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Several studies have investigated activity levels among adolescents, but no study has examined longitudinal changes in physical activity (PA) level, body mass, and oxygen uptake among the same adolescents from the age of 14 to 19 years. The present study examined data from a research project that included a group of randomly selected students (N = 116) with objective measurements of PA (accelerometer data), self-reported PA level, and body mass and oxygen uptake during a 5-year period. The results show a significant decrease in the accelerometer-based PA level over time, from age 14 to 19. At 14 years of age, the minutes of moderate and/or vigorous PA was 66.7 min·day−1, but was less than half, at only 24.4 min·day−1, at 19 years of age. The self-reported activity data show a decrease in girls’ general activity level over time, while boys’ activity level during school breaks decreased strongly during the period: at age 14, 61% of the boys were classified as active, while at age 19, only 11% were physically active. Furthermore, body mass index increased during the period for both genders, while oxygen uptake decreased. Since both BMI and maximal oxygen uptake are important risk factors for future CVD, these findings point toward the importance of maintaining a high activity level during childhood and adolescence, in order to keep fit later in life.
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INTRODUCTION

The beneficial effect of physical activity (PA) on cardiorespiratory fitness (CRF) is well documented in children, adolescents (1), and adults (2). The presence of risk factors for diabetes, hypertension, site-specific cancers, dyslipidaemia, cardiovascular morbidity, and bone health are inversely related to PA levels (3–6).

However, research indicates that today’s youth across the world are becoming less physically active than previous generations. In Norway, Dalene et al. (7) found a reduction in minutes of moderate and/or vigorous physical activity (MVPA) in both 9- and 15-year-old children between 2005 and 2012, and also a study by Kolle et al. (8) indicates that participation in PA declines during adolescence in Norway. This study showed that while 86% of 9-year-old boys and 70% of 9-year-old girls met PA guidelines, the figures at 15 years were only 58% for boys and 43% for girls. A significantly lower percentage of girls than boys met the guidelines at every age level, and girls also had a lower activity level than boys at every age level. Belton et al. (9) found that the majority of adolescents were not accumulating the 60 min of daily PA that is recommended for health and that 99.5% of children did not achieve the fundamental movement skill proficiency expected for their age. A general worldwide decline in activity level among adolescents is indicated by research from other countries (10–16).

To correctly describe the development of PA among adolescents, longitudinal studies should be undertaken. However, while cross-sectional studies are common, longitudinal studies in this field are limited. Ball et al. (11) presented data from the Children Living in Active Neighborhoods study on accelerometer-measured and self-reported PA and sedentary behavior in children 6–12 years old at study start. Three years later, MVPA levels had declined among both girls and boys. Telama and Yang (15) found a remarkable decline in frequency of PA and sport participation after the age of 12, and a 5-year follow-up study of 12- to 13-year-old adolescents found that the prevalence of participation in most activities declined over these 5 years (12). Kimm et al. (17) noticed a steep decline in both self-reported and accelerometer-measured PA for girls from age 10 to 19. Trang et al. (16) reported a decline in MVPA levels of Vietnamese children over 5 years, measured both objectively and by self-report.

Research suggests that there appears to be a decline also in young people’s aerobic performance on a global scale, as shown in Norway (18), in other Western countries, and in Asia (19–21). A decrease in VO2peak relative to body weight over the whole age range from 12 to 36 years of age has been found (22). Boys’ VO2peak values were higher than those of girls (22–24).

The previous discussion indicates a decline in activity level during adolescence. However, longitudinal studies in this research area are limited, and there is a lack of research on longitudinal development of PA level, body mass index, and oxygen uptake among adolescents from the age of 14 to 19. The aim of this study was to provide new evidence of longitudinal changes in PA level, body mass index, and oxygen uptake among adolescents over a 5-year period, from age 14 to 19 years.

MATERIALS AND METHODS

Design

To examine the research question, a longitudinal study was used, with repeated measures among the same adolescents from the age of 14 to the age of 19. Peak oxygen uptake during treadmill running, weight, height, and PA levels (both accelerometer and self-reported data) were recorded during the 5-year period. Approval to use the data and conduct the study at the high school in question was given by the Norwegian Centre for Research Data (NSD) and the Norwegian Regional Committee for Medical and Health Research Ethics (ID: 488715, 2014).

