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Abstract

Puberty is a critical period in the development of physical fitness. The pur-
pose of this study, therefore, was to examine the development of various
components of physical fitness in Austrian adolescents between 11 and 17
years of age. A total of 2267 (51% male) adolescents from 18 secondary
schools in Western Austria provided valid data. Following anthropometric
measurements, participants performed the German motor test, which con-
sists of 8 test items that assess speed, power, strength, endurance, agility, bal-
ance, and flexibility. Differences in physical fitness by age and sex were ex-
amined via a 2 by 7 MANOVA. In general, fitness improved between the ages
11 and 13 years in boys and girls. After the age of 13, physical fitness re-
mained relatively stable in girls, while there was a continuous increase in
physical fitness in boys, except for flexibility, which remained stable. Accor-
dingly, boys performed better than girls, except for flexibility, which was bet-
ter in girls. No sex difference occurred for balance. Biological changes (e.g.
changes in sex hormones, body composition), contribute to significant gains
in strength and endurance throughout adolescence, particularly in boys. In
girls, increases in physical fitness were less pronounced and were generally
limited after the age of 13. This may also reflect behavioral changes and em-
phasizes the importance of continued promotion of physical activity and
sports, particularly in girls.
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1. Introduction

Physical activity (PA) and physical fitness are key components in the develop-
ment and well-being of children and adolescents (Kettner et al., 2012). While PA
is defined as any bodily movement as a result of muscular activity, physical fit-
ness refers to the ability to perform activities of daily living without undue fati-
gue (Caspersen, Powell, & Christenson, 1985). This also highlights the impor-
tance of physical fitness for the promotion of an active lifestyle. Further, the de-
velopment of physical fitness is a critical component in human ontogenesis,
along with the development of cognitive and social abilities, and has received
considerable attention in the exercise science community (Bos & Ulmer, 2003).
Considerable changes in the social and built environment, however, contributed
to an increased sedentary lifestyle in children and adolescents (Owen, Healy,
Matthews, & Dunstan, 2010; Reilly et al., 2004; Strong et al., 2005), which also
affects physical fitness (Tomkinson, Léger, Olds, & Cazorla, 2003).

Due to significant changes in body composition, hormonal status and social
interactions, puberty appears to be a critical period for the development of
physical fitness. Considerable improvements in various components of physical
fitness are observed between 11 and 15 years, with more pronounced gains in
strength and endurance in boys compared to girls (Baxter-Jones, 2001; Meinel &
Schnabel, 2014; Weineck, 2007). Other behaviors that emerge during adoles-
cence (e.g. alcohol consumption, smoking) along with a reduction in PA, on the
other hand, may impair physical fitness (Béghin et al., 2019; Coelho-E-Silva et
al., 2013; Cumming, Standage, Gillison, & Malina, 2008; Malina, Bouchard, &
Bar-Or, 2004). Poor physical fitness may further reduce interest in PA and
sports (Dumith, Gigante, Domingues, & Kohl, 2011; Weineck, 2007) and con-
tribute to a vicious cycle of low PA and poor physical fitness. The HBSC (Health
Behavior of School-aged Children) study, for example, showed a reduction in the
prevalence of youth meeting current PA guidelines from roughly 25% at the age
of 11 to only 16% at the age of 15 (WHO, 2008). Particularly in girls, previous
research also showed a reduction or stagnation in physical fitness (Albrecht et
al., 2016; Kimm et al., 2002; Owen et al., 2010; Pate, Wang, Dowda, Farrell, &
O’Neill, 2006). Strength and endurance performance of 15- to 18-year-old girls,
for example, has been similar to that of girls between 12 and 13 years of age
(Miiller, Fastenbauer, & Redl, 2008; Pate et al., 2006).

In order to enhance the understanding of the development of physical fitness
in adolescents, the present study examined differences in various components of
physical fitness in Austrian adolescents between 11 and 17 years of age. It was
hypothesized that performance increases with increasing age but that the im-
provement in physical fitness would be less pronounced in girls compared to

boys.

