athletes
and professional athletes. An acute bout of vigorous RE can result in a transient increase in protein
turnover and until feeding, protein balance remains negative [39,40]. Protein ingestion post exercise
enhances muscle protein synthesis and net protein balance [41] by increasing myoﬁbrillar protein
fraction with RE [42], but as seen in the study of Parr et al. alcohol ingestion after RE has the ability to
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disrupt this process. Beyond physical aspects, decreased protein synthesis leads to impaired long-term
memory in humans [43–45], which can be particularly important in professional athletes who have
many cognitive demands with respect to both short and long term memory [17].
In regards to measures of force only study of Barnes et al. [18] showed that following ALC
consumption the levels of isometric, concentric and eccentric torque decreased, while other studies in
this review that measured force production showed no diﬀerences between the ALC and NO-ALC
groups during recovery following RE. As depicted in the results section, with respect to muscle function
and force, only study by Barnes et al. has shown that moderate consumption of alcohol can amplify the
loss of force associated with strenuous eccentric exercise [18]. This particular study detected signiﬁcant
decrements in average peak isometric, concentric and eccentric torques at 36 h post-exercise [18].
Clearly more research is needed since the outcomes among the mentioned studies are quite distinct.
All measures of force were assessed from 2 h to 48 h post RT or ALC ingestion and the measures all
appear decreased because of the exercise performed. The retrieved measures of performance returned
to baseline within 2 days following both ALC consumption and the exercise bouts. Same trend is
shown for the other two measures of performance retrieved: power and muscular endurance which
decreased following the exercise bouts in both groups with no diﬀerence between those who consumed
ALC and those who did not.
Several limitations have been encountered during the realization of this manuscript. Firstly, a
very limited body of evidence was present within each screened database, on the topic of alcohol
consumption following bouts of RE, therefore it is not possible to consider such review comprehensive
and deﬁnitive. Few studies have evaluated in depth biological measures of protein synthesis or speciﬁc
markers of muscular function. Other important limitation is the timely evaluation of each study. Each
included measure was evaluated in a timeframe ranging from 2 h to 48h post exercise or alcohol
consumption. Therefore, only acute modiﬁcations were evaluated and it was not possible to consider
hormonal ﬂuctuations beyond 2 days and their relative eﬀects. Lastly, the total sample size of each
study was small ranging between 8 and 19 participants.
5. Conclusions
Alcohol consumption following resistance exercise doesn’t seem to aﬀect the majority of the
retrieved biological and physical measures. However, levels of cortisol were increased, and levels
testosterone and rates of muscle protein synthesis were decreased, which indicates that long term
muscular adaptations could be impaired if alcohol consumption during recovery is consistent. Muscle
function doesn’t seem to be inﬂuenced by alcohol consumption during recovery. Studies with larger
cohorts evaluating the eﬀects of alcohol consumption during recovery following resistance exercise are
needed to further understand the long-term eﬀects of alcohol ingestion.
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Abstract: Integrative neuromuscular training (INT) has emerged as an eﬀective strategy for
improving health- and skill-related components of physical ﬁtness, yet few studies have explored
the cardiometabolic demands of this type of training in children. The aim of this study was to
examine the acute cardiometabolic responses to a multi-modal INT protocol and to compare these
responses to a bout of moderate-intensity treadmill (TM) walking in children. Participants (n = 14,
age 10.7 ± 1.1 years) were tested for peak oxygen uptake (VO2 ) and peak heart rate (HR) on a maximal
TM test and subsequently participated in two experimental conditions on nonconsecutive days:
a 12-min INT protocol of six diﬀerent exercises performed twice for 30 s with a 30 s rest interval
between sets and exercises and a 12-min TM protocol of walking at 50% VO2 peak. Throughout the
INT protocol mean VO2 and HR increased signiﬁcantly from 14.9 ± 3.6 mL·kg−1 ·min−1 (28.2% VO2
peak) to 34.0 ± 6.4 mL·kg−1 ·min−1 (64.3% VO2 peak) and from 121.1 ± 9.0 bpm (61.0% HR peak) to
183.5 ± 7.9 bpm (92.4% HR peak), respectively. While mean VO2 for the entire protocol did not diﬀer
between INT and TM, mean VO2 and HR during selected INT exercises and mean HR for the entire
INT protocol were signiﬁcantly higher than TM (all Ps ≤ 0.05). These ﬁndings suggest that INT can
pose a moderate to vigorous cardiometabolic stimulus in children and selected INT exercises can be
equal to or more metabolically challenging than TM walking.
Keywords: Heart rate; interval training; metabolism; oxygen consumption; physical activity;
resistance training; strength training; youth

1. Introduction
A growing number of children and adolescents fail to accumulate at least 60 min of moderate to
vigorous physical activity (MVPA) daily [1]. The far-reaching consequences of physical inactivity during
childhood and adolescence are a constellation of cardiometabolic, musculoskeletal, and psychosocial
risk factors and diseases that are challenging to manage, diﬃcult to treat and costly to individuals
and society [2]. Current eﬀorts to increase MVPA in youth with targeted interventions have had only
a small eﬀect [3]. Notably, the impact of walking interventions on physical activity behaviors and
health-related ﬁtness measures in school-age youth have been limited [4–6]. While walking is a natural
form of physical activity that is practical and inexpensive, other types of exercise may be needed
to enhance cardiometabolic health, target neuromuscular deﬁciencies, and increase participation in
MVPA. The importance of integrating diﬀerent types of resistance exercise into youth ﬁtness programs
has become particularly important in light of secular declines in measures of muscular strength and
power in modern day youth [7,8]. The available evidence supports a link between muscular ﬁtness
and physical activity, particularly vigorous intensity physical activity, in children and adolescents [9].
J. Funct. Morphol. Kinesiol. 2019, 4, 39; doi:10.3390/jfmk402003955
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Integrative neuromuscular training (INT) is a type of exercise characterized by intermittent bouts
of diﬀerent strength- and skill-building exercises that are designed to improve fundamental movement
skills, increase muscular ﬁtness and prepare participants for exercise and sport activities [10]. INT has
emerged as an eﬀective strategy for improving health- and skill-related components of physical ﬁtness
in school-age youth, [11–13], and limited evidence suggests that this type of training may also oﬀer
cardiometabolic beneﬁts [14,15]. Previous studies investigating the eﬀects of INT on children have
found signiﬁcant improvements in sprinting, running, jumping, throwing and lifting performance
following 8 to 10 weeks of training [11,12,16]. However, it is also important to examine the acute
cardiometabolic responses to INT because the amount of time youth spend in vigorous physical
activity is more strongly associated with positive health outcomes than light or moderate-intensity
physical activity [17–19]. An analysis of accelerometer data from a large sample of children found
vigorous physical activity was strongly associated with metabolic health whereas associations of light
to moderate physical activity were weak to moderate [18]. While research evidence supports the safety,
eﬃcacy and feasibility of INT for children [11,12,16], the acute cardiometabolic responses to INT are
poorly understood.
Researchers examined the acute cardiometabolic responses to a single-mode interval training
protocol with medicine balls [14] or battling ropes [15] in children and found that this type of exercise
can pose a potent cardiometabolic stimulus. For example, mean heart rate (HR) and oxygen uptake
(VO2 ) values during a 10-min bout of medicine ball interval training ranged from 61.1% to 89.6% of
HR peak and from 28.2% to 63.5% of VO2 peak [14]. Similarly, others found that the acute responses to
a 12-min session of resistance training or intermittent noncontact boxing in early adolescents could be
characterized as “vigorous” and therefore contribute to daily moderate to vigorous physical activity
(MVPA) recommendations [20]. Due to the increasing interest in high-intensity interval training and
the potential for multi-modal INT to modulate disease risk factors and improve health outcomes in
youth [10,21,22], there is strong rational to further examine the acute cardiometabolic responses to
INT in youth. Of relevance to the current study, strategic eﬀorts to strengthen and improve physical
education and physical activity opportunities with novel and time eﬃcient exercise interventions are
needed to increase MVPA in school-age youth and foster a healthy generation [23].
To the authors’ knowledge, no previous study has examined the acute cardiometabolic responses to
multi-modal INT in children and direct comparisons between INT and traditional exercise interventions
such as walking have not been reported. While brisk walking can oﬀer health beneﬁts for children,
INT has been found to enhance cardiometabolic health and neuromuscular ﬁtness in youth [11–13].
Additional research on the acute responses to INT could be used to establish preliminary cardiometabolic
references values for INT and inform the design of novel exercise interventions for children. Therefore,
the purpose of this study was to examine the acute cardiometabolic responses to a multi-modal
INT protocol in children and to compare these responses to a bout of moderate-intensity treadmill
walking. Based on previous ﬁndings regarding the acute cardiometabolic responses to diﬀerent exercise
modalities in youth [14,15], we hypothesized that selected INT exercises would elicit a cardiometabolic
response that was equal to or greater than brisk walking in children.
2. Materials and Methods
2.1. Participants
A convenience sample of 14 healthy children (8 boys and 6 girls; mean ± SD age 10.7 ± 1.1 years;
height 143.2 ± 6.8 cm and body mass 36.3 ± 9.9 kg) volunteered to participate in this study. Participants
were active members of local sports teams (primarily soccer and lacrosse), but none participated
regularly in resistance training. Parents completed a modiﬁed physical activity readiness questionnaire
to evaluate the health status of the participants and assess the safety for performing vigorous exercise.
All parents signed a parental permission form and all participants signed a child assent form and were

56

J. Funct. Morphol. Kinesiol. 2019, 4, 39

informed of the beneﬁts and risks of this investigation. This study was approved by the Institutional
Review Board at The College of New Jersey (process No: 2017-0080, 7 February 2018).
2.2. Peak Aerobic Capacity Testing
All participants reported to the Human Performance Laboratory at least 2 h postprandial for peak
aerobic capacity testing. VO2 peak was assessed using the Fitkids treadmill test protocol [24] and a
metabolic system (MedGraphics ULTIMA Metabolic System, MedGraphics Corporation, St. Paul, MN,
USA). The Fitkids treadmill test is a valid and reproducible exercise test for children that consists of 90 s
stages with incremental increases in speed and incline until volitional exhaustion [24]. Breath-by-breath
VO2 data were obtained and VO2 peak was determined by recording the highest measure observed
during the test [25]. HR was monitored using a soft chest strap with a HR sensor (Model A300; Polar
Electro Inc., Woodbury, NY, USA). HR peak was deﬁned as the highest value achieved during the test.
Participants were asked to manually signal without verbalizing their rating of perceived exertion (RPE)
during the test [26]. Prior to testing, height was measured to the nearest 0.1 cm using a wall-mounted
stadiometer and body mass was measured to the nearest 0.5 kg using an electronic scale. For both
measurements, participants wore light cloths and no shoes.
2.3. Integrative Neuromuscular Training Protocol
Participants returned to the Human Performance Laboratory to perform the INT protocol within
2 to 7 days of the peak aerobic capacity test. The INT protocol used in this study was based on
previous pediatric research [11,14,15,27] and included strength- and skill-building exercises that were
appropriate for children [10]. Our INT protocol consisted of the following six exercises: (1) balance
board squats (EX1; 15 repetitions), (2) medicine ball squats with toss and catch (EX2; 15 repetitions),
(3) BOSU™ planks with side steps (EX3; 20 repetitions), (4) medicine ball forward lunges (EX4;
16 repetitions), (5) battling rope double arm waves (EX5; 30 repetitions) and medicine balls slams (EX6;
15 repetitions). The 6 INT exercises were performed in successive order with each exercise interval
lasting 30 s in duration. Each exercise was performed twice with a rest interval of 30 s in between sets
and exercises. The 12 time intervals corresponding to the initiation and termination of each 30 s INT
set were carefully monitored and labeled. The total duration of the INT protocol was 12 min (including
30 s recovery following the last exercise).
Pilot testing from our center found that a 2.3 kg medicine ball and a 4.1 kg battling rope were
appropriate for children. Participants were asked to follow a speciﬁc cadence using a metronome and
to try and complete a target number of repetitions during each set. A research assistant performed the
INT protocol at the desired cadence with each participant during each set and provided a quick review
of the upcoming exercise during each rest interval. All participants performed the same exercises
in the same order. Participants were asked to manually indicate their RPE after each INT set on a
visually presented scale consisting of verbal expressions with a numerical response range of 0 to 10 and
ﬁve pictorial descriptors that represent a child at varying levels of exertion [26]. Participants became
familiar with the INT protocol during a familiarization session which took place after the peak aerobic
capacity test. During the familiarization session participants practiced each INT exercise and proper
technique was reinforced with exercise-speciﬁc coaching cues.
2.4. Treadmill Protocol
Participants performed the TM trial 2 to 7 days after the INT protocol. The TM protocol used in
this study was designed to be a moderate-intensity walking protocol that is consistent with general
physical activity recommendations for school-age children [28,29]. Participants walked briskly at a
predetermined exercise intensity of 50% VO2 peak for 12 min. The speed and grade of the treadmill were
adjusted to maintain the desired exercise intensity throughout the 12-min session. Cardiometabolic
data were collected during the same 30 s time intervals as INT. Participants were asked to manually
indicate their RPE during the TM trial [26].
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2.5. Experimental Measurements: Oxygen Uptake and Heart Rate
VO2 and HR were measured at rest and throughout the INT and TM protocols following similar
experimental procedures. On arrival, each participant was asked to drink water ad libitum to prehydrate
and was ﬁtted with the same child-size respiratory mask and heart rate monitor used for the maximal
aerobic capacity test. HR data were downloaded for analysis using a computer software program.
HR data analyzed were the mean values collected during each 30-s time interval throughout the
12-min INT and TM protocols. Breath-by-breath VO2 was measured during the INT and TM protocols
using the same metabolic system used for maximal aerobic capacity testing. Values for relative VO2 ,
minute ventilation (VE ) and respiratory exchange ratio (RER) were recorded during the entire protocol.
Individual breath-by-breath data points for all metabolic variables were averaged for each 30 s interval.
Prior to each trial, each participant sat quietly in a chair for 5 min to collect baseline data. Once complete,
the researcher brieﬂy reviewed session instructions. Subsequently, each participant performed 2 to
3 min of calisthenics (e.g., arm circles and knee lifts) prior to INT or 2 to 3 min of low intensity walking
prior to TM. Verbal encouragement was provided throughout the INT and TM trials.
2.6. Statistical Analysis
Descriptive statistics (mean ± SD) were calculated for all dependent variables. For each protocol,
the mean values for VO2 , VE , RER, and HR were averaged every 30 s in time-match intervals as well
as for the entire 12-min protocol. A 2 (INT or TM) × 12 (time interval sets) analysis of variance with
repeated measures was used to analyze within and between participant cardiometabolic and RPE data.
A signiﬁcant F ratio was followed by pairwise comparisons to detect diﬀerences between INT and TM
at a given time interval using Bonferroni’s adjustments. In addition, a dependent t-test was used to
compare mean VO2 , VE , RER, and HR of the entire protocol between INT and TM. For all statistical
tests, a probability level of p < 0.05 denoted statistical signiﬁcance. Statistical analyses were conducted
in SPSS (version 24; SPSS, Chicago, IL, USA).
3. Results
All participants completed study procedures and no injuries or unexpected events occurred. Our
post hoc comparisons revealed a progressive increase in cardiometabolic demand as VO2 , VE , RER, and
HR increased signiﬁcantly throughout our multi-exercise INT protocol. During the INT protocol mean
HR signiﬁcantly increased from 121.1 ± 9.0 b·min−1 to 183.5 ± 7.9 b·min−1 and mean VO2 signiﬁcantly
increased from 14.9 ± 3.6 mL·kg−1 ·min−1 to 34.0 ± 6.4 mL·kg−1 ·min−1 (Table 1). Values for HR, VE ,
and RER tended to increase with each successive INT exercise and paralleled VO2 data. Mean VO2
and HR during EX5 and EX6 of the INT protocol were signiﬁcantly higher than during time-matched
TM intervals (Table 1) (all Ps < 0.05). Figure 1; Figure 2 depict the gradual increase in HR and VO2 ,
respectively, during the INT protocol as compared to TM.
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1/1

1/2

2/1

2/2

3/1

3/2

4/1

4/2

5/1

5/2

6/1

6/2

1
(0–0.5)

2
(1.0–1.5)

3
(2.0–2.5)

4
(3.0–3.5)

5
(4.0–4.5)

6
(5.0–5.5)

7
(6.0–6.5)

8
(7.0–7.5)

9
(8.0–8.5)

10
(9.0–9.5)

11
(10–10.5)

12
(11–11.5)

VO2

33.3 ± 6.0 a−h

32.0 ± 5.4 a−h

34.0 ± 6.4 a−h

30.9 ± 9.1 a,b,f,g

23.4 ± 4.2 a,b,f−l

21.2 ± 3.4 a,h−l

20.5 ± 4.3 a,h−l

23.2 ± 4.7 a,j−l

25.2 ± 6.3 a,b,j−l

23.9 ± 8.2 a,j−l

19.7 ± 3.9 a,d,h−l

14.9 ± 3.6 b−l

INT

INT

VE

48.6 ± 11.0 a−h

46.2 ± 10.2 a−h

52.2 ± 12.4 a−i

38.3 ± 14.2 a−c,e−j

26.7 ± 9.1 a,b,f,i−l

24.3 ± 9.1 a,b,i−l

23.4 ± 9.4 a,h−l

26.7 ± 9.5 a,b,i−l

27.9 ± 9.2 a,b,j−l

24.7 ± 7.7 a,i−l

19.7 ± 6.6 a,d,e,h−l

14.9 ± 4.5 b−l

mL·kg−1 ·min−1 ;

26.8 ± 6.2 *

27.6 ± 5.3 *

27.6 ± 5.1 *

27.8 ± 4.6

27.5 ± 4.9 *

27.2 ± 4.7 *

26.4 ± 5.3 *

26.6 ± 5.6

25.8 ± 6.6

25.4 ± 5.7

23.4 ± 3.7

19.2 ± 2.5

TM

25.1 ± 6.5 *

26.7 ± 5.7 *

26.4 ± 5.6 *

26.7 ± 6.0

26.6 ± 7.0

25.8 ± 5.8

25.0 ± 6.9

25.4 ± 7.0

24.2 ± 6.6

23.8 ± 6.0

20.8 ± 4.5

16.8 ± 2.5

TM

HR

183.5 ± 7.9 a−i

181.5 ± 9.0 a−i

181.6 ± 8.3 a−i, k,l

167.4 ± 10.5 a−h,j−l

144.8 ± 14.0 a,b,i−l

142.8 ± 13.6 a,b,i−l

134.3 ± 16.5 i−l

138.4 ± 19.0 i−l

147.3 ± 12.4 a−c,i−l

139.1 ± 11.6 a,b,d,i−l

129.6 ± 10.9 a,c−d,g−l

121.1 ± 9.0 b−d,g−l

INT

150.4 ± 17.3 *

150.5 ± 17.2 *

151.3 ± 16.7 *

151.1 ± 16.1

150.1 ± 16.7

150.0 ± 16.4

148.1 ± 16.2

145.1 ± 16.1

146.0 ± 14.5

139.3 ± 13.7

133.8 ± 12.2

121.1 ± 11.7

TM

RER

a

1.07 ± 0.06 a−i

1.12 ± 0.07 a−i

1.15 ± 0.07 a−i

0.95 ± 0.08 j−l

0.90 ± 0.05 j−l

0.95 ± 0.07 j−l

0.94 ± 0.06 j−l

0.96 ± 0.07 j−l

0.93 ± 0/07 j−l

0.90 ± 0.07 j−l

0.88 ± 0.08 j−l

0.88 ± 0.07 j−l

INT

0.89 ± 0.05 *

0.90 ± 0.05 *

0.90 ± 0.05 *

0.91 ± 0.05

0.90 ± 0.05

0.90 ± 0.04

0.90 ± 0.06

0.90 ± 0.06

0.90 ± 0.05

0.89 ± 0.04

0.85 ± 0.06

0.82 ± 0.05

TM

All values are mean ± SD. EX = exercise, VO2 = oxygen uptake,
VE = minute ventilation, L/min; HR = heart rate; RER = respiratory exchange ratio. vs. interval 1; b vs.
interval 2; c vs. interval 3; d vs. interval 4; e vs. interval 5; f vs. interval 6; g vs. interval 7; h vs. interval 8; i vs. interval 9; j vs. interval 10; k vs. interval 11; l vs. interval 12. * diﬀerent than
INT. p ≤ 0.05.

INT EX/set

Interval (min)

Table 1. Cardiometabolic responses during integrative neuromuscular training (INT) and treadmill (TM) walking.
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Figure 1. Heart rate (HR) responses (mean ± SD) during integrative neuromuscular training (INT)
and treadmill (TM) protocols. PRE = Baseline; REC = recovery. See Table 1 for signiﬁcant diﬀerences
between INT exercises and protocols.

Figure 2. Relative oxygen uptake responses (mean ± SD) during integrative neuromuscular training
(INT) and treadmill (TM) protocols. PRE = Baseline; See Table 1 for signiﬁcant diﬀerences between INT
exercises and protocols.