Subjects

Six classes (three groups of two classes) in two schools from a small town in central Norway were randomly selected for the study. Of the 144 students, 124 students agreed to participate in the study, but only 116 students took the pre-test (age 14 ± 0.5 years, weight 54.2 ± 10.9 kg, height 1.63 ± 0.08 m at the start of the study). The distribution of boys and girls was relatively equal in the sample (61 boys and 55 girls), as well as the distribution of students living in urban and rural areas. The number of students who had valid accelerometer data during the data collection was 68 at 14 years, 50 at 16 years (there were no accelerometer measures at 15 years), 68 at 17 years, 37 at 18 years, and 22 at 19 years (the final year of high school). The reasons for invalid data were dropout because of illness, injury, pregnancy, or moving away, in addition to some students not turning on the accelerometer. Only eight students had valid accelerometer data for all five measurement times.

Completed data on self-reported PA were as follows: 14 years: 106 (58 boys and 48 girls), 15 years: 103 (57 boys and 46 girls), 16 years: 105 (58 boys and 47 girls), 17 years: 82 (48 boys and 34 girls), 18 years: 65 (41 boys and 24 girls), and 19 years: 86 (41 boys and 45 girls). Forty-nine students (29 boys and 20 girls) had completed the questionnaire and reported their PA level in leisure time during all six test-years and were included in the analysis.

Completed data on self-reported PA in school breaks were as follows: 14 years: 104 (56 boys and 48 girls), 15 years: 101 (56 boys and 45 girls), 16 years: 104 (58 boys and 46 girls), 17 years: 79 (47 boys and 32 girls), 18 years: 65 (41 boys and 24 girls), and 19 years: 79 (39 boys and 40 girls). Forty-two students (28 boys and 14 girls) had completed the questionnaire and reported their PA level in school breaks during all six test years and were included in the analysis.

The subjects were informed orally and in writing about the aim and methods of the study before participation. Written consent was signed each year by the parents (at students’ age of 14 and 15) and by the students (at 16–19 years) according to the ethical regulations for research. Approval to use the data and conduct the study was given by the NSD and the Central Norway Regional Committee for Medical and Health Research Ethics (REK).

Procedures

Before the tests, the students had been given information about the conditions for preparation before the test (avoid strenuous exercise the day before, eat 2–3 h before the test, no more than a “light” breakfast, a PE class before the test was possible, but only light activity, and a 15-min warm-up just before the test). An inclination of 10.5% was used on the treadmill according to the test procedures. This was to ensure that running technique was not a limiting factor for maximum oxygen uptake. Before the test, the students were asked how much they exercised. Girls who did not exercise regularly or were overweight, started with a velocity of 4 km/h, those who exercised 1–2 times a week started with a velocity of 5 km/h, while those who exercised three or more times a week, started with a velocity of 6 km/h. For boys, the same categories were used, but with 1 km/h higher velocity. The velocity on the treadmill was increased by 1 km/h every minute, except sometimes at the end of the test, where the velocity was increased by only 0.5 km/h. The criterion for the highest maximal oxygen uptake was a flattening/decrease of the O2 curve with increasing velocity (RER > 1.00). The average of the two highest successive measurements was recorded as maximum oxygen uptake. The test had a duration of 5–6 min. The oxygen uptake measurements were carried out on the treadmill, using a Woodway S5 (Woodway Inc., Waukesha, WI, USA) and OxyCon Pro (Erich Jaeger GmbH, Hoechberg, Germany).

Height was measured with a stadiometer (Kawe, NorEngros, Oslo, Norway), permanently connected to the wall. The subjects did not wear shoes, and height was converted to the nearest centimeter. Weight was measured using Seca Digital Weight Scales (Seca Gmbh & Co., Germany, Model 877, accuracy of 0.1 kg). Body mass index was calculated by dividing weight (kilograms) by height (centimeters) squared and then multiplying the result by 10,000, in accordance with international standards (25).

The participants followed the test protocol by answering a questionnaire containing questions used with adolescents by Aspvik et al. (26), including one about activity level during school breaks. Possible responses were not active and active. The questionnaire also included a question about PA level in the past 4 weeks: when you think about your PA in the past 4 weeks, how often did you participate in sport/exercise or other PA with such an intensity that you breathed fast, sweated, or your heart beat fast for 20 min? Alternative responses were never, less than once a week, once a week, 2–3 days a week, and most days in the week. Finally, the subjects were also asked if they were active or inactive at break time at school. The students spent around 40 min on the measurements and answering the questionnaire.

