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Merike Jdrvamdgi, Eva-Maria Riso*, Kirkke Reisberg and Jaak Jiiriméde

Faculty of Medicine, Institute of Sports Sciences and Physiotherapy, University of Tartu, Tartu, Estonia

Purpose: This study examined the development of cardiorespiratory fitness (CRF) in
children in the transition from kindergarten to basic school according to participation in
organized sports and estimated the associations of CRF and body composition indices
during the transition from childhood to preadolescence.

Methods: Children participated in the three-staged study (kindergarten, 6.6 years, n =
212; 1st grade, 7.6 years, n = 136; and 5th grade, 11.5years, n = 142) for 5 years and
were categorized into three groups according to their participation in organized sports in
the study period (whole period, episodically, and never). Cardiorespiratory fitness was
assessed by performing a 20-m shuttle run test, while body composition was measured by
skinfold thicknesses, and physical activity was registered with an accelerometer.
International gender- and age-specific CRF reference normativities were also used to
characterize the participants.

Results: Children who participated consistently in organized sports had significantly
higher CRF levels and lower body fatness (31.3 + 13.5 laps in 20 m shuttle run; 21.1% +
6.3% body fat) in 11.5 years than in children who had never participated in sports clubs
(20.7 = 12.0laps in 20-m shuttle run; 26.1% + 6.8% body fat). Body composition and CRF
did not associate in consistently trained children. The proportion of 5th grade children
demonstrating age-appropriate healthy CRF was almost threefold higher in the group of
consistent sports training among both boys and girls than among non-members of
sports clubs.

Conclusion: Consistent attendance in organized sports in childhood and early
preadolescence ensures higher CRF and healthier body composition than in children
who had no experience of organized sports.
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INTRODUCTION

Public health recommendations suggest that 5-17-year-old
children and youth should perform at least 60 min of
moderate-to-vigorous-intensity physical activity (MVPA) daily
(WHO, 2020). Objectively measured physical activity (PA) in
European children showed that 43.1% met the suggested daily PA
recommendations (Cristi-Montero et al., 2019), while globally,
only around 19% of 11-17-year-old children met the daily PA
recommendation (Guthold et al., 2020). In Estonia, 11% of 7-9-
year-old children (Riso et al., 2016) and 4.3% of 10-12-year-old
children (Riso et al., 2018) were sufficiently active as estimated
according to WHO PA recommendations (WHO, 2020). Physical
activity and sedentary behavior in youth vary by country, age, and
sex, but it has been found that the older the children get, the
greater time is spent sedentary (Cooper et al., 2015). At present,
there is not enough PA to have a positive impact on body
composition and CRF parameters in children during growth
and maturation. studies have confirmed that
participation in organized youth sports in primary school and
continuing through adolescence appears to increase the
likelihood of a physically active lifestyle in young adulthood
(Telama et al., 2006). Several studies indicate that participation
in organized sports seems especially important in relation to high
PA levels which are associated with higher levels of CRF (Graham
et al., 2011; Marques et al., 2016). The lack of more active PA
necessary for normal development and health of children leads to
the importance of organized sports that could provide active time
for children.

Cardiorespiratory fitness and PA are positively associated in
children during growth and maturation (Kristensen et al., 2010).
As critical physiological changes take place during childhood and
preadolescence, engagement in various types of PA has numerous
health benefits, including an increase in CRF (Vicente-Rodriguez,
2006). A recent study shows that higher levels of pubertal CRF,
and not PA, were associated with lower body fatness indices in
late adolescence (Remmel et al., 2021). Longitudinal studies have
demonstrated that increased PA is protective against relative
fatness and weight gains during growth and maturation (Must
and Tybor, 2005). Physical activity in childhood and adolescence
predicts CRF in adulthood (Tomkinson et al., 2016). Increased
PA does not always reflect in weight loss because fat mass (FM)
loss could be compensated by an increase in fat-free mass (FFM)
(Westerterp et al., 1992). Although exercise training may not have
a long-term effect on body weight loss, it can result in healthier
body composition (Westerterp, 2018). Physical activity levels and
CRF have been shown to be associated with lower body fatness
among children and adolescents (Litt et al., 2015; Riso et al.,
2019b). However, the associations between PA and CRF are not
so clear. Accordingly, it is important to understand the possible
associations between PA and CRF during growth and maturation.

Youth sports training sessions should contain exercises for
bone development, muscular fitness, speed, and agility (Vicente-
Rodriguez, 2006). It has been suggested that high-intensity
training and increasing the time spent in vigorous PA (VPA)
should be a major goal in present and future public health
promotion policies, and PA programs should be designed to
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improve CRF (Ortega et al., 2007). Associations between PA and
body composition indices have been found in children, while
these results highlight the importance to include VPA in the
everyday routine (Reisberg et al., 2020). Accordingly, it is
necessary to study the relations of consistent training with
body composition indices during the growth and maturation
of children.

The purpose of this study was to assess the development of
CRF in children over a 5-year period in the transition from
kindergarten to basic school according to participation in
organized sports. The secondary aim of the study was to
estimate the associations of CRF with body composition
indices during the transition from childhood to preadolescence.

MATERIALS AND METHODS

Participants

A three-staged study was carried out, evaluating the
development of CRF and its associations with body
composition indices and PA in the last year in
kindergarten, 1st grade, and 5th grade at school. The last
year in kindergarten and first year at school were chosen as
the measurement points to evaluate the changes in habits of PA
after the transition from kindergarten to school, which is a
great change in a child’s life and daily schedule. The third
measurement in 5th grade reflects the transition from
elementary school to basic school, with more school lessons
and sedentary time accompanied by reaching a pre-pubertal
age. In the first stage of the study, the 6-7-year-old children
from 13 randomly selected kindergartens in the city of Tartu
and surrounding communities were invited to participate. The
parents or caregivers of 400 families were provided with
written information about the study, and 284 families
agreed to take part in the study. The study procedures were
carried out from March to May 2016 (Riso et al., 2019a; Riso
et al., 2019b), and 256 6-7-year-old children took part in the
measurements. One year later, the same cohort was asked to
participate in the second stage of the study. The children were
7-8 years old and studied at the 1st grade in the school. The
consent to participate was given by 200 families, and the final
sample of the second study stage consisted of 147 children
(Reisberg et al., 2021). The same parents and children who had
participated in the first and second stages of the study were re-
invited to participate in the third stage of the study. The
children were 11-12 years old and studied at the 5th grade
in school. All families who had participated in the previous
stages of the study, including those who missed the second
stage, were invited to participate. From 200 agreed families,
143 children provided data for the third stage of the study. The
final sample for data analysis in the three-step study was
formed from 212 (110 boys and 102 girls) children in the
first stage, 136 (70 boys and 66 girls) children in the second
stage, and 143 (72 boys and 71 girls) children in the third stage
of the study. The study was approved by the Medical Ethics
Committee of the University of Tartu, Tartu, Estonia
(references 254/T-16; 266/T-8; 299/T-23).
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Assessment of Physical Activity
The hip-worn triaxial Actigraph GT3X accelerometer (ActiGraph

LLC, Pensacola, FL, United States) was used to measure PA and
sedentary behavior objectively (Riso et al., 2016; Riso et al., 2018).
Children were asked to wear the accelerometer for seven
consecutive days during their wake-up time, except for during
water-based activities. Only the data from children who
completed at least 3 days, including one weekend day, with at
least 10 h of accelerometer wear time, were valid for further
analysis (Riso et al., 2016, 2018). The accelerometers were set on
15-s epochs. The night-time periods when the unit was removed
and all sequences of 20 min or more of consecutive zero counts
were excluded from the analysis. Readings less than 100 counts
per min were treated as sedentary behavior. Counts of 100-2,295,
2,296-4,011, and >4,012 per min distinguished light PA (LPA),
moderate PA (MPA), and VPA, respectively (Evenson et al,
2008). Time spent in MVPA was calculated as the sum of MPA
and VPA.