The relative cardiometabolic intensity of each INT exercise (expressed as a percentage of values
attained during maximal aerobic capacity testing) ranged from 61.0% to 92.4% for HR and from 28.2% to
64.3% for VO2 . The relative cardiometabolic demands of each INT exercise compared to time-matched
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TM time intervals are outlined on Table 2. The signiﬁcant increases in cardiometabolic responses
during INT mirrored signiﬁcant increases in RPE. The mean RPEs (out of 10) for INT EX1 to EX6 were
1.14 ± 0.85, 2.26 ± 0.98, 2.91 ± 1.04, 3.55 ± 1.23, 5.42 ± 1.45 and 6.68 ± 1.67, respectively. There was no
signiﬁcant diﬀerence in mean VO2 between the entire 12-min INT and TM protocols; however, mean
values for HR, VE and RER for the entire 12-min protocol were signiﬁcantly higher during INT than
TM (all Ps < 0.05) (Table 3). The mean VO2 throughout the 12-min TM protocol was 49.5% of VO2 peak
attained during maximal aerobic capacity testing.
Table 2. Relative cardiometabolic intensity during integrative neuromuscular training (INT) and
treadmill (TM) walking intervals.
Interval (min)

INT EX/Set

% VO2 Peak

%HR Peak

INT

TM

INT

TM

1
(0–0.5)

1/1

28.2

36.3

61.0

61.0

2
(1.0–1.5)

1/2

37.2

44.2

65.3

67.4

3
(2.0–2.5)

2/1

45.1

48.0

70.1

70.1

4
(3.0–3.5)

2/2

47.6

48.8

74.2

73.5

5
(4.0–4.5)

3/1

43.8

50.2

69.7

73.1

6
(5.0–5.5)

3/2

38.7

49.9

67.6

74.6

7
(6.0–6.5)

4/1

40.0

51.4

71.9

75.6

8
(7.0–7.5)

4/2

44.2

52.0

72.9

75.6

9
(8.0–8.5)

5/1

58.4

52.5

84.3

76.1

10
(9.0–9.5)

5/2

64.3

52.2

91.5

76.2

11
(10–10.5)

6/1

60.5

52.2

91.4

75.8

12
(11–11.5)

6/2

62.9

50.7

92.4

75.8

Table 3. Mean cardiometabolic responses during the entire 12 min integrative neuromuscular training
(INT) and treadmill (TM) protocols.
INT

TM

VO2
(mL·kg−1 ·min−1 )

25.4 ± 4.5

26.2 ± 4.5

VE
(l·min−1 )

29.79 ± 8.0

24.7 ± 5.5 *

HR
(beats·min−1 )

153.4 ± 10.6

145.2 ± 15.0 *

RER

0.96 ± 0.04

0.89 ± 0.05 *

All values are mean ± SD. * diﬀerent than INT. p ≤ 0.05.
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4. Discussion
The aim of our study was to examine the acute cardiometabolic responses to a multi-modal INT
protocol in children and to compare these responses to a bout of moderate-intensity TM walking.
Consistent with our hypothesis, we found a progressive, multi-modal INT protocol comprising 30 s
of work with 30 s of passive recovery can pose a moderate to vigorous cardiometabolic stimulus
in children and selected INT exercises can be equal to or more metabolically challenging than TM
walking. While other pediatric investigations detailed the acute physiological responses to intermittent
bouts of single-mode exercise with cycling, sprinting, medicine balls or battling ropes [14,15,30,31],
this is the ﬁrst study to describe the acute cardiometabolic demands of a mixed-exercise INT protocol
in children. No signiﬁcant diﬀerences were observed in mean VO2 between the entire 12-min INT
and TM protocols. However, mean HR, VE , and RER were signiﬁcantly higher during INT than TM.
Given the link between vigorous physical activity and positive health outcomes in youth [17–19], our
ﬁndings provide insight into the potential cardiometabolic beneﬁts of INT if performed at the requisite
weekly frequency.
Participants in our study were physically active children with a peak aerobic capacity of
52.9 ± 9.4 mL·kg−1 ·min−1 and a peak HR of 198.5 ± 5.5 bpm. During the INT protocol, VO2
increased from 14.9 ± 3.6 to 34.0 ± 6.4 mL·kg−1 ·min−1 and HR increased from 121.1 ± 9.0 bpm to
183.5 ± 7.9 bpm (Table 1). As shown on Table 2, the relative intensity of each INT exercise expressed
as a percentage of VO2 peak and HR peak ranged from 28.2% to 64.3% and from 61.0% to 92.4%,
respectively. The mean VO2 and HR responses during the entire 12 min INT protocol were 49.5%
and 73.1%, respectively, of peak values. When compared to a standard classiﬁcation of physical
activity intensity based on percentage of VO2 peak or HR peak, our ﬁndings indicate that the overall
intensity of our 12-min INT protocol could be characterized as “moderate” (i.e., 46–63% VO2 peak
and 64–76% HR peak) whereas the intensity of individual INT exercises could be characterized as
“light”, “moderate”, or “vigorous” depending upon the mode and complexity of each movement [32].
Knowing the intensity levels of diﬀerent INT exercises can help researchers and practitioners design
interventions that optimize training-induced adaptations and encourage compliance in all participants.
The progressive increase in HR throughout our INT protocol was consistent with other reports that
examined the acute physiological responses to diﬀerent modes of resistance exercise in youth [14,15,20].
During a 10-min bout of medicine ball interval training (30 s/exercise and 30 s rest/set) researchers
reported that mean HR values during work sets ranged from 121.5 ± 12.3 bpm (61.1% HR peak) to
178.3 ± 9.4 bpm (89.6% HR peak) [14]. Harris and colleagues characterized the acute responses to
resistance exercise and HIIT in early adolescents (12–13 years) and reported mean HR over all 12 work
sets of 169.9 ± 9.2 bpm for resistance training and 179.0 ± 5.6 bpm for HIIT which represented 85%
and 90% of HR peak, respectively [20]. In our study, the gradual increase in HR from 61% HR peak to
over 90% HR peak was expected because the structure of our multi-modal INT protocol included six
diﬀerent exercises that progressed from a less intense squatting exercise to a more explosive movement.
These ﬁndings are notable because high-intensity interval training characterized by short bouts of
vigorous intensity activity may be needed to elicit the greatest improvements in cardiometabolic health
and aerobic ﬁtness in children [21,33]. Of interest, participants in our study recovered quickly from the
demands of INT as evidenced by heart rates of 139.1 ± 13.9 bpm, 118.4 ± 14.2 bpm, and 113.9 ± 13.5 bpm
after 1, 3 and 5 min of recovery, respectively (Figure 2). These observations are consistent with others
who reported a faster post-exercise recovery heart rate in children than endurance adult athletes. [34].
The ﬁndings related to relative VO2 , VE and RER build upon previous reports investigating
diﬀerent modes of youth resistance training. During a progressive interval protocol with 5 battling rope
exercises, relative VO2, VE and RER increased to 30.0 mL·kg−1 ·min−1 (64.8% VO2 peak), 40.8 L/min
and 1.07, respectively [15]. In another report, relative VO2, VE and RER reached 34.9 mL·kg−1 ·min−1
(63.6% VO2 peak), 40.4 L/min and 0.95, respectively, during medicine ball interval training [14].
While Baquet and colleagues reported mean VO2 values of 35.5 mL·kg−1 ·min−1 (64.6% VO2 peak) to
47.0 mL·kg−1 ·min−1 (85.9% VO2 peak) during sprint high intensity interval exercise in children [31],
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diﬀerences in exercise characteristics, workload duration and rest interval length can explain, at least in
part, these ﬁndings. The progressive increase in RER that reached values above 1.0 which were greater
than those observed during TM walking further attested to the intense nature of our INT protocol.
Collectively, it appears that INT and other types of interval training could be used to bring about
positive cardiometabolic adaptations in children.
Our ﬁndings demonstrate that INT characterized by short exercise intervals interspersed with
brief rest intervals can pose a moderate to vigorous cardiometabolic stimulus in youth. Unlike brisk
walking, INT typically requires the whole body to function as a unit in order to perform movements
proﬁciently with proper technique at the desired cadence. During our multi-modal INT protocol, the
highest VO2 and HR values were achieved during EX5 (battling rope double arm wave) and EX6
(medicine ball slams), respectively. Both of these exercises require a substantial involvement of the
upper and lower body since participants vigorously waved a 4.1 kg battling rope with both arms
or forcibly slammed a 2.3 kg medicine ball against the ﬂoor at maximal or near maximal velocity.
Interestingly, Ratamess and colleagues examined the acute cardiometabolic response to 13 diﬀerent
resistance exercise protocols in adults and found that the battling rope double arm wave elicited the
highest responses [35]. While the greater complexity and muscle mass activation of the INT exercises
towards the end of our protocol suggest that the choice of exercise is a primary determinant of the
cardiometabolic responses to INT, the cumulative eﬀects of fatigue and cardiovascular drift during our
INT protocol should also be considered because the cardiometabolic responses to each INT exercise
were likely inﬂuenced by the subsequent fatigue from the previous exercise.
The structure of our INT protocol was based on previous ﬁtness interventions with children and
included 2 sets of 6 diﬀerent exercises with a 30 s rest interval in between sets and exercises [11,27].
Due to the age of the participants and the relative intensity of selected INT exercises, a progressive,
multi-modal INT protocol with passive recovery intervals was arguably required to maintain safety,
motivation and adherence. Sustained bouts (>10 min) of physical activity are rare in children and the
natural tempo of their activity is characterized by short bursts lasting a few seconds [36]. Furthermore,
it is important to note that the objective of our investigation was not to disentangle the acute demands
of each INT exercise, but rather to examine the acute cardiometabolic responses to a novel INT protocol
and to compare these responses to a more traditional form of continuous physical activity of comparable
time and overall VO2 . Notably, we used a time period of 12 min so that the protocol could be readily
incorporated into a physical education class or sports practice. With that said, the results from our
investigation provide preliminary cardiometabolic reference values for a multi-modal INT protocol and
highlight the versatility of INT because diﬀerent exercises could be combined to oﬀer light, moderate,
vigorous or variable intensity training depending on the needs, goals and abilities of the children.
Our ﬁndings support the integration of INT into school- and community-based youth ﬁtness
programs and inform the development of interventions aimed at increasing time spent in MVPA. The
progressive increase in cardiometabolic intensity throughout the INT protocol was consistent with
the participants perceptions as evidenced by signiﬁcant increases in RPE. Others found that youth
could rate their perceived exertion during resistance training and our observations support the use
of RPE to monitor the intensity of INT in children [20,37]. We also observed that our INT protocol
was challenging and appealing for the participants. This was evidenced by 100% compliance with
research instructions and testing protocols. Although the aﬀective response to INT were not explored
in our investigation, Malik and colleagues found that enjoyment was higher following high-intensity
interval exercise compared with continuous moderate-intensity exercise in adolescents [38]. Given
that a child’s level of enjoyment is a strong predictor of physical activity participation [39], further
examination of the aﬀective responses to INT are warranted.
The INT exercises used in our investigation were intended to progress from less intense to more
intense. EX1 consisted of squatting on a balance board at a controlled cadence and EX6 required
participants to repeatedly slam a 2.3 kg medicine ball against the ﬂoor with energy and vigor. These
are important considerations when discussing our ﬁndings because the cardiometabolic responses
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to INT are dependent upon various factors including the intensity of muscle actions, type of muscle
actions, the amount of muscle mass used, rest intervals and body position [14,15,40]. In addition, age,
ﬁtness level and body mass index can inﬂuence the acute cardiometabolic responses to exercise and the
kinetics of recovery after exercise [25,34,41]. Children appear to be less susceptible to neuromuscular
fatigue than adults following resistance training [42] and the post-exercise decline in VO2 seems to be
faster in children with a higher peak VO2 than those with a lower peak VO2 [34,43]. Thus, the results
of our investigation should be interpreted within the context of a mixed model exercise approach that
reﬂects how children may actually perform INT during physical education or sports practice.
We acknowledge that the maturity status of the participants was not assessed and therefore we
were unable to determine if all participants were prepubertal. Also, the participants in our study
were active, healthy girls and boys so the homogeneity of our sample limits generalizability to other
populations including those with illnesses or disabilities that alter movement or mechanical eﬃciency.
It is also important to consider the design of our INT protocol and the limited INT experience of
our participants. Acute program variables will impact the cardiometabolic responses to INT and as
children become more skilled and eﬃcient at performing INT exercises the acute cardiometabolic
demands to a given protocol will not be constant. While other pediatric researchers examined the
acute cardiometabolic responses to single-mode exercise, the design of our progressive, multi-modal
INT protocol arguably provides greater translatability to school- and community-based programs in
which the physical ﬁtness levels and activity interests of children can vary widely.
5. Conclusions
INT has been investigated as a potentially potent and time eﬃcient method of enhancing
neuromuscular ﬁtness in youth [11,12,16] and our novel ﬁndings suggest that this innovative training
method consisting of strength- and skill-building exercises could also provide a suﬃcient training
stimulus needed to induce cardiometabolic adaptations. Considering the amount of time children spend
in MVPA during physical education and youth sport practice is falling short of expectations [44,45],
INT could be a worthwhile addition to school- and community-based programs to target exercise
deﬁcits. Unlike continuous bouts of moderate-intensity walking, a progressive INT intervention with
battling rope and medicine ball exercises may better prepare youth for the vigorous intensity nature
of game and sport activities. These observations have practical relevance for teachers, coaches and
health care providers who design exercise programs and sport practices for children. Altogether, the
acute cardiometabolic responses to INT along with high compliance to our study procedures provide
support for future training studies to better understand the multidimensional beneﬁts of INT on health,
ﬁtness and performance in youth.
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Abstract: Cardiorespiratory ﬁtness (CRF) is an important indicator of adolescent cardiovascular
well-being and future cardiometabolic health but not always feasible to measure. The purpose of this
study was to estimate the concurrent validity of the non-exercise test (NET) for adolescents against the
Progressive Aerobic Capacity Endurance Run (PACER® ) and direct measures of VO2max as well as to
examine the concurrent validity of the PACER® with a portable metabolic system (K4b2™ ). Forty-six
adolescents (12–17 years) completed the NET prior to performing the PACER® while wearing the
K4b2™ . The obtained VO2max values were compared using linear regression, intra-class correlation
(ICC), and Bland–Altman plots, and α was set at 0.05. The VO2max acquired directly from the K4b2™
was signiﬁcantly correlated to the VO2max indirectly estimated from the NET (r = 0.73, p < 0.001,
r2 = 0.53, ICC = 0.67). PACER® results were signiﬁcantly related to the VO2max estimates from the
NET (r = 0.81, p < 0.001, r2 = 0.65, ICC = 0.72). Direct measures from the K4b2™ were signiﬁcantly
correlated to the VO2max estimates from the PACER® (r = 0.87, p < 0.001, r2 = 0.75, ICC = 0.93). The
NET is a valid measure of CRF in adolescents and can be used when an exercise test is not feasible.
Keywords: VO2max ; PACER; non-exercise test

1. Introduction
Low cardiorespiratory ﬁtness (CRF) levels in adolescents have been linked to insulin resistance
as well as cardiovascular and cardiometabolic risk factors [1–5]. Higher levels of CRF in adolescents
have also been linked to improved academic outcomes and an improved ability to regulate attention
and behavior [6,7]. There is a strong positive relationship between CRF and cognitive performance,
with multiple studies showing that adolescents with higher levels of CRF outperformed their peers
with lower levels of CRF in cognitive tests involving working memory, cognitive ﬂexibility, and
inhibition, which is the ability to ignore extraneous environmental information [8–10]. The improved
cognitive ability is thought to be due to the increased volume in diﬀerent regions of the brain such as the
hippocampus and basal ganglia found in adolescents with higher levels of CRF [8,11]. Moreover, higher
CRF has been shown to be an excellent predictor of physical activity level during adulthood [12,13].
Since CRF is an important health predictor in adolescents, it should be regularly assessed in both
healthcare and school settings.
Maximal oxygen uptake (VO2max ), expressed as mL/kg/min of oxygen, is the gold standard
measure of CRF and can be measured both directly and indirectly [14,15]. A direct measure of
VO2max is obtained by ventilatory gas analysis during a graded exercise test at maximum exertion
and is the most precise measure of VO2max [14]. An indirect measure estimates VO2max from a
maximal or submaximal exercise test and is usually estimated from total time, total work, or heart
J. Funct. Morphol. Kinesiol. 2019, 4, 44; doi:10.3390/jfmk403004469
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rate [15]. Especially in school settings, VO2max is often indirectly measured and estimated using a
ﬁeld test. While there are a few diﬀerent options when it comes to ﬁeld tests to indirectly measure
VO2max , the 20-m multistage shuttle run test (20MSR) is the most frequently used test, as it has
shown moderate to high criterion validity compared to direct measures of VO2max and is a more
practical test compared to longer duration endurance tests, such as the 6-min endurance run [16,17].
The Progressive Aerobic Cardiovascular Endurance Run (PACER® ) is part of the FitnessGram® tests
administered to adolescents in schools [18]. The PACER® is a 20MSR meant to mimic a maximal
exertion exercise test with workloads increasing every stage until the participant reaches volitional
exhaustion. The standardized procedure of the PACER® has participants run between two markers
placed 20 m apart while keeping pace to a prerecorded audio cadence that increases every minute.
The test is terminated if a participant fails to reach a marker for the second time or if the participant
can no longer continue. This ﬁeld test has been shown to be both reliable (intra-class correlation (ICC):
0.77–0.93) and valid (r: 0.62–0.83) [16,19,20], when compared to directly measured VO2max during a
treadmill maximal exercise test.
It is not always possible to directly assess VO2max in all settings, such as schools, gyms, or even in
a clinical setting. Ventilatory gas analysis is time-consuming and requires expensive equipment that
prevents the mass screening which would be required in a school setting or in the daily caseload and
time restraints of a healthcare professional. The non-exercise test (NET) is a paper-based questionnaire
used to estimate VO2max from diﬀerent variables including sex, age, body mass index (BMI), resting
heart rate, and self-reported habitual physical activity levels [21,22]. Use of this questionnaire allows
for both quick and widespread CRF screening without any health risk to the participants. The NET
has been shown to be valid within the adult population [21], but to the best of our knowledge, has not
been tested within the adolescent population. Therefore, the purpose of this study was to estimate the
concurrent validity of the NET for adolescents against the PACER® test and objective measures of
VO2max as well as to examine the concurrent validity of the VO2max estimated by the PACER® with the
VO2max obtained from the Cosmed K4b2™ portable metabolic system (Cosmed K4b2 , Cosmed, Rome,
Italy) during the PACER® test.
2. Materials and Methods
2.1. Subjects
Adolescents aged 12–17 years were recruited by email, education support groups, co-operatives,
and word of mouth. Parents were asked if their child had any physical or mental limitations that
would prevent them from safely and accurately completing the test and if any were noted, the child
was excluded. Institutional review board approval (Protocol #19736 on 19 January 2017) from Texas
Woman’s University in Houston, TX, parental informed consent, and minor assent were secured prior
to any subject enrollment or data collection.
2.2. Procedures
Height and weight were assessed barefoot with light clothing using a medical-grade stadiometer
calibrated prior to its use. Pubertal level was assessed using the pubertal developmental scale.
Prior to participating in the PACER and being ﬁtted with the K4b2™ , participants were given
the NET questionnaire previously validated in adults by Jurca et al. [21]. As required by the NET,
each participant was asked to choose the physical activity level which best described their daily level
of activity, as listed in Table 1. Participant BMI was calculated based on their weight and height
measurement. Resting heart rate (RHR) was measured with the SantaMedical SM150BL ﬁnger pulse
oximeter (SantaMedical, Tustin, CA, USA) as the ﬁnal measurement after sitting for at least ﬁve minutes.
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Table 1. Physical Activity Levels for NET.
Physical
Activity Level
1
2
3
4
5

Description

Score

Inactive or little activity other than usual daily activities.
Regularly (≥5 d/wk) participate in physical activities requiring low levels of exertion that
result in slight increases in breathing and heart rate for at least 10 min at a time.
Participate in aerobic exercises such as brisk walking, jogging or running, cycling,
swimming, or vigorous sports at a comfortable pace or other activities requiring similar
levels of exertion for 20 to 60 min per week.
Participate in aerobic exercises such as brisk walking, jogging or running at a comfortable
pace, or other activities requiring similar levels of exertion for 1 to 3 h per week.
Participate in aerobic exercises such as brisk walking, jogging or running at a comfortable
pace, or other activities requiring similar levels of exertion for over 3 h per week.

0.00
0.32
1.06
1.76
3.03

NET equation: VO2max = 3.5 * ((Sex * 2.77) − (age * 0.1) − (BMI*0.17) − (RHR * 0.03) + (physical activity score * 1.00)
+ 18.07); Sex: 0 = F, 1 = M.

The K4b2™ portable metabolic system was used to directly measure VO2max during the PACER® .
The K4b2™ has demonstrated high test–retest reliability (ICC = 0.70–0.90) [23] and has shown to be valid
in VO2 measurement when compared to a traditional stationary gas exchange system (r: 0.93–0.97) [24].
The K4b2™ was calibrated according to manufacturer’s recommendations using known gases and
room air sampling. After calibration, participants were ﬁtted with a mask and connected to the K4b2™
prior to initiating the PACER® .
After donning the K4b2™ , adolescents were allowed to wear and familiarize themselves with
the device for 5 min. Participants completed the 20-m PACER® individually as per the standardized
instructions. Two pieces of tape were placed 20 m apart, denoting the crossing lines for the PACER® ,
and the FitnessGram® cadence soundtrack was played at a volume loud enough for the participant to
hear. Participants were instructed to begin running when they heard the ﬁrst beep on the soundtrack.
For the lap to be valid, each participant was required to clear at least one foot over the line prior to
the next beep. The test was terminated following the second miss or if the participant desired to stop.
All raters were trained and followed the standardized test procedures. Once the PACER® had been
terminated, total laps were recorded, the K4b2™ data was saved, and the mask was doﬀed.
VO2max with the K4b2™ system was determined in the same manner used by Silva et al. [25].
Respiratory variables were recorded breath-by-breath and averaged over a 10-s period. VO2max was
determined when a plateau in the VO2 curve was detected and if the plateau was absent the VO2peak
was taken instead. VO2max with the PACER® was calculated using the quadratic model established by
Mahar, Guerieri, Hanna, and Kemble [26]: VO2max = 41.76799 + (0.49261 × laps) − (0.00290 x laps2 ) −
(0.61613 × BMI) + (0.34787 × sex × age), where sex is 0 for males and 1 for females.
2.3. Statistical Analyses
The Shapiro–Wilk test, Levene’s test, and box plots were utilized to screen all data for normality
assumptions, homoscedasticity, and outliers, respectively. Linear regressions with Pearson correlations
were performed on the VO2max estimates acquired from the PACER® and the NET, and the VO2max
acquired from the K4b2™ system. Intra-class correlations (ICCs), standard error of estimate (SEE),
paired sample t-tests, and Bland–Altman plots were performed to assess agreement and diﬀerences
between the measures of VO2max. All statistical analyses were conducted with IBM SPSS software for
Windows (v. 25.0; IBM Corp., Armonk, NY, USA).
3. Results
Forty-six adolescents (male: 24; female: 22) were recruited. All data met all assumptions for
normality, homoscedasticity, and outlier assumptions. Sex speciﬁc demographic and anthropometric
characteristics are listed in Table 2.
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Table 2. Demographic and anthropometric characteristics.
Variables

All Participants (n = 46)
Mean ± SD [range]

Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2 )
BMI Percentiles (%)
Bodyfat % (DXA)
Pubertal Level (PDS)
K4b2 VO2max (mL/kg/min)
PACER VO2max Estimate (mL/kg/min)
NET VO2max Estimate (mL/kg/min)

14.56 ± 1.69; [12.00–18.00]
165.65 ± 10.05; [147.00–188.00]
60.44 ± 13.57; [38.20, 93.80]
21.88 ± 3.91; [16.20–33.40]
61.89 ± 26.35; [9.00, 98.00]
24.27 ±8.35; [13.20, 45.10]
2.71 ± 0.81; [0.00, 4.00]
42.29 ± 8.37; [20.99, 54.09]
42.67 ± 7.49; [25.88, 54.20]
49.82 ± 7.67; [33.11, 60.99]

Pearson correlation coeﬃcients as well as ICC and SEE values are listed in Table 3. Scatterplots
depicting the correlations are listed in Figure 1. All assessment methods demonstrated moderate
to strong statistically signiﬁcant correlations and levels of agreement as deﬁned by Portney and
Watkins [27] for correlations and Koo and Lee [28] for ICC.
Table 3. Correlation matrix between oxygen consumption estimates per test for both sexes combined.
Correlations
PACER

NET

r = 0.81; p < 0.001
r2 = 0.65
ICC = 0.72
SEE = 8.53 mL/kg/min
[0.57, 0.99]
r = 0.87; p < 0.001
r2 = 0.75
ICC = 0.93
SEE = 4.17 mL/kg/min
[0.70, 1.0]

r = 0.73; p < 0.001
r2 = 0.53
ICC = 0.67
SEE = 9.56 mL/kg/min
[0.50, 0.97]

PACER

NET

K4B2

A

Figure 1. Cont.
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B

C

Figure 1. Simple scatterplots. (A) NET & K4b2 : r = 0.73; (B) NET & PACER® : r = 0.81; (C)
K4b2 & PACER® : r = 0.87; Bland–Altman plots (Figure 2) and paired sample t-tests demonstrated
acceptable limits of agreement and no signiﬁcant diﬀerence for K4b2™ and PACER® measures of
VO2max (Figure 2A) (mean diﬀerence = −0.37, t(45) = −0.61, p = 0.55) but showed that the NET VO2max
estimates tend to be overestimated, seen by the upward shift of the mean diﬀerence line away from
zero, and signiﬁcantly diﬀerent in the NET − PACER® (Figure 2B) (mean diﬀerence = 7.14, t(45) =
10.26, p < 0.001) and the NET − K4b2™ (Figure 2C) (mean diﬀerence = 7.52, t(45) = 8.54, p < 0.001) plots.