At the end of the test protocol, the students were given an Actigraph GT1M accelerometer to measure their activity level (MVPA). According to the procedures of Norwegian population studies of adolescents (8), persons should wear the accelerometer in a belt on their right hip for 1 week, only taking it off before going into water and going to sleep at night. After 1 week, the accelerometers were collected, and the data were downloaded into the programme Actilife v6.13.3 (ActiGraph, LLC, Pensacola, FL, USA) and analyzed. A 10-s epoch was used. Following Kolle et al. (8), missing data were defined as continuous periods of 20 min or more with no counts. All activity during the night (24:00–06:00) was deleted in accordance with the same test protocol. Furthermore, each day had to include at least 480 min of activity to be valid, and each student had to have at least two valid days to be included in the analysis. The cut-off for moderate intensity was set to 2,000 counts, in accordance with the test protocol of Kolle et al. (8).

The measurements took place during April and May of each year when the students were 14, 15, 16, 17, 18, and 19 years of age. All tests were carried out by the same test leader, with the same equipment, with the same procedures, and in the same room.

Statistical Analysis

Because of considerable dropout on the accelerometer data, the results were presented using group data, including subjects with valid data at each measurement time, but individual data on subjects with valid data at every measurement time were also used (Figure 1). A repeated measures ANOVA was used on the individual data to analyze the development of the PA level (accelerometer data) during the five measurements, but also the development of body mass index and oxygen uptake. Effect size was evaluated with η2p (Eta partial squared), where 0.01 < η2 < 0.06 indicates a small effect, 0.06 < η2 < 0.14 a medium effect, and η2 > 0.14 a large effect (27).
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FIGURE 1 | Minutes of moderate or vigorous physical activity (PA) (daily) among subjects with valid data on all five tests (n = 8) and for all subjects tested on each test day. * indicates a significant decrease in PA between these test years and later years at a p < 0.05 level, as indicated by the right-pointing arrow.



The conditions for a parametric test were not fulfilled, and Friedman’s non-parametric test was used to examine whether the students self-reported PA changed during the six measurement times, while the Mann–Whitney U-test was used to analyze differences between genders, according to PA level. The Wilcoxon test was used to analyze differences from year to year for each gender according to self-reported PA at leisure time and in school breaks. An independent t-test was also used to examine differences between the 8 subjects with valid accelerometer data at all six measurement times and the other 60 subjects who only had valid data at 14 years of age. A chi-square test was used to examine the association between the 49 with valid self-reported PA data at all six measurement times (included in the analysis) and the 55 who had valid data at 14 years, but not for all of the other five tests. Statistical significance was set at p ≤ 0.05. SPSS version 22 was used to perform the analysis.

RESULTS

Figure 1 shows the development of activity level as measured by accelerometer of the students who took all the tests, but also of all students, because only eight students had valid accelerometer data during the period. The analysis of the students who took all five tests showed a significant decrease in accelerometer-based PA levels over time from 14 to 19 years (F4,28 = 4.922, p = 0.004, η2 = 0.413, 1 − β = 0.923). At 14 years of age, the MVPA level was 66.7, while it was only 24.4 at 19 years of age, i.e., less than half. Post hoc tests showed that the MVPA level dropped significantly from 14 to 18 years (mean dif. = 33.9 MVPA, 95% CI = 2.4–65.5, p = 0.039) and from 14 to 19 years (mean dif. = 42.2 MVPA, 95% CI = 16.5–67.9, p = 0.006). The MVPA also decreased significantly from 16 to 18 years (mean dif. = 21.2 MVPA, 95% CI = 4.3–38.1, p = 0.021), from 16 to 19 years (mean dif. = 29.4 MVPA, 95% CI = 9.5–49.3, p = 0.010), and from 17 to 19 years (mean dif. = 28.1 MVPA, 95% CI = 0.9–55.3, p = 0.045).

Further analysis showed that there were no significant differences (p > 0.005) between subjects with valid data on all five tests (n = 8) and all subjects tested on each test day, at each of the five measurement times.

Self-reported activity level at 14 to 19 years of age, measured by questionnaire, decreased significantly during the period among girls ([image: image1] = 11.38, p = 0.044), but not among boys ([image: image1] = 5.74, p = 0.332). Further analysis showed that the activity level of girls was significantly higher at 14, compared with the other ages (Z ≤ −2.09, p ≤ 0.037, Figure 2). Boys reported a higher activity level than girls at the age of 14 and 18. However, there were no gender differences at the other four measurement times (p > 0.005).
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FIGURE 2 | Self-reported physical activity (PA) per year by gender (boys: n = 29, girls: n = 20). * indicates a significant gender difference at this age at a p < 0.05 level. † indicates significantly higher self-reported PA compared with all other ages.



According to self-reported activity levels at the age of 14, there was no significant association (p > 0.005) between the 49 subjects with valid data on the six tests and the 56 subjects who took the pre-test at 14 years but dropped out ([image: image1] = 5.98, p = 0.200).

