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Abstract

Introduction. Along with the changing socio-economic status of the Polish society, differences in the nutritional statuses
of children and adolescents as well as a decrease in their physical fitness are becoming apparent. The aim of the study was to
determine ten-year changes in the physical fitness of girls with normal weight-to-height ratios compared to their underweight,
overweight, and obese peers. Material and methods. A total of 5,760 girls aged 13-18 years were examined in 2006, and 2,669
girls were evaluated ten years later. The participants of the study underwent the Eurofit tests, and their height and weight were
measured, which made it possible to calculate BMI. The subjects were divided into groups based on the recommendations of the
International Obesity Task Force. Ten-year differences in physical fitness were expressed in T-scale points, and their magnitude
was estimated using Student’s t-test for independent samples. The frequency of underweight and excess weight was expressed
in percentages, and the size of statistical differences between the groups was evaluated using the y? test. Results. During the
decade analysed, the prevalence of overweight and obesity in the group of girls increased and that of underweight decreased.
From 2006 to 2016, there were no significant changes in the physical fitness of the girls, neither in the calculations for the entire
population nor in the group with normal BMI. On the other hand, an improvement in the level of physical fitness of under-
weight girls and its decrease in overweight and obese subjects were observed. However, the changes were not consistent across
all Eurofit tests. Conclusion. The changes in the weight-to-height ratios and physical fitness of the girls who participated in
the study show that there is a need to undertake inter-ministerial corrective actions aimed at increasing the physical activity of
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children and adolescents, with particular emphasis on students with excess body weight.
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Introduction

In many countries around the world, including Poland, the
prevalence of overweight and obesity among children and ado-
lescents continues to increase. This not only concerns countries
which are highly economically developed but is also becoming
noticeable in developing countries [1, 2]. In addition, this trend
is not evenly distributed throughout a given country but varies
regionally. These observations have been confirmed by the study
of Apfelbacher et al. [3], concerning the incidence of overweight
and obesity among children from East and West Germany; the
research of Fraser and Edwards [4], examining obesity in chil-
dren and adolescents in Great Britain; and that of Grajda et al.
[5], comparing obesity among the young inhabitants of Polish
provinces.

Currently, no uniform global secular trends can be observed
in physical fitness. Their direction and dynamics depend on
the geographical location and economic development of the
country whose population is analysed. Such conclusions were
reached by Tomkinson et al. [6] based on research carried out
on children and youth from 28 countries. Moreover, unfavour-
able changes in the physical fitness of children and adolescents
have been observed in Japan [7], South Australia [8], and EU
countries such as Belgium [9], Spain [10], Finland [11], Lithua-

nia [12], and Poland [13]. The authors of such research have
observed decreases in physical fitness, even though the results
of the assessments of individual motor skills are inconsistent.
According to the authors of the above-mentioned studies, the
current low level of motor skills of girls and boys is related to a
constellation of social, behavioural, physical, psychosocial, and
physiological factors, especially to the increase in BMI in chil-
dren and adolescents in these countries [14].

In the literature, one can find many diagnoses of the bio-
logical condition of children and adolescents. However, there
is little information on whether reduced physical fitness char-
acterises all the girls and boys examined or whether it occurs in
specific groups with particular weight-to-height ratios. There-
fore, the aim of this study is to determine the ten-year changes
in the physical fitness of girls from Eastern Poland characterised
by normal BMI, underweight, overweight, and obesity.

Material and methods

In 2006, a study was carried out into the basic somatic
features and physical fitness of youth from lower and upper
secondary schools living in the Lubelskie and Podlaskie Prov-
inces, as part of principle research at the University of Physi-
cal Education, AWF, in Warsaw (DS. 45). We randomly selected
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120 schools from a list of educational institutions provided by
the local education authorities, making sure that they reflected
the population distribution of the area and trying to choose an
equal number of schools in each province. The results of the
anthropometric measurement performed on 5,760 girls aged
13-18 years were used for the purposes of the current analysis.
Measurements were taken in the same schools in 2016 (as part
of principle research at AWF in Warsaw, DS. 203), and the re-
sults recorded for 2,669 female students aged 13-18 years were
analysed. The number of girls who participated in the two meas-
urements, taking into account their calendar age, is presented
in Table 1.