A

Figure 2. Cont.
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B

C

Figure 2. Bland–Altman plots. Middle line represents mean diﬀerence while other dotted lines
represent the limits of agreement: ±1.96s. (A) K4b2 & PACER® : mean diﬀerence = −0.37, limits of
agreement of −8.61 & 7.85; (B) NET & PACER® : mean diﬀerence = 7.14, limits of agreement of −2.10 &
16.39; (C) K4b2 & NET: mean diﬀerence = 7.52, limits of agreement of −4.19 & 19.23.

4. Discussion
The aim of this study was to estimate the concurrent validity of the NET for adolescents against
the PACER® and objective measures of VO2max as well as to examine the concurrent validity of
the VO2max estimation by the PACER® with the VO2max from the K4b2™ portable metabolic system
during the PACER® test. Past studies have shown that the NET is a valid measure of CRF in adult
populations [21,22], and our results show that the NET is a valid predictor of VO2max in the adolescent
population. This is important, as it oﬀers a quick, easy, inexpensive, and risk-free method of assessing
CRF in adolescents. To our knowledge, this is the ﬁrst report to measure CRF in adolescents without
requiring any form of exertion from the participant, which allows for widespread use among large
groups and oﬀers a feasible tool for CRF measurement in healthcare settings.
The PACER® test has been validated several times [16,19,20], and our results comparing it to the
direct measure of VO2max from the K4b2™ (r = 0.87) align with past results (r = 0.62–0.83) acquired
directly from treadmill maximal exercise tests [16,19,20]. Our study oﬀers a diﬀerent perspective,
as most studies compare the PACER® estimate to a traditional treadmill maximal exercise test, but
our research compared the estimate to the direct measure of VO2max acquired at the same time the
participant was performing the PACER® . This further strengthens the validity of the PACER® as an
indirect measure of VO2max and shows that the PACER® protocol is a valid substitute for a maximally
graded exercise test.
In practice, the NET could oﬀer schools a quick and inexpensive tool to assess CRF more frequently
than the PACER® test allows, providing valuable information to implement changes in physical
education. At the clinical level, the NET can be implemented into healthcare settings as a snapshot of
current CRF and can be used as a tool to assess risk for cardiovascular and cardiometabolic disease [1–5].
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For eﬃcient use in either setting, the NET results can be analyzed similar to the PACER® , which groups
students based on having suﬃcient or insuﬃcient CRF into the healthy ﬁtness zone (HFZ), the needs
improvement zone (NIZ), or the health risk zone (HRZ) [18]. Based on our results, the group values
for the zones could be adjusted with the linear regression equation: PACER® = 10.92 + 0.96(NET).
For example, a 10-year-old male with a NET score of 46.82–49.42 would fall into the NIZ, a score of
≤46.81 would put him in the HRZ, and a score ≥49.43 would place him into the HFZ. This would allow
for a quick assessment to deduce whether an adolescent patient is at risk and requires intervention.
As seen with the Bland–Altman plots and t-tests, the NET VO2max estimates were generally
much higher and were signiﬁcantly diﬀerent than the values acquired directly through the K4b2™
or estimated through the PACER® . This could be due to the fact the descriptions of the physical
activity levels were intended for adults, so it may not have been directly relatable to adolescents. Also,
the added weight of the K4b2™ unit, weighing roughly 1 kg, plus the addition of the mask could
have resulted in a decreased outcome during the PACER® test. While the NET measures of VO2max
were signiﬁcantly higher, the moderately strong levels of agreement show that the NET is valid and
by using the CRF grouping suggested above, as is used by the PACER® , the NET overestimation
is inconsequential.
Limitations of this study include a small sample of females and males, thus limiting the ability
to fully explore sexes separately, and the running of the PACER® test individually instead of in
groups, as is the norm in schools, thus potentially aﬀecting participants’ motivation to maximally exert
themselves. Regardless of the limitations of this study, there are several strengths in our design and
ﬁndings, including validating the NET against two diﬀerent validated measures of VO2max and testing
a representative sample of adolescents. Future studies on using the NET for adolescents could examine
a larger sample size, perhaps in public schools, to compare against the PACER® or investigate the
NET’s sensitivity to change in an adolescent’s CRF. Future studies need to also assess the reliability of
the NET in adolescents, so it can be established as a tool to measure CRF over time.
5. Conclusions
This article gives researchers, clinicians, and coaches a simple, quick, and inexpensive tool
to indirectly estimate VO2max in the adolescent population as opposed to a time-consuming and
exhausting exercise test. This article also strengthens the evidence for use of the PACER® test as an
indirect measure of VO2max , as it provided ventilatory gas analysis during the test itself, showing that
the PACER® is a valid graded maximal exertion exercise test, as direct measures of VO2max acquired
during performing the PACER® were in agreement with PACER® estimates based on regression
equations established against the more traditional treadmill VO2max tests.
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Investigation: P.M., M.C., A.B., A.F. L.K., A.O., W.B.; Resources: L.K., A.O., W.B.; Data Curation: P.M., M.C.;
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L.K., W.B.
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Mustafa Söğüt 1 , Ömer Barış Kaya 1 , Kübra Altunsoy 1 , Cain C. T. Clark 2, * ,
Filipe Manuel Clemente 3,4 and Ali Ahmet Doğan 1
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Abstract: The purposes of this study were to determine whether moderately physically active
(MPA) and highly physically active (HPA) male (n = 96, age = 22.5 ± 1.7 years) and female (n = 85,
age = 21.3 ± 1.6 years) young adults diﬀered in their anthropometric obesity indices (AOIs), body fat
percentage (BF%), and muscular strength, and also to examine the associations between physical
activity level (PAL) and the abovementioned variables. Participants were measured for body height
and weight, BF%, waist and hip circumferences, and maximal isometric grip strength. According to
their PAL, estimated by the short version of the International Physical Activity Questionnaire, they
were assigned to MPA and HPA subgroups. Regardless of gender, results indicated that participants
in the MPA groups had signiﬁcantly higher values of body weight, waist and hip circumference,
BF%, and BMI than participants in the HPA groups. No signiﬁcant diﬀerences were found between
physical activity groups in terms of grip strength. The AOIs and BF% were found to be signiﬁcantly
and negatively correlated with the PAL in both genders. In conclusion, the ﬁndings of the study
suggest that high habitual physical activity is associated with lower adiposity markers. However, the
diﬀerences in the hand grip strength of the contrasting activity groups were negligible.
Keywords: obesity indices; body composition; grip strength; physical activity

1. Introduction
The consequences of physical inactivity, including a diverse range of chronic and non-communicable
diseases is well-documented, such as coronary heart disease [1], breast and colon cancers [2,3],
osteoporosis [4], noninsulin-dependent diabetes [5], excess adiposity [6], depression [7], and all-cause
mortality [8]. Nevertheless, sedentary lifestyle behaviors are still common worldwide [9], and it presents
a major global public health concern.
Accumulating evidence suggests that habitual physical activity has a positive inﬂuence on
various health outcomes [10–12]. The ﬁndings of large, recent cohort studies have indicated that
physical activity level (PAL) is inversely associated with body fat percentage (BF%), body mass index
(BMI), and/or other adiposity indicators [13–16]. Notwithstanding, inconsistent results have been
observed in certain age groups with regard to the relationship between physical activity and muscular
strength [17–20].
Muscular strength is a determinant of physical quality that ensures a lower cardiovascular risk
factor [21], a healthy mineral bone density, and high levels of lean mass [22], independently of other
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ﬁtness variables or sociodemographic measures. Despite there being many ways to assess muscular
strength, one of the most common tests carried out in adults is grip strength, which is an important
clinical and prognostic value [23]. Usually, strong and positive correlations have been found between
hand grip strength and muscle mass [24]. On the other hand, low hand grip strength is associated with
increased risk of functional limitations and disability in one’s later years, as well as a general cause
of mortality [25]. In spite of such evidence, there is a lack of studies testing the relationship between
PALs and strength, and this should be considered to understand the mechanism that explains good
maintenance of strength.
Although young adulthood is a critical developmental period characterized by important changes
in health status, such as unhealthy weight gain [26,27] and physical inactivity [28], the majority of the
relevant examinations have been conducted with children and older adults. Thus, current literature
provides limited evidence on the disparities in adiposity and muscular strength in university students
with diﬀerent PALs. Therefore, the purposes of the present study were to examine whether moderately
physically active (MPA) and highly physically active (HPA) male and female young adults diﬀered in
their anthropometric obesity indices (AOIs), BF%, and muscular strength, and to analyze the relations
between PAL and the aforementioned variables.
2. Materials and Methods
2.1. Participants
A cohort of male (n = 96, age = 22.5 ± 1.7 years) and female (n = 85, age = 21.3 ± 1.6 years)
university students from a state university located in central Anatolia (Turkey) were recruited to take
part in the study. They were initially briefed of the measurement procedures and the aims of the
study, and then requested to sign informed consent forms. Ethical approval was obtained from the
Non-interventional Researches Ethics Board of Kırıkkale University (approval number/identiﬁcation
code of the study is 2019.06.25).
2.2. Anthropometric Measurements
Anthropometric assessments were performed in accordance with standardized procedures [29].
Body height was measured with a portable stadiometer (Seca 213, Hamburg, Germany) to the nearest
0.1 cm. Body mass (0.1 kg) and BF% were evaluated by a bioelectrical impedance analyzer (Tanita,
BC-418, Japan). Waist and hip circumferences were measured with a ﬂexible steel tape to the nearest
centimeter at the smallest circumference between the ribs and the iliac crest and at the level of maximum
protuberance of the buttocks, respectively. BMI was calculated by dividing the body weight (kg) by
the body height squared (m).
2.3. Grip Strength
A digital hand dynamometer (T.K.K.5401 Grip-D, Takei, Japan) was used to assess maximal
isometric grip strength. Participants were asked to stay in a standing position and keep one arm
straight and parallel to the body. They were requested to hold the dynamometer with their dominant
hand and squeeze the handle as hard as possible for three seconds. The highest value acquired from
the three trials was used for the analysis.
2.4. Physical Activity
The PAL of the participants was estimated via the short form of the International Physical Activity
Questionnaire (IPAQ) [30,31]. The IPAQ requires respondents to recall the frequency, duration, and
intensity of physical activity they engaged in during the last seven days. Each type of activity (moderateand vigorous-intensity walking) was then converted to metabolic equivalent (MET) minutes, enabling
the determination of total weekly physical activity. Based on their weekly MET minutes, they were
divided into two groups—MPA (≥600–3000 MET min/week) and HPA (≥3000 MET min/week) [30,31].
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2.5. Statistical Analysis
Data were analyzed using SPSS for Windows. Descriptive statistics (mean ± SD) were calculated
for all variables. An independent sample t-test was used to ascertain diﬀerences between PAL groups.
Eﬀect sizes (ES) were quantiﬁed to determine the magnitude of diﬀerences. Based on the Cohen’s d
values, ES were considered as: <0.20 (trivial), 0.20 to 0.59 (small), 0.60 to 1.19 (moderate), 1.20 to 1.99
(large), 2.0 to 3.9 (very large), and >4.0 (extremely large) [32]. A Pearson correlation coeﬃcient was
conducted to examine the associations between PAL and other variables. Correlations were categorized
as 0.0–0.1 (trivial), 0.1–0.3 (small), 0.3–0.5 (moderate), 0.5–0.7 (large), 0.7–0.9 (very large), and 0.9–1.0
(near perfect) [32].
3. Results
Descriptive statistics (mean ± SD), t-test results, and eﬀect sizes for male and female participants
are presented in Tables 1 and 2. Results highlighted that participants in the HPA groups had signiﬁcantly
lower values in BF%, body mass, waist and hip circumference, and BMI than the participants in the
MPA groups in both genders. There were no signiﬁcant diﬀerences in age, body height, and grip
strength results between groups.
Table 1. Descriptive statistics, t-test results, and eﬀect size values for male participants.
Physical Activity
Groups

MPA (n = 45)

HPA (n = 51)

t

p

d

Age (years)
Activity (MET m/w)
Height (cm)
Weight (kg)
Waist (cm)
Hip (cm)
BMI (kg/m2 )
Body fat (%)
Grip strength (kg)

22.8 (1.8)
1922.1 (799.2)
175.2 (6.3)
71.9 (8.1)
80.1 (5.7)
96.2 (4.8)
23.50 (2.7)
13.5 (5.8)
47.5 (7.0)

22.2 (1.6)
4883.1 (1203.3)
175.1 (6.8)
68.4 (7.5)
77.1 (4.9)
93.7 (5.4)
22.34 (2.2)
10.5 (3.8)
47.9 (6.8)

1.861
−14.001
0.082
2.245
2.707
2.347
2.285
3.275
−0.291

0.066
0.001
0.935
0.027
0.008
0.021
0.025
0.001
0.772

0.38
−2.89
0.02
0.46
0.55
0.46
0.46
0.67
−0.06

Table 2. Descriptive statistics, t-test results, and eﬀect size values for female participants.
Physical Activity
Groups

MPA (n = 37)

HPA (n = 48)

t

p

d

Age (years)
Activity (MET m/w)
Height (cm)
Weight (kg)
Waist (cm)
Hip (cm)
BMI (kg/m2 )
Body fat (%)
Grip strength (kg)

21.2 (1.7)
1665.3 (777.5)
162.1 (5.6)
60.8 (11.9)
69.9 (8.1)
96.8 (7.8)
23.05 (4.2)
27.6 (8.1)
27.2 (4.4)

21.3 (1.6)
4863.2 (821.2)
161.2 (6.6)
54.8 (8.7)
66.7 (5.2)
93.3 (6.3)
21.03 (2.7)
22.4 (6.5)
27.3 (3.8)

−0.324
−18.214
0.705
2.646
2.184
2.257
2.703
3.301
−0.182

0.747
0.001
0.483
0.010
0.032
0.027
0.008
0.001
0.856

−0.07
−3.98
0.15
0.58
0.48
0.49
0.59
0.72
−0.04

Table 3 presents the correlation coeﬃcients between PAL and other variables for each gender,
separately. Results indicated that the PAL, regardless of gender, was found to be signiﬁcantly and
negatively correlated with all AOIs and BF%. On the other hand, no signiﬁcant associations were
found between PAL and grip strength values in both male and female participants.
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Table 3. Correlation results between physical activity level (PAL) and other variables by gender.
Male

Variables
Height
Weight
Waist
Hip
BMI
BF%
Grip strength

Female

r

p

r

p

0.012
−0.211
−0.373
−0.284
−0.227
−0.432
−0.033

0.905
0.039
0.001
0.005
0.026
0.001
0.746

−0.016
−0.304
−0.246
−0.296
−0.342
−0.398
0.100

0.886
0.005
0.023
0.006
0.001
0.001
0.364

4. Discussion
The aim of the present study was to investigate the possible diﬀerences in various adiposity
parameters and muscular strength in a group of young male and female adults with distinct physical
activity proﬁles. The results of the study indicated that the participants in the HPA group had
signiﬁcantly lower values in all AOIs and BF% than their MPA counterparts in both genders.
Furthermore, regardless of gender, PAL was found to be signiﬁcantly and negatively correlated
with AOIs and BF%. The results, with regard to reported correlation coeﬃcients, are in line with the
ﬁndings of previous longitudinal [33–35] and cross-sectional [36,37] examinations. Concordant with
our ﬁndings, results of some recent work noted similar observations, that individuals who engaged in
greater physical activity were found to have preferential indices of adiposity [13,14].
The results demonstrated that there were no signiﬁcant diﬀerences in grip strength results between
activity groups. This observation is in accord with the ﬁndings of previous studies conducted with
children [38], young adults [39], and older adults [40]. Furthermore, no signiﬁcant associations were
obtained between PAL and grip strength values in both genders. This might conceivably be attributed
to comparable body sizes, where trivial and small magnitudes of diﬀerences were found between
groups for body height and weight, respectively. Furthermore, the participants were grouped by
the IPAQ, which does not speciﬁcally assess participation in strengthening activities, so may not be
suﬃciently sensitive. In addition, other possible anthropometric correlates of hand grip strength that
were not measured in this study, such as hand size and forearm circumference [41], total arm length
and upper arm circumference [42], and hand circumference [43] might contribute to this insigniﬁcance,
and therefore warrants further examination.
With regard to practical implications, it is conceivable that high PALs and good levels of strength
may help to maintain health levels across adulthood. Diﬀerent studies have suggested that upper and
lower body muscular strength are important factors that contribute to a lower risk of mortality in
the adult population, regardless of age [44,45]. Although no diﬀerences were found between PALs
in strength, it is important to highlight that strength is an independent physical quality and should
be worked out concurrently with other ﬁtness components (e.g., cardiorespiratory ﬁtness). Thus, a
healthy lifestyle should include both cardiorespiratory and muscular strength training/stimuli [46].
5. Conclusions
The ﬁndings of the present study revealed that higher levels of habitual physical activity is
associated with lower adiposity markers in young adults. Nevertheless, diﬀerences in hand grip
strength of the contrasting activity groups were negligible. It should also be acknowledged that the
current study has several limitations. Firstly, the subjective assessment may cause incorrect estimation
of physical activity; however, use of the well-validated IPAQ ameliorates some concern. Secondly, in
spite of its important advantages (i.e., being relatively inexpensive, portable, and quick), rather than
BIA, criterion methods such as underwater weighing or dual-energy x-ray absorptiometry might be
used to determine body fat, but nevertheless present signiﬁcant time and cost restrictions. Nevertheless,
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it is recommended that future studies expand this observation through using a larger sample and more
complex reference methods to measure physical activity levels and body composition.
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Abstract: Participation in physical activity (PA) is fundamental to children’s future health. Studies
examining the temporal pattern of PA between weekdays and weekends in British preschool children
are lacking. Therefore, the aim of this study was to compare PA levels between week and weekend days
for UK preschool children, using objective measurements. One hundred and eighty-ﬁve preschool
children (99 boys, 86 girls, aged 4–5 years), from central England wore a triaxial accelerometer
(GENEActiv) for 4 days to determine PA. The time (min) and percentage (%) of time spent in light,
moderate and vigorous PA (MVPA) was determined using speciﬁc cut-points for counts per minute
related to 3–5 year olds. Of the sample, none of the children met the UK recommended 180 min or
more of PA per day. A signiﬁcant diﬀerence (P < 0.05) was observed between the amount of time that
preschool children spent in sedentary behaviours on weekdays (91.9%) compared to weekend days
(96.9%). During weekdays and weekend days, 6.3% and 2.0% of time was spent in MVPA, respectively.
Therefore, a substantial proportion of British preschool children’s day is spent in sedentary behaviours,
with less MVPA accrued during the weekend. Regular engagement during the weekdays provides
opportunities to accrue PA, which may not be present on weekend days.
Keywords: physical activity; preschool children; health promotion