A reduction in physically active students during school breaks was found with increasing age (χ2 = 25.2, p < 0.001). However, post hoc analysis showed a reduction in activity levels during this time among boys (χ2 = 36.5, p < 0.001), but not among girls (χ2 = 1.0, p = 0.963). Furthermore, a higher activity level was reported by boys than girls at the age of 14 (Z = −3.00, p = 0.003). In addition, boys’ PA only reduced from the age of 14, to the age of 15 (Z ≥ 3.13, p ≤ 0.037, Figure 3).
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FIGURE 3 | Proportion of students physically active during school breaks by gender and year (boys: n = 28, girls: n = 14). * indicates a significant gender difference at this age at a p < 0.05 level. † indicates a significant difference between this age and a later age at a p < 0.05 level, as indicated by the right-pointing arrow.



For PA in school breaks at the age of 14, statistical analysis showed a relationship between the 42 included in the analysis and the 37 measured in 8th grade who later dropped out (χ2 = 5.26, p = 0.022). While 47.6% of the students included in the analysis reported PA in school breaks in 8th grade, this was reported by 25.8% of the dropout students.

Body mass index increased significantly, while oxygen uptake decreased over the years (F ≥ 26.8, p < 0.001, η2 ≥ 0.36, Figure 4). A significant gender effect was found for oxygen uptake (F = 3.8, p = 0.002, η2 = 0.08), where boys had a higher oxygen uptake than girls at all ages. However, there was no significant gender effect in body mass index (F = 1.6, p = 0.146, η2 = 0.036). Post hoc comparison showed significant increases from the age of 14 to 15 for body mass index for both genders and for girls from age 15 to 18, while BMI for boys increased from age 16 to 17 (Figure 4). Oxygen uptake decreased significantly from the age of 17 to 18 for girls, while for boys, first an increase in oxygen uptake from 14 to 17 was found, but after the age of 17 it decreased significantly to the level at the age of 14 (Figure 4).
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FIGURE 4 | Development of body mass and oxygen uptake over the 6 years by gender (boys: n = 29, girls: n = 20). † indicates a significant difference for this gender at a p < 0.05 level between this age and later ages, as indicated by the right-pointing arrow. ‡ indicates a significant difference for this gender between these two ages at a p < 0.05 level.



DISCUSSION

We found that from age 14 to 19, accelerometer-measured MVPA levels declined for both boys and girls. This was valid both for the eight students who completed all measurements (from 67 to 24 min·day−1) and the cross-sectional measurements (from 65 to 22 min·day−1). This decrease seems to be linear. The analysis is only based on eight adolescents because of dropout, but Figure 1 clearly shows that the numbers are almost the same for all subjects tested on each test day (n varies from 22 to 68). Self-reported frequency of PA per week did not change significantly for boys, but did significantly decrease for girls. The self-reported activity data showed that boys reported a higher activity level than girls at the age of 17 and 18, but there were no gender differences at the other four measurement times.

Another main finding was the significant reduction in the proportion of boys who reported being physically active during break time at school with increasing age. While 61% of boys reported being active at the age of 14, only 11% of boys reported this at the age of 19. The findings showed a less clear pattern for the girls, but at age 19, the girls did participate less in break time PA compared to age 14. Furthermore, self-reported activity level during school breaks dropped for boys and directly measured aerobic power showed an increase from 14 to 17 years for boys, but then decreased to levels below those of 14 years. The aerobic power of girls declined modestly, but statistically significantly throughout the period. BMI increased for both genders throughout the period.

These results support other research among adolescents who indicate a decrease in PA levels for Norwegian adolescents (8) and a similar decrease worldwide (10–16). Only a few studies have explored longitudinal development of PA among children and adolescents. Dalene et al. (7) found decreased PA for both boys and girls from age 9 to 15. For both boys and girls, the change was highly significant for overall PA (lower at age 15), sedentary time (higher at age 15), light PA (lower at age 15), and moderate to vigorous PA (lower at age 15). Ortega et al. (28) investigated a group of 9- and 15-year-old boys and girls from Sweden and Estonia in 1998 and again 6–10 years later. They found also an overall decline in MVPA of 30 min·day−1. The reduction in MVPA was greater in Sweden than Estonia and for boys compared to girls. The 9-year-olds from 1998 showed a greater decline in MVPA than those who were 15 years old in that year. Kimm et al. (17) followed boys and girls for up to 10 years. PA decreased, both from self-report and objectively (accelerometer-measured activity as counts·day−1 declined by 21%) measured PA. Wei et al. (29) followed Chinese children for 8 years, showed just a small reduction in MET h·week−1, from 50 to 47, while Brooke et al. (30) found that accelerometer-measured activity (counts·min−1) and MVPA (min·day−1) decreased after 4 years. Boys were significantly different from girls in reduction of number of activities and MVPA, but no other differences were found between the genders. Francis et al. (31) studied tracking of PA from age 6 to 15, and found both MVPA and vigorous PA declined for both sexes, although the boys had an increase in the first years, but then dropped below initial levels. Total PA (counts·min−1) decreased steadily for boys and girls throughout the period.