2. Methods

A total of 20 secondary schools within the federal state of Tyrol (Western Aus-
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tria) were randomly selected for participation. Two schools declined to partici-
pate due to organizational reasons, resulting in a final sample of 18 schools with
more than 2200 students between 11 and 17 years of age. Parents received writ-
ten information about the study via the participating schools and provided writ-
ten informed consent. Participants provided oral consent at the time of data col-
lection. All study procedures were approved by the Institutional Review Board of
the University of Innsbruck and the school boards of the participating schools.

Data collection occurred during the school-year 2017/18 during regular school
time in the gymnasium of the participating schools. Body weight (kg) and height
(cm) were measured by trained technicians with participants wearing gym
clothes and being barefoot. Specifically, body weight was measured to the near-
est 0.1 kg with an electronic scale (SECA® 803, Hamburg, Germany). Height was
measured to the nearest 0.1 cm via a portable stadiometer (SECA® 217, Ham-
burg, Germany). Subsequently, body mass index (BMI) was calculated (kg/m?)
and converted to BMI percentiles (BMIPCT) using German reference values
(Kromeyer-Hauschild et al., 2001). BMIPCT above the 90" percentile was con-
sidered overweight/obese, while participants with BMIPCT below the 10" per-
centile were considered underweight.

Motor competence was assessed by the German Motor Test (DMT 6-18),
which has been shown to provide valid and reliable results for children and ado-
lescents between 6 and 18 years of age (Bos et al., 2009). The DMT 6-18 consists
of 8 test items that examine speed, agility, power, strength, balance, flexibility
and endurance. Specifically, it consists of a 20 m sprint, sideways jumping,
standing long-jump, push ups, sit ups, backwards balance, stand-and-reach,
6-minute run. Following anthropometric measurements, participants completed
all tests during a single test session after a standardized 5-minute warm-up. The
testing battery started with the 20 m sprint and ended with the 6-minute run. All
other tests were performed at random order in between.

Statistical Analysis. Descriptive statistics were calculated; interval scaled data
is shown as mean with standard deviation, while frequencies are shown for or-
dinal and nominal data. A 2 (sex) by 7 (age) multivariate analysis of variance
(MANOVA) was used to examine differences across the specific test items by sex
and age. In case of significant interaction effects, ANOVA was used to determine
differences in motor competence across the 7 age groups for boys and girls sep-
arately. The statistical analysis was performed using SPSS 24.0 with a signific-
ance level set at p < 0.05 and Bonferroni adjustment for multiple comparisons.

3. Results

A total of 2267 middle- and high-school students (51.1% boys) with an average
age of 13.5 * 2.0 years (girls: 13.7 £ 2.1 years; boys: 13.3 + 1.9 years) provided
valid data. Of the total sample, 21.8% were considered overweight/obese while
5.8% were considered underweight. There was no difference in weight status by
age or sex. Anthropometric data by age group for the total sample and separately

for boys and girls are shown in Table 1. The results indicate a continuous linear
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Table 1. Anthropometric characteristics by age and sex. Values are Mean + SD.

11 years 12 years 13 years 14 years 15 years 16 years 17 years
(N = 456) (N = 479) (N =309) (N =318) (N =223) (N = 195) (N =287)
Height (cm) 149.6 + 8.8 157.2 +8.1 162.4+8.5 166.1 + 8.4 169.4+8.3 169.9 +8.7 170.6 £9.5
Total .

(N = 2267) Weight (cm) 43.8+12.0 50.1 +£13.0 553 +13.5 588 124 62.3+13.2 63.8 + 14.1 66.2 +12.8
BMI percentile 59.8 £31.2 60.6 + 30.5 62.6 +28.7 61.0 +27.9 58.5+27.5 53.4 +28.7 55.3 +30.1
Height (cm) 150.0 + 8.0 156.9 6.6 160.9 +6.3 162.7 + 6.1 165.1 £6.2 164.8 + 6.6 164.2 5.9

