
  

Sustainability 2020, 12, 5183; doi:10.3390/su12125183 www.mdpi.com/journal/sustainability 

Article 

Secular Trends in the Achievement of Physical 
Activity Guidelines: Indicator of Sustainability of 
Healthy Lifestyle in Czech Adolescents 
Josef Mitáš 1,*, Karel Frömel 1,2, Petr Valach 3, Aleš Suchomel 4, Michal Vorlíček 1  

and Dorota Groffik 2 
1 Faculty of Physical Culture, Palacký University Olomouc, 771 11 Olomouc, Czech Republic; 

karel.fromel@upol.cz (K.F.); michal.vorlicek@upol.cz (M.V.) 
2 Institute of Sport Science, The Jerzy Kukuczka Academy of Physical Education, 40-065 Katowice, Poland; 

d.groffik@awf.katowice.pl 
3 Faculty of Education, University of West Bohemia, 301 00 Plzeň, Czech Republic; pvalach@ktv.zcu.cz 
4 Faculty of Science, Humanities and Education, Technical University of Liberec,  

460 15 Liberec, Czech Republic; ales.suchomel@tul.cz 
* Correspondence: josef.mitas@upol.cz; Tel.: +420-58-563-6745  

Received: 5 June 2020; Accepted: 23 June 2020; Published: 25 June 2020 

Abstract: (1) Background: The increasing socio-economic and educational demands on adolescents 
should be reflected in their lifestyles accordingly. The aim of the study was therefore to identify the 
trends in the achievement of physical activity (PA) guidelines by Czech adolescents through 
objective and subjective PA monitoring. (2) Methods: The research was carried out between 2010 
and 2017 and involved 49 secondary schools, 2 higher vocational schools, and 8 universities in the 
Czech Republic. In total, the projects involved 1129 girls and 779 boys. PA monitoring was 
performed by Yamax SW-700 pedometers and IPAQ-long questionnaires. (3) Results: The results 
according to the average number of steps/day confirm a decrease in the amount of PA in boys and 
girls and in the achievement of the recommended 11,000 steps/day. However, the estimates of 
meeting the recommended weekly PA expressed as MET-min/week based on the IPAQ-long 
questionnaire are not so convincing about the decrease. (4) Conclusions: The combination of 
objective monitoring of weekly PA using wearables and subjective estimates of weekly PA using a 
questionnaire regarding the ease of application, appears to be a sufficient indicator of the status of 
and trend in PA and thus the sustainability of a healthy lifestyle in youths. 

Keywords: steps; IPAQ-long; monitoring; health behaviour; adolescents 
 

1. Introduction 

The growing burden on adolescents in education and information-technology areas [1,2] or in 
socio-economic areas brings health risks [3] that require an adequate response concerning the lifestyle 
of youths. The requirements for changes to support a healthy lifestyle in adolescents [4] respond to 
an increase in sedentary behaviour [5–7] and a decrease in physical activity (PA) and physical fitness 
in youths globally [8–10]. The call for action in getting to know the trends in levels and structures of 
PA is apparent in research methods [1,7,8]. In adolescents, the most important observation 
highlighted a decrease in vigorous PA (VPA) [11], which is primarily associated with 
cardiorespiratory fitness [12]. However, according to Booth, Rowlands, and Dollman [13], there is 
little evidence of the decrease in PA among children and adolescents. Moreover, interventions for 
improving muscular fitness in adolescent boys demonstrated small-to-moderate effects [14]. 
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A firm association between the level of PA and sedentary behaviour on the one hand and a high 
prevalence of overweight and obesity in children and adolescents on the other has been globally 
demonstrated [15]. The severity of the condition does not change, although the trends in overweight 
and obesity in children and adolescents, for example in most European countries, have stabilized 
[16,17]. In recent decades, however, the indicators of mental health in adolescents have become 
significantly worse, including depressive symptoms, anxiety, and others [18,19]. “The Lancet 
Commission” calls for a global solution [20]. A challenge for Czech schools is the fact that almost 25% 
of adolescents in secondary schools show depression symptoms and academic stress [21]. 