Overall, longitudinal studies from different youth population groups agree that PA declines with increasing age, as we also found (7, 13, 17, 30–34). However, previous longitudinal studies have examined PA levels among children up to 15 years of age, while our study examined changes in activity levels among adolescents from 14 to 19 years.

We found that the self-reported activity to some extent matched the objective measurements, but the self-reported development of the boys deviated somewhat from the accelerometer measurements. It is usual to find some divergence between the two, as shown in the present study, but self-report is still recognized as a valid method to quantify PA (35–40), even though some studies find low correlation (41). One interesting finding on the validity of self-report questionnaires is the effect of education level on the results; here, people with low education levels give less valid information (42, 43).

It may be argued that PA during break time at school only represents a minor part of an adolescent’s day; nevertheless, the finding of a decrease in this activity, and the decrease in PA levels in general, gives cause for concern. The decrease in PA with increasing age is probably the result of many different factors. Type and level of PA change with age (30, 32, 44–47). Also, the social norms for PA might change, and this might influence activity level and also self-reported activity (48–51). The amount of schoolwork increases with the student’s age, thus reducing the time for PA. Interests also change, and the number of interests or activities decreases, sometimes to only one. With increasing age, students are more likely to use motorized transportation, which may explain some of the reduction reported. Thus, to counteract this negative development, society at large must react in a variety of ways.

The results showed that BMI increased during the period, but there was no significant gender effect in BMI. BMI increased from 14 to 15 in both genders, from 15 to 18 in girls, and from 16 to 17 in boys. In agreement with other studies (52–54), it is appropriate to highlight the negative effect of this increase, in relation to overweight and obesity as negative health factors. The results also showed that oxygen uptake decreased over the years, another negative finding in terms of health. High oxygen uptake (CRF) is closely connected to positive health-related factors, being associated with cardiovascular morbidity and mortality, and the prevention of cardiovascular diseases, such as diabetes, hypertension, site-specific cancers, bone health, and selected dyslipidaemias (3–6). Poor CRF is strongly associated with cardiovascular diseases in children, and this relationship is stable across countries, age, and gender (3).

Strengths and Limitations of the Study

The major strength of the study is that it was based on a longitudinal design with the same participants, employing the same questions and tests every year, performed in the same room, and using the same test procedures, test equipment, and test leader for all of the six test measurements. Furthermore, many of the variables, such as VO2peak, overweight, and gender, are based on high-quality standard procedures. To the best of our knowledge, this is the first longitudinal study measuring adolescents’ PA levels from 14 to 19 years of age. Furthermore, the use of measurements such as accelerometers has the advantage of decreasing subjectivity (55) and eliminating bias, such as social desirability and recall problems (56). However, there are several limitations to the study. The number of participants was somewhat low. Furthermore, there was a huge dropout of students with accelerometer data and few students with valid data on every test, which reduces the potential impact of the results. However, analysis showed that there were no significant differences between subjects with valid accelerometer data and self-reported PA data at each measurement time and those without valid data on every measurement occasion.

CONCLUSION

The longitudinal accelerometer data show a substantial decrease in MVPA levels (from 67 until 24) during the 5-year period from age 14 to 19. A substantial decrease in the proportion of boys who reported being physically active in school breaks during the period (from 61% until only 11%), underpins the reduction in activity level. Furthermore, the results showed that body mass index increased significantly during the same period, while oxygen uptake decreased significantly. These negative findings in relation to activity level, body mass index, and oxygen uptake are partly supported by other research, and they are particularly negative in a health perspective. The results indicate the importance of maintaining adolescents’ PA levels during youth, in order to reduce the negative trends in body mass index and oxygen uptake in adolescence.

ETHICS STATEMENT

The subjects were fully informed about the protocol before participating in this study, and a written informed parental consent was obtained. Approval to use the data and conduct the study was given by the Norwegian Social Science Data Services (NSD) and the Norwegian ethical regional comité.