Table 1. Number of girls from the Podlaskie and Lubelskie Provinces
examined in the study

Age 13 14 15 16 17 18 Total
2006 666 940 880 1053 948 1273 | 5760
2016 519 436 416 398 444 456 | 2669

Source: own research.

The study was carried out in compliance with the principles
outlined in the Helsinki Declaration and was accepted by the
Research Ethics Committee of the University of Physical Educa-
tion in Warsaw.

The anthropometric measurements were performed in ac-
cordance with generally accepted anthropometric techniques
(based on IBP recommendations). The data collected regarding
body weight and height were used to calculate the Body Mass In-
dex (BMI), which measures the ratio of weight in kilogrammes
to squared height in metres. Physical fitness was assessed by
means of the EUROFIT test battery [15]. On the basis of the rec-
ommendations of the International Obesity Task Force and the
cut-off points determined by Cole et al. [16, 17], the participants
were divided into groups, taking into account underweight and
excess body weight. The following groups were established:
Group 1 with grade 3 and grade 2 underweight, Group 2 with
grade 1 underweight, Group 3 with a normal weight-to-height
ratio, Group 4 with overweight, and Group 5 with obesity. We
calculated the percentages of girls with underweight, normal
weight, overweight, and obesity. The statistical significance of
the differences between the numbers of participants qualified
for each of the BMI groups established in 2006 and the corre-
sponding groups from 2016 was determined using the ¥ test.

The material collected in 2006 was subjected to further
statistical processing; we calculated the arithmetic means and
the measures of dispersion for the results obtained in particular
Eurofit tests. The calculations, considering calendar age, were
made both for the whole population and for groups with differ-
ent weight-to-height ratios. These values were used as a point of
reference for analysing the differences between the girls exam-
ined in 2016 and those assessed ten years earlier. For this pur-
pose, all the individual results of physical fitness tests from 2016
were normalised to the results of those from 2006 using a T
point scale (50 points). Such a procedure made it possible to ho-
mogenise the fitness test units, and calculating the mean of all
the motor measurements in the group made it possible to assess
overall fitness, which was treated as a statistical category [18].
Such calculations were carried out within the subgroups deter-
mined according to BMI criteria and for the whole group. Using
the aforementioned principle, the results of girls belonging to
particular BMI subgroups assessed in 2016 were normalised to
the results of those examined in 2006. Arithmetic means and
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measures of dispersion of the point values of each of the fitness
tests were then calculated for the entire population analysed.
The statistical significance of differences between the mean val-
ues obtained in 2006 and 2016 was verified with Student’s t-test
for independent samples.

Results

In the decade 2006-2016, there was a significant decrease in
the percentage of girls with grade 1 underweight (3.44%) and an
increase in the percentage of those with overweight (2.71%) and
obesity (2.87%). When it comes to the groups with considerable
underweight and normal BM], the differences between the per-
centages of subjects were small (Tab. 2). However, the changes
observed were not homogeneous across groups of different cal-
endar ages. For the age of 13-15 years, there was a statistically sig-
nificant decrease in the percentage of girls in groups with grade
1and 2 underweight (1.72% and 4.23%). On the other hand, the
percentages of overweight (2.48%) and obese (2.70%) girls in-
creased. Less considerable differences were found in girls aged
16-18 years, as only a significant increase in the percentages of
overweight (2.33%) and obese (2.94%) girls was observed. In
other groups determined according to BMI criteria, there was
only a tendency only for the percentages of subjects with under-
weight and normal BMI to decrease.

Table 2. Percentages of girls in groups with normal BMI, underweight,
overweight, and obesity

Agein | Year of
years | research

2006 3.97 11.53 77.75 6.11 0.64
1315 | 2016 225 7.30 78.51 8.59 3.34
X2 test 9.41* 17.80* 0.04 8.49* | 46.72
2006 4.83 13.96 77.54 3.55 0.12
16-18 | 2016 6.12 12.08 72.71 5.88 3.06
X test 2.95 2.37 1.76 11.71* | 90.30
2006 4.46 12.93 77.63 4.63 0.34
1318 | 2016 4.03 9.49 75.85 7.35 3.21
X2 test 0.90 19.15* 0.48 25.34* | 133.00

Group 1| Group 2 | Group 3 | Group 4 | Group 5

*

- statistically significant difference at p < 0.05.
Source: own research.