Decreasing PA and increasing sedentary behaviour is also reflected in the meeting of PA 
guidelines. A significant number of youths fail to achieve the recommendation of at least 60 min 
PA/day [22] or the guidelines for school PA [23–25], leisure PA [26], or active transport [27]. Objective 
and subjective measures allow us to get estimates for meeting such guidelines from a long-time 
perspective. 

In the Czech Republic, there has also been a decrease in PA and an increase in sedentary 
behaviour in youths [10,28] accompanied by non-achievement of PA guidelines in the main segments 
of the school day, i.e., before school, during school, and after school [21,24,29]. Most adolescent girls 
and boys also fail to meet the recommendations on active travel on at least five or more days per 
week for 30 or more minutes [30]. 

In the structure of weekly PA, higher PA on school days as opposed to weekend days has long 
been confirmed [31–34]. In the Central European region, the least PA was observed on Sunday among 
secondary school students [2,32]. In the Czech Republic and Poland, the most physically active day 
for adolescents is Friday [29,32]. 

According to the authors of the present paper, a serious problem is that it is impossible to 
maintain an adequate level of health and life satisfaction considering the long-term decreasing PA 
and increasing sedentary behaviour trends and, at the same time, meet the increasing demands on 
academic performance of adolescents in schools. Therefore, the following research questions have 
been formulated: What are the differences in the meeting of PA guidelines in girls and boys 
monitored in two-year stages over a period of eight years? What are the differences in PA trends 
monitored by pedometers and estimated by questionnaires? Does the weekly PA structure change 
over time? 

The aim of the study was to identify the trends in the achievement of physical activity guidelines 
by Czech adolescents through objective and subjective PA monitoring. 

2. Materials and Methods  

2.1. Participants and Setting 

The research involved 49 secondary schools, 2 higher vocational schools, and 8 universities in 
the Czech Republic, and it was performed in spring (April to June) and autumn (September to 
November) between 2010 and 2017. During the research period, there were no extreme seasonal 
differences in weather. The secondary schools were selected according to the placement of student 
teachers training, but with proportional correction by type of school (general, vocational, apprentice) 
and size of the location (<30,000; 30,000–100,000; >100,000 inhabitants). Higher vocational schools and 
universities were selected according to established long-term research cooperation. In these schools, 
the research involved first-year students. In total, the research involved 1129 girls and 779 boys aged 
15–19 years (Table 1). Only 15.8% of boys and 8.4% of girls were in the overweight and obese category. 
Students with regular swimming and or sports training that did not allow the use of wearables were 
involved in the monitoring, but their results were not included in the final sample. 
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Table 1. Sample characteristics. 

Characteristics 
n 

Age  
(years) 

Weight  
(kg) 

Height  
(cm) 

BMI  
(kg·m−2) 

Gender Time stages M SD M SD M SD M SD 

Girls 

2010–2011 327 17.92 1.99 59.73 8.00 167.54 6.26 21.25 2.33 
2012–2013 342 18.40 1.71 60.47 8.42 167.74 6.71 21.49 2.73 
2014–2015 233 18.21 1.76 59.94 8.89 166.99 7.02 21.45 2.55 
2016–2017 227 18.67 1.54 59.89 8.07 167.57 6.34 21.31 2.46 

Boys 

2010–2011 252 18.68 1.75 73.41 10.26 180.68 7.11 22.44 2.48 
2012–2013 189 18.18 2.06 73.02 11.66 178.86 8.94 22.80 3.16 
2014–2015 162 18.72 1.68 74.63 15.49 179.25 6.09 23.22 4.80 
2016–2017 176 18.60 1.75 74.17 11.43 180.26 7.93 22.76 2.82 

Note. M = mean; SD = standard deviation; BMI = body mass index. 

2.2. Measures 

2.2.1. Objective Monitoring of Step Counts 

Throughout the whole period of the research, objective monitoring of weekly PA was performed 
by Yamax Digiwalker SW-700 pedometers (Yamax Corporation, Tokyo, Japan), which are suitable 
devices for monitoring habitual PA [35]. The participants wore the pedometers on the hip in the 
region of the body’s centre of gravity throughout the whole day (except during showering and 
swimming) until their evening personal hygiene activities before bed. Measures worn on the hip 
appear to be most suitable and sufficiently accurate [1].  