Girls
(N = 1109) Weight (cm) 442+123 50.1£12.2 54.8 £10.9 57.0+11.2 59.0 £11.0 60.2 +12.9 60.8 +10.8
BMI percentile 59.8 +£32.0 60.6 +30.9 64.7 +£27.3 61.1 +£27.7 57.0 £28.0 51.5+28.9 50.5 £ 32.2
Height (cm) 149.2+9.5 157.4+9.0 163.3+£9.6 169.7 + 8.9 174.4+7.6 177.2 5.7 178.7 £ 6.8

Boys
(N = 1),158) Weight (cm) 432 +11.7 50.0 £13.5 55.6 +15.0 60.8 +13.4 66.3 + 14.5 68.9 + 14.2 73.0+11.8
BMI percentile 59.8 +£30.3 60.6 +30.3 61.3 +£29.6 61.0 +28.3 60.3 +26.9 56.0 +28.5 61.3 +26.0

growth between 11 and 17 years of age with a slower growth rate after the age of
15. Weight change occurred in a similar pattern, which resulted in no significant
differences in BMIPCT across age groups in boys. In girls, linear growth appears
to slow around the age of 13 with a plateau after 15 years of age. Weight followed
a similar pattern, resulting in only minor differences in BMIPCT across age groups.

Speed (20-m-Sprint). There was a significant sex by age interaction effect for
sprint performance (p < 0.001). Even though boys and girls showed a significant
improvement until the age of 13, boys continued to improve their sprinting per-
formance, while girls displayed a plateau. Accordingly, there was no significant
difference in sprinting performance between the ages 13 and 17 in girls.
17-year-old boys, on the other hand, displayed significantly better sprinting
performance compared to the age groups of 11 to 14 years (p < 0.013). Across
the entire age range, boys displayed significantly better sprinting performance
than girls (Figure 1).

Standing Long-Jump. There was a significant sex by age interaction effect (p <
0.001). In boys, performance improved significantly across age groups until the
age of 15 (p < 0.005). In girls, the improvement was less pronounced and pla-
teaued after the age of 15. Nevertheless, standing-long jump performance of
17-year-old girls was significantly better compared to 11- or 12-year-old girls.
Across the entire age range, boys displayed significantly better jumping perfor-
mance than girls (Figure 2).

Push Ups. There was a significant age by sex interaction effect (p = 0.011).
Both, boys and girls, showed a significant improvement from the age of 12 to 13.
After the age of 13, performance remained relatively constant in boys. Accor-
dingly, 17-year-old boys performed a higher number of push ups compared 11-
and 12-year-old boys. In girls, there was a slight decline in push up performance
after the age of 13, resulting in no significant differences between 17-year-old
girls compared to the younger age groups. Across the entire sample, boys dis-

played significantly better performance than girls (Figure 3).
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Figure 1. 20-m-Sprint performance by age and sex (N = 2267). Values are mean with

95% CI.
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Figure 2. Standing long-jump performance by age and sex (N = 2267). Values are mean
with 95% CI.
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Figure 3. Push up performance by age and sex (N = 2267). Values are mean with 95% CI.
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Sit Ups. There was a significant sex by age interaction effect on sit ups (p <
0.001). In boys, the number of sit ups increased significantly for each age group
between 11 and 13 years. After the age of 13, the improvement was less pro-
nounced but 17-year-old boys performed significantly more sit ups than 11- to
14-year-old boys. In girls, improvement across age groups was less pronounced
and remained relatively stable after the age of 13. Due to a significant improve-
ment from the age of 12 to 13, 17-year-old girls performed a higher number of
repetitions than girls at the age of 11 and 12. Across the entire age range, boys
displayed significantly better performance than girls (Figure 4).

Endurance (6-min-Run). There was a significant sex by age interaction effect
on endurance performance (p < 0.001). Girls displayed a significant improve-
ment from 11 to 12 years of age (p = 0.014). After the age of 12, endurance per-
formance remained relatively stable with a gradual decline after the age of 15.
Nevertheless, 17-year-old girls displayed a significantly better 6-minute run per-
formance than 11-year-old girls. In boys, there was a gradual improvement in
endurance performance from the age of 11 to the age of 17 with a significant
improvement between the ages 14 and 15. Accordingly, 17-year-old boys dis-
played a better 6-minute-run performance than 11 to 14-year-old boys. Across
the entire age range, endurance performance was significantly better in boys
compared to girls (Figure 5).