Assessment of Body Composition

Height and body mass were measured using standardized
procedures as previously described (Riso et al, 2016; Riso
et al, 2018). The body mass index (BMI) was calculated as
body mass (kg) divided by body height squared (m?). Triceps
and subscapular thicknesses were measured in triplicate on the
right side of the body with a Holtain caliper (Crymmych,
United Kingdom) to the nearest 0.2 mm using standardized
procedures (Marfell-Jones, 2006). The percentage of body fat
(body fat %) and fat mass (FM, kg) was calculated from triceps
and subscapular skinfold thicknesses (Slaughter et al., 1988). Fat-
free mass (FFM, kg) was derived by subtracting FM from total
body mass. In addition, the FFM index was calculated (FFMI;
kg.m ™).

Assessment of Cardiorespiratory Fitness
Cardiorespiratory fitness of the children was evaluated by
performing the 20-m shuttle run test from a standardized
PREFIT test battery (Cadenaz-Sanchez et al, 2016a) that is
similar to the tests of the ALPHA test battery and allows to
use them in longitudinal studies (Ortega et al, 2015). The
running pace was set by the audio signals that set the speed at
different stages. The test started at a pace of 8.5 km per hour and
increased by 0.5 km per hour every minute. The number of laps
was recorded when scoring this test (Ortega et al, 2015).
International normative 20-m shuttle run values from
1,142,026 children and youth representing 50 countries were
used to evaluate the compliance to age-appropriate normatives of
CRF (Tomkinson et al., 2016).

Sports Club Participation

The parents were asked about the sports club participation of
their children in every stage of the study. The children were
categorized retrospectively, after the third measurement in the
5th grade, according to their participation in organized sports
during all study stages. The members of sports clubs during the
whole study period formed group 1; the children who had
participated in sports clubs at least in the third stage of the
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study or second and third stages formed group 2; and the children
who had not participated in any organized sports clubs formed
group 3.

Statistical Analysis

The SPSS software (version 21.0; SPSS, Inc., Chicago, IL,
United States) was used for data analysis. Descriptive statistics
are given as means and standard deviations (SD) or frequencies
(percentages). All variables were checked for normality before the
analysis using the Kolmogorov-Smirnoff test. Differences
between the means at kindergarten, 1st grade, and 5th grade
were analyzed with one-way ANOVA. Mixed ANOVA was
performed to analyze differences between the groups formed
according to sports club participation. The chi-square test was
used to analyze differences with categorical values. The Pearson
correlation analysis was applied to find associations between
estimated parameters. The effect size (ES) was calculated and
considered to be small if it was less than 0.2, moderate if it was
more than 0.5, or large if it was more than 0.8. Significance was set
at p < 0.05.

RESULTS

The characteristics of children at 6.6 (kindergarten), 7.6 (st
grade), and 11.6 (5th grade) years are shown in Table 1. The BMI
in 5th grade at school was higher than in kindergarten (p < 0.05).
The ES of the difference in the BMI value was more pronounced
in group 1 as the value of the BMI was highest in group 3
(Table 1). The body fat % in group 1 decreased (p < 0.05) from
kindergarten to school, but in 5th grade, it was not different from
the value in kindergarten (Table 1). At the same time, in groups 2
and 3, the body fat % in 5th grade was higher than the value in
kindergarten (p < 0.05; ES = 0.13 and ES = 0.62, respectively)
(Table 1). The FEMI increased significantly (p < 0.05) in all
groups studied during the period from kindergarten to 5th grade,
being most expressed in group 1 (ES = 1.77) (Table 1). The
increase of the FFMI from kindergarten to 1st grade was also
significant in all groups studied (Table 1). The 20-m shuttle run
results expressing CRF improved from kindergarten to 1st grade
and from 1Ist grade to 5th grade in all groups studied (p < 0.05),
but the improvement was most expressed in group 1 (p < 0.05; ES
= 0.81) (Table 1). The daily levels of MVPA and VPA did not
differ in neither the group of children nor in kindergarten or
school (Table 1).

The comparisons of body composition indices, 20-m shuttle
run results, and daily PA values of children at three time points
according to the participation rate in organized sports are shown
in Table 1. In addition, the BMI and body fat % of group 1 were
different from those indices in group 3 (p < 0.05; ES = 0.53 and ES
= 0.62, respectively) (Table 1). Differences in the body fat % can
also be seen between groups 2 and 3 (p < 0.05) (Table 1). The
FFMI did not differ in comparison according to the organized
sports participation rate (Table 1). The results of the 20-m shuttle
run of group 1 differed significantly from the results of group 3
kindergarten and 5th grade (p < 0.05; ES = 0.52 and ES = 0.83,
respectively). The 20-m shuttle run results of group 2 also
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TABLE 1 | Body composition indices, 20-m shuttle run results, and physical activity of study participants in different groups according to age and organized sports

participation.

Variable n; Boys/girls Group 1: 48
(20/28) in kindergarten,
57 (25/32) in
1st grade, and
56 (27/29) in

5th grade

BMI (kg/m?)

Kindergarten 159+14

1st grade 16.1 +1.8

5th grade 18.5 + 2.6% *(ES = 0.5)
Body fat %

Kindergarten 201 +£4.4

1st grade 17.4 + 4.8"

5th grade 21.1 + 6.3%ES = 0.6)
FFMI (kg/m?)

Kindergarten 126 £ 0.8

1st grade 13.2 + 1.0

5th grade 145 + 1.2"(ES = 1.8)
20-m shuttle run (laps)

Kindergarten 21.8 + 9.8*(ES = 0.5)

1st grade 24.3 + 14,9

5th grade 31.3 £ 13.5%; *(ES = 0.8; 0.8)
Daily MVPA (min)

Kindergarten 68.4 + 20.7

1st grade 74.8 £ 24.7

5th grade 55.6 £ 20.7
VPA (min/day)

Kindergarten 20.6 £ 10.5

1st grade 250 +£12.5

5th grade 184 + 11.7

Group 2: 54 Group 3: 110
(26/28) in kindergarten, (64/46) in kindergarten,
25 (12/13) in 54 (33/21) in

1st grade, and
62 (31/31) in

1st grade, and
25 (14/11) in

5th grade 5th grade
168+ 1.5 16.2 £ 2
16.0+ 1.9 16.6 + 2.4

18.3 + 3.4 #ES = 1.0) 20.7 + 5.2 HES =1.1)
20.4 + 4.6
17.7 = 6.0

21.3 £ 8.0 ™(ES = 0.1)

213+45
18.0 £ 5.0
26.1 + 9.9*(ES = 0.6)

12.6 + 1.0
13.1 + 0.8"
14.2 + 1.4™ES = 1.3)

12.3 £ 1.1
13.5 + 1.3"
14.7 + 1.6™ES = 1.7)

21 +10.8*
254 + 12.6%
29.6 + 16.4% *(ES = 0.8)

17.0 + 8.8
22.1 + 12.5%
20.7 + 12*(ES = 0.6)

63.4 +16.7 712+ 243
66.2 + 21.1 745 +29.2
62.9 + 24.7 63.4 + 24.1
186+7.2 217+ 113
19.3+9.3 24.8 +14.7
222+ 145 22.6 +16.9

“p < 0.05 as compared to group 3. *p < 0.05 as compared to the results in kindergarten. **p < 0.05 as compared to the results in 1st grade.
Group 1—participation in organized sports in all stages of the study. Group 2— participation in organized sports in 5th grade or in 1st and 5th Grades. Group 3—never participated in

organized sports.

