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1 | INTRODUCTION

Low physical fitness has been found to be associated with many chronic diseases and
medical conditions. Knowledge of secular trends in physical fitness is important to
initiate countermeasures for addressing negative trends. The aim of this study was
to analyze secular trends in health-related muscular fitness in Slovenian children and
adolescents between 1983 and 2014. Data were collected as part of “The Analysis of
Children's Development in Slovenia (ACDSi)” study in 1983, 1993/94, 2003/04, and
2013/14. Anthropometry (body weight, height, BMI, and triceps skinfold) and muscu-
lar fitness (standing long jump, bent-arm hang, and sit-ups 60 s test) of 18730 (9168
female) students from primary and secondary schools were recorded. The secular trend
was analyzed considering anthropometry. The results showed that anthropometric
measures had an increasing trend and overall muscular fitness had a decreasing trend.
Leg muscle power decreased over the decades in all age groups (relative difference be-
tween —1.5% and —2.6%), being more pronounced in boys. Arm muscle strength de-
creased in two younger age groups (range —21.1% to —42.7%, 6-10, and 11-14 years),
but not in the oldest group (15-19 years), where the increase occurred in both genders
(0.4% to 9.3%). In terms of decades, the largest negative changes (—30.1%) occurred
from 1993/94 to 2003/04 and the smallest changes (—4.2%) from 2003/04 to 2013/14.
The overall trend in repetitive core strength surprisingly increased (1.1% to 18.3%).
There is a need to promote healthy lifestyles, raise parental awareness and use all gov-

ernment resources to redirect the negative trend in physical fitness.
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the best evidence has undoubtedly been found for cardiovas-
cular disease (CVD).5

Physical fitness is a good indicator of current health status in
childhood and adolescence and can be used as a predictor of
future health.! Low physical fitness is found to be related to
many chronic diseases and medical conditions, such as hy-
pertension,2 type 2 diabetes,’ and all-cause mortality,3’4 but

Any definition of physical fitness includes muscular fit-
ness as one of its components.6 Results of previous studies
suggest that reduced muscular fitness is associated with an
increased risk of cardiovascular, premature, and all-cause
mortality.7’9 In addition, muscular fitness in adolescent men
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has been shown to be inversely associated with later CVD
events and CVD mortality in middle age, independent of
cardiorespiratory fitness, and other important confounding
factors.'”

The current situation is worrying in terms of the preva-
lence of low physical fitness and health determinants, which
show an increasing trend."! Knowledge of secular trends
in physical fitness is important to understand the trends of
health-related outcomes and to introduce countermeasures
for combating negative trends. An overview of the secular
trends in physical fitness among children and adolescents in
recent decades suggests a general decline, but this is not uni-
form across fitness components and across countries.'?

There has been an almost universal decrease in aerobic ca-
pacity 1315 3nd an increase in body mass index (BMI) 13,14,16
worldwide. In contrast, studies on different muscle groups
and cohorts from different countries have shown different
trends in muscular fitness. For instance, an increase in hand-
grip strength was accompanied by a decrease in leg muscle
power.'” The reason for this could be increased body weight.
Contrarily, despite the decrease in upper body strength, leg
muscle power increased,'® which can be explained by the ac-
tivation of the leg muscles to constantly bear body weight,
which is growing over time.

The decreasing secular trend in muscular fitness
has been observed in English,18 Canadian,19 Swedish,13
Lithuanian,lc"20 Spanish,21 Portuguese,22 and Serbian %
children and adolescents. In contrast, the muscular fitness of
youth from Belgium,25 the Netherlands,”® and Finland®’ ap-
pears to be more stable. However, changes in fitness trends
can be influenced by the tests used and the population stud-
ied, so it is necessary to apply the same standardized proce-
dures in the same population. 16,24

Although different original reports around the world show
different trends depending on the geographical region, there
is not much information on secular trends in muscular fitness
among children and adolescents in Central Europe, especially
in Slovenia, where children and adolescents are among the
fittest and most active in the world.?® Moreover, only some
studies controlled for anthropometric characteristics, such
as body weight, height and BMI, 3162022 hen observing
trends in muscular fitness. The development of appropriate

public health strategies requires regular analysis of fitness
trends, especially among young people.21

The aim of the present study was to analyze secular trends
in health-related muscular fitness among Slovenian children
and adolescents between 1983 and 2014. We hypothesized
that the secular trend in all monitored components of mus-
cular fitness in Slovenian children and adolescents between
1983 and 2014 would decrease over time.