AUTHOR CONTRIBUTIONS

PL has contributed to design and methods, writing the introduction, methods, discussion, and the conclusion. Furthermore, a critical review of all the text during several numbers of the article and rewriting of the text. RT has contributed to methods and some minor contribution to writing the introduction, discussion, conclusion, and a critical review of all the text during several numbers of the article and rewriting of the text. AM has contributed to writing the introduction, discussion, and conclusion. Furthermore, a critical review of all the text during several numbers of the article and rewriting of the text.

REFERENCES

1. Bangsbo J, Krustrup P, Duda J, Hillman C, Andersen LB, Weiss M, et al. The Copenhagen Consensus Conference 2016: children, youth, and physical activity in schools and during leisure time. Br J Sports Med (2016) 50(19):1177–8. doi:10.1136/bjsports-2016-096325

2. Blair SN, Kohl HW, Barlow CE, Paffenbarger RS, Gibbons LW, Macera CA. Changes in physical fitness and all-cause mortality. A prospective study of healthy and unhealthy men. JAMA (1995) 273(14):1093–8. doi:10.1001/jama.273.14.1093

3. Anderssen SA, Cooper AR, Riddoch C, Sardinha LB, Harro M, Brage S, et al. Low cardiorespiratory fitness is a strong predictor for clustering of cardiovascular disease risk factors in children independent of country, age and sex. Eur J Cardiovasc Prev Rehabil (2007) 14(4):526–31. doi:10.1097/HJR.0b013e328011efc1

4. DeFina LF, Haskell WL, Willis BL, Barlow CE, Finley CE, Levine BD, et al. Physical activity versus cardiorespiratory fitness: two (partly) distinct components of cardiovascular health? Prog Cardiovasc Dis (2015) 57(4):324–9. doi:10.1016/j.pcad.2014.09.008

5. Myers J, McAuley P, Lavie CJ, Despres J-P, Arena R, Kokkinos P. Physical activity and cardiorespiratory fitness as major markers of cardiovascular risk: their independent and interwoven importance to health status. Prog Cardiovasc Dis (2015) 57(4):306–14. doi:10.1016/j.pcad.2014.09.011

6. Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical fitness in childhood and adolescence: a powerful marker of health. Int J Obes (2008) 32(1):1–11. doi:10.1038/sj.ijo.0803774

7. Dalene KE, Anderssen SA, Andersen LB, Steene-Johannessen J, Ekelund U, Hansen BH, et al. Secular and longitudinal physical activity changes in population-based samples of children and adolescents. Scand J Med Sci Sports (2018) 28(1):161–71. doi:10.1111/sms.12876

8. Kolle E, Stokke JS, Hansen BH, Anderssen S. Fysisk-aktivitet-blant- 6-9-og-15-aringer-i-norge-resultater-fra-en-kartlegging-i-2011-IS-2002.pdf [Physical Activity Among 6-, 9- and 15-Year-Olds in Norway. Results from a Survey in 2011] [Internet]. (2018) [cited 2018 Feb 5]. Available from: https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/710/Fysisk-aktivitet-blant-%206-9-og-15-aringer-i-norge-resultater-fra-en-kartlegging-i-2011-IS-2002.pdf

9. Belton S, O’Brien W, Meegan S, Woods C, Issartel J. Youth-physical activity towards health: evidence and background to the development of the Y-PATH physical activity intervention for adolescents. BMC Public Health (2014) 14:122. doi:10.1186/1471-2458-14-122

10. Aarnio M, Winter T, Peltonen J, Kujala UM, Kaprio J. Stability of leisure-time physical activity during adolescence – a longitudinal study among 16-, 17- and 18-year-old Finnish youth. Scand J Med Sci Sports (2002) 12(3):179–85. doi:10.1034/j.1600-0838.2002.00250.x

11. Ball K, Cleland VJ, Timperio AF, Salmon J, Crawford DA. Socioeconomic position and children’s physical activity and sedentary behaviors: longitudinal findings from the CLAN study. J Phys Act Health (2009) 6(3):289–98. doi:10.1123/jpah.6.3.289

12. Bélanger M, Gray-Donald K, O’Loughlin J, Paradis G, Hanley J. When adolescents drop the ball: sustainability of physical activity in youth. Am J Prev Med (2009) 37(1):41–9. doi:10.1016/j.amepre.2009.04.002

13. Kimm SY, Glynn NW, Kriska AM, Fitzgerald SL, Aaron DJ, Similo SL, et al. Longitudinal changes in physical activity in a biracial cohort during adolescence. Med Sci Sports Exerc (2000) 32(8):1445–54. doi:10.1097/00005768-200008000-00013