1. Introduction
Physical activity (PA) during preschool years is critical to a child’s development and overall
health and well-being [1,2]; therefore, it is important to integrate PA into early childhood [3,4]. In
2016, over 41 million children worldwide under the age of 5 years were estimated to be overweight [5].
Childhood obesity is an increasing public health concern [6] and weight gained by the age of 5 years
has been reported as a predictor of being overweight in adulthood [7]. Physical activity levels and
sedentary behaviours of children in the UK have been viewed as ‘obesogenic’ [8,9], with habitual PA
declining over recent years and sedentary behaviour being the dominant state of children’s PA levels
during their preschool day [4,10–12]. Although studies have examined PA in children aged 5 years
and above, fewer studies have been conducted with preschool children. This limited evidence base in
UK preschool children’s PA levels is therefore a cause for concern.
It has been recommended that preschool children in the UK should ideally be participating in
at least 180 min of PA per day [13–15]. Studies have discovered that preschool children spend the
majority of their day in sedentary behaviours and a low proportion of their day in moderate to vigorous
PA (MVPA) (<15%) [10,16,17]. Of children aged between 2 and 4 years in England, only about one
in 10 meet the recommendations of at least 180 min of PA per day [18,19]. It has been reported that
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children engaged in 7.7 min of MVPA per hour at preschool [20]. Therefore, in accordance with
Pate et al. [20], if a child, for example, attends preschool for 8 h, they would only engage in ~1 h of
MVPA and it is unlikely they would participate in a further 2 h of PA outside of preschool. However,
no study has systematically checked to see whether there is a diﬀerence in physical activity between
weekdays, when the child attends preschool, and weekend days, when the child is inﬂuenced more
by their home environment. O’Dwyer et al. [21] reported that there were discrete periods during
the after-preschool hours and at the weekend when PA levels were low, yet children who attended
preschool for full days engaged in 11.1 min MVPA less than those attending for half days, suggesting
that the preschool environment is related to decreased PA. That said, studies have shown that PA in
preschoolers diﬀers over the course of the day and the week in countries such as Sweden, England
and Denmark [21–24], with some studies reporting that preschool children are more often physically
active on weekend days than on weekdays in Australia and England, for example [21,25], while others
found that preschool children undertook more total PA and MVPA during preschool hours in Sweden,
Denmark, England and Finland [22,24,26,27]. Therefore, additional research is required to identify any
potential diﬀerences in PA between weekdays and weekend days in preschool children.
The accurate measurement of PA is fundamental in evaluating the eﬀectiveness of interventions
and understanding relationships between PA and health [28]. Measuring habitual PA accurately is
beneﬁcial when observing the frequency and distribution of PA in preschool children and identifying
the amount of PA that could inﬂuence their health. The objective monitoring of PA is important
and accelerometers have become a reliable and valid way of estimating children’s PA [29,30], whilst
also showing promise in monitoring preschool children’s PA. Accelerometers are an appropriate
objective measure in terms of validity, reliability and practicality as a method for the measurement
of intensity, duration and frequency of movement for sedentary behaviour and habitual PA in 3–5
year olds [1,31–33]. Accelerometers can be set at diﬀerent sampling intervals, with some studies
being set at one-minute intervals [1,34]. However, one-minute sampling intervals may mask the short
intermittent bursts of activity that are representative of young children and therefore shorter sampling
intervals have been recommended [20,35]. As very few studies have used objective monitoring of PA
via accelerometery in preschool children, then further research is required to examine the intensity of
PA that these children participate in on weekdays in preschool and at the weekend.
This is the ﬁrst study to compare PA levels between week and weekend days, using objective
measurements in the form of the newly calibrated GENEActiv accelerometer cut-points for preschool
children in the UK. This study aims to determine whether the intensity and duration of PA varies
between weekdays and weekend days.
2. Materials and Methods
2.1. Participants and Data Collection
Participants in this study were preschool aged children from 11 preschools in North Warwickshire,
England. This study was completed in the Nuneaton and Bedworth Borough, which is in the top
10% of the most deprived Super Output Area’s in England on the Index of Multiple Deprivation
(IMD) and is ranked as the 111th most deprived Local Authority District out of 326 in England [36].
Ethics approval (P45654) was granted by the Faculty of Health and Life Sciences Ethics Committee,
Coventry University and parental consent was obtained. The participants were a convenience sample
and included 185 preschool children (99 boys, 86 girls), aged 3–4 years, from a deprived area.
2.2. Anthropometric Assessment
Height was measured to the nearest mm, in bare or sock feet, using a standard portable stadiometer
(Leicester height measure, Leicester, UK). Body mass was measured to the nearest 0.1 kg using portable
weighing scales (Tanita scales, Tokyo, Japan); the children were lightly dressed (t-shirt and light
trousers/skirt) and barefoot or in socks. The measurements were repeated twice and the average score
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was recorded. Body mass index (BMI) was calculated as kg/m2 and weight status was categorised as
overweight/obese or normal weight using standardised international cut-points [37].
2.3. Assessment of Physical Activity
Daily total PA was measured using a GENEActiv waveform triaxial accelerometer (ActivInsights
Ltd., Kimbolton, UK). The accelerometer measured at 10 epochs (s) and a sample frequency of 100 Hz,
so as to enable an accurate assessment of the intermittent activities of preschool children [38–40].
The GENEA accelerometer was attached using a watch strap and positioned over the dorsal aspect of
the right wrist, midway between the radial and ulnar styloid process. Accelerometers worn on the wrist
are more convenient to wear and lead to greater compliance during prolonged wearing when assessing
habitual activity [41]. The participants wore the accelerometers for four consecutive days; this included
two weekdays in the setting and two weekend days. Each child was required to wear the accelerometer
for a minimum of 6 h per day to be included in the study, although it was preferred that they wore them
at all times. All children received a letter to take home describing how and when they should wear
the GENEActiv accelerometers. Non-wear time was deﬁned as 90-minute windows of consecutive
zero or nonzero counts [42]. “Nonzero” counts are caused by artefactual accelerometer movements
during non-wear periods—for example, accidental movement of the accelerometer, such as the device
being nudged when on a bedside table [42]. The 90-minute window was chosen as this was found
to better predict time spent in sedentary behaviours and PA levels [42]. This said, Esliger et al. [43]
suggested that a period of 20 min of consecutive zero counts is appropriate for children, as motionless
bouts of ≥20 min are biologically implausible. However, it was reported that this low threshold
causes an unrealistically high number of non-wear periods [44]. Therefore, it was recommended to
use 90 minute consecutive zero counts, as this prevents the overestimation of non-wear time and the
underestimation of sedentary behaviours in overweight to obese children [42]. The amount of wear
time and percentage (%) of wear time that each child spent in diﬀerent intensities of PA was calculated
for weekdays and weekend days. It is recommended that four days, including one weekend day, is
appropriate for measuring habitual PA [45]. Given the logistics of ensuring that children aged 3 years
of age wore the accelerometer for the whole monitoring period, participants were included in the
ﬁnal data analysis providing they had worn the accelerometer for 3 days (when in the setting and
at the weekend) and for a minimum of six hours each day, similar to previous research [46–48]. Of
the 185 sample, 178 children’s accelerometer data were recorded; data for seven children were not
useable. This was due to the children either not wearing the GENEActiv accelerometers or technical
diﬃculties with the accelerometers or recording of the data. The ﬁnal sample included in the analysis
was 178 children (95 boys, 83 girls), aged 3–4 years. Only four out of the 178 participants were full-time;
the remainder were part-time nursery attendees.
For each of the epochs (number of seconds), movement data (activity counts) were added and
logged; these were then processed and analysed. Accumulated activity counts were categorised in
terms of intensity such as sedentary behaviour, light, moderate and vigorous PA [1]. Cut-points for
sedentary behaviour, light PA and moderate and vigorous PA were used to determine the PA intensity
of the preschool children. The cut-points used were determined speciﬁcally for children aged 4–5
years using GENEA accelerometers, albeit they were calibrated in a laboratory-based study; they are
the most relevant cut-points for the preschool children’s age in this study (3–4 years) as they are the
closest cut-points that are calibrated and reported in the literature [49]. The diﬀerence in age should
have very little impact on the results, as they are as closely aligned in age as possible and 4 year
olds/preschool children have been used for the calibration and ultimately are assessed in this study.
The preschool children in the laboratory-based study that was used to determine cut-points for this
current study completed six activities, which ranged from lying supine to running. They wore the
GENEA accelerometers on both their left and right wrists and used a Cortex mask for gas analysis; VO2
data were used to assess criterion validity [49]. The cut-points determined were as follows: dominant
hand <8.1 cpm for sedentary activity, 8.1–9.3 cpm for light activity and 9.3+ cpm for moderate and

89

J. Funct. Morphol. Kinesiol. 2019, 4, 65

vigorous PA. For the non-dominant hand, the cut-points were <5.3 cpm for sedentary activity, 5.3–8.6
cpm for light activity and 8.6+ cpm for moderate and vigorous PA [49]. On the accelerometers, the
‘Epoch Converter’ creates epochs of 1, 5, 10, 15, 30 or 60 s; the means that for each parameter, the
Sum Vector Magnitude is calculated for each epoch [50]. Children were classiﬁed as either meeting
(suﬃciently active) or not meeting (insuﬃciently active) the requirement of 180 min per day of PA for
0–5 year olds.
2.4. Statistical Analysis
The percentage of time in sedentary behaviour, light PA and MVPA was determined, as was
the mean amount of time (min) spent in sedentary behaviour, light PA and MVPA, during week
and weekend days. Each data set was tested for skewness and kurtosis. Arcsine or inverse data
transformation techniques were then used on any data set that did not have a normal distribution,
as follows: mean time sedentary for the week and weekend (arcsine transformation); MVPA at the
weekend (inverse transformation); percentage time for sedentary behaviour at the weekend (inverse
transformation); and MVPA at the weekend (inverse transformation). Any diﬀerences in PA due to
sex or day of the week were analysed using a series (separate ANCOVA for each category of PA) of
2 (weekday vs. weekend) × 2 (sex) repeated measures analysis of covariance (ANCOVA) controlling
for wear time. The Statistical Package for Social Sciences (Version 22, SPSS Inc., Chicago, Ill, USA) was
used for statistical analysis and the alpha level was set a priori at P = 0.05.
3. Results
Descriptive characteristics, including mean time (min) spent in the diﬀerent intensities of PA
during the week and weekend days, are summarised in Table 1. Of the sample, none of the 178 children
met the UK recommended 180 min or more of PA (light, moderate and vigorous intensity) per day.
Two, circa 1%, of the children did meet the 180 mins on one of their days, but not on all days.
Table 1. Children’s descriptive characteristics. Data represent mean ± SD, n = 178.
Characteristics

Values

Age (years)
Mass (kg)
Height (cm)
Body mass index (kg/m2 )
Waist circumference (cm)
Mean wear time (min) during the week
Mean wear time (min) during the weekend
Mean sedentary behaviour (min) during the week
Mean sedentary behaviour (min) during the weekend
Mean light physical activity (PA) (min) during the week
Mean light PA (min) during the weekend
Mean moderate and vigorous PA (MVPA) (min) during the week
Mean moderate and vigorous PA (min) during the weekend
Sedentary behaviour (%) during the week
Sedentary behaviour (%) during the weekend
Light PA (%) during the week
Light PA (%) during the weekend
MVPA (%) during the week
MVPA (%) during the weekend
Met PA guidelines of at least 180 min per day total PA (%)

Suﬃciently Active
Insuﬃciently Active

3.4 ± 0.5
16.8 ± 2.5
101.7 ± 4.8
16.3 ± 1.9
55.0 ± 3.9
572.0 ± 99.0
581.0 ± 126.0
527.0 ± 94.0
565.0 ± 117.0
10.0 ± 15.0
7.0 ± 10.0
36.0 ± 22.0
12.0 ± 9.0
91.9 ± 4.3
96.9 ± 2.0
1.8 ± 2.4
1.1 ± 1.5
6.3 ± 3.6
2.0 ± 1.6
0
100

Preschool children respectively spent 91.9% and 1.8% of time in sedentary behaviour and light
PA on weekdays, and 96.9% and 1.1% of time in sedentary behaviour and light PA at the weekend.
During weekdays and weekend days, 6.3% and 2.0% of time was spent in moderate and vigorous PA,
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respectively. The percentage (%) of daily time spent in diﬀerent intensities of PA during weekday and
weekends for preschool children can be viewed in Figure 1.

(b)

(a)

Figure 1. Percentage (%) daily time spent in diﬀerent intensities of physical activity. (a) Weekdays and
(b) weekends for 178 preschool children.

There was a signiﬁcant diﬀerence in the percentage of time (relative) spent in sedentary behaviour
between week and weekend days (P < 0.05), yet no diﬀerences were found between week and weekend
days for light or MVPA (Figure 1). There was a signiﬁcantly smaller mean time in minutes spent in
sedentary PA (mean diﬀerence = 91.874, P = 0.001) during weekdays compared to weekends. This
pattern was reversed for moderate and vigorous PA (mean diﬀerence = 4.545, P = 0.001), with a larger
mean time spent in vigorous PA during weekdays compared to weekend days. Wear time had no eﬀect
on PA, as there was no signiﬁcant interaction between wear time and weekday (F = 1.308, P = 0.257)
or between wear time and weekend day (F = 1.107, P = 0.297) for the signiﬁcant diﬀerence reported
for the percentage of time (relative) in sedentary behaviour. Sex had no signiﬁcant eﬀect on any PA
intensity (all P > 0.05).
4. Discussion
The current study sought to compare PA levels of preschool children between weekdays and
weekend days, and the key ﬁnding of this study is that there are signiﬁcant diﬀerences in PA between
weekdays and weekend days. Of particular note, more than 90% of the time during both weekdays
and weekend days was spent in sedentary behaviour. Additionally, this study found that none of
the children were considered ‘suﬃciently active’, failing to participate in the UK recommended level
of at least 180 min of light PA and MVPA per day of total PA for health. As zero preschool children
in this study reported meeting the PA guidelines, this is a major concern, especially as the children
were struggling to achieve 60 min of total PA. As the majority of this sample (98%) were part-time
preschool children, this could be reﬂective of this speciﬁc preschool child. The children in this study
spent time in both the preschool setting and with their parents, in the home environment. It would
be pertinent to assess preschool children who are full-time, to ascertain if this provides a similar or
diﬀerent outcome in their PA levels. This would be inﬂuential in identifying whether the results of this
study are reﬂective of British preschool children, or if the time children spent in preschool aﬀects their
PA levels.
Studies have shown that parents have a signiﬁcant impact on PA in their preschool children
on week and weekend days [51–54]. Therefore, other explanations for the diﬀerences in sedentary
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behaviour between the week and weekend days could be a result of parents displaying higher sedentary
behaviours when they are with their children, and children who are exposed to these behaviours copy
them during weekend days [55]. This is supported by Sigmundová et al. [56], who found that children
from both urban and rural populations had a stronger signiﬁcant association with sedentary behaviour
during weekend days as compared to weekdays. Moore et al. [57] discovered that middle-class
American children aged 4–7 years old (incorporating the preschool years), who have one physically
active parent, had a relative odds ratio of their child being active between 2.0 (mother) and 3.5 (father).
However, if both parents were active then the relative odds ratio was 5.8, with no diﬀerence reported
between week versus weekend day. Sigmundová et al. [56] monitored children from both urban and
rural areas, and discovered that if mothers are more active, then their children are more likely to be
more physically active. This was observed to be signiﬁcant only on weekend days. We do not know
the activity patterns of the parents of the children who took part in the present study, but this may
have been a contributing factor to the sedentary behaviour patterns that were reported.
A second key ﬁnding of this present study is that there are diﬀerences in the percentage of time
spent in diﬀerent intensities of PA between weekdays and weekend days for preschool children.
During weekdays, the children spent signiﬁcantly less time in sedentary behaviours (91.9% vs. 96.9%),
when compared to weekends. This ﬁnding was recorded using the right wrist, which in this study was
the dominant hand for 169 of the children (91.4% of the sample). This ﬁnding contradicts research by
Vásquez et al. [58] in Chilean children (North of Santiago City), who objectively measured PA via a
Tritrac-R3D research ergometer and reported that preschool children spent more time in sedentary
activities in day-care centres (week vs. weekend) and the children were more active at home at
weekends. These diﬀerences were also linked with the children’s diet and it was discovered that
the energy balance was appropriate during the week, as the energy intake in the preschools was
reduced. This could explain the diﬀerences, as the day-care settings were providing less energy intake;
therefore, the children may have been less inclined to be active. Equally, these ﬁndings could have
been representative of the cultural background, geographical location or diﬀerences in the method
used for objective measurement of the children involved. A further reason for potential diﬀerences
between the sedentary behaviours of preschool children during the week and weekend days could
be attributed to the time that children spend watching television or playing on computer games,
smart phones/tablets (screen time). Previous research has shown that Australian preschool children
from diﬀerent socio-economic backgrounds whose parents limit television viewing spent signiﬁcantly
less time in sedentary behaviours [59]. A study of preschool children from a mixed socio-economic
area in the southwest of England reported that 12% of boys and 8% of girls watched ≥2 hours of
TV each weekday, compared to 45% of boys and 43% of girls who watched ≥2 h a day on weekend
days [60]. The amount of screen time that children in this current study participated in could have
been a contributing factor to the diﬀerences in time spent in sedentary behaviours during week and
weekend days. Parental inﬂuence on PA during weekend days may therefore be an important factor
that requires greater attention by public health professionals; this could be a result of parents lacking
an understanding of appropriate PA to deliver to their children, or a lack of time. Despite this, the
extant literature on parental inﬂuence on PA levels in British preschool children is scarce. Additional
work is required on this topic, in the context of weekday to weekend day variations in children’s PA.
Equally, the intensity levels of PA of preschool children could be improved through interventions, both
in preschools and at home with parents.
Research has reported PA levels and sedentary time as being highly varied and inconsistent
between studies across diﬀerent countries, making it hard to determine preschool children’s true PA
levels and sedentary behaviour [61]. Reilly [12] measured PA levels from studies over the period of
2000–2008 and discovered that sedentary behaviour was particularly high. However, more recently,
in a data collection period from 2006–2009 and a 7 month data collection period in the year 2013, it
was reported that 100% of UK preschool children met the recommend daily PA guidelines [22,23].
The current data from this study show that a substantial proportion of each day is spent in sedentary
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behaviour in British preschool children from a deprived area. This ﬁnding has important public
health implications around the excessively high sedentary behaviours displayed by preschool children
in the UK and therefore provides a clear indication that interventions aiming to convert sedentary
behaviours into light or MVPA are required. These data were obtained across a wide measurement
period and across all seasons and therefore provide a spread of representative data for the whole of
the year. However, this study did not assess each child at diﬀerent points throughout the year, as it is
very labour-intensive and demanding to assess PA in preschool children at one time point and then
assess them again across diﬀerent seasons, and would likely lead to much higher attrition. Therefore,
this study did not consider seasonal adjustments. However, future research may consider this, to
identify if preschool children are more active in the summer months in England, when compared to
the cold environment in the winter months, similar to the results found in 437 preschool children in
America [62]. However, this was in contrast to a study of 214 children aged 3–5 years in America,
which reported no diﬀerences in PA levels between the summer and autumn months [63]. Moreover,
further studies in Sweden and America [64,65] also found no variation according to the season of
measurement in preschool children. As none of these studies were conducted in England, future
research into the seasonal variation of PA in England would be beneﬁcial.
The amount of time spent in diﬀerent intensities of PA was found to vary between weekdays and
weekends, with less moderate and vigorous PA accrued during weekends. However, MVPA was very
limited in both parts of the week. Such a ﬁnding might be suggestive that regular engagement in the
preschool environment provides greater opportunities to accrue PA, which may not be present in the
home setting. The light intensity minutes were very low during both the week and weekend days.
The wrist-worn accelerometers may not be very precise at detailing light ambulation, where playing
with Lego®was at the top end of the sedentary category. Therefore, future research to determine the
accuracy of the light PA classiﬁcations would be beneﬁcial. Similar research using Actigraphs has
shown that using the cut-point of 160 cpm to distinguish light intensity from sedentary behaviours
is questionable [66]. It is believed that this threshold may misclassify sedentary behaviours such as
seated play and crafts as light intensity, which would cause an overestimation of total PA minutes
and underestimate the steps per day [66] that are required to achieve the daily UK 180 minutes of
recommended PA. This is a current problem, as there is no consensus on the optimal cut-points for
distinguishing sedentary from light PA in preschool children [56]. Also, the cut-points used for light
intensity PA in this study were taken from laboratory-derived tasks that were constant in nature,
whereas the real-life activities of preschool children are more varied and intermittent. This may have
made it more diﬃcult to diﬀerentiate light PA from sedentary behaviour, as the determination is
dependent on the cut-point used. However, this is a feature of most of the research using accelerometers
to classify/assess PA [66,67]. Therefore, it could be suggested that the cut-points used in this study were
too conservative, however, as they are the only cut-points related to preschool children speciﬁcally for
the GENEActiv accelerometers, then they were the most appropriate to have adopted.
Using wrist-worn accelerometers can be logistically and practically challenging with preschool
children [31], as the accelerometer can sometimes be regarded as uncomfortable or an annoyance when
worn for long periods of time, thus questioning the appropriateness of the accelerometer for preschool
children. In the current study, although a cut-oﬀ of 6 h per day was employed for inclusion in the
data analysis, the participants exceeded this value with total mean wear time per day for all days,
which was over 577 min (>9.6 h). The mean wear time for weekdays was 573 min (9.6 h) and that for
weekend days was 581 min (>9.7 h). We took this to be an indication that the majority of the children
in this study were comfortable wearing the accelerometers. It could be questioned whether <600
min/day (10 h) is a true representation of a preschool child’s whole day (24 h). It would be beneﬁcial
for future research to measure PA for a greater duration, for example 12 hours, to see if this aﬀects the
total PA in a day, in terms of less sedentary behaviours and more MVPA. As mentioned, it could be
questioned whether wearing the accelerometer on the wrist is suitable for preschool children. Research
has looked at the diﬀerence between wearing a wrist and hip accelerometer on preschool children
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and one study in Scotland found that wrist-worn accelerometers provided a valid estimate of total
physical activity, whereas hip-worn accelerometers showed a reasonable agreement to cut-points [68].
This was supported by a study in Stockholm, Sweden, which similarly monitored preschool children
and found that wrist-worn accelerometers performed more accurately when assessing time spent
in sedentary, light activity and MVPA, when compared to hip-worn accelerometers [69]. In terms a
study by Johannsson et al. [69], however, there were stark diﬀerences between the mean (SD) counts
measured over 5 s for wrist and hip activity, with the vector magnitude (a combined measure of the
three axes, x, y and z) when watching a cartoon measuring 91 (73) for the wrist and 14 (15) for the
hip, and when dancing, the 1093 (330) was measured for the wrist and 396 (148) for the hip. These
are large contrasts, highlighting that where the accelerometers are worn is an important factor to be
considered. This present study had the preschool children wearing them on their wrist, which, in
accordance with other studies [68,69], is the more accurate and valid place to wear them when using
the vector magnitude measure, as opposed to the vertical axis measure.
Although the current study successfully used accelerometery as an objective monitoring tool in
preschool children, some limitations should also be considered. Some of the accelerometers failed
to record data; this manufacturer problem caused no data to be recorded for seven participants.
GENEActiv accelerometers worn at the wrist may not be capable of detailing light ambulation precisely,
as possibly indicated by the low levels of light PA reported. Equally, wrist-worn accelerometers in
young children may also impact the light intensity PA data; however, the research does appear to show
that the location, whether at the wrist or hip, has no signiﬁcant eﬀect on the PA levels reported [70,71].
As previously stated, the preschool children were assessed once in a season and not across all seasons.
Although children were assessed throughout diﬀerent seasons, which provided representative data,
the lack of assessment of each child in all seasons should be considered a limitation of the study. The
preschool children that were monitored were drawn from a deprived part of the UK. It has been
reported that the prevalence of obesity amongst 4–5 year olds in the most deprived 10% of England is
approximately double the levels of the least deprived 10% of England [72]. In this current study, 10.8%
(20 out of 185) were considered obese. Low socio-economic status (SES) children face greater barriers
to becoming physically active and, as they age, low SES individuals have higher rates of obesity and
associated comorbidities [73]. Additionally, people from lower SES groups predominantly live in
areas that do not support walking and cycling [74]. This viewpoint suggests that deprived areas do
not facilitate PA as eﬀectively as other areas and, as such, people living in deprived areas may not
participate in PA as frequently. This said, further research comparing both high and low socio-economic
status groups would be welcome to extend the literature on preschool children. Understanding the
levels of PA in this group is useful to allow for the planning of early interventions to improve current
and future health.
5. Conclusions
The current study is the ﬁrst to objectively compare PA levels between weekdays and weekend
days in preschool children in the UK using GENEActiv accelerometers, and one of the ﬁrst to report
objectively monitored PA levels of preschool children from deprived areas in the UK. The results of
this study suggest that none of the preschool children in this sample achieved the UK recommended
guidelines of PA for health. Additionally, and of great concern, it was found that preschool children
spend 90% of their time engaged in sedentary behaviours. This study indicates that preschool children
participate in more MVPA during weekdays compared to weekend days; however, participation in
MVPA was minimal throughout the week. This information can help to promote future interventions
that focus on enhancing PA and encouraging participation in LPA and MVPA during both week and
weekend days, so as to improve physical development and a healthy weight status in preschool children.
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Sigmundová, D.; Sigmund, E.; Badura, P.; Vokáčová, J.; Trhliková, L.; Bucksch, J. Weekday-weekend patterns
of physical activity and screen time in parents and their pre-schoolers. BMC Public Health 2016, 16, 898.
[CrossRef]
Vollmer, R.L.; Adamsons, K.; Gorin, A.; Foster, J.S.; Mobley, A.R. Investigating the relationship of body mass
index, diet quality, and physical activity level between fathers and their preschool-aged children. J. Acad.
Nutr. Diet. 2015, 115, 919–926. [CrossRef]
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Abstract: Sport-climbing popularity increased intensely over the past years. Particularly, children’s
and adolescents’ interest therein is constantly growing. Despite a large eﬀort in preventing injuries
and muscle overloads, a ﬁne-tuned training for each sensitive phase of child development is still
needed. The objective of the study was to evaluate an innovative training program aimed at the
preservation of joint mobility during the developmental age. This article relies on the results of a
steady training program allowing to retain joints integrity among the practice of sport climbing in
children. Joint mobility changes have been monitored before and after a one-year training program in
ﬁfteen subjects aged between 8 and 18 years. Subjects were divided into three groups depending on
age (Turgor Secundus, Proceritas Secunda and Turgor Tertius). The motor tests administered were the
sit-and-reach test, coxo-femoral mobility test and scapula–humeral mobility test. Our results showed
that one-year training improved joint mobility at each analyzed phase, suggesting that this training
program could improve mobility and ﬂexibility. Given the importance of joint mobility preservation
for discipline-related injuries prevention and eventually recovering, it is essential to provide a speciﬁc
training program as a route to approach sport climbing, and even more importantly, at an early age.
This work represents a preliminary study in order to demonstrate both eﬃcacy on the joint mobility
and the requirement of our playful work to support the global sport-climbing workout.
Keywords: joint mobility; development phases; sport climbing; stretching