BMI, body mass index; FFMI, fat-free mass index; MVPA, moderate-to-vigorous physical activity; VPA, vigorous physical activity; ES, effect size (Cohen’s D).

exceeded the results of group 3 (p < 0.05). The daily levels of
MVPA and VPA did not differ significantly either in kindergarten
or school in all groups studied (Table 1).

Changes in CRF and body composition values are shown in
Table 2 and Figures 1A-D using estimated marginal means to
characterize the trends in measured indices more precisely.

The associations between 20-m shuttle run results, body
composition indices, and PA in kindergarten and 5th grade in
the groups according to organized sports participation are shown
in Table 3. In the whole study sample, the 20-m shuttle run result
expressing CRF was associated with the same measurement in
kindergarten (p < 0.01) (Table 3). The BMI and body fat % were
associated negatively with 20-m shuttle run results in both
kindergarten and 5th grade (p < 0.01) (Table 3). Simultaneously,
the association between daily MVPA and VPA levels and 20-m
shuttle run results of the whole study sample was found only in
kindergarten (p < 0.01). A positive association was revealed in group
1 between the 20-m shuttle run result of kindergarten and 5th grade
(p < 0.01). The body fat% and 20-m shuttle run result of group 1
associated negatively in kindergarten (p < 0.01), but in 5th grade, the
association was not significant (Table 3). At the same time, the
MVPA level in kindergarten was positively associated with the 20-m
shuttle run results in 5th grade (p < 0.01) (Table 3). In group 2, the

20-m shuttle run in kindergarten was associated with the same test
result in 5th grade (p < 0.01) (Table 3). In group 3, the results of the
20-m shuttle run in kindergarten and 5th grade were more strongly
associated than those of groups 1 and 2 (r = 0.736 vs. r = 0.461, and
r = 0513; p < 0.01) (Table 4). At the kindergarten level, no
associations were found between body composition indices and
20-m shuttle run results, but there was a negative association
between the body fat% and the 20 m shuttle run result in 5th
grade (p < 0.01). The daily time spent in MVPA and VPA levels was
associated with the 20-m shuttle run result of group 3 in
kindergarten (p < 0.05) but no more in 5th grade (Table 3).

The percentage of 5"-grade children with healthy CRF is
shown in Table 4. The percentage of children with healthy CRF in
group 1 was almost threefold (73%) when compared with those in
group 3 (24%) (Table 4). In group 3, no girls were on the age-
appropriate CRF level according to their 20-m shuttle run result
(Table 4).

DISCUSSION

The main purpose of the present three-wave study was to
compare CRF and body composition indices of children
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TABLE 2 | Estimated marginal means with confidence intervals of the 20-m shuttle run and body composition indices in different groups according to organized sports

participation.
Variable Group Time Estimated marginal Std. error 95% confidence interval
mean Lower bound Upper bound
20-m shuttle run (laps) Group 1 Kindergarten 21.6 2.0 17.7 25.6
1st grade 26.2 3.1 19.9 32.4
5th grade 31.5 2.8 25.8 37.3
Group 2 Kindergarten 17.3 3.5 10.2 24.3
1st grade 23.0 5.5 12.0 341
5th grade 18.9 5.0 8.7 29.0
Group 3 Kindergarten 156.3 3.1 9.0 21.6
1st grade 223 4.9 12.4 32.2
5th grade 26 4.5 16.9 35.1
BMI (kg/mz) Group 1 Kindergarten 156.8 0.3 15.2 16.5
1st grade 16.2 0.5 15.2 17.2
5th grade 18.6 0.8 17.0 20.2
Group 2 Kindergarten 16.3 0.6 151 17.5
1st grade 17.0 0.9 156.2 18.7
5th grade 20.0 1.4 17.2 22.8
Group 3 Kindergarten 16.6 0.5 15.6 17.7
1st grade 174 0.8 15.6 18.7
5th grade 19.5 1.2 17.0 22.0
FFMI Group 1 Kindergarten 12.6 0.2 12.3 13.0
1st grade 134 0.2 12.9 13.8
5th grade 14.5 0.3 13.3 1561
Group 2 Kindergarten 12.5 0.3 11.9 13.1
1st grade 13.2 0.4 12.5 14.0
5th grade 14.2 0.5 13.1 15.2
Group 3 Kindergarten 12.9 0.3 12.3 13.4
1st grade 13.7 0.3 13.0 14.3
5th grade 14.6 0.4 13.7 15.5
Body fat% Group 1 Kindergarten 20.0 0.9 18.1 21.9
1st grade 17.2 1.2 14.8 19.7
5th grade 21.3 1.7 17.9 24.6
Group 2 Kindergarten 23.0 1.6 19.7 26.3
1st grade 21.0 2.2 16.7 25.4
5th grade 26.9 2.9 20.9 32.8
Group 3 Kindergarten 22.2 1.5 19.2 251
1st grade 18.8 1.9 14.9 22.7
5th grade 22.7 2.6 17.4 28.1

Group 1—participation in organized sports in all stages of the study. Group 2— participation in organized sports in 5th grade or in 1st and 5th rades. Group 3—never participated in

organized sports.
BMI, body mass index; FFMI, fat-free mass index; body fat %, percentage of body fat.

during the transition from kindergarten to basic school according
to their participation in organized sports. Three different groups
based on participation in sports clubs were formed retrospectively
after the third stage of the study. The attendance of sports clubs in
all stages of the study was considered. The children were
categorized as consistently, episodically, or never attended
sports clubs in the duration of 5years. The main finding of
the study revealed that consistent attendance in organized sports
in childhood and early preadolescence ensures higher CRF and
healthier body composition compared with children who had no
experience of organized sports. The trends of longitudinal
changes in body composition were similar in all groups
studied, but the children who participated in sports clubs
during the whole study period showed significantly lower body
fatness values in 5th grade, being 11.5years old, than non-

participants of sports clubs. No associations between body
fatness indices and CRF were found in 5th grade among
consistently trained children, contrary to their episodically or
not trained peers. The proportion of 5th grade children
demonstrating age-appropriate healthy CRF was almost
threefold higher in the group of consistent sports training
among both boys and girls than among non-members of
sports clubs.