The data were cleaned in compliance with the recommendation by Tudor-Locke at al. [36]; 
therefore, data in the range of 1000–30,000 step/days were used. Furthermore, records of at least three 
school days and one weekend day were used in compliance with the requirements for accelerometer 
monitoring [37]. Any missing school days in the record were replaced by the closest preceding school 
day and the first missing day by the following day. A missing weekend day was replaced by any 
recorded weekend day. Due to non-compliance with the requirements, a total of 153 participants 
were removed from the dataset, and 124 data were complemented with daily step counts. 

According to Adams, Johnson, and Tudor-Locke [38], the recommendation of ≥60 minutes/day 
of moderate-to-vigorous physical activity (MVPA) would ideally correspond to 11,500–14,000 
steps/day; therefore, the recommendation on the daily number of steps was determined identically 
to other research studies [21,39,40], i.e., 11,000 steps/day. 

2.2.2. Subjective Estimates of Physical Activity. 

The weekly participants’ PA was examined using the Czech version of the “International 
Physical Activity Questionnaire—long form” (IPAQ-LF) [41], which allows more detailed analyses 
of the weekly structure of PA in young and middle-aged adults (15–69 years). Its use for adolescents 
aged 15–17 significantly correlated for time spent in active travel and for moderate and vigorous 
activities as well as for total physical activity [42,43]. The Czech version was subject to the required 
translation procedure according to the “EORTC Quality of Life Group” [44] and empirically verified 
in international comparative studies [2,34,40]. Since our experience and empiric results indicate the 
overestimation of time spent doing vigorous PA and the underestimation of time spent sitting [45] 
and the data adjustments according to the IPAQ-LF manual affect the composition of weekly PA, our 
procedure was as follows: (a) compared to the IPAQ-LF manual, the MET-min of vigorous PA (VPA) 
was multiplied by six instead of the recommended multiplication by eight to reduce overestimation 
in this variable; (b) estimated minutes in each type of PA, sitting, and transportation (travel in a motor 
vehicle, e.g., train, bus, car, or tram) over a week were converted to average minutes of PA per day; 
(c) the maximum average daily sum of PA, transportation, and sitting was set at 960 min. A total of 
116 respondents were removed from the dataset for non-compliance with these criteria. 
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The PA recommendation based on the results of the IPAQ-LF questionnaire was set at 60 
minutes of MVPA on 5 or more days per week, which is closest to the generally acknowledged 
recommendations according to Healthy People 2020 [46], 2008 Physical Activity Guidelines for 
Americans [47], and EU Physical Activity Guidelines [48].  

2.2.3. Design and Procedures  

At the initial meeting in the computer room, all participants registered in the web application 
“International Database for Research and Educational Support” (Indares) (www.indares.com). The 
participants were informed about the method of data processing and compliance with the General 
Data Protection Regulation in the European Union in the Indares web application. 

Further procedure: (a) Completion of individual identification characteristics; (b) presentation 
of pedometers, method of wearing, and recording of time and steps; (c) subjective evaluation of PA 
for the past 7 days in the IPAQ-LF questionnaire; (d) on the following day, initiation of weekly PA 
pedometer monitoring; (e) after a week, pedometers and record sheets were returned and; (f) usually 
within 2 to 3 weeks, there was a submission of feedback on group achievement of PA 
recommendations and information on the possibilities of analysis of individual results using the 
Indares web application. 

2.2.4. Statistical Analysis 

The Statistica version 13 (StatSoft, Prague, Czech Republic) and SPSS version 25 (IBM, Armonk, 
NY, USA: IBM Corp.) software was used for the statistical analyses. Descriptive characteristics and 
cross tables to assess the differences in compliance with the PA guidelines were used. The Kruskal–
Wallis ANOVA and Mann–Whitney U test were used to investigate the differences in PA by MET-
min and the four time stages (I—2010–2011; II—2012–2013; III—2014–2015; IV—2016–2017). To 
determine the difference in PA by steps/day and time stages, One-Way ANOVA and the Scheffe post-
hoc test were used. To analyse the structure of weekly PA, Repeated Measures ANOVA and the 
Scheffe post-hoc test were used. The practical significance was estimated using the η2, ηp2, and w 
coefficients [49,50], which were interpreted as follows: η2: 0.01–0.059 small, 0.06–0.139 medium, and 
≥ 0.14 large effect size and w: 0.1–0.29 small, 0.3–0.49 medium, and ≥ 0.5 large effect size. Statistical 
significance was set at a level of p ≤ 0.005. 