1. Introduction
In the last decades, rock climbing has become a popular sport among adults, adolescents and
children, also since it being included in the 2018 Summer Olympic Youth Games in Buenos Aires and
in the Summer Olympic program of the 2020 Games in Tokyo [1,2]. In using only their bare hands
and climbing shoes to perform a range of hand and foot holds, athletes climb vertical walls in three
disciplines: Speed, with two climbers simultaneously climbing a route on a 15 m wall; Bouldering,
with athletes performing in a given time a number of ﬁxed routes on a 4m wall; and Lead, with athletes
climbing in a given time a 15 m wall [3]. It is possible to practice it not only outdoor, as now there also
are indoor structures; so, this sport is becoming widespread in adults and adolescents, too.
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Rock climbing has several beneﬁts on both physical ﬁtness and mental care. In fact, this sport
improves strength and endurance [4,5]. A recent study [6] has demonstrated that rock climbing
signiﬁcantly improves muscle power, ability to produce a maximal force in a short time, muscle
endurance and skills to perform a continuous muscle work for a long time. This kind of sport also
has beneﬁcial eﬀects on depressive disorders due to the positive eﬀect on cognitive control of the
physical activity connected to high levels of coordination [7]. It has been demonstrated that only a
single rock-climbing session may have a positive eﬀect in major depressive disorder [8].
Due to the increased popularity, the average age of rock climbers is decreasing, and more and
more young athletes win medals. Unfortunately, the increased number of young rock climbers involves
a major risk of an injury in the developmental age [9].
During climbing very small parts of the hands and feet are in contact with the climbing
surface [10–12] and climbers have to support and/or lift their bodies by combining a variety of
ﬁnger grips with balanced, complex vertical and lateral movements and position holds [13,14]. To
guarantee grip and stability, specialized smooth climbing footwear with a sticky rubber sole are used.
Although climbing shoes should ﬁt snug without pain, the climbers tend to use smaller sizes, which
could cause injuries or foot deformation [15].
Physical activity is essential to maintain good health and guarantee a better quality of life. The
major sport-related beneﬁts involve not only the body but also the mind. In fact, physical activity
improves motor and cognitive skills, reduces risk for obesity, exerts positive eﬀects on blood pressure
and lipidemia, as well as decreasing the risk of depression and other mental disorders [16,17]. However,
incorrect or excessive training may lead to adverse eﬀects, including musculoskeletal injuries, recently
described in young soccer players, as well as social–occupational dysfunction [18,19]. In particular, in
rock climbing the articulations are very solicited and the scientiﬁc literature reports injuries in ﬁngers
or in shoulders [15,20]. In particular, Garcia et al. [21] examined hands and ﬁngers of young climbers
versus a control group of non-climbers and they showed a non-physiological development of ﬁngers.
Similarly, another study [22] showed diﬀerences in the static scapular position between rock climbers
and a control group.
In particularly the developmental age there is a major risk of sprains, strains and fractures with
chronicle injuries at the upper extremity and acute injuries at the lower extremity [23]. A survey among
rock climbers [24] reports 90% upper extremity injuries, and among these the most common are ﬁngers
followed by shoulder/arm and elbow/forearm.
Rock climbing is positively related to increased bone mineral content, weight and mass body [15].
However, for climbers a low body mass index is an ideal anthropometric requirement. Therefore, they
perform a restricted diet to maintain a low body weight, by inducing a negative eﬀect on their health
and in particular on their bones [25,26]. Moreover, the stresses associated with rock climbing may have
the potential to create scapula–humeral or coxo–femoral injuries [22].
Despite the increase in rock-climbing practices and the consequent increase in studies on the
beneﬁts or injuries of climbing, little data are available on adolescents.
To envision the development of eﬀective preventative measures for preserving the joint mobility
and health of youth practitioners, the aim of this preliminary study was to evaluate the eﬀects
of a speciﬁc pre-training rock climbing program to be administered to athletes according to their
developmental status.
Therefore, in this preliminary study we evaluated an innovative training program to preserve
joint mobility during the developmental age. Children were subjected to a steady training program in
order to retain joint integrity and to avoid climbing-associated injuries.
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2. Materials and Methods
2.1. Subjects
Fifteen subjects aged between 8 and 18 years, working out regularly in sport climbing and joint
mobility, were divided into 3 groups consisting of 5 athletes each according to their ages. Turgor
Secundus (3 boys and 2 girls; aged between 8 and 10), Proceritas Secunda (2 boys and 3 girls; aged
between 12 and 14) and Turgor Tertius (2 boys and 3 girls; aged between 15 and 18).
Table 1 reports the anthropometric characteristics of the athletes, divided in subgroups according
to their developmental phase.
Table 1. Characteristics of participants recruited to conduct the present study expressed as mean fold
change ± SEM.
Characteristic

TURGOR SECUNDUS
(Mean ± SEM)

PROCERITAS SECUNDA
(Mean ± SEM)

TURGOR TERTIUS
(Mean ± SEM)

Age
Weight
Height
BMI

8.80 ± 0.37
28.80 ± 1.46
128.60 ± 1.81
17.46 ± 1.03

13.00 ± 0.45
49.00 ± 2.97
160.00 ± 2.98
19.15 ± 1.08

16.60 ± 0.51
55.20 ± 3.61
167.80 ± 3.44
19.53 ± 0.73

This study received the consence by the Institutional Research Board of the University San Raﬀaele
of Rome, Italy and all subjects’ legal tutors gave written informed consent in respecting the ethical
principles of the Declaration of Helsinki. All participants were novices regarding climbing experience.
2.2. Methodology
Knowledge of the main physiological changes and the sensitive phases of development is
fundamental for the educator, as on the basis of this information he can develop a program suitable for
the child’s needs. The sensitive phases of development are periods of growth in which the child will
be predisposed to increase some motor skills rather than others. Furthermore, the diﬀerential growing
of the bones, nervous system and muscles in the diﬀerent evolutionary phases must be taken into
consideration in the programming to avoid injuries and the onset of paramorphism.
Our study was conducted for 12 months, and during this experimental period the climbing
training program was carried out according to the coach’s training plan. Children worked out twice a
week for 90 min divided as follow: 15 min for stretching, 20 min for speciﬁc training to improve joint
mobility and 55 min for climbing.
Joint mobility variation was assessed over a one-year training period. All the measurements
were performed at baseline (time 0; start measurement) and repeated at the end of the training period
(time 1; after 12 months) in order to evaluate scapula–humeral and coxo–femoral joint mobility and
spine ﬂexibility. The measures recorded in time 0 were considered our control data and the measures
obtained at the end of training program were compared to data recorded in time 0 in order to calculate
the improvement of joint mobility for each group.
Tests have been performed as follows:
Sit-and-reach test: Participants sat on the ﬂoor with legs extended, backs straight and feet resting
on a cube with a graduated wooden board above it. The participants are asked to slide their hands
above the wooden board, keeping the knee extended [27].
Hip joint mobility: Participants are sitting with their back against the wall, slowly reaching the
maximum opening of their hips. The measurement is then taken between the inner ankles [28].
Scapulo–humeral mobility test (measurement of shoulder mobility): Participants are in an upright
position, holding a stick, bringing the arms outstretched behind the trunk and reaching the starting
position without bending the arms. Then, the minimum distance between the hands while the subject
is holding the stick was measured [29].
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2.3. Training Regime
Participants of the three experimental groups underwent a speciﬁc training program 2 times/week,
performing 15 min of general warm-up before training. The speciﬁc training program for each phase
was done for 20 min before rock climbing.
According to each phase, the following training methods were proposed in order to improve
joint mobility.
The Turgor Secundus phase: Obstacle course on wall bars (Figure 1) to preserve a good degree of
ﬂexibility and to practice the typical positions of sport climbing:
Exercise 1: The aim was to start from the left side of the wall bar and moving sideways to pass
over, under and through some obstacles, following a predetermined path, without falling (Figure 1).

Figure 1. Children performing exercises starting from the left side of the wall bar and moving sideways
to pass over.

Exercise 2: The game of spiders and crabs: half of the children have to positioning themselves in
a line, keeping their arms and legs outstretched, forming a large arch. The crabs will have to come
through it (Figure 2).

Figure 2. Overview of spider and crab positions.

The Proceritas Secunda phase: Mobilization of the spine (Figures 3 and 4a,b) and the tibio–tarsic
joint (Figure 5):
Exercise 1: Hamstring stretch involving two subjects (A and B) that have to sit back-to-back on the
ﬂoor with their legs extended forward. Subject A is stretching back by abducting his/her arms upwards
slightly pressing its weight, and simultaneously subject B reaches for his/her toes. The position has to
be kept constant for 4–5 s, after which this exercise is repeated but with the subjects changing their
roles (Figure 3).
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Figure 3. Final position of the spine mobilization exercise.

Exercise 2: The subjects sit up tall in the straddle position feet-to-feet, with straightened legs,
and holding a ball in their hands (Figure 4a). They slowly lean down on the back, closing their legs
and curling the pelvis inward until their toes touch the ball behind their heads, and then back to the
starting position (Figure 4b).

(b)

(a)

Figure 4. (a) Starting position of the mobilization of the spine and coxo–femoral joint exercises.
(b) Ending position of the mobilization of the spine and coxo-femoral joint exercises.

Exercise 3: In single foot support, rotate the rope forward without jumping. After rotating the
rope forward, to pass the rope beyond the foot, ﬂex the foot and then extend it. Do the same with the
other foot (Figure 5).

Figure 5. Flex foot and rope locked by the foot.

Turgor Tertius phase: Mobility exercises for the ﬁngers (Figure 6), coxo–femoral (Figure 7) and
tibio–tarsic joints (Figure 8):
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Exercise 1: Starting with a hand fully opened; perform four closing ﬁnger movements, through
which both the metacarpophalangeal and the interphalangeal joints will be stimulated (Figure 6).

Figure 6. Mobility exercises for ﬁngers from starting to ending positions.

Exercise 2: The subject is crouched down, the feet are in a wide stance with the toes turned out,
the back outstretched, the heels on the ground and the elbows slightly pushing the knees outwards.
Then, small rotations of the ankles are made ﬁrst in one direction and then in the other (Figure 7).

Figure 7. Squat position for mobilization of the coxo–femoral joint.

Exercise 3: Four diﬀerent types of gaits are proposed. First, toe walking with raised arms. Second,
heel walking with raised arms. Third, foot rolling forward. Lastly, feet supination and pronation
walking forward (Figure 8A–D).

Figure 8. (A) Toe walking with raised arms; (B) foot rolling forward; (C) heel walking with raised arms;
(D) feet supination and pronation walking forward.

2.4. Statistical Analysis
Data collected at baseline (pre-training) and after (post-training) the one-year experimental
period are presented as the mean ± SD. The assumption of normality was veriﬁed by means of the
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Kolmogorov–Smirnov test. Then, for each subgroup a paired t-student test was used to ascertain
diﬀerences between pre-training and post-training data. Throughout the study, the level of signiﬁcance
was set at p ≤ 0.05. Statistical analysis was conducted using GraphPad Prism version 6.
3. Results
Athletes have carried out the proposed activities for the entire duration of the study over and
above the regular workout, with the exception of a female belonging to the group Proceritas Secunda
who interrupted the training program for one and a half months. However, data from subjects who
dropped out were used for preliminary comparisons. All groups considered in our study have shown
an improvement in joint mobility (Table 2). However, diﬀerences in training response among the
considered phases have been identiﬁed.
Table 2. Percentage of improvement in ﬂexibility in the diﬀerent phases expressed as mean fold change
± SD.
PHASE
TURGOR SECUNDIS
PROCERITAS SECUNDA
TURGOR TERTIUS

SCAPULO–HUMERAL JOINT
(Mean ± SD)

COXO–FEMORAL JOINT
(Mean ± SD)

SPINE
(Mean ± SD)

8.19 ± 1.76
7.82 ± 1.08
11.85 ± 2.20

6.46 ± 0.74
8.58 ± 2.07
4.20 ± 1.18

35.95 ± 3.16
36.28 ± 4.15
27.97 ± 7.71

Proceritas Secunda showed a positive response in coxo–femoral mobility and lower vertebral
column ﬂexibility 12 months after the start of the training program (Figures 9 and 10), whereas
scapula–humeral mobility did not report beneﬁts after joint-speciﬁc training (Figure 11). On the other
hand, scapula–humeral mobility remarkably improves in the Turgor Tertius phase when compared to
both Turgor Secundus and Proceritas Secunda (Figure 11). Indeed, this is consistent with the normal
development of the shoulder joint that tends to complement the most advanced evolutionary phases.
However, this does not apply to the other two phases (Figure 11). The Turgor Tertius group have also
recorded an improvement in spine ﬂexibility as reported in Figure 10.
Regarding Proceritas Secunda, we further compared two 14-year-old subjects (Figure 12). Athlete
A has completed his/her training, whereas Athlete B has totally interrupted the workout for one and a
half months. The latter has been previously excluded from the overall analysis. It is noteworthy that
we clearly identiﬁed a remarkable impairment in terms of mobility and ﬂexibility as a result of the
training discontinuation of Athlete B.

Figure 9. Coxo–femoral mobility test. The results are represented in bar graphs as the mean ± SD of
the diﬀerent phases considered (Turgor Secundus, Proceritas Secunda and Turgor Tertius).
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Figure 10. Flexibility of the spine. The results are represented in bar graphs as the mean ± SD of the
diﬀerent phases considered (Turgor Secundus, Proceritas Secunda and Turgor Tertius).

Figure 11. Scapulo–humeral mobility test. The results are represented in bar graphs as the mean ± SD
of the diﬀerent phases considered (Turgor Secundus, Proceritas Secunda and Turgor Tertius).

Figure 12. Comparison between the percentage mean variations of two athletes: Athlete A has
completed the training, while Athlete B has totally interrupted the workout for one and a half months.

4. Discussion
This work represents a preliminary study in order to demonstrate both the eﬃcacy on joint
mobility and the requirement of our playful work, to support the global sport-climbing workout.
Indeed, the increased interest in rock climbing practices creates the need to know all the possible
sport-related injuries in order to prevent and treat them. Hence, the importance to study the main joints
involved in climbing and that are at risk of injuries, such as joints of the hand and ﬁngers, shoulders,
the hip and ankles, in order to develop a preparation workout suitable for the discipline.
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Since sport climbing does not need speciﬁc anthropometrical characteristic, and for this reason it
can be practiced by everyone [30], a speciﬁc training program in this sport can improve one’s strength
and resistance; essential skills that would allow to carry out increasingly diﬃcult passages. In fact,
climbers perform movements that require an isometric eﬀort, resulting in an enhanced muscle tone to
obtain a strong and harmonious body. Moreover, although it is not an aerobic discipline, it develops a
good cardiovascular training; this is also due to the adrenaline that develops while climbing [31].
Because of a child’s incomplete maturation of both bone and muscular structures, and the laxity
of ligaments, early and speciﬁc training would reasonably provide extensive room for improvement.
We have proposed a playful training workout as a mobility workout in the ﬁrst sensitive stages.
In the present work, we have conducted a preliminary study in an attempt to prove that a speciﬁc
training program is fundamental for mobility and ﬂexibility improvement. Participants enrolled for
our study were novices regarding climbing experience and they worked out twice a week for 90 min in
agreement with the coach’s training plan for 12 months.
Although the reported data did not reach statistical signiﬁcance, we have recorded an improvement
in joint mobility after the playful training program. However, not all the recorded ameliorations
were statistically signiﬁcant. This might be due to external factors aﬀecting joint mobility, such as
anatomical and physiological diﬀerences among subjects. However, this can be also ascribable to the
low sample size. The latter stems from the direct correlation between the standard deviation value and
the sample size.
Moreover, by comparing continuous and discontinuous training between two athletes, we have
suggested the importance of early and constant training (Figure 12). Indeed, the suspension of a
joint-speciﬁc workout can lead to a blockage or even a regression of the subject’s abilities. Thus, injuries
require prompt treatment in order to avoid transient and permanent physical impairment.
Even if the study was conducted on a low number of subjects, this represent a starting project in
order to develop a speciﬁc training program for each developmental phase.
5. Conclusions
The recent proliferation of indoor climbing gyms and well-protected sport climbing areas have
made sport climbing accessible to everyone. Neither an age group nor a pre-existing medical condition
serves as a contraindication for sport climbing in the ﬁrst instance. Sport climbing is an engaging
mental and physical activity that contributes to an increase in muscle mass and strength, dynamic
balance, and other health beneﬁts. However, in line with any exercise prescription, guidelines for
sport-speciﬁc participation are desirable. Taking into account what was shown in this preliminary
study, early and constant joint-mobility training that start from the early stages of the developmental
age is fundamental.
In conclusion, we suggest that joint-mobility exercises from the early stages of development will
allow children to move harmoniously, even on the climbing walls.
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Fatma Neşe Şahin 4 , Özkan Güler 4 , Manuel Gómez-López 5 , Simona Pajaujiene 6 , Michele Basile 7 ,
Ante Rada 8 , Antonio Palma 1 and Antonino Bianco 1
1

2

3

4

5

6

7




8

*

Sport and Exercise Sciences Research Unit, Department of Psychology, Educational Science and Human
Movement, University of Palermo, 90146 Palermo, Italy; marianna.alesi@unipa.it (M.A.);
tabacchi.garden@libero.it (G.T.); antonio.palma@unipa.it (A.P.); antonino.bianco@unipa.it (A.B.)
CIEQV-Life Quality Research Centre, Escola Superior de Desporto de Rio Maior-IPSANTAREM, Avenida Dr.
Mário Soares, 20413 RIO Maior, Portugal; csilva@esdrm.ipsantarem.pt
Department of Sport and Health Sciences, Technical University of Munich, Uptown Munich Campus D,
Georg-Brauchle-Ring 60/62, 80992 Munich, Germany; david.sturm@tum.de
Department of Sport and Health, Faculty of Sport Sciences, Ankara University, Golbaşı Yerleşkesi Spor
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Abstract: The aim of this investigation was to identify possible related factors associated to the
performance of the crunning test in European children and adolescents. A total number of 559
children and adolescents (age range 6–14 years) of which 308 boys (55.1%) and 251 girls (44.9%), from
seven European countries, were screened. A questionnaire concerning demographic and personal
life-related factors and a cognitive assessment were performed. A regression analysis was conducted
with the performance measures of the crunning movement. T-tests and ANCOVA were used to
analyze sub-group differences. Boys have greater crunning performance values compared to girls
(5.55 s vs. 7.06 s, p < 0.001) and older children perform better than younger ones (R2 −0.23; p < 0.001).
Children with healthy and active habits (exercising or spending time with family members vs. reading
or surﬁng the internet) performed better in the test. Children engaged in team sports had better
crunning performances compared to those engaged in individual sports (6.01 s vs. 6.66 s, p = 0.0166).
No signiﬁcant association was found regarding cognitive-related aspects in either children engaged
in team or individual sports and the crunning performance. Older and male children performed
better in the crunning test than younger and female children. Physical activity-related aspects of
children’s life are associated with crunning movement performance. No association was found
between higher cognitive performance and the crunning test results.
Keywords: crunning; socio-demographic; cognitive; ﬁtness-tests

Copyright: © 2021 by the authors. Licensee MDPI, Basel, Switzerland.