Between 2006 and 2016, no decrease was found in the level
of physical fitness of the girls examined, which is confirmed by
the results obtained for overall fitness (Tab. 3). However, the
results were not consistent in all the Eurofit tests. A statisti-
cally significant decrease of p < 0.05 was found in the results
recorded for the endurance shuttle run (3.63 points), balance
(3.27 points), and standing broad jump (1.58 points) tests. Dur-
ing both phases of the study, results at a comparable level were
achieved in the sit-and-reach, 10 x 5 m shuttle run, tapping, and
30-s sit-up tests. On the other hand, a significant improvement
in the results at the level of p < 0.01 was noted in hand grip (3.35
points) and bent arm hang (2.47 points).

The above-described trends in the Eurofit test results do
not, however, indicate whether in all groups selected according
to BMI criteria, the direction of the changes was in line with the
trend observed for the whole population of girls from Eastern
Poland. It is also interesting to explore in which of the groups
the ten-year changes in physical fitness were the greatest and
in which they were the smallest. On the basis of the results for
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Table 3. T-scale results of physical fitness test results for girls aged 13-18
from 2016 normalised to the results of girls from 2006

Group | Group | Group | Group | Group

Fitness test All 1 2 3 4 5

Balance 4673+ | 5130 | 51.20* | 46.39 | 44.30" | 43.41%
Tapping 4978 | 4877 | 5029 | 4992 |47.08" | 47.73"
Hand grip 53.35" | 5558 | 54.84" | 5359 | 54.14" | 45.70"
J.Sut;';ding broad | g 40+ | 49.03 | 48.d9* | 48.77* | 48.32* | 48.20*
Sit-ups 5033 | 50.90 | 50.78 | 52.00% | 50.01 | 44.40%

Bentarmhang | 52.47** | 53.65** | 50.97* | 51.50** | 49.22 | 55.54**

Endurance | 4o aze | 4791+ | 48.68* | 46.46™ | 4333+ | 41,94
shuttle run
:l?nxsmsr‘“t"e 5039 | 5019 | 5141* | 5045 | 49.48 | 50.16

Sit-and-reach 49.73 | 52.70* | 51.96™ | 49.70 | 49.61 | 48.24*
Overall fitness | 49.97 | 50.73* | 50.94* | 50.14 |48.48" | 46.02*

*

- statistically significant difference at p < 0.05 (Student’s t-test);
*%

- statistically significant difference at p < 0.01 (Student’s t-test).
Source: own research.

overall fitness, it can be concluded that in the decade analysed,
the greatest negative changes occurred in obese girls (3.98
points), followed by overweight girls (1.52 points), and the dif-
ferences were statistically significant at the level of p < 0.01. On
the other hand, a significant improvement in the results at p <
0.05 was noted in underweight girls (0.73 and 0.94 point for
Groups 1 and 2, respectively). No significant differences were
found for the group with normal BMI. The analysis of individ-
ual samples showed that between 2006 and 2016, among girls
with underweight, there was a statistically significant improve-
ment of p < 0.01 in balance, hand grip, bent arm hang, and sit-
and-reach, as well as in the subjects with grade 1 underweight
in the 10 x 5 m shuttle run. Lower results were observed in the
endurance shuttle run (p < 0.01) and tapping (p < 0.05) tests in
group 1 as well as the standing broad jump test in group 2 (p <
0.05). In the remaining fitness tests, the results were at a similar
level in the two measurements. It should be emphasised that
in girls with normal BMI, the directions of changes in physical
fitness were similar to the ones described above for the whole
population examined; it was only in the 30-s sit-up test that a
significant improvement in the results was noted (p < 0.01). In
contrast, among girls with excess body weight, unfavourable
secular trends were found in balance (p < 0.01), tapping (p <
0.01), standing broad jump (p = 0.05), and endurance shuttle
run (p < 0.01), and additionally in the obese group, in 30-s sit-
ups (p = 0.01) and sit-and-reach (p < 0.05). Favourable changes
at p < 0.01 were observed in hand dynamometry in overweight
girls and in bent arm hang in obese girls. No significant differ-
ences were observed in the other fitness tests.