3. Results 

3.1. Trends in Physical Activity by Average Daily Number of Steps and Using the IPAQ-LF Questionnaire 

Between time stages 2010–2011 and 2016–2017, a statistically significant decrease was observed 
in the number of steps/day in girls (F(3,1125) = 8.09, p < 0.001; ηp2 = 0.021) as well as boys (F(3,775) = 15.34, 
p < 0.001; ηp2 = 0.056) (Figure 1). The differences according to the estimate of weekly PA by the IPAQ-
LF questionnaire between MET-min/week were statistically significant in boys (F(3, 775) = 2.88, p = 0.035; 
ηp2 = 0.011) but not in girls (F(3,1125) = 2.11, p = 0.097; ηp2 = 0.006).  

In the interaction between sex, school level, and time stages (2 sex × 2 secondary and tertiary 
schools × 4 time stages) the differences were not statistically significant for steps/day (F(16,1892) = 0.79, 
p = 0.497, ηp2 = 0.001) or MET-min/week (F(16,1892) = 1.02, p = 0.384, ηp2 = 0.002). This suggests that the 
type of school variable does not play a significant role in the decrease of PA over the time stages. 
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Figure 1. Average steps/day and aggregate MET-min/week in girls (n = 1129) and boys (n = 779) 
between 2010 and 2017. 

3.2. Trend in The Achievement of Physical Activity Guidelines 

Moreover, in the meeting of the recommendation of 11,000 steps/day, a statistically significant 
decrease was observed in girls (χ2 = 17.01, p < 0.001, w = 0.123) and boys (χ2 = 34.73, p < 0.001, w = 
0.211) (Figure 2). Concerning the achievement of the recommendation of at least 5 × 60 min MVPA, 
the differences between the stages are not statistically significant neither in girls (p = 0.831) nor in 
boys (p = 0.123). 

 
Figure 2. Meeting the recommendation of 11,000 steps/day and at least 5 × 60 min of MVPA in girls 
(n = 1129) and boys (n = 779) between 2010 and 2017. *** p < 0.001. 
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3.3. Trend in the Structure of Weekly PA in Girls and Boys by Steps/Day 

The differences between the days of the week and time stages (7 days × 4 stages) are statistically 
significant in both girls (F(18,6948) = 3.05, p < 0.001; ηp2 = 0.008) and boys (F(18,4860) = 2.43, p < 0.001; ηp2 = 
0.009). Statistically significant differences concerning individual days of the week between stages 
2010–2011 and 2016–2017 were observed in girls on Wednesday (p = 0.015), Thursday (p < 0.001), 
Friday (p < 0.001), and Saturday (p = 0.003) (Figure 3A) and in boys on Monday (p = 0.005), Tuesday 
(p < 0.001), Wednesday (p = 0.047), Thursday (p < 0.001), Friday (p < 0.001), and Saturday (p = 0.007) 
(Figure 3A). The biggest difference in steps/day between these stages was observed on Friday in girls 
(13,654 versus 11,296 steps/day) as well as boys (14,405 versus 11,849 steps/day). 

 
(a) 

 

(b) 

Figure 3. Steps/day during the week in girls (a) and boys (b) between 2010 and 2017. * p < 0.05, ** p < 
0.01, *** p < 0.001. 
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3.4. Trends in the Achievement of the Recommendations of 11,000 Steps/Day in Girls and Boys on Individual 
Days of the Week 

The decrease in steps/day in 2016–2017 as opposed to 2010–2011 was also confirmed in the 
meeting of the recommendation of 11,000 steps/day on most days of the week (Table 2). In boys, there 
was no statistically significant decrease in the meeting of the recommendation except on Saturday 
and in girls, on Monday, Tuesday, and Sunday. 