14. Riddoch CJ, Bo Andersen L, Wedderkopp N, Harro M, Klasson-Heggebø L, Sardinha LB, et al. Physical activity levels and patterns of 9- and 15-yr-old European children. Med Sci Sports Exerc (2004) 36(1):86–92. doi:10.1249/01.MSS.0000106174.43932.92

15. Telama R, Yang X. Decline of physical activity from youth to young adulthood in Finland. Med Sci Sports Exerc (2000) 32(9):1617–22. doi:10.1097/00005768-200009000-00015

16. Trang NHHD, Hong TK, Van Der Ploeg HP, Hardy LL, Kelly PJ, Dibley MJ. Longitudinal physical activity changes in adolescents: Ho Chi Minh City Youth Cohort. Med Sci Sports Exerc (2012) 44(8):1481–9. doi:10.1249/MSS.0b013e31824e50dc

17. Kimm SYS, Glynn NW, Kriska AM, Barton BA, Kronsberg SS, Daniels SR, et al. Decline in physical activity in black girls and white girls during adolescence. N Engl J Med (2002) 347(10):709–15. doi:10.1056/NEJMoa003277

18. Dyrstad SM, Berg T, Tjelta LI. Secular trends in aerobic fitness performance in a cohort of Norwegian adolescents. Scand J Med Sci Sports (2012) 22(6):822–7. doi:10.1111/j.1600-0838.2011.01315.x

19. Tomkinson GR, Léger LA, Olds TS, Cazorla G. Secular trends in the performance of children and adolescents (1980-2000): an analysis of 55 studies of the 20m shuttle run test in 11 countries. Sports Med (2003) 33(4):285–300. doi:10.2165/00007256-200333040-00003

20. Tomkinson GR, Macfarlane D, Noi S, Kim D-Y, Wang Z, Hong R. Temporal changes in long-distance running performance of Asian children between 1964 and 2009. Sports Med (2012) 42(4):267–79. doi:10.2165/11599160-000000000-00000

21. Tomkinson GR, Olds TS. Secular changes in pediatric aerobic fitness test performance: the global picture. Med Sport Sci (2007) 50:46–66. doi:10.1159/000101075

22. Kemper HCG, Twisk JW, van Mechelen W. Changes in aerobic fitness in boys and girls over a period of 25 years: data from the Amsterdam growth and health longitudinal study revisited and extended. Pediatr Exerc Sci (2013) 25(4):524–35. doi:10.1123/pes.25.4.524

23. Armstrong N, Tomkinson G, Ekelund U. Aerobic fitness and its relationship to sport, exercise training and habitual physical activity during youth. Br J Sports Med (2011) 45(11):849–58. doi:10.1136/bjsports-2011-090200

24. Nes BM, Østhus IBØ, Welde B, Aspenes ST, Wisløff U. Peak oxygen uptake and physical activity in 13- to 18-year-olds: the Young-HUNT study. Med Sci Sports Exerc (2013) 45(2):304–13. doi:10.1249/MSS.0b013e318271ae4d

25. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and obesity worldwide: international survey. BMJ (2000) 320(7244):1240–3. doi:10.1136/bmj.320.7244.1240

26. Aspvik NP, Saether SA, Ingebrigtsen JE. Oppvekst i bygder: ungdom i Sør-Trøndelag – Nasjonalbiblioteket [Internet]. (2018) [cited 2018 Feb 5]. Available from: https://www.nb.no/nbsok/nb/29ddb11443e0c1abf9209c6050c964a2?lang=no

27. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Hillsdale, NJ: Lawrence Erlbaum Associates (1988).

28. Ortega FB, Konstabel K, Pasquali E, Ruiz JR, Hurtig-Wennlöf A, Mäestu J, et al. Objectively measured physical activity and sedentary time during childhood, adolescence and young adulthood: a cohort study. PLoS One (2013) 8(4):e60871. doi:10.1371/journal.pone.0060871

29. Wei X, Zang Y, Jia X, He X, Zou S, Wang H, et al. Age, period and cohort effects and the predictors of physical activity and sedentary behaviour among Chinese children, from 2004 to 2011. BMC Public Health (2017) 17(1):353. doi:10.1186/s12889-017-4215-x

30. Brooke HL, Corder K, Griffin SJ, van Sluijs EMF. Physical activity maintenance in the transition to adolescence: a longitudinal study of the roles of sport and lifestyle activities in British youth. PLoS One (2014) 9(2):e89028. doi:10.1371/journal.pone.0089028