Changes in Cardiorespiratory Fitness

Cardiorespiratory fitness is an informative measure of the body’s
ability to perform PA and exercise, and it also provides an
important indicator of health (Ortega et al., 2008). In children
and adolescents, favorable associations have been reported
connecting CRF and musculoskeletal fitness to cardiometabolic
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FIGURE 1 | (A) Longitudinal changes in CRF in different groups according to organized sports participation. Estimated marginal means express the number of laps
in the 20-m shuttle run. (B) Longitudinal changes in the BMI in different groups according to organized sports participation. Estimated marginal means express the value
of the BMI. (C) Longitudinal changes in the FFMI in different groups according to organized sports participation. Estimated marginal means express the value of the FFMI.
(D) Longitudinal changes in the body fat % in different groups according to organized sports participation. Estimated marginal means express the percentage of
body fat. Groups 1, 2, and 3: group 1—participation in organized sports in all stages of the study; group 2—never participated in organized sports; and group
3—participation in organized sports in 5th grade or in 1st and 5th grades. CRF, cardiorespiratory fitness; MVPA, moderate-to-vigorous physical activity; VPA, vigorous
physical activity; BMI, body mass index (kg/m?); FFMI, fat-free mass index (kg/m?).

TABLE 3| Statistically significant associations between 20-m shuttle run results, body compositions indices, and physical activity in kindergarten and 5th grade in groups of

study participants according to organized sports participation.

Whole Whole Group Group Group Group Group Group

sample sample 1 1 2 2 3 3
Variable 20mSRKG () 20mSR5G() 20mSRKG() 20mSR5G() 20mSRKG() 20mSR5G() 20mSRKG() 20mSR5.G (1)
20 m SR KG -— 0.513* - 0.461* — 0.466* — 0.736™
20m SR 5.G 0.513* — 0.461* — 0.466™* — 0.736* —
BMI KG -0.203* - - - -0.337* - - —
BMI 5.G -0.280" -0.308** — — —0.443* -0.398"* — —
BF% KG -0.211* -0.252** -0.294* - — - - —
BF% 5.G —-0.335"* -0.423** — — -0.419* -0.432™ — -0.635™
MVPA KG 0.223** — — 0.346** — - 0.325" —
VPA KG 0.200* — — — — — 0.306* —

r-Pearson’s correlation coefficient. *p < 0.05. *p < 0.01.

"20 m Sr KG, 20 m shuttle run results in kindergarten; 20 m SR 5.G, 20 m shuttle run results in 5th Grade; BMI KG, body mass index in kindergarten; BMI 5.G, body mass index in 5th
Grade; BF% KG, body fat percentage in kindergarten; BF% 5.G, body fat percentage in 5th Grade; MVPA KG, moderate-to-vigorous physical activity in kindergarten; VPA KG, vigorous
physical activity in kindergarten.

Group 1—participation in organized sports in all stages of the study. Group 2— patrticipation in organized sports in 5th grade or in 1st and 5th grades. Group 3—never participated in

organized sports

disease risk, adiposity, mental health, and cognition and
musculoskeletal fitness to bone health (Ruiz et al., 2009; Smith
et al, 2014). In the present study, CRF was assessed using a
standardized 20-m shuttle run test which is reliable and

practically feasible in kindergarten and school settings (Ruiz
et al,, 2010; Cadenas-Sanchez et al., 2016b; Tomkinson et al.,
2019). The results of our study showed that CRF expressed as
the result of the 20-m shuttle run test increased significantly
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TABLE 4 | Percentage of 11.5-year-old children with healthy cardiorespiratory
fitness according to participation in organized sports.

Participants Group 1 Group 2 Group 3
Girls® n =17, 58%** n=13; 41%* n=0;0%
Boys® n = 24; 88%*" n=12;38% n=6; 42%
Whole sample n = 56; 73%** n = 64; 39%* n = 25; 24%

420 m shuttle run result >24 laps.

b20 m shuttle run result =31 laps.

*p < 0.05 as compared to group 3. *p < 0.05 as compared to group 2. Group
1—participation in organized sports in all stages of study. Group 2— participation in
organized sports in 5th Grade or in 1st and 5th Grades. Group 3—never participated in
organized sports.

over time in all groups investigated. The improvement of CRF
was most considerable among children who had attended
sports clubs from at least the last year of kindergarten to
5th grade in basic school. In 11.5 years, they had practiced
sports for approximately 5years or even more. As the
awareness about the importance of PA has risen in Estonian
society, it is very popular to organize extracurricular PA
already in the early years, and many parents encourage
their children to attend sports clubs when they are still in
kindergarten. The most popular sports events practiced in
kindergarten years have been gymnastics for girls and soccer
for boys (Riso et al., 2019a). The children who had joined with
organized training somehow later in primary school also
significantly exceeded their peers in the 20 m shuttle run,
who had never participated in sports clubs. The elementary
school children were mostly engaged in athletics, swimming,
and basketball in addition to gymnastics and soccer, which
were the most practiced sports events in kindergarten. The
common frequency of training in our study sample was
2-3 times per week. Entering school is a big event in the
life of a child, and it has also been observed in previous studies
that the transition from kindergarten to school is associated
with a variety of negative changes. A decrease in the PA level
has often been found after entry into elementary school
(Lisowski et al., 2020). It must be mentioned that the level
of PA did not decrease in 1st grade at school in the present
study (Reisberg et al., 2020). The second stage of our study was
carried out in Ist grade at school. All children demonstrated
significant progress in CRF despite of their sports club
membership or not. Although the training experience of
this age was not remarkable yet, the CRF level of sports
club members was higher than that of non-members already
in kindergarten. It is interesting to note that the children not
participating in organized sports progressed significantly in
the 20-m shuttle run in Ist grade, but further development
stopped and the results in 5th grade were below the results of
Ist grade. The slower progress in endurance running among
non-participants of sports clubs in basic school has also been
previously observed (Roth et al., 2018). In 5th grade, at the
third stage of the present study, the differences in CRF were
more established between the study groups. These findings are
in accordance with those of the study by Drenowatz et al.
(2019), also confirming the importance of sustained sports
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practice in youth. Sports participation has also been shown to
have a stronger relationship with CRF than non-organized
leisure-time PA (Jaakkola et al., 2009). This may at least
partially be associated with the energetic demands of sports
club participation as habitual PA bursts may not be of
sufficient volume and intensity to modify CRF (Campos
et al,, 2017; Santos et al., 2018). Accordingly, sports club
participation has been related to greater total PA and a
higher probability of meeting PA recommendations (Kokko
etal., 2018; Lee et al., 2018). Particularly, recommendations for
VPA have been more definitively achieved by sports club
participants (Kokko et al., 2018; Riso et al, 2019b), and
there appears to be a beneficial association of sports
participation during childhood and adolescence with PA
levels during adulthood (Azavedo et al., 2007).

Direct evidence has also emerged indicating that low CRF in
adolescence is significantly associated with all-cause mortality
later in life (Ortega et al., 2012; Hogstrom et al., 2016). Education
experts have considered that when children take part in sports
and physical education, these physical activities contribute to
their mental acuity and skills (Tomporowski et al, 2011).
Previous studies have also revealed that more fit children
achieved better results in cognitive tests (Riso et al., 2019b;
Reisberg et al., 2021). The childhood CRF level has been
stated as a predictor of present and future health status (Smith
et al,, 2014), but over the past decades, it has rapidly declined
(Hardy et al., 2013). Accordingly, because of its popularity, sports
club participation should be recommended as an effective
strategy to reduce fatness and increase fitness in children
(Zahner et al., 2006; Roth et al, 2018). The World Health
Organization also promotes the use of existing settings based
on the national situation and cultural habits for the prevention of
overweight and obesity (Chaput et al., 2020).