2 | MATERIALS AND METHODS

2.1 | Study design

The data were collected within the framework of the com-
prehensive study “The Analysis of Children's Development
in Slovenia (ACDSi)”29 ACDSI is a cross-sectional, decen-
nial study that began in 1970 at the Faculty of Sport of the
University of Ljubljana as a research project focusing on
developmental trends in physical characteristics and motor
performance of children and adolescents from Slovenian pri-
mary and secondary schools. The study is interdisciplinary,
investigating kinesiology, psychology, sociology, medicine,
and physical anthropology. The participation of all students
was anonymous and voluntary, and they could withdraw
from the study at any time. After the children, adolescents,
and their parents were fully informed about the objectives of
the study and its protocol, written consent was obtained from
the parents or legal guardians of all participating children and
adolescents. Note that there were no major risks associated
with any of the tests.

2.2 | Participants

ACDSi is decennial study on the biological, psychologi-
cal, and social development of children and adolescents,
described in detail elsewhere.” The study was approved
by National Medical Ethics Committee (ID 138/05/13)
and was in accordance with the principles embodied in the
Declaration of Helsinki. In brief, ACDSi is a repeated cross-
sectional study that included 11 primary schools stratified

Measurement 1983 Measurement 1993/94 Measurement 2003/04
* 3147 participants (6-14 * 5057 participants (6-19 * 5663 participants (6-19
years) years) years)

* 1570 males
* 1577 females

* 2539 males
* 2518 females

* 3006 males
* 2657 females

=5
Measurement 2013/14
* 4863 participants (6-19

years)

* 2447 males

* 2416 females

FIGURE 1 Sample size and structure
for measurements in 1983, 1994/94,
2003/04, and 2013/14
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by four types of settlement (from rural to rural-industrial,
industrial-rural, and industrial) and 16 secondary schools
stratified by three types of programs (grammar/general, tech-
nical, vocational). Due to data loss in the 1970 fire, meas-
urements from 1983 onward are included in this study. The
research project has been repeated four times: the first time
in 1983 and then every ten years, in 1993/94, 2003/04, and
2013/14. In 1983, only primary schools were included, while
from 1993/94 the sample was expanded with adolescents
(aged 15 to 19). In total, the secular sample included 18730
participants (Figure 1; 9562 males and 9168 females). They
were divided into three groups according to their age: 6-10,
11-14 and 15 to 19 years, similar to other studies investigat-
ing this topic.30’31

2.3 | Testing procedures
In each school, one of the physical education teachers was
assigned as coordinator. The coordinators helped with ob-
taining consent forms and parent questionnaires, with setting
up the measurement schedule, informing other teachers and
school staff about the organization of the measurements, etc.
The measurements were organized between 8.00 and 14.00
and lasted two or three days, depending on the sample size
of each school. A group leader led each of the three groups
(anthropometry, motor testing, and questionnaires) and a
measurement leader took care of the coordination between
all three groups. All measuring equipment that was not part
of the standard school gym equipment was brought to the
school by the research team. All testing equipment was rou-
tinely calibrated every day throughout the testing period.
Anthropometric measurements and fitness testing in-
cluded many other tests, but for the purposes of the present
study, data from body weight, height, BMI and triceps skin-
fold (anthropometry), standing long jump, bent-arm hang,
and sit-ups 60 s test (muscular fitness tests) were used.

2.4 | Anthropometric measurements

Only standard non-invasive anthropometric measurements
were taken. In all measurements, body height was measured
to the nearest millimeter. Body weight was measured to the
nearest 100 g. Participants were measured barefoot. The
electronic scale was checked for accuracy every time it was
moved. BMI was calculated as body weight per square meter
of height (kg/mz). In addition, the skinfold of the triceps
muscle was measured with 1 mm accuracy. For the last two
measurements (2003/04 and 2013/14), we used the GPM 101
anthropometer (Siber & Hegner) to measure body height,
the Tanita BWB-800P portable electronic scale (Arlington
Heights) to measure body weight, and the Harpenden fat
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caliper (Baty International Ltd.) to measure triceps muscle
skinfold. For all previous measurements, the devices used
were standardized with comparable accuracy.

2.5 | Muscular fitness tests

The physical fitness tests were conducted and evaluated
using the SLOfit*> and EUROFIT protocols.*® The following
tests were included in the analysis according to the purpose
of this study

2.5.1 | Standing long jump

Muscular power was evaluated by jumping a distance from
a standing starting position. The better of two attempts was
recorded. The result was given in centimeters.

2.5.2 | Bent-arm hang

Muscular strength of the upper body was evaluated by the
bent-arm hang test. This test determines the maximum amount
of time a participant can remain suspended by the arms while
keeping his chin just above the bar. If the participant reached
2 min, the test was completed with the best result.