1. Introduction

This article is an open access article

Physical ﬁtness (PF) during childhood and adolescence has been deeply investigated [1–3]. It has been recognized that PF is an important health-related factor, which
may predict health status in adulthood, and which may also help physical and cognitive
development [1,4–6]. Inverse associations have been found between PF and cardiovascular
disease, metabolic risk factors and adiposity, which overall suggest positive health-related
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aspects [5,7,8]. A recent review by Donnelly et al. [4], investigating the effects of PF on
cognition, learning and brain structure and function in children aged 6–13 years old, found
a general positive association regarding cognition and brain structure and function. However, the study failed to identify a speciﬁc set of activity parameters which may better
promote the abovementioned aspects. However, despite different evidence existing regarding a positive association between physical activity (PA) and academic achievements [9],
there are still inconsistencies regarding aspects of PA and cognitive function [4].
In order to promote the level of PF through PA in adulthood, it is important to
adequately modify lifestyle and behaviours in childhood and adolescence [10,11]. Different
investigations have suggested that children and adolescents who did not regularly practice
PA are more prone to develop unhealthy habits as smoking or drinking alcohol [12,13],
which would inevitably decrease PF. In addition, such aspects have also been linked to
the familial socio-economic status, parental education and food habits [12,13]. Therefore,
since lifestyle and familial education are important factors which inﬂuence both physical
and psychological development of children and adolescence, these may be considered as
important predictors of PF and health outcomes [14].
In order to quantify the levels of PF, a large body of scientiﬁc evidence exists which
takes into account speciﬁc age ranges and genders [1,15–18], demographic characteristics [19–21] or more speciﬁc sub-populations [22,23]. Each investigation has evaluated
different aspects related to PF, such as aerobic activity, strength, power, speed, coordination, ﬂexibility, agility and other abilities, including for each of these, one or more ﬁeld or
laboratory tests to appropriately discriminate such abilities.
Despite the large number of ﬁtness tests and physical evaluation batteries available,
performance values or predictors of the crunning movement, a speciﬁc type of locomotion
which combines running and crawling, are scarce. Patrick et al. [24] evaluated the inter-limb
coordination during crawling in infants and adults, suggesting that a great involvement
of coordination by the central nervous systems is required for quadrupedal locomotion.
Other two investigations have included speciﬁc crawling exercises, within a ﬁtness battery,
to improve PF in a military environment [25,26]. The results of the studies underline that
the military personnel increased the efﬁcacy of different abilities, such as coordination,
agility, speed, and power, following such interventions. Another investigation tried to
determine a link between the Illinois agility test, which evaluates agility, and the crunning
test. The results indicate a moderate correlation (r = 0.45) between the two tests [27],
suggesting that a certain amount of agility is required to perform the crunning movement.
In an attempt to understand if the crunning locomotion could provide further information
than those offered from already known ﬁtness tests, we included the crunning test in a
previously discussed project [15]. This project, namely, the Enriched Sport Activity (ESA)
program, was a physical activity intervention with the aim to improve ﬁtness of children
and adolescents across Europe by including cognitively enriched stimuli within speciﬁc
warm-ups, prior to a structured physical activity [15]. However, such tests, together with
the Leger shuttle run for aerobic assessment [28], were the only tests not inﬂuenced by the
ESA intervention.
In order to clarify the characteristics of the crunning movement, this investigation will
aim to identify lifestyle, physical activity and cognitive aspects associated with the results
of this particular type of locomotion.
2. Materials and Methods
2.1. Participants
The sample was composed of 589 children of ages ranging from 6 to 14 years (aged
10.25 ± 1.76 years and 9.98 ± 1.87 years) of which 308 boys (55.1%, age 9.1 ± 1.3 years;
weight, 34.9 ± 9.5 kg; height, 139.0 ± 10.4 cm) and 251 girls (44.9%, 10.2 ± 1.8 years;
39.4 ± 11.1 kg; 144.8 ± 14.3 cm), from 7 European countries (Italy, n = 164 of which 92
boys and 72 girls; Germany, n = 64 of which 41 boys and 23 girls; Portugal, n = 111 boys;
Spain, n = 37 of which 17 boys and 20 girls; Lithuania, n = 85 of which 53 boys and 32 girls;
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Croatia, n = 50 of which 25 boys and 25 girls; and Turkey, n = 78 girls) within the ESA
Program, an evidence-based exercise program cofounded by the Erasmus + Program of the
European Union (Key action: Sport-579661-EPP-1-2016-2-IT-SPO-SCP).
Criteria for including participants were the following: 1. Able to perform the required
tests; 2. Absence of a diagnosis of intellectual disability, visual or neurological impairments;
3. Absence of a diagnosis of other neurodevelopmental disorders. All children were
recruited within a school or sport center. Before the inclusion of the children in the ESA
program, a parent or legal representative of each child signed a declaration of informed
consent. The study was conducted in accordance with the Helsinki Declaration (Hong Kong
revision, September 1989) and the European Union recommendations for Good Clinical
Practice (document 111/3976/88, July 1990). The study was approved with permission
from the Lithuanian Sports University’s Research Ethics Committee in Social Sciences with
approval No 579661-EPP-1-2016-2-IT-SPO-SCP (2018-02-05).
2.2. Study Design
The ESA Program aimed to improve children’s motor skills and executive functions
through sport activities enriched by cognitive stimuli to enhance inhibitory control, working memory and shifting.
Detailed description of the study design and the ESA Program can be found elsewhere,
describing both the cognitive tests and their administration and motor components, as
well as the full description of the crunning test and administration procedures within the
project [15,29].
2.3. Intervention Procedure and Assessment Tools
Each ESA trainer underwent a training procedure before the start of the intervention,
in order to adopt a standardized procedure. The procedure was shared across the participating countries. This can be also found on a dedicated YouTube channel (ESA Program).
Therefore, all testing procedures were performed in the same way and order. At the beginning of the project, each participant underwent a cognitive examination [29] and a physical
evaluation [15], which were repeated at the end of the intervention. Before the start of the
ESA training program, each participant also underwent a psychological test battery (ESA
PTB, a 32 item questionnaire which includes questions regarding personal information,
lifestyle-related factors and school-associated information), which was administered on
two different occasions prior to the inclusion of the participants in the ESA program. On the
ﬁrst day, the participants underwent a cognitive assessment which lasted around 1 h [29].
On the second day, a questionnaire was administered, which included questions related to
habits, family, recreational and social aspects. We retrospectively evaluated the predicting
factors of the crunning performance through these personal aspects.
The crunning performance, measured as the time in seconds needed to perform the test
(10 m distance), was the dependent variable collected through the crunning test, included
in the ESA ﬁtness battery. This battery is composed of six ﬁtness tests (standing broad
jump, seated medicine ball throw, 20 m shuttle run test, 30 m sprint, Illinois test and the
crunning test) to assess different skill-related components at once [30], but for the purpose
of the present paper, only the outcomes of the crunning test have been considered [15].
Low values in the test measure indicate better performance.
For the purpose of this study, gender and age were treated as covariates, while a
number of predictors were taken into account. These predictors included sport-related
aspects, spare time-related aspects and cognitive or neuropsychological aspects.
Each aspect is discussed below.
(a) Sport-related aspects: Sport type (individual/team and exercise intensity) and
sport frequency.
Individual/team sport type classiﬁcation was manually distinguished by the authors
on the basis of the sport practiced. The American Heart Association classiﬁcation for sport
was adopted [31] for grouping the activities in relation to cardiovascular function. These
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are divided by static and dynamic activities, and each is stratiﬁed according to exercise
intensity, categorized as low, moderate or high. Current sport frequency and past sport
frequency were measured in hours per week and relevant data were collected through a
dedicated section of the ESA PTB.
(b) Spare time-related aspects (frequencies in h/week): Aspects regarding time spent
with parents and siblings, reading, going to the cinema, theatre or museums, surﬁng the
internet, playing with electronic games, going out with friends, going to the gym, going to
the park or shopping were evaluated. All these items were collected through a dedicated
section of the ESA PTB.
(c) Cognitive/neuropsychological variables: School marks (National language, Maths,
Anthropology and History, Geography, Physical education, Foreign language), inhibitory
control, working memory, shifting of attention. The ESA PTB was used to collect the school
mark items. The other items’ assessment was performed through the neuropsychological
tests derived by the Inquisit Lab platform (Inquisit 6 (for Windows version 6.1). 2020.
Retrieved from https://www.millisecond.com): the Color Word Stroop (CWS) task for
the inhibitory control, measured by the time needed to select the right color within the
stroop test; the Digit Span Test (DST) for working memory, measured by the number of
recalled digits in an exact order and in a reversed order; and the Trail Making Test (TMT)
for shifting of attention, measured by error number and execution time. For further details
regarding the cognitive test administration, please refer to Gentile et al. [29].
2.4. Statistical Analysis
Data are presented as means and standard deviations. The Student’s t-test was used
to assess differences in the crunning test for each variable (i.e., gender, sport type). To
estimate differences in the crunning performance by country, age range and sport type, the
ANCOVA test was performed. Age and gender were used as covariates for all analysis.
Linear regression analyses were performed to evaluate correlations between the crunning test and sport frequency, spare time-related aspects, cognitive/neuropsychological
aspects. Statistical signiﬁcance was set for p < 0.05. All estimates were adjusted for gender
and age. The software STATA/MP 12.1 (StataCorp. 2011. Stata Statistical Software: Release
12. College Station, TX, USA: StataCorp LP.) was used for the statistical analysis.
3. Results
3.1. Gender and Age
Mean time to perform the crunning test was 6.25 s (SD 2.416, n. = 589). Better crunning
performances were observed for males compared to females (independently from age)
and for older compared to younger children (independently from gender) (Table 1). The
regression coefﬁcient for age was −0.23 (SE 0.051, p = 0.000, n = 589).
Table 1. Differences in the crunning test performances by gender and age range.
n

Mean (s)

SD (s)

Tot

589

6.25

2.416

Gender
male
female

318
271

5.55
7.06

2.306
2.289

p-Value
0.000 a

0.000 b

Age range
6–8
9–11
≥12

162
298
129

7.2
5.99
5.65

SD: Standard deviation; Tot: Total number;

a

Estimated through paired Student’s t-test.

ANCOVA. All estimates were adjusted for gender and age.
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3.2. Demographic Factors
Table 2 shows the differences in the crunning movement performances by demographic and SES factors. Similar characteristics across participants for each county were
observed (Italy, 8.5 ± 1 years; 34.3 ± 9.8 kg; 135.0 ± 9.8 cm; boys, 8.4 ± 1 years; 33.9 ± 9.7 kg;
135.3 ± 9.7 cm and girls, 8.6 ± 1.1 years; 34.8 ± 10.1 kg; 134.7 ± 10 cm; Germany,
8.9 ± 0.8 years; 37.6 ± 9.9 kg; 137.8 ± 7.5 cm; boys, 9.0 ± 0.8 years; 37.6 ± 8.4 kg;
138.6 ± 7.3 cm and girls, 8.7 ± 0.7 years; 37.4 ± 12.7 kg; 136.3 ± 7.9 cm; Portugal, boys,
10.9 ± 1.7 years; 139.1 ± 15.3 cm; 39.4 ± 9.3 kg; Spain, 10.5 ± 1.0 years; 142.7 ± 20.4 cm;
45.1 ± 23.1 kg; boys, 10.4 ± 0.9 years; 145.8 ± 14.1 cm; 43.2 ± 12.4 kg and girls,
10.4 ± 1.0 years; 144.7 ± 13.2 cm; 40.2 ± 10.4 kg; Lithuania, 9.9 ± 1.13 years; 35.7 ± 8.0 kg;
144.0 ± 9.0 cm, boys 9.9 ± 1.19 years; 36.4 ± 8.9 kg; 144.0 ± 9.0 cm and girls 10.1 ± 1.02 years;
34.6 ± 5.8 kg; 142.0 ± 11.0 cm; Croatia 9.4 ± 0.5 years; 35.0 ± 8.2 kg; 138.3 ± 7.6 cm;
boys, 9.7 ± 0.5 years; 36.5 ± 7.6 kg; 140.7 ± 7.4 cm and girls, 9.3 ± 0.5 years; 34.7 ± 8.3 kg;
137.8 ± 7.6 cm; and Turkey, girls, 10.8 ± 1.8 years; 134.9 ± 12.7 cm; 45.3 ± 10.9 kg). Signiﬁcant differences in the crunning movement were found across countries.
Table 2. Differences in crunning test performances by country and socio-economic status.
n

Mean (s)

SD (s)

p-Value a
0.000

Country

589

6.25

2.416

Croatia
Germany
Italy
Lithuania
Portugal
Spain
Turkey

50
64
164
85
111
37
78

5.26
5.62
7.69
5.36
4.31
6.37
8.03

1.325
3.116
2.501
1.503
1.151
0.508
1.709

SD: Standard deviation; a Estimated through ANCOVA. All estimates were adjusted for gender and age.

3.3. Sport-Related Aspects
Among the sport-related aspects, the following were found to be associated to better
performances: team sport type, with children practicing team sports performing better
than those practicing individual sports (h/week) (Table 3).
Table 3. Differences in crunning test performances by sport-related aspects.
n

Mean (s)

SD (s)

p-Value a

Sport type
Individual
Team

384
104
280

6.18
6.64
6.01

2.316
2.321
2.294

0.0166

Sport type (n = 5 *)

384

6.18

2.316

0.1139

Sport frequency (h/week)

n.
467

R2 .
0.14

SE
0.101

p-value b
0.168

SD: Standard deviation; SE: Standard error; a Estimated through paired Student’s t-test.

b

Estimated through

linear regression analysis. * Five sport categories were included, according to the American Heart Association
classiﬁcation adopted.

No differences were found across different sports, current sport frequency, sport type
(based on the American Heart Association classiﬁcation (impact)).
3.4. Spare Time-Related Aspects
Regarding spare time-related aspects, the following items were correlated to the
crunning performances. In general, physical activities such as attending a gym, going to
the park or going out with friends were positively associated to performance outcomes
(Table 4).
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Table 4. Differences in crunning test performances by spare time-related aspects. All estimates were
adjusted for gender and age.
Activity (Times/Week)

n

R2

SE

p-Value a

Going to the gym
Going to the park
Going out with friends
Shopping
Going to the cinema/theatre/museum
Surﬁng the internet
Playing electronic games
Reading
Spending more time with parents and siblings

531
537
534
538
532
538
538
539
541

−0.16
−0.29
−0.25
−0.06
−0.1
−0.06
0.13
−0.05
−0.17

0.079
0.094
0.078
0.097
0.128
0.071
0.07
0.075
0.087

0.049
0.002
0.002
0.53
0.447
0.417
0.056
0.535
0.049

SE: Standard error;

a

Estimated through linear regression analysis. All estimates were adjusted for gender

and age.

Furthermore, spending more time with parents and siblings seems to be associated
with better performances.
3.5. Cognitive/Neuropsychological Aspects
In general, very low regression coefﬁcients were found. Children with lower school
marks had better crunning performances, such relation was present in either children
practicing teams and individual sports (Table 5). No signiﬁcant correlations were found
between all the inhibitory control items and the crunning movement for children practicing
team or individual sports, with higher times needed to select congruent, incongruent and
control trials associated to lower times needed to perform the test. Working memory items
were not correlated to the crunning performance.
Table 5. Associations between the crunning test performance and cognitive/neuropsychological aspects for team and
individual sport practitioners.
Team

Individual

n

R2 a

SE

p

n

R2 a

SE

p

205
70
65
62
66

0.47
0.29
0.19
0.22
0.28

1.58
2.49
2.49
2.44
2.27

0.000
0.000
0.000
0.003
0.000

75
77
73
76
68

0.15
0.15
0.11
0.17
0.14

0.40
0.33
0.31
0.51
0.37

0.012
0.009
0.041
0.004
0.027

150
150
150

−0.59
0.69
0.39

9.03
2.17
2.18

0.845
0.182
0.004

91
91
91

−0.39
0.55
0.50

2.15
2.21
2.59

0.735
0.116
0.254

Working memory (DST)
Forward recall of numbers (n)
Forward recall of numbers before 2 consecutive errors (n)
Backward recall of numbers (n)
Backward recall of numbers before 2 consecutive errors (n)

156
156
156
156

0.16
0.20
0.15
0.15

0.89
1.38
0.129
1.19

0.000
0.000
0.000
0.000

77
77
77
77

0.07
0.08
0.12
0.06

0.55
0.55
0.52
0.53

0.064
0.060
0.017
0.126

Shifting of attention (TMT)
Errors in numbers (n)
Time in numbers (s)
Errors in numbers and letters (n)
Time in numbers and letters (s)

148
148
148
148

0.18
0.00
0.23
−0.00

1.05
0.000
1.26
0.000

0.000
0.018
0.000
0.000

79
79
79
79

0.06
0.00
0.18
−0.00

0.44
0.000
0.32
0.000

0.138
0.256
0.024
0.118

School marks
National language
Maths
Anthropology and History
Physical Activity
Foreign language
Inhibitory control (CWS)
Congruent trial selection (s)
Incongruent trial selection (s)
Control trial selection (s)

SE: Standard error; a Estimated through linear regression analysis. All estimates were adjusted for gender and age.
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Items related to the shifting of attention showed positive but very low correlations to
crunning times (with higher number of errors and higher time to perform the test correlated
to lower crunning performances), with the only exception of the time to recognize numbers
and letters in children engaged in team sports, which revealed signiﬁcant correlation but
very low coefﬁcients.
4. Discussion
With this investigation, we aimed to determine possible factors associated with the
performance of the crunning movement. As expected, in our population of European
children, males performed better compared to females and older children performed better
than younger ones.
Such aspects have been reported by various authors across different motor domains.
Tomkinson et al. [1] reported for a sample of over 2 million children performances, increases
across age groups from 9 to 17 years old, with males performing better than females in
terms of strength, power, agility and aerobic capacity. However, the results are in favour
of females regarding balance, ﬂexibility and coordination. Similar results are reported by
another investigation in a sample of 3804 children ranging between 6 to 10 years of age.
Again, boys perform better than girls regarding strength, power, speed, agility and aerobic
capacity but not ﬂexibility, with performance increases according to age [32]. Both aspects
are consistent with growth and physical maturation [33,34].
4.1. Demographic Aspects
The results we obtained regarding the crunning movement performance show differences related to each country with better performances from the Portuguese children
and worst performances from the Turkish children. It has to be noted that the Portuguese
sample was composed only of male children, while the Turkish sample was composed only
of female children. Such results are consistent with the general outcomes provided above.
Furthermore, it is not uncommon to appreciate geographical differences when considering different populations of same age ranges, for example, regarding speed in the 20 m
sprint between 6-year-old Greek (5.05 ± 1 s) [35] and Lithuanian boys (5.8 ± 1.2 s) [36], or
for jumping performance of 10-year-old Colombian girls [20] (110.2 cm), Australian girls
(103.25 cm) [37] or South African girls (149.3 cm) [38] in the standing long jump. Differences are also present between the same country when considering rural and city areas [39].
The authors of this latter study indicated that these differences between areas possibly
inﬂuence individual habits and therefore the level of physical activity which each children
experiences. A review by Carlin et al. [40] also analysed the association of environmental
factors and levels of PA. The study associated increased levels of PA in neighbourhoods
which provided facilities, parks and public equipment, and found the opposite for those
with fewer facilities. Therefore, environmental and cultural aspects may possibly explain
the difference reported between the test performance of each country within the present
investigation.
4.2. Sport and Spare Time-Related Aspects
In the previous sections, the inﬂuence of habits regarding the activity levels was
evaluated [41]. The results we obtained in this sample of European children conﬁrm that
positive habits and lifestyles are associated with improved performance of the crunning
movement. For instance, the better results obtained in those children engaged in gym
activities or those going out to the park in their spare time. Our results are in line with a
systematic review analysing the relationship between outdoor time and PF in children [42].
The authors report an overall positive effect of outdoor time on PF, however, with no
speciﬁc effect on musculoskeletal ﬁtness. Another cross-sectional investigation aimed to
understand how sedentary behaviours or screen time could affect motor skills in children
aged 5–16 years [43]. Screen time in particular was associated with lower physical activity,
with greater effects on adolescents compared to children and on girls compared to boys.
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This aspect, if linked to increased sedentary behaviours, could lead to increased fat mass
and therefore decreased PF amongst children [44].
In addition, our results also show that children engaged in team sports performed
better than those engaged in individual activities, independently of the activity intensity.
Other investigations comparing individual and team sports have reported similar results,
for example, Morano et al. [45] evaluated physical and psychological factors among children, ﬁnding that children engaged in team activities had better shuttle run results for
aerobic performances compared to their peers who were engaged in individual sports, and
were also less dissatisﬁed with their body image. Jukic et al. [46] examined the differences
in fundamental motor skills in a sample of under-10 soccer players, indicating that greater
motor skills were positively related to gross motor quotient and locomotion skills. School
children’s enjoyment and cohesion during sport activities can predict physical improvements, and those engaged in team sports show signiﬁcantly higher levels of enjoyment [47].
Being engaged in team sports has also been associated in children with increased motor
skill proﬁciency [48], with greater associations in boys compared to girls. When neurobiological integrations are analysed, it is possible to see that boys involved in team sports have
thinner cortices in the frontal lobe compared to those engaged in individual activities. This
aspect indicates a faster maturation of the frontal cortex related to an advantage of frontal
areas functioning [49]. These are factors that altogether are determinant to adequately
perform a complex skill as the crunning movement, which requires the use of upper and
lower limbs simultaneously.
4.3. Cognitive and Neuropsychological Aspects
Relative to cognitive and neuropsychological aspects, two main ﬁndings have been
associated to the performance. Firstly, academic achievement is negatively linked to the
performance results and, secondly, cognitive function is not linked to crunning performance
neither for children practicing team sports nor for those practicing individual sports. Our
ﬁndings are generally in contrast with other investigations. Emerging literature has positively linked cognitive performance and academic achievement to sport performance [50].
Such associations are also seen in intervention studies where both cognitive functioning and
academic achievement are increased following a physical intervention [51–53]. However,
the majority of studies have proposed aerobic activity as the main typology of physical
activity included within their interventions [54]. These interventions are seen to act by improving brain structure and function [4]. However, within our study, neither a longitudinal
intervention was undertaken nor the crunning movement involves aerobic metabolism
activation. It is possible that the nature of the crunning movement itself requires a different
cognitive demand compared to the cognitive and neuropsychological measures assessed.
Limitations of this study are the following: (1) The sample for each country was
collected within one school, therefore, it was not possible to evaluate speciﬁc local aspects
but only broad geographical differences. (2) Not all countries had the availability of both
male and female participants. (3) The classiﬁcation for sport intensity was based on broad
characteristics of sporting activities (i.e., soccer, basket, gymnastics, etc.), therefore it is
not possible to associate speciﬁc aspects related to different approaches between countries.
(4) Regarding the cognitive and neuropsychological assessment, not all children and
adolescents from the different countries were screened because they were not present at the
time of the evaluation. Therefore, the sample which is available for providing information
regarding results for such aspects is restricted. Indeed, a broader sample would be required
for greater consistency of the test. There is a need to identify the sensitivity of the test to
speciﬁc physical qualities.
Therefore, it will be important in future investigations to compare the present results
to other populations in order to verify the applicability of the ﬁndings here provided.
The present study is the ﬁrst known study to have evaluated and tried to identify
variables associated to the crunning movement. Therefore, it will be necessary to consider
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gender and physical activity differences among individuals if planning to include the
crunning test within a test battery.
5. Conclusions
The present investigation detected different factors associated with the performance
of the crunning movement. These are related to lifestyle and cognitive factors which may
inﬂuence performance of the crunning movement. These associated variables need to be
considered when comparing the results of the crunning movement test, especially across
populations. Special attention must be paid regarding gender and previously practiced
physical activity. The speciﬁcity of the crunning test still needs to be understood within the
context of a ﬁtness evaluation.
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Abstract: We investigated whether a 4-min sprint interval training (SIT) protocol had an acute eﬀect
(15 min after) on improving alertness, mood, and memory recall in female students. Sixty-three children
and 131 adolescents were randomly assigned to either a SIT or control (CON) group by the class
Physical Education (PE) teachers. The SIT intervention was delivered twice a week for 3 weeks.
SIT participants performed three, 20-s ‘all-out’ eﬀort sprints interspersed with 60-s intervals of walking
while CON group sat down and rested. PE lessons were arranged such that the ﬁrst two sessions were
to familiarise participants with the SIT protocol leading to acute assessments conducted on the third
session. On that occasion, both groups rated their alertness and mood on a single-item hedonic scale
and underwent an adapted memory recall test. The same assessments were administered to both
groups ﬁfteen minutes after delivery of SIT intervention. A 4-min SIT involving three, 20 s ‘all-out’
eﬀort intensity sprints did not have an acute main eﬀect on improving alertness, mood and, memory
recall in female children (ηp 2 = 0.009) and adolescents (ηp 2 = 0.012). Students’ exercise adherence and
feedback from PE teachers are indicatives of the potential scalability of incorporating SIT into PE
programmes. Diﬀerent work-to-rest ratios could be used in future studies.
Keywords: sprint-interval training; learning in youths; acute exercise; school; attention