Table 2. Meeting the 11,000 steps/day recommendation on individual days of the week by time stages 
in girls (n = 1129) and boys (n = 779). Bold numbers show the significant differences. 

Day Sex 
Stages % (n) Differences between Stage I and IV 

I 
2010–2011 

II 
2012–2013 

III 
2014–2015 

IV 
2016–2017 

Χ2 p w 

Monday 
Girls 48.9 (160) 56.1 (192) 54.5 (127) 43.6 (99) 1.52 0.217 0.037 
Boys 51.2 (129) 49.7 (94) 51.2 (83) 35.2 (62) 10.69 0.001 0.117 

Tuesday 
Girls 56.3 (184) 58.2 (199) 55.4 (129) 54.2 (123) 0.24 0.627 0.015 
Boys 66.3 (167) 53.4 (101) 54.3 (88) 47.2 (83) 15.58 <0.001 0.141 

Wednesday Girls 40.7 (133) 32.8 (112) 33.9 (79) 27.8 (63) 9.78 0.002 0.093 
Boys 39.3 (99) 35.5 (67) 35.8 (58) 28.4 (50) 5.40 0.020 0.083 

Thursday 
Girls 38.5 (126) 39.2 (134) 33.9 (79) 26.4 (60) 8.80 0.003 0.088 
Boys 43.7 (110) 43.4 (82) 36.4 (59) 27.8 (49) 11.09 <0.001 0.119 

Friday 
Girls 50.5 (165) 43.5 (149) 39.1 (91) 31.7 (72) 19.22 <0.001 0.130 
Boys 55.6 (140) 49.2 (93) 37.0 (60) 38.1 (67) 12.69 <0.001 0.128 

Saturday 
Girls 50.5 (165) 40.6 (139) 38.2 (89) 40.1 (93) 4.84 0.028 0.065 
Boys 47.2 (119) 50.8 (96) 43.2 (70) 38.1 (67) 3.53 0.060 0.067 

Sunday 
Girls 29.4 (96) 27.8 (95) 30.5 (71) 30.8 (70) 0.14 0.709 0.011 
Boys 35.7 (90) 36.0 (68) 35.2 (57) 23.9 (42) 6.82 0.009 0.094 

3.5. Trend in the Structure of Weekly PA in Girls and Boys by MET-min/Week According to IPAQ-LF 

In all types of PA, a decrease was observed between 2010–2011 and 2016–2017, but it was 
statistically significant only in boys in home PA, moderate PA, and vigorous PA, and in girls in 
vigorous PA only (Table 3). A comparison only between 2010–2011 and 2016–2017 in girls suggests a 
statistically significant decrease in recreation PA (p = 0.016). In boys a statistically significant decrease 
was observed in home PA (p = 0.014), moderate PA (p = 0.002), and overall weekly PA (p = 0.044). An 
important finding is that in the interaction between sex, school level, and stages (2 sex × 2 secondary 
and tertiary schools × 4 time stages) the differences are not statistically significant (F (16, 1892) = 1.02, p = 
384, ηp2 = 0.002). 
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Table 3. Estimates of the type of physical activity (MET-min/week) in girls and boys in 2010–2017. 

Characteristics 
n 

Type of Physical Activity 
School Transport Home Recreation 

Sex Years Mdn IQR H p η2 Mdn IQR H p η2 Mdn IQR H p η2 Mdn IQR H p η2 

Girls 

2010–2011 327 1017 2652 

5.49 0.139 0.002 

792 1518 

3.36 0.340 0.000 

390 890 

5.81 0.121 0.002 

1278 1728 

6.63a 0.085 0.003 
2012–2013 342 720 2280 743 1218 420 760 1080 1559 
2014–2015 233 810 1940 690 1155 270 630 1134 1875 
2016–2017 227 990 2805 693 1089 360 670 1060 1638 