2.5.3 | Sit-ups 60 s test

The function of the abdominal musculature was assessed by
the maximum number of sit-ups achieved in 60 seconds. The
test began in a supine position with the arms crossed on the
chest and the palms resting on the opposite shoulders. The
knees were bent at a 90° angle, and the heels and feet were
flat on the mat. The assistant sat at the feet of person being
measured and grasped them firmly below the knees with their
hands. The participant had to rise to a sitting position with
the elbows extended so that they touched the knees. The total
number of correctly performed and completed sit-ups within
60 seconds was counted.

2.6 | Statistical analysis

Statistical Package for the Social Sciences—SPSS v 27.0 for
Windows (IBM) was used for data processing and analysis.
Boys and girls were analyzed separately. Data were tested for
normality using the Kolmogorov-Smirnov analysis for each
age group (n = 3) and for both genders separately. Values
outside the interval of +3 SDs (outliers) were excluded from
further analysis.'® It should be noted that all analyses were
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performed on three previously specified age groups: 6-10,
11-14, and 15-19 years. Analysis of covariance (ANCOVA)
was used to compare differences in muscular fitness between
the decades in each age and gender group. To eliminate
the effect of anthropometry, body height, weight, and BMI
were used as covariates, with the decade being a fixed fac-
tor. The Bonferroni post-hoc test was used several times for
comparisons in both types of analysis. A p-value of 0.05 was
considered statistically significant. Results in the figures are
presented as means, while results in the tables are presented
as percentages (relative differences).

3 | RESULTS

Figure 2 presents the secular trends of body height, weight,
BMI, and triceps skinfold of Slovenian schoolchildren over
the three decades.

Boys
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As shown in Figure 2, anthropometric measures such
as body height, weight, and consequently BMI, and triceps
skinfold, have increased over the last three decades. We can
see that the solid line representing the 1983 schoolchildren
occupies the lowest position on almost the entire time axis,
while the dotted line representing the 2013/14 schoolchildren
occupies the highest position most often.

The results for muscular fitness are shown in Figure 3.
Initial analysis showed that, as expected, boys generally
achieved significantly higher results than girls. In addition,
older students generally performed better than younger ones.

Relative differences between each individual test result
for all three tests, both genders and all age groups are shown
in Table 1.

Table 1 and Panel A in Figure 3 reveals that the muscle
power of children and adolescents manifested through stand-
ing long jump has been declining over the decades in all age
groups. This was noticeable in both genders, but was more

Girls

SEPTELT L S

10 11 12 13 14 15 16 17 18 19

10 11 12 13 14 15 16 17 18 19

11 12 13 14 15 16 17 18 19

FIGURE 2 Height (A) weight (B)
body mass index (BMI; C) and triceps
skinfold (D) of schoolchildren aged 6 to
19 years in 1983 (solid line), 1993/34
(dashed line), 2003/04 (small dashed line),
and 2013/14 (dotted line). The data are
presented as mean values
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FIGURE 3 Left-hand panels show
mean test scores for boys; right-hand panels 230
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TABLE 1 Relative secular changes in the standing long jump, bent-arm hang and sit-ups 60 s performance from 1983 to 2014

1983- 1983- 1983- 1993/94- 1993/94- 2003/04-
Test Gender Age group 1993/94 2003/04 2013/14 2003/04 2013/14 2013/14
Standing long jump Boys 6-10 years -0,3% -23%" -2,6%" -1,9% -23%" —-0,4%
11-14 years 0,7% -0,9% -2,1%" —-1,6%* -27%" -12%
15-19 years / / / 0,0% -23%" -2,3%"
Girls 6-10 years 0,2% 0,1% -1,8%" -0,1% -2.0% —-1,9%
11-14 years -0,9% 0.5% -1,5% 1.4% -0,6% -2,0%"
15-19 years / / / 0,3% -1,6% —-1.8%
Bent-arm hang Boys 6-10 years — 15,5%** —41,0%** —40,6%** —30,1%** —29,7%** 0,6%
11-14 years —114%"  -251%" = -282% = —154%** —189%" = —42%
15-19 years / / / 8,8%** 93%" 0,4%
Girls 6-10 years —23,5%" —40,1%"" —429%" —21,7%** -251%" —4,4%
11-14 years -13,1%" —27.4%"" —21,1%" -16,5%"" -92% 8,7%"
15-19 years / / / 2,7% 73% " 4,5%
Sit-ups 60 s Boys 6-10 years / / / -3,8% 13,8%" 18,3%"
11-14 years / / / 73%" 17,1%" 92%""
15-19 years / / / 6,.9% 11,6%" 4.4%"
Girls 6-10 years / / / 1,1% 2.2% 1,1%
11-14 years / / / 11,5%" 23,7%" 10,9%"
15-19 years / / / 13,8%" 15,0%" 1,1%