Agility (Sideways Jumping). There was a significant sex by age interaction ef-
fect for sideways jumping (p < 0.001) even though, a significant improvement in
agility was observed between 11 and 13 years of age in boys and girls (p < 0.001).
After the age of 13, sideways jumping remained relatively stable in girls, while
there was a small continued improvement in boys across older age groups.
17-year-old boys, therefore, displayed significantly better agility than boys be-
tween the age of 11 and 13 years (p < 0.007), while in girls the difference was
only significant between the age of 17 and 11 as well as 12 years (p < 0.001).
Across the entire sample, boys displayed better agility than girls, which became
particularly pronounced at age groups 14 and older (Figure 6).

Flexibility (Stand and Reach Test). There was a significant sex by age interac-
tion effect on flexibility (p < 0.001). Flexibility remained relatively constant in
boys across the entire age range, while in girls there was an annual improvement
in flexibility from the ages 11 to 13. After the age of 13 flexibility remained rela-
tively stable and 17-year-old girls displayed better flexibility compared to girls at
the age of 11 and 12 (p < 0.001). The improvement in flexibility in early adoles-
cent girls also contributed to a significantly better flexibility in girls compared to
boys between 11 and 17 years of age (Figure 7).

Balance. There was no sex by age interaction effect on balance. Balance im-
proved gradually with increasing age (p < 0.001) resulting in a better balance
performance of 17-year-old boys compared to boys at the age of 11 (p = 0.009).
In girls, 17-year-old adolescents displayed better balance ability compared to 11
and 12-year-old girls (p = 0.002). There was no sex difference for backwards ba-
lancing across 11- to 17-year-old adolescents (Figure 8).
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Figure 4. Sit up performance by age and sex (N = 2267). Values are mean with 95% CI.
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Figure 5. 6-Minute-Run performance by age and sex (N = 2267). Values are mean with
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Figure 6. Sideways jumping performance by age and sex (N = 2267). Values are mean
with 95% CI.
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Figure 7. Flexibility by age and sex (N = 2267). Values are mean with 95% CIL.
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Figure 8. Backwards balance performance by age and sex (N = 2267). Values are mean
with 95% CL

In summary, this study showed that boys generally display higher physical
fitness than girls with the exception of flexibility. In addition, speed, muscular
strength, endurance and agility were shown to increase with age and this in-
crease was generally more pronounced in boys than in girls. In girls, improve-
ments in physical fitness generally occurred only during early adolescence with a
stagnation or even a decline following puberty, while the improvement in en-

durance and strength-related tasks continued throughout adolescents in boys.

4. Discussion

As has been shown in previous studies, the results of the present study show an
improvement in physical fitness between 11 and 17 years of age (Albrecht et al.,
2016; Fetz & Kornexl, 1993; Weineck, 2007). Sex differences were already ap-
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parent at the age of 11 with better performance in boys compared to girls. These
differences became even more pronounced after the age of 13, which can be attri-
buted to hormonal changes (e.g. testosterone) that contribute to improvements in
strength, speed and endurance (Malina et al., 2004; Meinel & Schnabel, 2014).

Speed. There is considerable improvement in speed during adolescence. Sex
differences are already apparent at 11 years of age and become more pro-
nounced, particularly in tasks requiring strengths as well (e.g. sprint) (Meinel &
Schnabel, 2014). In boys, sprint performance improved almost linearly across
the entire age range, while there was a stagnation in sprint performance after the
age of 13 years in girls. This may be explained by the continuous increase in
muscular strength in boys during puberty, which also affects sprint ability. In
addition to biological changes behavioral changes, such as reductions in PA and
engagement in activities that stimulate speed-related adaptations may further
contribute to the observed stagnation in girls. These results are also in line with a
previous study in Tyrolean adolescents (Fetz & Kornexl, 1993).