Boys 

2010–2011 252 1710 3671 

7.18 0.066 0.005 

924 1269 

2.96 0.398 0.000 

409 955 

8.67a 0.034 0.007 

1572 2350 

3.48 0.323 0.001 
2012–2013 189 990 2913 743 1443 405 1170 1179 1872 
2014–2015 162 1186 2822 809 1338 283 1020 1351 2098 
2016–2017 176 1338 2742 693 1403 253 810 1311 2228 

 Vigorous Moderate Walking Sum 

Girls 

2010–2011 327 840 1950 

9.38 0.025 0.006 

1170 1860 

6.080a 0.109 0.003 

1584 2607 

2.58 0.461 0.000 

4413 5003 

6.86 0.076 0.003 
2012–2013 342 705 1560 1038 1660 1650 2211 4193 4436 
2014–2015 233 660 1740 960 1370 1436 2310 3865 4420 
2016–2017 227 780 1980 945 1558 1485 1947 3960 4312 

Boys 

2010–2011 252 1620 2835 

9.99 0.019 0.009 

1670 2296 

10.71a 0.013 0.010 

1683 2434 

1.39 0.709 0.002 

5561 6049 

7.20a 0.066 0.005 
2012–2013 189 1080 2880 1460 2470 2244 2244 4869 5757 
2014–2015 162 1170 2460 1250 1700 1535 2525 5229 4717 
2016–2017 176 1590 2970 1153 1808 1493 2079 5068 5558 

Mdn = median; IQR = interquartile range; H= Kruskal–Wallis test; p = level of significance; η2 = effect size coefficient; a = statistical significance between time stages 
2010–2011 and 2016–2017. 



Sustainability 2020, 12, 5183 9 of 14 

4. Discussion 

The purpose of this study was to identify secular trends in the achievement of PA guidelines by 
Czech adolescents. The most important finding is a continuous statistically significant decrease in the 
average number of steps/day in girls and boys over the eight-year period of pedometer PA 
monitoring until 2016–2017. The results are consistent with the previously observed decrease in the 
number of steps/day in adolescent boys but not girls in the Czech Republic in 1998–2000 and 2008–
2010 [10]. A secular decrease in steps/day and, at the same time, MVPA from 2003/2004 to 2016/2017 
was also reported by Sasayama et al. [51] in Japanese children. In Swedish adolescents, Raustorp et 
al. [52] observed a decrease in average steps/day between 2000 and 2017 by 24% in boys and 30% in 
girls. The fact that in girls a secular decrease in overall PA subjectively estimated by the IPAQ-LF 
questionnaire was not confirmed is probably related to the overall lower weekly PA in girls as 
opposed to boys, but this in principle does not challenge the conclusions on the overall decrease in 
PA over the eight-year period. 

A negative secular trend is even more evident in the meeting of the 11,000 steps/day 
recommendation in girls by 18 percentage points and in boys by the even higher amount of 28 
percentage points. Sigmundová et al. [10] focused on a ten-year period (2000 to 2010) and observed a 
decrease only in boys by 13 percentage points. The recommendation of 11,000 steps/day is achieved 
by only 42% of girls and 39% of boys, which is alarming. Despite this significant decrease in the 
meeting of the recommendations, boys and girls from European regions still achieve significantly 
more steps/day than young people from the U.S. and Canada [53]. Vigorous measures should be 
taken to stop this undesirable trend, also because the risk of a similar development in Central Europe 
is very likely unless effective preventive actions are taken. The fact that the statistically significant 
decrease in the meeting of PA guidelines was not confirmed by the IPAQ-LF questionnaire highlights 
the limitations of questionnaire surveys and the need for deeper objective analyses combined with 
existing studies that examine the achievement of PA recommendations using this questionnaire 
[30,40]. 

Monitoring of the trend concerning overall PA and meeting of PA guidelines is a top global 
priority. It is also significant in terms of sustainable development and in the context of the Global 
action plan on PA 2018–2030 [54], according to which increasing PA will directly contribute to several 
sustainable development goals (e.g., good health and well-being; quality education; gender equality; 
reduced inequalities; partnerships; etc.). However, in demographic, geographical, socio-economic, 
political, educational, and other specific conditions, it is also of great importance to monitor the trends 
in PA structure. So far, there have been no studies focusing on PA trends in the segments of the school 
day. More knowledge is available on the structure of PA concerning especially the previously 
mentioned associations between school and weekend days [2,39] but also between school days [44]. 
So far, schools in Central Europe have not responded to the fact that adolescents are most physically 
active on Friday and least physically active on Monday [40,55], which was also confirmed by this 
study. Given the lowest amount of PA on Sunday, the combination of weekend days with Monday 
represents a great risk for youths in terms of health.  