Discussion

The global trend consisting in the increase in overweight
and obesity, described in the introduction, is also apparent
in Poland. Currently, Polish youth, including pupils from the
Lubelskie and Podlaskie Provinces, are less overweight and
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obese in comparison to their peers from most European Union
countries, the USA, or Canada [14]. An analysis of the literature
from 2005-2015 carried out by Malczyk [19] showed significant
abnormalities in the nutritional status of children and adoles-
cents in Poland. On average, underweight affects between 3%
and 18% of boys and up to 20% of girls. The percentage of over-
weight children and adolescents oscillates around 12-15%, and
the percentage of those with obesity is approximately 5-11%.
Despite growing knowledge of the risk factors for excess weight
and other chronic non-infectious diseases, these figures contin-
ue to increase. A national-scale study involving a large sample
of Polish children and youth found that the incidence of obes-
ity has increased about three-fold in boys and as much as ten-
fold in girls in the past 30 years. It was also found that 16.4% of
children and adolescents aged 7-18 years were overweight and
obese and that the figures were not the same in all regions of
the country [20]. The current study also revealed a significant
increase in the percentage of overweight and obese girls, which
was not observed in an analysis of the changes in the twenty
years preceding the time period analysed in this study [21].
Therefore, we would argue that it is questionable to include the
eastern provinces of the country among regions with a low risk
of child overweight and obesity, as suggested by Grajda et al [5].
The findings of the current study lead to the conclusion that the
slower rate at which socio-economic development is occurring
in Eastern Poland is associated with slower negative biological
changes in the young generation, and the pace of these changes
tends to increase with the improvement of the socio-economic
situation of the inhabitants of these areas. It should be stressed
that the Lubelskie and Podlaskie Provinces are among the less
economically developed regions of Poland, which are to a great-
er extent affected by unemployment [22]. In order to confirm
these observations, a broader, national-scale study should be
carried out.

The increasing prevalence of excess body weight to a large
extent stems from the development of civilisation. This is re-
lated to the wide availability of rapid means of transport and
communication, household appliances, and other everyday life
conveniences. Some of the positive effects of these changes are
that they have made it possible to spend more time during the
day and year on education, extra-curricular activities, and work.
However, these changes have also had a negative impact on the
functioning of the human body. One phenomenon which is det-
rimental to human health is the excessive use of television and
the Internet. Fascinated by the opportunities offered by multi-
media (which, thanks to computers and the Internet, make it
possible to learn about the world and communicate with oth-
ers without leaving one’s room) and absorbed by their mobile
phones, children and youth are increasingly spending their free
time passively. This inactive lifestyle is reflected not only in in-
creased body weight, but also in reduced physical fitness [23,
24, 25].

A decrease in the physical fitness levels of children and ado-
lescents observed in many countries in Europe and worldwide
was also noted in national-scale studies in Poland which com-
pared observations made on large samples in the years 1979-
1989-1999-20009. In the first decade analysed, there was a minor
improvement in the fitness test results of the girls and boys ex-
amined, and in the second decade, a decline in performance was
observed. The data for 1999-2009 showed a further decrease in
physical fitness [13, 18]. On the basis of a review of the literature
devoted to this issue, it can be concluded that the changes oc-
curring in the physical fitness of children and adolescents do
not have the same nature in all regions in Poland. Ignasiak et
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al. [26], who examined students of schools in the Dolnoslaskie
Province in the years 2001-2002 and 2010-2011, observed de-
creases in the results in the tapping, 30-s sit-up, and sit-and-
reach tests. The authors found positive changes for the 10 x 5
m shuttle run and hand grip tests and noted that the results
in standing broad jump had stabilised. Different changes were
observed in girls and boys from Cracow [27]. Participants of a
series of studies conducted in 2010 performed better than their
peers examined in 2000 in all the Eurofit tests; the only excep-
tion was standing broad jump, for which the results were on the
same level in both measurements. Studies carried out in Eastern
Poland in 1986-1996-2006 showed a similar level of physical fit-
ness in girls in the first decade and its decrease in the second
decade [28]. On the basis of the results of the current study, it
can be concluded that in recent years, in the eastern provinces of
Poland, physical fitness has not decreased in girls, but the level
of motor skills has changed, which may indicate adaptation to a
changing environment. Particularly alarming is the fact that the
greatest negative changes in motor tests were found in girls with
excess body weight. This is especially worrying as such young
people already have the lowest physical fitness [14]. It should
be emphasised that the greatest negative changes in functional
development occurred in groups in which the greatest adverse
changes in weight-to-height ratios were observed.