Associations Between Cardiorespiratory
Fitness, Body Composition, and Physical
Activity

The absence of associations between body composition indices
and CRF in consistently trained 5th grade children allows us to
conclude that physical fitness was not related to body fatness in
this age group. On the other hand, 5th grade children who had
never been members of sports clubs or had trained episodically
showed a negative association between body fatness and CRF.
This is in accordance with finding about the interaction between
adiposity and CRF, suggesting that high levels of CRF may
attenuate the adverse effects of being overweight or obese in
children and youth, the so-called “fat but fit” phenotype
(Eisenmann et al., 2005). In contrary to 5th grade children
having several years of sports club experience, a negative
association was found between body fat% and BMI with the
20-m shuttle run result in kindergarten children. Previous data
from the same cohort (Riso et al., 2019b) in the baseline of the
study and other investigations with preschool children (Ara et al.,
2004; Zahner et al., 2009) have shown that overweight children
achieved weaker results in the 20-m shuttle run test, although the
participation rate in organized sports was equal with their
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normal-weight peers. Consequently, it could be recommended
that sustained periods of training are beneficial for children,
regardless of their body weight or fatness. Consistent physical
efforts help improve physical fitness and attenuate the negative
effects of fatness.

As CREF is a weak-to-strong predictor of cardiovascular disease
risk, cancer, and mental health in children and youth (Ortega
et al., 2008; Ruiz et al., 2011), achieving a healthy CRF level is of
critical importance. Accordingly, CRF characterizes synergistic
capabilities of several bodily systems and organs that are involved
in the performance of PA and exercise, providing a strong and
summative measure of health in children and youth (Ortega et al.,
2008). The associations between PA, CRF, and various health
outcomes are well-established in adults (Hogstrom et al., 2014).
Higher levels of PA and CRF are associated with lower levels of
body fatness in children (Leppénen et al., 2018) and adolescents
(Latt et al,, 2015) and have been stated to reduce the risks
associated with obesity and other cardiovascular disease risk
factors later in life (Hogstrom et al., 2014).

Compliance to the Reference Normative of
Cardiorespiratory Fitness

Gender- and age-specific CRF reference normatives are used to
classify the level of physical fitness in children and to monitor
the fitness status of the population. Although physical fitness
references have been reported in Spain and some other
European countries, harmonized normative values applicable
throughout Europe are needed for children and adolescents
(Ortega et al., 2011). The 20-m shuttle run test is arguably the
most popular field-based assessment and estimate of CRF in
children and youth worldwide (Tomkinson and Olds, 2008).
CRF also tracks moderately well from childhood to adulthood,
indicating that the level of CRF in children provides an insight
into present and future population health statuses (Ortega
et al.,, 2013). The international normative 20-m shuttle run
test values from more than 1.1 million children and youth
representing 50 countries were used to compile the age-
appropriate criterion-referenced standards for healthy CRF
(Tomkinson et al., 2016). As 20-m shuttle run criteria have
been calculated for children and youth from the age of 9, we
could evaluate the compliance of our participants in 5th grade
only. The proportion of children demonstrating accordance to
healthy CRF criteria was the highest in the consistently trained
group, expectedly. Although the average 20-m shuttle run test
result in episodically trained children was not significantly
lower than in their consistently trained peers, the percentage
of compliant children was almost twofold lower (38% vs. 73%).
It seems that persistent participation in organized sports had a
notable effect among boys, while 88% of them had a healthy
CREF level. It could be considered a public health concern that
5th grade girls among the group of non-participants of sports
clubs showed poor results in the 20-m shuttle run test, and none
of them met the age-appropriate criterion of healthy CRF. This
is a clear sign to local stakeholders to make sports activities for
children and youth accessible for all demographic groups.
Earlier results from the same study cohort have also shown
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that children from less educated families participate in
organized sports less than children from more educated
families, having probably better access to leisure time
activities (Riso et al., 2019b).

The design of the three measurement points could be
mentioned as the major strength of the present study, showing
the importance of consistent participation in organized sports
already in childhood and its associations with the development of
CRF and body composition in the transition from kindergarten to
basic school. The use of accelerometers to objectively measure PA
and the application of the 20-m shuttle run test used both in
PREFIT (Cadenaz-Sanchez et al., 2016a) and ALPHAFIT (Ortega
et al., 2011) test batteries are reliable and practically feasible
(Tomkinson et al., 2016) and could also be considered a strength
of this study. The present study has also some limitations as body
composition was measured indirectly using skinfold thicknesses.
However, the assessment of body composition using skinfold
thicknesses is a more sensitive marker than the BMI in the
determination of body fat% in children (Cicek et al., 2014).
Adjusting analysis has not been performed in the present
study, so the results should be interpreted with caution. Also,
the missing within-case longitudinal analysis and small sample
size do not allow the generalization of the results to the whole
population.

CONCLUSION

The development of CRF and the percentage of children
compliant with the age-appropriate CRF criterion were
highest in children who trained consistently in sports clubs
during the whole study period. No associations were found
between body fatness indices and CRF in children who
participated in sports clubs during the whole study period,
contrary to children who joined sports clubs later or never.
Consistent  participation in organized sports from
kindergarten to basic school is associated with lower body
fatness in 11.5-year-old children.

However, the results of the present study should be not
generalized to the whole population because of the missing
adjustment of variables and the absence of a within-case
longitudinal analysis. A more precise interpretation of data
should be necessary for future studies.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Medical Ethics Committee of the University of
Tartu. Written informed consent to participate in this study was
provided by the participants’ legal guardian/next of kin.

Frontiers in Physiology | www.frontiersin.org

June 2022 | Volume 13 | Article 881364


https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Jarvaméagi et al.

AUTHOR CONTRIBUTIONS

E-MR and JJ designed the study. MJ, E-MR, and KR performed the
research. MJ and E-MR wrote the manuscript. E-MR, KR, and JJ and
reviewed and edited the manuscript. All authors contributed to the
manuscript and approved the submitted version.

FUNDING

This work has been funded by a grant from the Estonian Ministry
of Education and Science grant PRG 1428. The study was

REFERENCES

Ara, I, Vicente-Rodriguez, G., Jimenez-Ramirez, J., Dorado, C., Serrano-Sanchez,
J. A, Calbet, J. A, et al. (2004). Regular Participation in Sports Is Associated
with Enhanced Physical Fitness and Lower Fat Mass in Prepubertal Boys. Int.
J. Obes. Relat. Metab. Disord. 28, 1585-1593. doi:10.1038/sj.ij0.0802754

Azevedo, M. R, Araujo, C. L., Silva, M. C. d., and Hallal, P. C. (2007). Tracking of
Physical Activity from Adolescence to Adulthood: A Population-Based Study.
Rev. Satide Publica 41, 69-75. doi:10.1590/S0034-89102007000100010

Cadenas-Sanchez, C., Intemann, T., Labayen, I, Peinado, A. B., Vidal-Conti, J.,
Sanchis-Moysi, J., et al. (2016b). Physical Fitness Reference Standards for
Preschool Children: the PREFIT Project. J. Sci. Med. Sport 22, 430-437.
doi:10.1016/j.jsams.2018.09.227

Cadenas-Sanchez, C., Martinez-Tellez, B., Sanchez-Delgado, G., Mora-Gonzalez,
J., Castro-Pifiero, J., Lof, M., et al. (2016a). Assessing Physical Fitness in
Preschool Children: Feasibility, Reliability and Practical Recommendations
for the PREFIT Battery. J. Sci. Med. Sport 19, 910-915. doi:10.1016/j.jsams.
2016.02.003

Chaput, J.-P., Willumsen, J., Bull, F., Chou, R., Ekelund, U., Firth, J., et al. (2020).
2020 WHO Guidelines on Physical Activity and Sedentary Behaviour for
Children and Adolescents Aged 5-17 Years: Summary of the Evidence. Int.
J. Behav. Nutr. Phys. Act. 17, 141. doi:10.1186/s12966-020-01037-z

Cicek, B., Ozturk, A., Unalan, D., Bayat, M., Mazicioglu, M. M., and Kurtoglu,
S. (2014). Four-site Skinfolds and Body Fat Percentage References in 6-To-
17-Year Old Turkish Children and Adolescents. J. Pak Med. Assoc. 64,
1154-1161.