1. Introduction
Emergent literature suggests that a single session of aerobic exercise has beneﬁcial eﬀects on
mood [1] and cognition [2] in adults. Reviews and meta-analyses have found that acute and chronic
exercise improves attention and memory in children and adolescents [3,4]. These two domains of
cognitive functions are essential for learning [5].
Improved cognition and enhanced mood after an acute bout of aerobic exercise may be explained by
psychological and neurophysiological mechanisms. Exercise acts as an arousal stimulus [6]. Synthesis of
brain-derived neurotropic factors (BDNF) is up-regulated leading to the activation of a pathway that
initiates neuroplasticity and neurogenesis of the hippocampus [7,8]. Increased blood circulation during
exercise also promotes more oxygen being delivered to the brain [9]. However, these underlying
mechanisms are said to be dependent on exercise intensity. A meta-analysis revealed that studies
utilising higher intensity exercise reported greater acute cognitive beneﬁts [2]. The intensity of exercise
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can also aﬀect mood diﬀerently [10]. Therefore, higher intensity exercise may be necessary for any
potential positive eﬀect on mood and cognition to be maximised. The acute and chronic exercise
eﬀects cannot be considered in isolation. It is explained that exercise training both in the short term
(immediate and/or soon after) and long term (days, weeks, months, and years) increases the capacity
for exercise, thereby permitting more vigorous and/or more prolonged individual exercise sessions
and a more signiﬁcant acute eﬀect [11]. As such, an acute response to an exercise intervention refers to
the transient eﬀects of the exercise immediately or soon after the intervention.
Mood, alertness, and memory have facilitative inﬂuences on learning. These states of learning are
diﬀerent and but at the same time can be interdependent on each other. Young people experience a
range of emotions, from positive emotions like enjoyment to negative emotions like anger, boredom,
and anxiety in the process of learning. When negative emotions arise, learning may become a less
enjoyable process to them. Consequently, they may be less motivated to interact with teachers and
classmates [12,13]. The process of learning involves a continuous eﬀort and awareness to inhibit
the shift of attention to irrelevant activities [14,15]. Otherwise, a phenomenon called attentional
bottleneck may manifest [16]. Children and adolescents spend six or more hours of their waking time
in school, with much of those time spent engaging in sedentary activities due to classroom curriculum
requirements and the inactive nature of most post-curriculum school-based activities [17]. Even though
a single session of exercise is unlikely to cause impact on mood and cognition lasting throughout the
schooling day, it may be opportunistic for qualiﬁed physical education teachers to enrich their students’
formal learning experience by harvesting the immediate beneﬁts of exercise.
The impact of interval training on cognition and learning in young people has generated research
interest in recent years. Interval training can be characterized as sprint-interval training (SIT) or
high-intensity interval training (HIIT). SIT involves very short bouts of ‘all-out’ eﬀort sprints while
HIIT involves relatively intense but submaximal workloads corresponding to 80–100% of maximal
heart rate. Both forms of interval training are interspersed with periods of lower-intensity recovery [18].
Interval training resembles the sporadic patterns of physical play of free-living young people [19,20]
and is generally well-tolerated [21,22]. The attractiveness of interval training is that the time invested to
complete the exercise is only a fraction of that in traditional endurance training. This time-saving exercise
modality is shown to be eﬀective in improving cardiorespiratory ﬁtness and certain cardiovascular
and metabolic disease biomarkers in healthy and overweight youths when implemented as an exercise
programme over several weeks to a few months [23–25].
Among various interval-training protocols that were studied in the literature, as little as three,
20 s all-out eﬀort cycling sprints performed thrice a week for six weeks has shown to elicit chronic skeletal
muscle adaptations linked to increased cardiorespiratory ﬁtness as well as improved cardio-metabolic
health biomarkers in adults [26]. This protocol involves a total work duration of 1 min. It is one of the
shortest SIT methods to date to demonstrate positive health-related outcomes, albeit in adults. In terms
of the acute eﬀect of interval training on cognition in children and adolescents. Previous studies
examining the acute eﬀect of interval training on cognition in children and adolescents had used total
work durations which were longer than that of Gillen and his colleagues’ protocol. Some researchers
used shorter intervals of exercise (10–20 s) while others used longer intervals of exercise (30 s) repeated
between 8 and 16 times [27–29]. A 15- to 20-s bout of ‘all-out’ intensity sprint is suggested to be
more palatable for children and adolescents rather than sprint bouts of longer durations (e.g., 30 s or
40 s) [30].
Interestingly, a recent study showed that embedding interval-training within the school day has
led to increased moderate-intensity physical activity levels in adolescents [31]. Girls are oftentimes
less active than boys [32–34] and hence the use of interval-training to increase physical activity has
potential implications on them. Besides, girls are an under-served group compared to boys as research
evidence in this area is scarce. Therefore, the primary objective of the study was to investigate the acute
eﬀect of a three, 20 s ‘all-out’ eﬀort sprints on self-reported mood and alertness, and memory recall of
female children and adolescents when delivered within a physical education (PE) setting. A secondary
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aim of the study was to gain perspectives from PE teachers about the feasibility of infusing SIT into
physical education classes.
2. Materials and Methods
2.1. Enrolment of Participants and Institutional Ethical Clearance
One independent all-girl primary school and secondary school were invited to take part in the
study via convenience sampling. The heads of PE department of both schools were contacts of the
principal investigator. The school principal gave her consent and permission for conducting the
research in schools was granted by the Ministry of Education. The study protocol and ethics was
approved by the Institutional Review Board of the university on 4 April 2018 (IRB-2018-02-009-4).
Upon discussion with the PE departments, one Primary 5 and one Secondary 1 cohorts were selected for
the study. Written child assent and informed consent from the parents were obtained. Sixty-six female
children (9–10 years old) and 131 female adolescents (12–13 years old) from the selected cohorts were
enrolled in the study.
2.2. Study Design
The research employed a parallel, randomized control study design with a 1:1 allocation ratio.
Participants were randomly assigned to either a SIT or control (CON) group at the individual level by
the class PE teachers. The SIT intervention commenced twice a week for 3 weeks (6 sessions) and all
PE lessons were conducted in the mornings, between 8 and 10 am. Following at least two separate
familiarization sessions, the acute eﬀects of SIT was assessed. Of the thirteen classes involved in the
study, a few missed 1–2 SIT sessions due to timetabling constraints as reported by the respective PE
teachers (i.e., PE lesson was cancelled when it fell on a public holiday).
2.3. SIT Protocol and Familiarisation Sessions Leading to the Day of Acute Assessment
The SIT group performed a three-minute warm-up routine (light lower limb stretches) followed
by three 20 s ‘all-out’ eﬀort running shuttle-sprints interspersed with intervals of 60 s of walking.
The 3 × 20 s sprint bouts adapted from Gillen and his colleagues’ work is one of the shortest SIT
protocols to date. A work-to-rest ratio of 1:3 may be appropriate as a study showed that female children
and adolescents were able to replicate the peak power generated in the ﬁrst bout into subsequent bouts
of the Wingate Anaerobic Test better than adult women [21]. This suggests that an active rest interval
of 60 s derived from the 1:3 ratio may be suﬃcient for female children and adolescents to re-generate
peak anaerobic power. The CON group did not receive the SIT intervention. Instead, they sat down
and cheered on the SIT group during the shuttle sprints. Duration of the SIT protocol was four minutes
and when warm-up was included, the total exercise session was less than eight minutes.
Prior to the study, the qualiﬁed PE teachers involved in the research were trained on how to deliver
the SIT intervention and acute assessments by the principal investigator and his research assistant.
The ﬁrst two sessions were delivered to familiarise participants what an ‘all-out’ eﬀort entails in the
lead up to the acute assessments conducted on the third session. Each SIT participant was paired with
a participant from the CON group who was tasked to count the number of sprint-shuttles completed
over a marked out 20-m distance by their partner (data not presented). Upon the teacher’s cue, the SIT
group sprinted as hard as they could back and forth the marked-out distance for 20 s. Immediately
after the 20 s sprint, participants walked to and from the marked-out distance for 60 s. With 15 s to
go, participants were instructed to return to the starting position and get ready for the second bout.
The process of a 20-s sprint bout followed by a 60-s walking recovery was repeated. Participants then
performed their third and ﬁnal bout of 20 s sprint and recovered right after for 60 s. Throughout the
shuttle-sprints, partners of participants from the SIT group counted aloud the number of sprint shuttles
completed and cheered the participants on to match or better the number of sprint shuttles completed
in the previous bout. Most participants were able to match the number of shuttles completed in the
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previous sprint (data not reported). Indirectly, this indicated that participants were able to provide a
maximal eﬀort throughout the three sprint bouts.
2.4. Acute Assessment of Alertness, Mood, and Memory Recall (before and 15 min after SIT)
The primary outcome measures (i.e., alertness, mood, and memory recall) were assessed during
the 3rd PE lesson. Before the SIT intervention was delivered, participants were asked to rate their mood
and alertness from 1–10 on a mood scale [35] and a self-constructed alertness scale (i.e., higher number
indicated better mood and greater alertness). The questions posed to them were: ‘How are your mood
right now? Please circle a number that best represents your current mood.’ and ‘How alert, watchful or
attentive are you right now? Please circle a number that best describes you.’ The scale consists of faces
with expressions from frown to smiles above the number 1, 5, and 10 in gradations that are intended
to reﬂect a progressive change of feelings. Hedonic scales like these are commonly administered to
young children in consumer and food preference research. Although its psychometric properties for
assessing mood and alertness are not established, another study has adapted it for the same purpose
as the present study [31].
In addition, participants underwent an adapted version of the Rey Auditory Verbal Memory Recall
test (RAVRT) [36]. The RAVRT was previously administered to the same age group of participants [37].
Instead of the full ﬁve trials, a single trial of recall was used in the present study. The PE teacher read
out a list of 15 unrelated nouns each containing two syllables to the participants at a speed of one word
per second. After the last word was read out, participants wrote down as many words as they could
recall (order and spelling of words were not important). The number of correct words recalled by each
participant was recorded. The RAVRT is commonly used in clinical research and practice and has
a robust construct validity and internal consistency (Cronbach’s alpha coeﬃcient of 0.8) which was
found to be closely associated with other tests of verbal learning which renders it to be a valid and
reliable psychometric instrument.
Fifteen minutes after the SIT intervention was delivered, the same acute assessments were
administered but in a diﬀerent order. A diﬀerent word list was used in the memory recall test of
which the words are what students have learnt before. The delay of 11–20 min after exercise was
reported to be the window of opportunity for observing the greatest positive eﬀects on cognition.
Positive eﬀects may diminish beyond 20 min whereas assessing too soon after exercise may result in
negative eﬀects [2]. The study ﬂow from enrolment of schools to data analysis of acute measures is
shown in Figure 1 below.
At the end of the study, PE teachers were polled on their perceptions on the feasibility of
incorporating SIT-type activities into their PE curriculum (i) to get students ﬁt for sports and (ii) to get
students healthy. The PE teachers provided their ratings on a self-constructed 5-point scale, with 1 being
‘I do not ﬁnd it feasible’ and 5 being ‘I ﬁnd it very feasible’. To measure overall exercise adherence rate,
the average percentage of the number of SIT participants who completed all SIT sessions was divided
by the number of SIT participants in each class.
2.5. Statistical Analyses
SPSS Version 23 (IBM Corp., Armonk, NY, USA) was the statistical tool used. Normality of data
and homogeneity of variance within each group was assessed. Missing data was replaced by series
mean of each group. A 2 × 2 repeated-measures analysis of variance (ANOVA) was performed to
analyse the main intervention eﬀect. Given there were only two levels of measurements of the outcome
variables (i.e., before condition and 15 min after condition), the assumption of sphericity was not
violated. The measure of eﬀect size was reported as partial eta square, where ηp 2 = 0.01–0.05 was
interpreted as a small eﬀect size, ηp 2 = 0.06–0.13 was interpreted as a medium eﬀect size and ηp 2 = 0.14
or greater was interpreted as a large eﬀect size. The level of statistical signiﬁcance was determined as
p < 0.05. Descriptive statistics (mean ± SD) for all outcome variables were reported.
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Figure 1. Flow diagram through each stage of the parallel, randomized control study design.

3. Results
3.1. Acute Changes in Self-Reported Alertness and Mood, and Memory Recall Score
Separate 2 × 2 repeated-measures ANOVAs were performed to compare the acute eﬀect of a 4-min
SIT protocol on improving alertness, mood, and memory recall with the CON group. The results of the
univariate analysis of each outcome variable is presented in Table 1 for female children and in Table 2 for
female adolescents. Multiple Analysis of Variance (MANOVA) revealed that there was no signiﬁcant
main eﬀect of the SIT protocol on improving all three conditions of learning in female children,
F(3, 59) = 0.168, p = 0.918, ηp 2 = 0.008, as well as in female adolescents, F(3, 127) = 0.528, p = 0.664,
ηp 2 = 0.012. The time delay of 15 min following SIT has a signiﬁcant eﬀect on memory recall, with female
children performing better (F(1, 127) = 5.929, p = 0.018, ηp 2 = 0.089) while female adolescents performed
poorer (F(1, 59) = 12.801, p = 0.001, ηp 2 = 0.09) in the RAVRT after SIT. The pre-to-post-test change
in self-reported alertness and mood, and memory recall scores between SIT and CON groups were
not signiﬁcantly diﬀerent (p > 0.05). These results indicated that a four-minute SIT bout involving a
combined one minute of ‘all-out’ eﬀort sprints had no eﬀect on improving alertness, mood, and memory
recall in female children and adolescents.
3.2. Exercise Adherence and Teachers’ Perceptions on Embedding SIT-Type Activities into the PE Curriculum
Most of the female participants (primary school children: 91.8 ± 5.0%, secondary school adolescents:
93.7 ± 9.2%) completed all SIT sessions that were delivered. Common reasons for their absenteeism
reported by the class PE teachers were taking sick leave (not related to the exercise) and being out of
school for inter-school competitions on the day of PE lesson. Six PE teachers involved in the study
rated 4.2 and 4.0 (out of 5) on their beliefs in the feasibility of infusing SIT-type activities in their PE
curriculum to get (i) students ﬁt for sport and (ii) to keep students healthy, respectively. None of the
participants were reported to have sustained injuries resulting from the ‘all-out’ intensity sprints under
the tutelage of the qualiﬁed PE teachers.
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Table 2. Mean ± SD of alertness, mood, and memory recall of female secondary school adolescents.
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Table 1. Mean ± SD of alertness, mood, and memory recall of female primary school children.
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4. Discussion
The primary objective of the study was to examine the acute eﬀect of a SIT protocol involving
three, 20-s ‘all-out’ eﬀort sprints on improving mood, alertness and memory recall in female primary
school children and secondary school adolescents. Of interest was also the PE teachers’ perspectives
on using SIT in a lesson setting (i.e., teachers’ thoughts on infusing SIT-type activity in PE lessons as
an intervention to get students ﬁt for sports and keeping students healthy). The key ﬁndings of the
present study were that a 4-min SIT protocol involving three-, 20 s ‘all-out’ eﬀort sprint did not have
any acute eﬀect on self-reported mood, alertness, and memory recall in female children and adolescents.
These results did not support the authors’ hypothesis that very brief interval exercise enhances student
states of learning. Contrary to the present results, previous studies showed that school-based interval
training elicited a positive impact on student alertness. A programme called FUNtervals, a six-minute
interval exercise that involved four minutes of dynamic, whole-body exercises such as squats, jumping
jacks and running on the spot performed at high-intensity showed acute improvements in selective
attention in 88 boys and girls aged 9–11 years [29]. In the cited study, the children made fewer errors
in the d2 test, an objective measure of one’s selective attention, following the FUNtervals session
compared to when they were being assigned to a no-activity break group. This was apparently the
only study that examined the eﬀects of HIIT following a brief delay of 11–20 min, as in the present
study. It was previously suggested in a meta-analysis that a post-exercise delay of 11–20 min was most
likely to elicit positive responses in cognition [2]. Interestingly, a recent study reported that the boost
in selective attention in 158 adolescents lasted for an hour after a 16-min HIIT session [38]. The 12- to
16-year-old adolescents in the cited study were instructed to perform 30 s of high-intensity exercise in
between rest intervals of 30 s.
Findings in the literature on the eﬀect of school-based interval training on mood in children
and adolescents are scarce. The SIT protocol in the present study used only one movement task,
that is sprinting, rather than a series of diﬀerent body movements. By the day of acute assessment,
the activity became rather mundane to the participants as commented by one of the PE teachers.
This could have dampened their motivation and resulted in the lack of change in their self-reported
aﬀect. This view concurred with previous ﬁndings from Cooper and his colleagues who reported
that 10 × 10 s running sprints, interspersed with 50 s of active recovery had no beneﬁcial immediate
eﬀect on self-reported energy, tension, and calmness in adolescents [27]. Participants in the cited study
reported a higher level of tiredness following the exercise than when they were seated in the resting
trial. It is likely that participants’ mood was in an attenuated state when the mood questionnaire was
administered soon after exercise. These results were in contrast with ﬁndings reported by another
study [28]. They reported that the mood of 21 adolescents improved signiﬁcantly following an
eight- to 10-min HIIT intervention. The reasons for such mixed results are not readily apparent but
diﬀerences in interval-training protocols, participant cohorts, and the timings of the assessments are
plausible explanations.
Few studies have investigated the acute eﬀect of HIIT on memory recall in children or adolescents.
Findings in the present study showed negligible eﬀect on memory recall in both primary school
children and secondary school adolescents. Similarly, no acute eﬀect on visuo-spatial memory and
pictorial memory recall in adolescents were reported in other studies [27,38]. Instead, researchers
in the latter cited study showed that selective attention and concentration increased in the second
and third hour after the HIIT intervention. It is noteworthy that the HIIT protocol employed in the
cited study is four times the duration (16 versus 4 min) of the SIT protocol used in the present study.
The interval training protocols used in the cited studies were not identical to that used in the present
study. (i.e., work-to-rest ratio; total exercise time). In addition, diﬀering qualitative characteristics of
the movement tasks (i.e., cognitive demand and coordinative complexity) may have accounted for the
mixed results. It was suggested that activity that requires greater attentional and cognitive resources
led to greater extent of improvement in cognition than activities with low cognitive engagement [39,40].
The movement task used in the present study is sprinting which most children and adolescents are
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quite accustomed to. It also does not require a greater degree of coordination compared to exercises
described in other studies. Combining the results of 6 acute studies, the authors of a recent review had
found that a single bout of HIIT produced signiﬁcant yet small to moderate acute eﬀects on executive
function and aﬀect in youths [41]. Therefore, whether such brief interval training interventions are
useful need to be addressed using diﬀerent perspectives in diﬀerent school contexts. For instance,
the eﬃcacy of SIT-type programmes that are time-saving and low volume in helping female youths
adopt a less sedentary lifestyle outside of school.
The use of a single-item hedonic scale is reported elsewhere and is also used for self-reporting
purposes in adolescents [28]. Adolescents in the cited study were asked to complete the hedonic mood
scale before and after every HIIT session throughout the period of intervention (a total of 24 times).
In contrast to the present ﬁndings, adolescents’ mood following HIIT signiﬁcantly improved by an
average of 0.97. Unlike other questionnaires used in the interval training literature, the single-item
hedonic mood scale is not established as a validated instrument. Notwithstanding its unestablished
validity, the single-item hedonic scale takes less than one minute to answer and is easily comprehensible
to children and adolescents.
The total time taken to complete the SIT protocol in the present study is a fraction of the time
taken by participants in other studies cited in the literature—i.e., 4 min in present study vs. 10 and
16 min in other studies [27,38]. It is plausible that the exercise dose in the present study was too brief
to have any eﬀect on alertness, mood, and memory recall from baseline values (pre-SIT intervention).
In the present study, participants reported they were relatively alert and in good mood, and their
memory recall scores were not markedly in deﬁcit before the acute SIT intervention. The absence
of signiﬁcant diﬀerence is plausibly due to a ceiling eﬀect for improvement [42] since PE sessions
were conducted relatively early in the morning of a schooling day where children and adolescents are
reasonably rested.
4.1. Exercise Adherence and PE Teachers’ Perspective on Infusing SIT in PE Classes
The qualiﬁed PE teachers who conducted the study were specially trained by the principal
investigator and his team. To motivate participants to perform ‘all-out’ intensity eﬀorts, they were
encouraged to match or better the number of sprint-shuttles completed in the previous bouts. Although
the proportion of participants who managed to match or better their number of sprint-shuttles is
not reported in the present study, a majority had completed all SIT sessions conducted (91.8% and
93.7% of the female children and adolescents, respectively). The exercise adherence in the present
study compares well with the exercise adherence rate of 90% among Australian adolescents reported
elsewhere [43]. The continued participation even after the third session, when acute assessment
of alertness, mood and memory recall were administered, is an indication that SIT is an appealing
exercise for female children and adolescents in the context of the present study. Additionally, when PE
teachers were asked for their perceptions on the feasibility in incorporating SIT-type activities in PE
lessons, ratings provided were very encouraging. Like the present study, several studies had situated
the delivery of interval training as an exercise intervention during PE classes, albeit for diﬀerent
purposes [44]. On the balance of discussion, it appears that PE classes could be avenues where SIT-type
or HIIT-type activities can feature, given its ﬂexibility in incorporating diﬀerent forms of dynamic
exercise movements as well as its time-saving regimen.
4.2. Strengths and Limitations of Study
A unique contribution of the present study was that it involved a cohort entirely of female
participants and was one of the largest cross-sectional study that the authors are aware of. Furthermore,
the high retention rate and positive ratings from PE teachers are indications of the potential scalability
of introducing SIT-type programme in schools. A limitation of the present study was that the
acute assessments for mood, alertness, and memory recall were measured on only one occasion
and speciﬁcally within the period of 11–20 min (i.e., about 15 min) after the SIT. It is indeterminate
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in the present study if the prescribed SIT protocol has any abbreviated or transient eﬀect on the
aforementioned factors that aﬀects learning outside of the 11- to 20-min window. In addition, as this
study was conducted only on female participants, the eﬀect of SIT on male participants remains to
be examined.
4.3. Future Research Directions
Future research could explore diﬀerent permutations on the work-to-rest ratio of the SIT protocol
and examine its acute eﬀect on mood, alertness, and memory recall of children and adolescents in a
school-based setting. Interval-training could be embedded during the latter part of a school day when
mood, alertness and memory of students are on the wane. These brief exercise breaks should be low in
volume so that it does not take up much of class time and they should be curated with participant
enjoyment in mind.
5. Conclusions
A 4-min SIT involving three, 20 s ‘all-out’ eﬀort intensity sprints had no acute eﬀect on improving
mood, alertness and memory in female children and adolescents. The high exercise adherence rate and
encouraging ratings by PE teachers are suggestive of the potential scalability of incorporating SIT into
PE programme in schools. There is a need for more school-based research to explore the acute eﬀect of
diﬀerent SIT permutations in the context of each school.
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Abstract: This review aimed to synthesize the most up-to-date evidence regarding the prevalence
of urinary incontinence (UI) among adolescent female athletes. We conducted a systematic review
of studies regarding UI in female athletes less than 19 years of age. This review was conducted in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRIMSA).
The electronic databases of PubMed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), Scopus, and Web of Science (WOS) were searched between October and November 2020.
After blinded peer evaluation, a total of 215 studies were identiﬁed and nine were included. Risk of
bias was assessed using the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) checklist. This review identiﬁed a prevalence of UI in adolescent female athletes between
18% to 80% with an average of 48.58%. The most prevalent sports were trampolining followed by
rope skipping. The prevalence of UI among adolescent female athletes practicing impact sports was
signiﬁcantly prevalent. There is a need for further research, education, and targeted interventions for
adolescent female athletes with UI.
Keywords: pelvic ﬂoor dysfunction; women’s health; pelvic ﬂoor training; youth
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1. Introduction
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Urinary incontinence (UI) is deﬁned as any complaint of involuntary loss of urine [1].
Mostly prevalent in women, the broad range of UI is 5–27% [2], with an average prevalence
of 27.6% based on a review of population studies [3]. The most common type of UI is
stress urinary incontinence (SUI) that is deﬁned as any complaint of involuntary loss of
urine on effort or physical exertion [1]. Strenuous exercise has been cited as a risk factor
for developing symptoms of SUI [4]. Recently, a subcategory of athletic incontinence
was proposed as a new term for a speciﬁc SUI that occurs during sport activities or
competition [5]. One of the most prevalent pelvic ﬂoor dysfunctions reported in female
athletes is SUI [6–9]. For instance, a meta-analysis that included 7507 women with age
ranges between 12 and 69 years, found that the prevalence of SUI was 33.69% for the female
athletes compared to 24.40% in the control group [10].
The younger female athletes seem to display isolated symptoms of pure stress UI
which is an uncomplicated SUI without other symptoms of urge incontinence or bladder
dysfunction [11]. High-impact sports involving jumping, landing or running have shown
the highest prevalence rates of urinary loss among young female athletes [12–15]. A recent meta-analysis by Teixeira et al. found a 35% prevalence rate of UI in female athletes
(average age of 23.8 years) practicing different sports. When compared with sedentary
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women, female athletes displayed a 177% higher risk of presenting with UI symptoms [16].
Moreover, female athletes practicing high-intensity activities displayed greater odd ratios of SUI symptoms than those practicing less intense physical activity [9,17]. Similar
UI prevalence rates (25.9%) were described in a review with meta-analysis focusing on
female athletes involved in high-impact sports such as volleyball, athletics, basketball,
cross-country, skiing, and running [8]. UI during practice or competition can cause embarrassment and negatively impact athletic performance. It has been reported that a vast
majority of female athletes (~80%) with UI are too embarrassed to tell their coaches, which
sustains unawareness of the problem and delays intervention [18,19]. UI can affect an
athlete’s quality of life and impact performance [20], leading to sport drop-out [15,21].
The underlying mechanisms by which young nulliparous female athletes show higher
levels of UI as compared to their sedentary females [16,17] are still not scientiﬁcally understood. The continence mechanism during sports practice has been hypothesized to
be affected by a variety of kinematic and sport-related factors such as pelvic ﬂoor displacement during jumps and running [22,23], neuromuscular fatigue of the pelvic ﬂoor
muscles during strenuous physical activity [24], and morphological changes of the pelvic
ﬂoor muscles [25]. Moreover, low energy availability, low body mass index (BMI), estrogen changes, and hypermobility joint syndrome have also been suggested as possible
contributing factors for developing UI in female athletes [26,27].
Elite female athletes experiencing UI at an early stage are more likely to report UI
symptoms later in life [7]. This is a condition that should be addressed early in life and
studied in order to provide better care and support. To date, little is known about the
pelvic ﬂoor function of young female athletes. Although previous systematic reviews have
analyzed the incidence of UI in physically active and athletic females of all ages [4,8,10,16],
no previous reports have focused their attention on adolescent female athletes. Given the
unique developmental characteristics occurring during adolescence and the previously
demonstrated association between high impact training and UI, the prevalence of UI in
adolescent athletes needs to be speciﬁcally addressed. Our main goal was to identify the
prevalence of UI in female athletes less than 19 years of age and provide an understanding
of the types of sports associated with the highest prevalence rates.
2. Materials and Methods
2.1. Information Sources and Search
The conduct and reporting of this systematic review complied with the Preferred
Reporting Items for Systematic review and Meta-Analyses (PRISMA) guidelines [28].
A systematic search of electronic databases including PubMed, Embase, Cochrane
Central Register of Controlled Trials (CENTRAL), Scopus, and Web of Science (WOS) was
carried out between October and November 2020 independently by two blinded authors.
No restrictions on language or publication timeline were applied. The search strategy used
keywords, mesh terms, and Boolean connectors (AND/OR) including: “Stress urinary
incontinence” OR “urine loss” OR “pelvic ﬂoor muscles” AND sport OR athlete OR “female
athlete”. Search results were limited to species (human) and age (birth–18 years) and source
type (journals).
2.2. Eligibility Criteria and Study Selection
Retrieved titles and abstracts were assessed for eligibility for inclusion, and duplicate
entries were removed. The same two authors independently reviewed the text of the studies
for eligibility. Articles published up to November 2020 were eligible for inclusion. The
criteria for inclusion were: (1) study participants included adolescent females participating
in sport or athletic activities; (2) study provides an assessment of UI symptoms; (3) study
published in a peer-reviewed journal in any language. Randomized controlled trials (RCTs)
with two or more parallel groups and crossover trials, non-RCTs were eligible for inclusion
if they met the previously mentioned criteria. The criteria for study exclusion were:
(1) participants > 19 years old; (2) participants who underwent any type of pelvic ﬂoor
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surgery; (3) participants during their pregnancy and postpartum period and; (4) systematic
review, meta-analysis, or case study.
2.3. Data Collection Process and Quality Assessment
For each study, data were extracted on the characteristics of the population and
intervention such as: (1) last name of the ﬁrst author; (2) years of publication; (3) study
design; (4) sample characteristics (age, sample analyzed, weight, body mass index, sport
practice, and hours of weekly training); and (5) instrument assessing symptoms of UI.
Risk of bias was assessed independently by two authors using the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) checklist [29]. The same two
researchers rated the studies and discrepancies were resolved by consensus. Data reporting
completeness was assessed by applying the STROBE cross-sectional checklist reporting
classiﬁed as “not reported or unclear”, “some information mentioned but insufﬁcient”, or
“clear and detailed information provided”.
3. Results
3.1. Study Selection
The search strategy yielded 500 potentially relevant studies. After the removal of
duplicates, 321 records were screened. Of those, 215 potential titles were selected after
the database ﬁlter insertion. Among those, only nine studies met the criteria for inclusion
and were selected for analysis in this systematic review. The study selection ﬂow chart is
shown in Figure 1.