p < 0.05; #p < 0.01.
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pronounced in boys. The biggest differences were found be-
tween the 2013/14 results and other results. Significant differ-
ences occurred in all age groups except in 6- to 10- and 11- to
14-year-old boys between 2003/04 and 2013/14 year. In addi-
tion, there were no significant differences between 1993/94 and
2013/14 in girls of all ages, although relative differences of up
to 2% were shown in Table 1. However, the difference was on
the border of significance for 6- to 10-year old girls (p = 0.057).

The ANCOVA analysis revealed conspicuous results
regarding muscle strength of children and adolescents’
arms. Namely, results of bent-arm hang test showed that
arm strength has declined over decades in two younger age
groups (6-10 and 11-14 years), but not in the oldest group
(15-19 years), where the exact opposite happened. They have
gotten better over time. This was the case with both genders.
Table 1 reveals an increase of 9.3% and 7.3% over the last
two decades (for boys and girls, respectively). The largest
decrease in arm muscle strength (up to 42.7%) was found be-
tween children aged 6-10 from 1983 to 2013/14.

Unlike the previous two components of muscular fitness,
the overall trend was increasing in repetitive core muscle
strength. The smallest difference in the last two decades was
found between 6- and 10-year old girls (2.2%), while the larg-
est differences were revealed in 11- and 14-year-olds of both
genders (17.1% for boys and 23.7% for girls). This trend has
mostly flattened out over the last decade for both the young-
est and the oldest girls.

4 | DISCUSSION
The aim of this study was to analyze secular trends in muscular
fitness among Slovenian children and adolescents from 1983
to 2014. Anthropometric measures such as height, weight, and
consequently BMI, as well as triceps skinfold as an indicator
of subcutaneous body fat, showed an increasing trend over the
last three decades. Results of muscular fitness tests, controlled
for height, weight, and BMI, showed that boys generally per-
formed significantly better than girls and older students gen-
erally performed better than younger ones. Leg muscle power
declined over the decades in all age groups. This was seen in
both genders, but was more pronounced in boys. The results
of the arm muscle strength test showed that they declined over
decades in two younger age groups (6—10 and 11-14 years),
but not in the oldest group (15-19 years), where just the oppo-
site happened. They got better over time. This was the case for
both genders. Note that, in terms of decades, the largest nega-
tive changes (—30.1%) were observed from 1993/94 to 2003/04
and the smallest changes (—4.2%) from 2003/04 to 2013/14. In
contrast to the previous two components of muscular fitness,
the overall trend for repetitive core muscle strength increased.
Anthropometric measures such as body height, weight,
and BMI have been increasing over the past three decades

(see Figure 2). In addition, the subcutaneous fat tissue, ex-
pressed by the skinfold of the triceps, has also had a growing
secular trend. This was in line with the most studies that in-
vestigated anthropometric characteristics of the adolescents
in the last three decades, '*'#!6-22-23:23-27

In terms of muscular fitness, leg power and arm strength
appear to have declined, while core muscle strength has
mostly increased over the last three decades. This relation of
declining trends in arm and leg muscles was slightly different
from other studies, where an increase in arm strength was
accompanied by a decrease in legs power17 and vice versa.'®
However, when observed separately, a decline in arms and
legs muscular fitness is mostly in line with trends in other
studies.'6-21:2426 Nevertheless, some other authors have
found different results, where there has been an improvement
in these fitness components.”'l&23 Note that all increas-
ing trends in arm muscle strength have been found in the
Handgrip test, which is a biomechanically different task com-
pared with bent-arm hang. This could be explained by the fact
that body weight and body size are positively correlated with
performance when acting against an external force,** such as
the handgrip in this case. At the same time, increased body
weight could make it more difficult to perform the bent-arm
hang test. In addition, the differences were generally slightly
more pronounced in boys than in girls. This was also in line
with several previous studies.”>® This could be potentially
explained by positive association between physical fitness
and maturity in boys, but not in girls, even when body dimen-
sions are controlled,””>® which suggests that maturity has an
independent effect on physical fitness in boys.3 536

In the youngest groups of both genders, there were no
significant differences for all indicators of muscular fitness
over the last decade, except for the increase in repetitive core
strength in boys. These results are consistent with the findings
of Sori¢ and co-workers on secular trends in obesity among
this age group of Slovenian children and adolescents. Namely,
obesity has been decreasing among 7- to 10-year-old boys and
girls since 2009 (APC = —1.9, 95% CI = -3.2 to —0.6 and
APC = —1.6,95% CI = —3.0 to —0.2, respectively).** This can
also be partly explained by the fact that the material conditions
in Slovenia for physical education classes of young students
have improved, as more new school gyms have been built and
these students have also been given space to exercise. Despite
the negligible differences in younger children in our study, we
can assume that differences occur after puberty and during
adolescence due to the demands of the modern lifestyle.