Cooper, A. R., Goodman, A., Page, A. S, Sherar, L. B,, Esliger, D. W., van Sluijs, E.,
and Kurtoglu, S. (2015). Objectively Measured Physical Activity and Sedentary
Time in Youth: The International Children's Accelerometry Database (ICAD).
Int. J. Behav. Nutr. Phys. Act. 12, 113.

Cristi-Montero, C., Chillon, P., Labayen, I, Casajus, J. A., Gonzalez-Gross, M., Vanhelst,
J, et al. (2019). Cardiometabolic Risk through an Integrative Classification
Combining Physical Activity and Sedentary Behavior in European Adolescents:
HELENA Study. J. Sport Health Sci. 8, 55-62. doi:10.1016/j.,jshs.2018.03.004

Drenowatz, C., Greier, K., Ruedl, G., and Kopp, M. (2019). Association between
Club Sports Participation and Physical Fitness across 6- to 14-Year-Old
Austrian Youth. Ijerph 16, 3392. doi:10.3390/ijerph16183392

Eisenmann, J. C., Katzmarzyk, P. T., Perusse, L., Tremblay, A., Després, J.-P., and
Bouchard, C. (2005). Aerobic Fitness, Body Mass Index, and CVD Risk Factors
Among Adolescents: the Québec Family Study. Int. J. Obes. 29, 1077-1083.
doi:10.1038/s.ij0.0802995

Evenson, K. R,, Catellier, D. J., Gill, K., Ondrak, K. S., and McMurray, R. G. (2008).
Calibration of Two Objective Measures of Physical Activity for Children.
J. Sports Sci. 26, 1557-1565. doi:10.1080/02640410802334196

Graham, D. J., Sirard, J. R, and Neumark-Sztainer, D. (2011). Adolescents’
Attitudes toward Sports, Exercise, and Fitness Predict Physical Activity 5
and 10years Later. Prev. Med. 52, 130-132. doi:10.1016/j.ypmed.2010.11.013

Guthold, R, Stevens, G. A,, Riley, L. M., and Bull, F. C. (2020). Global Trends in
Insufficient Physical Activity Among Adolescents: a Pooled Analysis of
298 Population-Based Surveys with 1-6 Million Participants. Lancet Child
Adolesc. Heal. Adolesc. health 4, 23-35. d0i:10.1016/S2352-4642(19)30323-2

Development of Cardiorespiratory Fitness in Children

supported by the project “Increasing physical activity of
schoolchildren” funded by EEA grants under the program
“Local Development and Poverty Reduction,” co-financed by
the Ministry of Social Affairs and the University of Tartu.

ACKNOWLEDGMENTS

The authors thank the children, their parents, teachers,
kindergartens, and schools for their participation in the study
and all the data collecting team.

Hardy, L. L., Barnett, L., Espinel, P., and Okely, A. D. (2013). Thirteen-Year Trends
in Child and Adolescent Fundamental Movement Skills. Med. Sci. Sports Exerc.
45, 1965-1970. doi:10.1249/MSS.0b013e318295a9fc

Hogstrém, G., Nordstrém, A., and Nordstrom, P. (2016). Aerobic Fitness in Late
Adolescence and the Risk of Early Death: a Prospective Cohort Study of 1.3
Million Swedish Men. Int. J. Epi 45, 1159-1168. doi:10.1093/ije/dyv321

Hogstrom, G., Nordstrom, A., and Nordstrom, P. (2014). High Aerobic Fitness in
Late Adolescence Is Associated with a Reduced Risk of Myocardial Infarction
Later in Life: A Nationwide Cohort Study in Men. Eur. Heart J. 35, 3133-3140.
doi:10.1093/eurheartj/eht527

Jaakkola, T., Kalaja, S., Arijutila, J. L., Virtanen, P., Watt, A., and Watt, A. (2009).
Relations Among Physical Activity Patterns, Lifestyle Activities, and
Fundamental Movement Skills for Finnish Students in Grade 7. Percept.
Mot. Ski. 108, 97-111. doi:10.2466/pms.108.1.97-111

Kokko, S., Martin, L., Geidne, S., Van Hoye, A., Lane, A., Meganck, J., et al. (2018).
Does Sports Club Participation Contribute to Physical Activity Among
Children and Adolescents? A Comparison across Six European Countries.
Scand. J. Public Health. 47, 851-858. d0i:10.1177/1403494818786110

Kristensen, P. L., Moeller, N. C., Korsholm, L., Kolle, E., Wedderkopp, N., Froberg,
K., et al. (2010). The Association between Aerobic Fitness and Physical Activity
in Children and Adolescents: the European Youth Heart Study. Eur. J. Appl.
Physiol. 110, 267-275. doi:10.1007/s00421-010-1491-x

Latt, E., Miestu, J., Ortega, F. B., Réisk, T., Jirimée, T., and Jurimde, J. (2015).
Vigorous Physical Activity rather Than Sedentary Behaviour Predicts
Overweight and Obesity in Pubertal Boys: A 2-year Follow-Up Study.
Scand. J. Public Health. 43, 276-282. doi:10.1177/1403494815569867

Lee, J. E., Pope, Z., and Gao, Z. (2018). The Role of Youth Sports in Promoting
Children’s Physical Activity and Preventing Pediatric Obesity: A Systematic
Review. Behav. Med. 44, 62-76. doi:10.1080/08964289.2016.1193462

Leppénen, M. H., Henriksson, P., Henriksson, H., Delisle Nystrom, C., Llorente-
Cantarero, F. J.,, and Lof, M. (2018). Physical Activity Level Using Doubly-
Labeled Water in Relation to Body Composition and Physical Fitness in
Preschoolers. Medicina 55, 2. doi:10.3390/medicina55010002

Lisowski, P., Kantanista, A., and Bronikowski, M. (2020). Are There Any
Differences between First Grade Boys and Girls in Physical Fitness, Physical
Activity, BMI, and Sedentary Behavior? Results of HCSC Study. Ijerph 17, 1109.
doi:10.3390/ijerph17031109

Marfell-Jones, M. (2006). “International Society for the Advancement of
Kinanthropometry. International Standards for Anthropometric Assessments,” in
International Society For the Advancement Of Kinanthropometry (South Africa:
Potchefstroom). Available at: https://umontreal.on.worldcat.org/oclc/869687146.