In all groups selected according to BMI criteria, similarly
as is the case for adolescents from many countries [6], negative
changes in cardiorespiratory endurance, which have an adverse
impact on body function, were observed. It should be borne
in mind that obesity leads to the development of many health
disorders such as cardiac ischemia, hypertension, type 2 diabe-
tes, colorectal cancer, or prostate cancer [29]. Another cause of
increased weight-to-height ratios and reduced physical fitness
is related to the health awareness of children and their parents
and the forms of sports activities offered by educational insti-
tutions. In a report on physical education and sport in public
schools in Poland [30], the Supreme Audit Office (NIK) gave
a negative assessment of the education received by students at
the audited schools in terms of the physical education and con-
ditions for practising school sports that were provided. Apart
from presenting other critical conclusions, the authors of the
report stated that over 24% of lower and about 38% of upper
secondary school students did not participate in physical edu-
cation classes. As many as 74% of schools did not take any pre-
ventive measures with regard to this issue. The most frequent
reasons why students did not participate in PE lessons were the
lack of suitable clothing (33.10%), justification notes from par-
ents (22.80%), and medical certificates (17.70%). Observations
conducted among children and adolescents with overweight
and obesity show that girls overestimate the size of their bodies,
which is a source of frustration, low self-esteem, and negative
self-image, and they are reluctant to participate in physical edu-
cation classes, fearing criticism from their peers [31]. Many ex-
emptions from physical exercise are not justified. Experts stress
that children with many illnesses such as spinal curvature disor-
ders, asthma, obesity, or diabetes should not be exempted from
PE classes. Physical activity is one of the elements of the treat-
ment and should take place according to a doctor’s recommen-
dations. There is an urgent need to encourage young people to
engage in physical activity and to create the right conditions for
them to practise it. Inter-ministerial corrective actions should
be taken with regard to this matter: new national programmes
aimed at improving the physical activity of children and adoles-
cents should be developed and introduced with particular em-
phasis on students with excess body weight, as this is the group
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where the greatest negative changes in physical fitness have
taken place. The current actions of the state administration are
insufficient and are mostly targeted at specific groups of girls
and boys, mostly with normal BMI.

Conclusion

Based on the current analysis, the following conclusions
and observations can be formulated:

1. Between 2006 and 2016, the percentage of overweight and
obese girls increased, and that of girls with grade 1 under-
weight decreased, which was not observed in the previous
two decades.

2. In the decade analysed, the negative trend in physical fit-
ness observed in previous studies was inhibited in girls.
Only differences in the level of motor skills were noted,
which may be considered evidence of adaptation to a chan-
ging environment consisting in an increase in the level of
motor skills used more frequently in everyday life and decli-
ne of those used less frequently.

3. In 2006 and 2016, a similar level of physical fitness was ob-
served in the groups with underweight and normal BMI,
while its decrease was found in overweight and obese sub-
jects, especially in cardiorespiratory endurance, which may
lead to the development of many health disorders.

4. The changes in the weight-to-height ratios and physical fit-
ness of the girls who participated in the study show that
there is a need to undertake inter-ministerial corrective ac-
tions aimed at improving the physical activity of children
and adolescents, with particular emphasis on those with
excess body weight.
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