Despite increases in body height, weight, BMI, and sub-
cutaneous fat mass and decreases in muscular power and
strength of legs and arms, core strength increased in both
genders. This secular trend pattern was presented in other
studies as well.'®?%?%27 The increasing trend in the sit-ups
test could also be found in some other European countries.
A slight increase in the sit-ups test was found in Lithuanian
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1620 and Finnish,27 but not in Swedish " youth, where it

decreased. In general, weight and body size are inversely
associated with physical fitness tests, where the work is
performed against gravity, such as standing long jump, sit-
ups, and bent-arm hang tests.’”*® On the other hand, as
already mentioned, weight and body size are positively cor-
related to performance when performing against an external
force.>**"38 In addition to body size, maturity may also con-
tribute to the explanation of the assessed results, since matu-
rity is generally positively associated with physical fitness in
adolescents.*® Nevertheless, such large differences certainly
cannot be explained by early maturation alone. Thus, there
are definitely other causes that cannot be controlled for. A
marginal explanation could also be the common fashion
among young people for a “flat” stomach, which encourages
them to do abdominal training.20 Furthermore, an increase in
sit-ups test could be the result of school physical education
programs that routinely allow children to exercise their ab-
dominal muscles. It has been shown that the physical educa-
tion system could affect future physical activity and lifestyle
of schoolchildren,39 and consequently could influence health
status and physical fitness in adulthood.

4.1 | Strengths and limitations

The greatest strength of our study is a representative sam-
ple of children and adolescents followed over three decades
using the same methodology. It is important to note that the
sample was always evaluated from the same environments,
which made the comparison between decades ecologically
valid. In addition, the components of body size (height,
weight, and BMI) were considered in the analysis of mus-
cular fitness trends. We also analyzed three different com-
ponents of muscular fitness, which allowed us to see that the
changes in muscular fitness trends were not unilateral and
equal across all dimensions. Nevertheless, regardless of the
significance of the present results, several limitations of the
current study should be noted. First, there are no data on the
maturity level of the children, which could influence the re-
sults obtained. Second, we used one data point per decade.
If we had more frequent data points (one per 5 years or one
per year), this would give us more detailed insight into trend
changes in muscular fitness. Third, the 1983 measurement
lacks data for the sit-ups 60 s test because the research team
decided to perform other tasks at that time.

4.2 | Conclusion

The aim of this study was to analyze secular trends in muscu-
lar fitness, when controlling for height, weight, and BMI, in a
representative sample of Slovenian children and adolescents

Wi LEYm

from 1983 to 2014. We hypothesized that the secular trend
in all monitored components of muscular fitness would de-
crease over time. Leg power and arm strength decreased,
while core muscle strength mostly increased over the last
three decades. Therefore, we can conclude that the hypoth-
esis was only partially confirmed. In addition, the differences
were generally more pronounced in boys than in girls. In the
youngest groups of children, there were no significant differ-
ences in any component of muscular fitness within the last
decade, with the exception of core strength in boys. Since
there was a reverse trend, that is, an increase in arm strength,
in the oldest group (15—18 years), the causes need to be fur-
ther investigated in future studies.

5 | PERSPECTIVE

If this general negative trend continues, it will jeopardize
the health and well-being of future adults and result in se-
rious socioeconomic consequences for humanity. There is
a need to promote healthy lifestyle, raise awareness among
parents and utilize all possible government resources such as
schools, teachers, and media to stop and divert the negative
trend of physical fitness. Teachers need to introduce more
muscle fitness-related content as children's leisure activities
are no longer directing their development in this direction as
much. Some studies show that policy mandates for physi-
cal education in schools may contribute to improvement in
children's physical fitness.*’ It is also recommended that
teachers monitor changes in children's fitness and prepare in-
terventions for the most vulnerable that go beyond the school
campus—that is, parents and contact with the local environ-
ment (health system, sports clubs). Future research on secular
trends in physical fitness should include maturation param-
eters and socioeconomic data in the analyses and consider
more physical factors that may influence the validity of the
obtained results.
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