Maria Coelho Campos, C., da Rocha Queiroz, D., Tadeu Nunes Da Silva, J., Henry
P. Feitoza, A., and Teresa Cattuzzo, M. (2017). Relationship between Organized
Physical Activity and Motor Competence in Teenagers. Ajssm 5, 82-85. doi:10.
12691/ajssm-5-4-4

Marques, A., Ekelund, U., and Sardinha, L. B. (2016). Associations between
Organized Sports Participation and Objectively Measured Physical Activity,
Sedentary Time and Weight Status in Youth. J. Sci. Med. Sport 19, 154-157.
doi:10.1016/j.jsams.2015.02.007

Must, A., and Tybor, D. J. (2005). Physical Activity and Sedentary Behavior: a
Review of Longitudinal Studies of Weight and Adiposity in Youth. Int. J. Obes.
29 (Suppl. 2), S84-596. doi:10.1038/s).ij0.0803064

Frontiers in Physiology | www.frontiersin.org

June 2022 | Volume 13 | Article 881364


https://doi.org/10.1038/sj.ijo.0802754
https://doi.org/10.1590/S0034-89102007000100010
https://doi.org/10.1016/j.jsams.2018.09.227
https://doi.org/10.1016/j.jsams.2016.02.003
https://doi.org/10.1016/j.jsams.2016.02.003
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1016/j.jshs.2018.03.004
https://doi.org/10.3390/ijerph16183392
https://doi.org/10.1038/sj.ijo.0802995
https://doi.org/10.1080/02640410802334196
https://doi.org/10.1016/j.ypmed.2010.11.013
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1249/MSS.0b013e318295a9fc
https://doi.org/10.1093/ije/dyv321
https://doi.org/10.1093/eurheartj/eht527
https://doi.org/10.2466/pms.108.1.97-111
https://doi.org/10.1177/1403494818786110
https://doi.org/10.1007/s00421-010-1491-x
https://doi.org/10.1177/1403494815569867
https://doi.org/10.1080/08964289.2016.1193462
https://doi.org/10.3390/medicina55010002
https://doi.org/10.3390/ijerph17031109
https://umontreal.on.worldcat.org/oclc/869687146
https://doi.org/10.12691/ajssm-5-4-4
https://doi.org/10.12691/ajssm-5-4-4
https://doi.org/10.1016/j.jsams.2015.02.007
https://doi.org/10.1038/sj.ijo.0803064
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Jarvaméagi et al.

Ortega, F. B, Artero, E. G, Ruiz, J. R,, Espana-Romero, V., Jimenez-Pavon, D.,
Vicente-Rodriguez, G., et al. (2011). Physical Fitness Levels Among European
Adolescents: the HELENA Study. Br. J. Sports Med. 45, 20-29. doi:10.1136/
bjsm.2009.062679

Ortega, F. B., Cadenas-Sanchez, C., Sinchez-Delgado, G., Mora-Gonzilez, J.,
Martinez-Téllez, B., Artero, E. G., et al. (2015). Systematic Review and
Proposal of a Field-Based Physical Fitness-Test Battery in Preschool
Children: the PREFIT Battery. Sports Med. 45, 533-555. d0i:10.1007/s40279-
014-0281-8

Ortega, F. B, Ruiz, J. R, Castillo, M. J., and Sjostrom, M. (2008). Physical Fitness in
Childhood and Adolescence: a Powerful Marker of Health. Int. J. Obes. 32, 1-11.
doi:10.1038/s.ij0.0803774

Ortega, F. B, Ruiz, J. R., Labayen, I, Hurtig-Wennlof, A., Harro, J., Kwak, L., et al.
(2013). Role of Socio-Cultural Factors on Changes in Fitness and Adiposity in
Youth: a 6-year Follow-Up Study. Nutr. Metabolism Cardiovasc. Dis. 23,
883-890. doi:10.1016/j.numecd.2012.05.008

Ortega, F. B,, Silventoinen, K., Tynelius, P., and Rasmussen, F. (2012). Muscular
Strength in Male Adolescents and Premature Death: Cohort Study of One
Million Participants. BMJ 345, €7279. doi:10.1136/bmj.e7279

Ortega, F. B., Tresaco, B., Ruiz, J. R., Moreno, L. A., Martin-Mattilas, M., Mesa, J. L.,
et al. (2007). Cardiorespiratory Fitness and Sedentary Activities are Associated
with Adiposity in Adolescents. Obesity (Silver Spring) 15, 1589-1599. doi:10.
1038/0by.2007.188

Reisberg, K., Riso, E.-M., and Jiirimde, J. (2021). Physical Fitness in Preschool
Children in Relation to Later Body Composition at First Grade in School. PLOS
ONE 16, €0244603. doi:10.1371/journal.pone.0244603

Reisberg, K., Riso, E. M., and Jiirimde, J. (2020). Associations between Physical Activity,
Body Composition, and Physical Fitness in the Transition from Preschool to School.
Scand. J. Med. Sci. Sports. 30, 2251-2263. doi:10.1111/sms.13784

Remmel, L., Tamme, R,, Tillmann, V., Méestu, E., Purge, P., Mengel, E., et al.
(2021). Pubertal Physical Activity and Cardiorespiratory Fitness in Relation to
Late Adolescent Body Fatness in Boys: A 6-Year Follow-Up Study. Ijerph 18,
4881. doi:10.3390/ijerph18094881

Riso, E.-M., Kull, M., Mooses, K., Hannus, A., and Jiirimie, J. (2016). Objectively
Measured Physical Activity Levels and Sedentary Time in 7-9-Year-Old
Estonian Schoolchildren: Independent Associations with Body Composition
Parameters. BMC Public Health 16, 346. doi:10.1186/512889-016-3000-6

Riso, E.-M., Kull, M., Mooses, K., and Jirimde, J. (2018). Physical Activity,
Sedentary Time and Sleep Duration: Associations with Body Composition
in 10-12-Year-Old Estonian Schoolchildren. BMC Public Health 18, 496. doi:10.
1186/512889-018-5406-9

Riso, E.-M., Toplaan, L., Viira, P., Vaiksaar, S., and Jiirimde, J. (2019b). Physical Fitness
and Physical Activity of 6-7-Year-Old Children According to Weight Status and
Sports Participation. PLOS ONE 14, €0218901. doi:10.1371/journal.pone.0218901

Riso, E. M., Migi, K., Vaiksaar, S., Toplaan, L., and Jiirimée, J. (2019a). Conceptual
Skills and Verbal Abilities Were Better in Children Aged Six to Seven Years
Who Were from More Highly Educated Families and Attended Sports Clubs.
Acta Paediatr. 108, 1624-1631. doi:10.1111/apa.14750

Roth, A,, Schmidt, S. C. E,, Seidel, I, Woll, A., and Bés, K. (2018). Tracking of
Physical Fitness of Primary School Children in Trier: A 4-Year Longitudinal
Study. BioMed Res. Int. 2018, 1-10. doi:10.1155/2018/7231818

Ruiz, J. R., Castro-Pinero, J., Artero, E. G., Ortega, F. B., Sjostrom, M., Suni, J., et al.
(2009). Predictive Validity of Health-Related Fitness in Youth: a Systematic
Review. Br. J. Sports Med. 43, 909-923. doi:10.1136/bjsm.2008.056499

Ruiz, J. R, Castro-Pinero, J., Espana-Romero, V., Artero, E. G., Ortega, F. B,
Cuenca, M. M,, et al. (2010). Field-based Fitness Assessment in Young People:
the ALPHA Health-Related Fitness Test Battery for Children and Adolescents.
Br. J. Sports Med. 45, 518-524. doi:10.1136/bjsm.2010.075341