Figure 1. Flow diagram for the study selection.

3.2. Overview of Study Characteristics
Table 1 provides an overview of the characteristics of the studies included in this
review. Table 2 provides the participants’ characteristics of weight, body mass index (BMI),
and hours of training per week.
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n = 35
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Crosssectional
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Crosssectional
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Carls et al.,
2007 [18]

Parmigiano
et al.,
2014 [19]

n = 35

n = 22
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Crosssectional
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Crosssectional
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et al.,
2014 [32]
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2015 [33]
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18 (5)

18.1 (3.4)

15.6
(12–19)

15 (2.0)

17
(14–21)

15
(12–22)

Mean Age
(Range
or SD)

3

2,3

Trampoline

Volleyball,
judo,
gymnastics,
trampoline,
swimming

2

2,3

Soccer,
handball,
basketball,
wrestling,
judo, track
and ﬁeld,
swimming,
boxing

Soccer

3

3

Grade
Impact * Based
on Criteria [30]

High impact
sports

Trampoline

Sport

Total = 52.2
Volleyball = 43.5;
Trampoline = 88.9;
Swimming = 50;
Judo = 44.4

72.7

Urinary
Incontinence short
form
(ICIQ-UI SF)

Urinary
Incontinence short
form
(ICIQ-UI SF)

62.8

Urinary
Incontinence
short form
(ICIQ-UI SF)

93.7% self-classiﬁed as moderate
amount of UI; frequency of UI once
a week or less.
Involuntary loss of gas: 64.6%
athletes, 58.5% nonathletes; POP:
0% athletes, 2% nonathletes;
dyspareunia: 13.8% athletes, 21.9%
nonathletes;
31.4% athlete’s strategy:
“Emptying the bladder before
training”; 52.0% nonathlete’s
strategy: “Emptying the bladder
before leaving the house”.
Fecal
Incontinence Severity
Index, Female Sexual
Function Index,
vaginal
symptoms and pelvic
organ prolapse
symptoms (ICIQ-VS)

35.2 score in the General Health
domain;
37.3 in the
emotions domain;
26.5 in the Sleep/Energy
domain.

15% risk of
eating disorders;
89.9% were not familiar with the
occurrence of UI in athletes;
87.1% would not
mention to coach.

90% had never heard of pelvic
muscle exercises (Kegels)

Amount of
urinary loss, frequency
of involuntary loss

The pad test and
King’s Health
Questionnaire (KHQ)

Eating
attitudes test

Total = 18.2
Track and
Field = 14.30;
Basketball = 8.30;
Boxing = 25;
Soccer= 11.60;
Handball = 6.40;
Judo = 33.30;
Swimming = 16.70

Pre-participation
gynecological
examination
(PPGE)

Educational
prevention and
treatment of UI

28

23 of 27 diodes on the perineometer
for 6 s and 20 for 30 s, 30 cm H2O
of intravaginal squeeze pressure

Muscular strength
with perineometer

The Bristol
Female Lower
Urinary Tract
Symptoms
Questionnaire

Secondary
Outcomes Results

Secondary
Outcomes

80 mean
leakage of 28 g

% UI

Pad-weighting
test

Main Outcome
(UI Tools)

Table 1. Summary of the studies included in this review.
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Size
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Authors,
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2019 [12]

Gram and Bø
2020 [20]
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(15–21) *

(13–17)

Mean Age
(Range
or SD)

Rhythmic
gymnastics

48

75

31.8

Prevalence of SUI
11-point Likert
scale (0–10)

Urinary
Incontinence short
form
(ICIQ-UI SF)

% UI

Urinary
Incontinence short
form (ICIQ-UI-SF)

Main Outcome
(UI Tools)

* Mean (IQR); (IQR Interquartile range).

3

3

2,3

Cross-country,
track and ﬁeld
ﬁeld-hockey,
soccer

Rope skipping

Grade
Impact * Based
on Criteria [30]

Sport

Table 1. Cont.

32% vigorous exercise, 34% during
laughter, 14% activities of daily
living (ADLs).
21% indicated an overall
interference of SUI with RS as
moderate or greater; a slight
impact of SUI on their overall
quality of life. Female athletes
managed SUI with containment
products, ﬂuid limitation, and
timed voiding.
46.7% hypermobile; 9.3%
disordered eating; 29.4% afraid of
visible leakage; 14.7% afraid
leakage would happen again;
69.1% had never heard about the
pelvic ﬂoor.

Quality of life
(ICIQ-SF),
non-validated
sport-speciﬁc
questionnaire inspired
by (IIQ-7)

Triad-speciﬁc
self-report
questionnaire
Beighton score

Secondary
Outcomes Results

Identify
risk factor

Secondary
Outcomes
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Table 2. Summary of participants’ characteristics.

Eliasson et al. [31]
Carls et al. [18]
Parmigiano et al. [19]
Fernandes et al. [32]
Da Roza et al. [33]
Almeida et al. [34]
Logan et al. [14]
Dobrowolski et al. [12]
Gram & Bø [20]

Weight (kg)

BMI (kg/m2 )

Hours of Training/wk

50 (42–60) *
55.0 (4.9)
-

20.3 (19–23) *
21.6 (2.8)
NP
20.4 (1.3)
21.7 (2.6) **
21 (20–23) **
18.9 (2.2)

10.9 (4.0)
11.3 (2.7)
19.0 (6.3)
6 (4–6)
15.7 (7.8)

* Mean (IQR); ** Median (IQR Interquartile range).

Our systematic review identiﬁed nine studies published between 2002 and 2020. The
total sample was 633 female athletes, with an average age of 16.15 years, BMI ranging from
18.9 to 21.7 kg/m2 , and 6–19 h of training per week. We calculated a mean of prevalence of
48.58% for all the samples that were involved in different sports. Almost all study designs
were cross-sectional (n = 8) where one had a pilot cross-sectional design. The risk of bias
was assessed with the STROBE checklist for cross-sectional studies [29]. Figure 2 presents
a heat map showing the grading of reporting completeness and quality for selected items
according to the Strengthening the Reporting of Observational Studies in Cross-sectional
studies. Eighty-seven percent of the articles explained the scientiﬁc background and rationale for the investigation and 62% stated speciﬁc objectives, including any speciﬁed
hypotheses. Only 50% of the studies presented key elements of study design early in
the paper and described the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection. Study size was only explained in one
study [31]. Clarity in deﬁning all outcomes, exposures, predictors, potential confounders,
and effect modiﬁers was applicable for 75% of the studies. Fifty percent of the included
studies explained all of the statistical methods, including those used to control for confounding variables. Lastly, all studies summarized key results with reference to study
objectives and discussed limitations of the study, taking into account sources of potential
bias or imprecision.
3.3. Principle Findings
This systematic review identiﬁed a range of UI prevalence rates ranging from 18.2% to
80% and yielding a mean prevalence of 48.58%. In reports that assessed UI in one speciﬁc
sport, the highest prevalence rates were found in trampolining (80%) followed by rope
skipping (75%) and soccer (62.8%). On the other hand, the lowest rates of UI were found in
practitioners of rhythmic gymnastics (31.8%).
The main outcome for assessing UI symptoms was the International Consultation
on Incontinence short form questionnaire (ICIQ-SF), which was used in 5 of the 9 studies.
Only one study used a quantitative measurement of UI through the pad-test [31]. Almost
all studies included secondary assessments with questionnaires regarding the impact of
UI on quality of life, speciﬁc type of urine loss, or associated pelvic ﬂoor dysfunctions
such as fecal incontinence, sexual dysfunction, and pelvic organ prolapse. Only one
study [31] measured muscular strength of the pelvic ﬂoor muscles. Of note, two of the
included studies assessed female athlete triad risk factors including disordered eating
behaviors [19,20]. Two studies assessed athletes’ knowledge about pelvic ﬂoor muscle
training (PFMT) [18,20]. A high percentage of adolescent female athletes (69% to 90%)
had never heard of PFMT [18,20]. Moreover, 87% of adolescent female athletes stated they
would not mention their UI symptoms to their coach [19].
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4. Discussion
The aim of the present review was to systematically review the prevalence of UI
among adolescent female athletes. Notably, we found a wide range of UI prevalence rates
among young female athletes varying from 18% to 80%, with an average prevalence of UI
symptoms in female adolescent athletes about 50%. Our results are slightly higher than
the meta-analytic data presented by Teixeira et al. [16] for female athletes with an average
age of 23.8 years, with a weighted average of 36% of UI prevalence. Additionally, our
ﬁndings are signiﬁcantly higher than the study by Hagovska et al. [34] who reported a UI
prevalence of 14.3% in 503 adult female athletes (21.1 ± 3.6 years of age) who participated
in high-impact sports. Notably, in the aforementioned study, the authors determined the
impact of each sport activity based on metabolic intensity rather than on ground impact
forces [17,35]. Along these lines, our data are in the range reported by Bø who reported a
UI prevalence range between 10% and 55% in female athletes between 15 and 64 years of
age [15]. Another review involving female athletes between 12 and 45 years [10], noted
average prevalence rates varied from 1% to 42.2%
Our review included a total sample of 633 young nulliparous female athletes practicing a wide range of sports. Several studies included samples of athletes practicing different
sports. We applied a classiﬁcation of sport impact based on the study by Groothaussen and
Siener [30] that has been speciﬁcally applied to the analysis of the impact of sports on the
pelvic ﬂoor [7,10]. This impact classiﬁcation is divided in 4 distinct groups: impact grade 3
(>4 times body weight, e.g., jumping); impact grade 2 (2–4 times body weight, e.g., sports
involving sprinting activities and rotational movements), impact grade 1 (1–2 times body
weight, e.g., such as lifting light weights); and impact grade 0 (<1 time body weight, e.g.,
swimming). The highest rates of UI in our sample were of grade 3 sports, which included
jumping and landing actions (i.e., trampolining and rope skipping). Team sports graded
2 such as soccer, basketball, and track and ﬁeld were found to display high prevalence
rates as well. Impact activities such as running, jumping, and landing have been associated with increased intra-abdominal pressure in the pelvic organs and tissues [22,23].
The additional ground reaction forces placed on the continence structures may lead to
displacement or insufﬁcient counteractive muscle activity of the pelvic ﬂoor [22]. Another
possible mechanism that may explain these prevalence rates is the relatively high metabolic
intensity of selected sporting activities that contributes to the possible neuromuscular
fatigue displayed by the pelvic ﬂoor muscles during training or competition [24]. Overall,
the main characteristic of all sports performed in our sample was an impact grade between
2 and 3 [30].
The beneﬁts of sports practice early in life are well established; however, young female
athletes are not immune to suffering sport-related injuries or illness [36]. Particularly, the
young female athlete can suffer from pelvic ﬂoor dysfunctions such as UI as well as pelvic
pain and anal incontinence [6,34]. Almeida et al. [34] reported fecal incontinence, dyspareunia, and difﬁculty emptying the bladder in the female athletic group [34]. Low energy
availability in female athletes has been noted as another health impairment that can impair
pelvic ﬂoor function due to a constellation of hormonal, metabolic, and neuromuscular
imbalances [26]. In this sense, Whitney et al. [37] found that female adolescent athletes
(aged 15 to 19 years) with low energy availability had a higher prevalence of UI when
compared with those with adequate levels of energy. Two studies included in our review
assessed for the presence of eating disorders [19,20]. Parmigiano reported that 15% of their
sample was at risk for suffering an eating disorder and Gram and Bø noted that 9.3% of
adolescent rhythmic gymnasts were at risk for disordered eating [20]. In our review, the
average volume of training and BMI of the sample ranged from 18.9 to 21.7 kg/m2 and 6
to 19 h of training per week. Collectively, these observations suggest that the high volume
and intensity of training along with low energy availability could be potential risk factors
for developing UI in adolescent female athletes.
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Bø and Sundgot-Borgen described that the presence of UI early in life is a strong
predictor for UI later in life (ORR of 8.57) [7]. Moreover, leakage during sport practice
has been shown to be a barrier to sports participation for young females [15,21]. Due
to the observable health and ﬁtness beneﬁts of sports participation for girls and young
women [36,38], additional studies are needed to improve our knowledge regarding pelvic
ﬂoor dysfunction and implement effective preventative measures in active females. There
is a lack of data targeting adolescent females investigating preventative, educational, and
treatment modalities for UI. Given the high prevalence of UI in young female athletes and
the lack of awareness of evidence-based preventative neuromuscular strategies such as
PFMT and pelvic ﬂoor therapy [18,20,27], more studies are warranted. Pelvic physiotherapy has been found to be more effective in achieving continence in elite female athletes
and pregnant athletes engaged in aerobic exercise compared to non-athletes [27]. For
all these reasons, we suggest early screening with speciﬁc evaluation tools such as the
pre-participation gynecological evaluation of female athletes proposed by Parmiagiano
et al. [19] as well as the incorporation of speciﬁc neuromuscular training programs for the
pelvic ﬂoor [13]. Increased awareness and educational programs targeting coaches and all
female athletes regarding the pelvic ﬂoor musculature and speciﬁc dysfunctions such as UI
are also warranted.
Limitations of this review are the small sample size, heterogeneity, and variability of
outcome measures as well as the lack of reliable quantitative outcome measures for UI.
The selected studies used validated questionnaires to assess urinary symptoms in young
athletes. However, these questionnaires were validated in adult populations. More reliable
diagnostic outcomes would improve the quality of the studies. In addition, the analysis of
co-founding factors speciﬁc to the female adolescent athlete such as menstrual cycle and
nutritional status would improve the quality of the studies. We recommend the use of the
STROBE checklist for risk of bias study assessment to improve the scientiﬁc report of these
studies and a classiﬁcation of sport characteristics and impact, which would additionally
improve their comparison and assessment. The development and validation of a speciﬁc
questionnaire for assessing UI symptoms in adolescent females is warranted.
5. Conclusions
UI during exercise and sports is a concern for young female athletes. Our ﬁndings
highlight a 48.8% prevalence rate among adolescent female athletes where practitioners
of high-impact sports show the highest prevalence rates. Given the high prevalence of
UI among adolescent female athletes involving impact sports graded 2 and 3, concerted
efforts are needed to provide early education and implement prevention measures before
young female athletes experience the burden of UI. Future research is needed to guide
our understanding of the underlying physiopathology and unique characteristics of the
adolescent female athlete’s pelvic ﬂoor muscle activity during impact sports.
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