The decrease in recreation PA in girls identified in the study is a call for extracurricular PA 
organized by schools and other institutions that provide organized leisure-time PA. Moseley et al. 
[56] emphasise that in adolescents, recreation PA accounts for 60.2% (42.5% in young adults), which, 
according to Wold et al. [26], means that more focus should be on leisure-time PA in adolescents. In 
the present study, recreation PA represents only 31.1% of overall PA (expressed in MET-min/week). 
Another study in Spain dealing with participation of school children in health programs [57] 
identified the factors influencing associations of satisfaction and preferences with participation in PA 
programs. Similarly, in the Czech Republic and Poland, adolescent outdoor PA is promoting well-
being; and if able to participate in preferred PA, adolescents were more likely to meet the weekly PA 
recommendations [39]. 

The recommended combination of objective and subjective PA monitoring [58,59] allows better 
use of positive implications and the elimination of negative implications of the research in long-term 
PA monitoring. The application of subjective estimates of PA and subsequent objective monitoring 
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using wearables allows better interpretation of the shortcomings of various types of PA, such as 
respecting gender differences in the willingness to complete the questionnaires or the overestimation 
of PA and underestimation of sedentary behaviour [60].  

On the basis of the results of this study and experience in providing feedback to the participants 
in schools, the authors believe that use modern technologies should be beneficial when involving 
adolescents in monitoring and becoming aware of their PA and sedentary behaviour in the main 
segments of the day and week but also for longer time cycles. It is desirable to develop and support 
diverse PA programmes to promote students’ activities related to lifestyle changes, give publicity to 
students’ achievements, and integrate health promotion and sustainability in most subjects and 
projects in schools. It is only a comprehensive and multi-sector strategy that can lead to an 
improvement in the current state and trends [61]. A crucial part of the strategy is physical education, 
where the key aspects are the adoption of physical literacy and the development of the foundations 
of a healthy lifestyle in adolescents.  

4.1. Limitations and Future Research 

The greatest limitation of the study was that the research sample was not random but deliberate, 
although the sampling procedure remained identical each year. Over the years it was impossible to 
maintain identical proportions of participants in terms of age and sex. However, as a result of the 
sampling procedure applied, it was possible to maintain a natural school environment throughout 
the project period without disturbing the habitual school programme and hence to ensure 
participation and inspection by the same research team. 

Future research on time trends in PA in schools could use a similar strategy by using subjective 
PA evaluation with subsequent objective PA monitoring. It also appears appropriate to use the newly 
verified Youth Activity Profile questionnaire [62] and monitor at least weekly PA using simple 
wearables (bracelets) suitable for longitudinal use. 

5. Conclusions 

Long-term monitoring of the state and trend in adolescents’ PA is a major indicator of health 
sustainability in youths. The eight-year research using pedometers confirmed a secular decrease in 
adolescents’ PA and a decrease in the achievement of the 11,000 steps/day recommendation. During 
the last stage, this guideline was met by only 42% of girls and 39% of boys (compared with 60% of 
girls and 67% of boys during the first stage). The current estimates of weekly PA using the IPAQ-LF 
questionnaire were not so conclusive concerning the decrease in PA. As far as the structure of weekly 
PA is concerned, throughout the whole research period both girls and boys were least physically 
active on Sunday and most physically active on Friday. The combination of objective pedometer 
monitoring and subjective PA estimates using questionnaires successfully proved this approach for 
long-term PA monitoring. The results of the research should incite positive changes and promotion 
of a physically active and healthy lifestyle at all school levels, in all types of leisure-time institutions, 
and especially in the family environment. The sustainability of the economic implications of an 
unhealthy lifestyle is related to regular monitoring, education, and long-term PA research. 
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