Ruiz, J. R,, Castro-Pinero, J., Espana-Romero, V., Artero, E. G., Ortega, F. B,
Cuenca, M. M,, et al. (2011). Field-based Fitness Assessment in Young People:
the ALPHA Health-Related Fitness Test Battery for Children and Adolescents.
Br. J. Sports Med. 45, 518-524. doi:10.1136/bjsm.2010.075341

Santos, C., Carolina Reyes, A., Moura-Dos-Santos, M. A., Pereira, S., Natacha
Gomes, T., Tani, G., et al. (2018). A Multi-Level Analysis of Individual- and

Development of Cardiorespiratory Fitness in Children

School-Level Correlates of Physical Fitness in Children. Ann. Hum. Biol. 45,
470-477. doi:10.1080/03014460.2018.1549684

Slaughter, M. H., Lohman, T. G., Boileau, R. A., Horswill, C. A, Stillman, R. J., Van
Loan, M. D,, et al. (1988). Skinfold Equations for Estimation of Body Fatness in
Children and Youth. Hum. Biol. 60, 709-723.

Smith, J. J., Eather, N., Morgan, P. J., Plotnikoff, R. C., Faigenbaum, A. D., and
Lubans, D. R. (2014). The Health Benefits of Muscular Fitness for Children and
Adolescents: A Systematic Review and Meta-Analysis. Sports Med. 44,
1209-1223. doi:10.1007/s40279-014-0196-4

Telama, R., Yang, X., Hirvensalo, M., and Raitakari, O. (2006). Participation in
Organized Youth Sport as a Predictor of Adult Physical Activity: a 21-year
Longitudinal Study. Pediatr. Exerc Sci. 18, 76-88. doi:10.1123/pes.18.1.76

Tomkinson, G. R,, Lang, J. J., Blanchard, J., Léger, L. A., and Tremblay, M. S. (2019).
The 20-m Shuttle Run: Assessment and Interpretation of Data in Relation to
Youth Aerobic Fitness and Health. Pediatr. Exerc. Sci. 31,152-163. d0i:10.1123/
pes.2018-0179

Tomkinson, G. R, Lang, J. J., Tremblay, M. S., Dale, M., LeBlanc, A. G., Belanger,
K., et al. (2016). International Normative 20 M Shuttle Run Values from 1 142
026 Children and Youth Representing 50 Countries. Br. J. Sports Med. 51,
1545-1554. doi:10.1136/bjsports-2016-095987

Tomkinson, G. R., and Olds, T. S. (2013). “Field Tests of Fitness,” in Paediatric
Exercise Science and Medicinec. Editors N. Armstrong and
W. van Mechelen (Oxford University Press). 109-28. doi:10.1093/med/
9780199232482.003.0009

Tomporowski, P. D., Lambourne, K., and Okumura, M. S. (2011). Physical Activity
Interventions and Children’s Mental Function: An Introduction and Overview.
Prev. Med. 52, $3-S9. doi:10.1016/j.ypmed.2011.01.028

Vicente-Rodriguez, G. (2006). How Does Exercise Affect Bone Development
during Growth? Sports Med. 36, 561-569. doi:10.2165/00007256-200636070-
00002

Westerterp, K. R., Meijer, G. A., Kester, A. D., Wouters, L., and ten Hoor, F. (1992).
Fat-free Mass as a Function of Fat Mass and Habitual Activity Level. Int.
J. Sports Med. 13 (2), 163-166. doi:10.1055/s-2007-1021249

Westerterp, K. R. (2018). Exercise, Energy Balance and Body Composition. Eur.
J. Clin. Nutr. 72, 1246-1250. doi:10.1038/s41430-018-0180-4

WHO (2020). Guidelines on Physical Activity and Sedentary Behaviour. Geneva:
World Health Organization. Licence: CC BY-NC-SA 3.0 IGO.

Zahner, L., Muehlbauer, T., Schmid, M., Meyer, U., Puder, J. J., and Kriemler, S.
(2009). Association of Sports Club Participation with Fitness and Fatness in
Children. Med. Sci. Sports Exerc. 41, 344-350. doi:10.1249/MSS.
0b013e318186d843

Zahner, L., Puder, J.]., Roth, R., Schmid, M., Guldimann, R., Piihse, U, et al. (2006).
A School-Based Physical Activity Program to Improve Health and Fitness in
Children Aged 6-13 Years ("Kinder-Sportstudie KISS"): Study Design of a
Randomized Controlled Trial [[SRCTN15360785]. BMC Public Health 6, 147.
doi:10.1186/1471-2458-6-147

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

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

Copyright © 2022 Jirvamdgi, Riso, Reisberg and Jiirimde. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Physiology | www.frontiersin.org

June 2022 | Volume 13 | Article 881364


https://doi.org/10.1136/bjsm.2009.062679
https://doi.org/10.1136/bjsm.2009.062679
https://doi.org/10.1007/s40279-014-0281-8
https://doi.org/10.1007/s40279-014-0281-8
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1016/j.numecd.2012.05.008
https://doi.org/10.1136/bmj.e7279
https://doi.org/10.1038/oby.2007.188
https://doi.org/10.1038/oby.2007.188
https://doi.org/10.1371/journal.pone.0244603
https://doi.org/10.1111/sms.13784
https://doi.org/10.3390/ijerph18094881
https://doi.org/10.1186/s12889-016-3000-6
https://doi.org/10.1186/s12889-018-5406-9
https://doi.org/10.1186/s12889-018-5406-9
https://doi.org/10.1371/journal.pone.0218901
https://doi.org/10.1111/apa.14750
https://doi.org/10.1155/2018/7231818
https://doi.org/10.1136/bjsm.2008.056499
https://doi.org/10.1136/bjsm.2010.075341
https://doi.org/10.1136/bjsm.2010.075341
https://doi.org/10.1080/03014460.2018.1549684
https://doi.org/10.1007/s40279-014-0196-4
https://doi.org/10.1123/pes.18.1.76
https://doi.org/10.1123/pes.2018-0179
https://doi.org/10.1123/pes.2018-0179
https://doi.org/10.1136/bjsports-2016-095987
https://doi.org/10.1093/med/9780199232482.003.0009
https://doi.org/10.1093/med/9780199232482.003.0009
https://doi.org/10.1016/j.ypmed.2011.01.028
https://doi.org/10.2165/00007256-200636070-00002
https://doi.org/10.2165/00007256-200636070-00002
https://doi.org/10.1055/s-2007-1021249
https://doi.org/10.1038/s41430-018-0180-4
https://doi.org/10.1249/MSS.0b013e318186d843
https://doi.org/10.1249/MSS.0b013e318186d843
https://doi.org/10.1186/1471-2458-6-147
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

	Development of Cardiorespiratory Fitness in Children in the Transition From Kindergarten to Basic School According to Parti ...
	Introduction
	Materials and Methods
	Participants
	Assessment of Physical Activity
	Assessment of Body Composition
	Assessment of Cardiorespiratory Fitness
	Sports Club Participation
	Statistical Analysis

	Results
	Discussion
	Changes in Cardiorespiratory Fitness
	Associations Between Cardiorespiratory Fitness, Body Composition, and Physical Activity
	Compliance to the Reference Normative of Cardiorespiratory Fitness

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