Muscular strength. Muscular strength improved during adolescence in boys,
while changes in strength-related tasks were limited in girls. Accordingly, sex
differences in muscular strength increase between the ages 11 to 17 years.

Significant improvements in upper body strength, nevertheless, occurred
predominantly during early adolescence in boys and girls. After the age of 13,
girls showed a decline in upper body strength at older ages, while performance
remained relatively stable in boys. An increase in body weight may contribute to
these results, which have been shown in previous studies (Fetz & Kornexl, 1993;
Miller et al., 2008).

Sex differences were even more pronounced for strength endurance and
muscular power. Boys displayed a continuous increase in muscular power, while
the increase in strength endurance was more pronounced during early adoles-
cence with smaller changes after the age of 13. In girls, muscular power and
strength endurance increased until the age of 13 and remained relatively stable
afterwards. Similar results have been shown previously (Albrecht et al., 2016)
and confirm the increasing discrepancies in muscular strength between boys and
girls during adolescence.

Endurance. Already at the age of 11, there were significant sex differences in
endurance capacity between boys and girls. Girls also displayed limited changes
in endurance capacity after the age of 12. The present results along with previous
studies actually indicate a decline in endurance capacity after puberty in girls
(Miiller et al., 2008; Pate et al., 2006). In boys, on the other hand, endurance ca-
pacity increased throughout adolescence with a particularly pronounced in-
crease between 14 and 15 years of age. Given the importance of endurance ca-
pacity regarding cardiovascular health (Houston et al., 2013), ensuring a suffi-
cient endurance capacity during adolescence should be an important component
in health promotion strategies.

Agility. As has been shown for muscular strength, agility increased signifi-

cantly in boys and girls between 11 and 13 years of age. Subsequently, boys con-
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tinued to show improved performance in agility, even though to a lesser degree.
In girls, agility, remained relatively stable after 13 years of age. Accordingly, sex
differences in agility became more pronounced during late adolescence.

Flexibility and balance. Consistent with previous research, girls displayed bet-
ter flexibility than boys during adolescence (Albrecht et al., 2016; Drenowatz &
Greier, 2019; Greier et al., 2019). Girls also displayed a significant improvement
in flexibility between 11 and 13 years of age with limited changes afterwards. In
boys, flexibility remained relatively stable across the entire age range. These sex
differences have been attributed to a higher body fat percentage along with lower
muscle mass in girls compared to boys (Weineck, 2007).

No sex differences were observed for balance. Age-related improvement in
balance was also limited. Nevertheless, 17-year-old boys and girls performed

significantly better on the balance task than their 11-year-old peers.

5. Conclusion

The present study showed that there is considerable variability in components of
physical fitness during adolescence. Boys generally display higher physical fit-
ness than girls with the exception of flexibility. In addition, speed, muscular
strength, endurance and agility were shown to increase with age and this in-
crease was generally more pronounced in boys than in girls. In girls, improve-
ments in physical fitness generally occurred only during early adolescence with a
stagnation or even a decline following puberty. Besides growth-related aspects
(i.e. leg length), hormonal changes appear to be key contributors to alterations
in physical fitness and put boys at an advantage over girls. These changes, how-
ever, may influence psychological and social development along with behavioral
choices. Participation in organized sports, for example, has been shown to affect
physical fitness, particularly during adolescence and boys have been shown to be
more likely to participate in organized sports than girls (Drenowatz, Greier, Ru-
edl, & Kopp, 2019; Greier, Kaiser, Hager, & Scheu, 2015). Girls, therefore, may
require special attention when it comes to promoting organized sports as this
may help to reduce sex differences in physical fitness. It may also facilitate a
continued improvement in physical fitness during late adolescence rather than a
stagnation or decline following puberty. Given the importance of physical fitness
on general health and well-being, continued engagement in various forms of PA
that stimulate physical fitness is needed and should be promoted at home, in

schools and through club sports.
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