31. Francis SL, Morrissey JL, Letuchy EM, Levy SM, Janz KF. Ten-year objective physical activity tracking: Iowa bone development study. Med Sci Sports Exerc (2013) 45(8):1508–14. doi:10.1249/MSS.0b013e31828b2f3a

32. Jago R, Anderson CB, Baranowski T, Watson K. Adolescent patterns of physical activity differences by gender, day, and time of day. Am J Prev Med (2005) 28(5):447–52. doi:10.1016/j.amepre.2005.02.007

33. Mitchell JA, Pate RR, Dowda M, Mattocks C, Riddoch C, Ness AR, et al. A prospective study of sedentary behavior in a large cohort of youth. Med Sci Sports Exerc (2012) 44(6):1081–7. doi:10.1249/MSS.0b013e3182446c65

34. Nader PR, Bradley RH, Houts RM, McRitchie SL, O’Brien M. Moderate-to-vigorous physical activity from ages 9 to 15 years. JAMA (2008) 300(3):295–305. doi:10.1001/jama.300.3.295

35. Chen X, Sekine M, Hamanishi S, Wang H, Gaina A, Yamagami T, et al. Validation of a self-reported physical activity questionnaire for schoolchildren. J Epidemiol (2003) 13(5):278–87. doi:10.2188/jea.13.278

36. Emaus A, Degerstrøm J, Wilsgaard T, Hansen BH, Dieli-Conwright CM, Furberg A-S, et al. Does a variation in self-reported physical activity reflect variation in objectively measured physical activity, resting heart rate, and physical fitness? Results from the Tromso study. Scand J Public Health (2010) 38(5 Suppl):105–18. doi:10.1177/1403494810378919

37. Kurtze N, Rangul V, Hustvedt B-E, Flanders WD. Reliability and validity of self-reported physical activity in the Nord-Trøndelag Health Study: HUNT 1. Scand J Public Health (2008) 36(1):52–61. doi:10.1177/1403494807085373

38. Kurtze N, Rangul V, Hustvedt B-E. Reliability and validity of the international physical activity questionnaire in the Nord-Trøndelag Health Study (HUNT) population of men. BMC Med Res Methodol (2008) 8:63. doi:10.1186/1471-2288-8-63

39. Løchen ML, Rasmussen K. The Tromsø study: physical fitness, self reported physical activity, and their relationship to other coronary risk factors. J Epidemiol Community Health (1992) 46(2):103–7. doi:10.1136/jech.46.2.103

40. Mestek ML, Plaisance E, Grandjean P. The relationship between pedometer-determined and self-reported physical activity and body composition variables in college-aged men and women. J Am Coll Health (2008) 57(1):39–44. doi:10.3200/JACH.57.1.39-44

41. Pinto AJ, Roschel H, Benatti FB, de Sá Pinto AL, Sallum AME, Silva CA, et al. Poor agreement of objectively measured and self-reported physical activity in juvenile dermatomyositis and juvenile systemic lupus erythematosus. Clin Rheumatol (2016) 35(6):1507–14. doi:10.1007/s10067-016-3234-9

42. Gerrard P. Accuracy of self-reported physical activity as an indicator of cardiovascular fitness depends on education level. Arch Phys Med Rehabil (2012) 93(10):1872–4. doi:10.1016/j.apmr.2012.04.007

43. Winckers ANE, Mackenbach JD, Compernolle S, Nicolaou M, van der Ploeg HP, De Bourdeaudhuij I, et al. Educational differences in the validity of self-reported physical activity. BMC Public Health (2015) 15:1299. doi:10.1186/s12889-015-2656-7

44. Neumark-Sztainer D, Story M, Hannan PJ, Tharp T, Rex J. Factors associated with changes in physical activity: a cohort study of inactive adolescent girls. Arch Pediatr Adolesc Med (2003) 157(8):803–10. doi:10.1001/archpedi.157.8.803

45. Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity of children and adolescents. Med Sci Sports Exerc (2000) 32(5):963–75. doi:10.1097/00005768-200005000-00014

46. Sallis JF, Zakarian JM, Hovell MF, Hofstetter CR. Ethnic, socioeconomic, and sex differences in physical activity among adolescents. J Clin Epidemiol (1996) 49(2):125–34. doi:10.1016/0895-4356(95)00514-5

47. Stucky-Ropp RC, DiLorenzo TM. Determinants of exercise in children. Prev Med (1993) 22(6):880–9. doi:10.1006/pmed.1993.1079

48. Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE, Fulton J, et al. The effect of social desirability and social approval on self-reports of physical activity. Am J Epidemiol (2005) 161(4):389–98. doi:10.1093/aje/kwi054

49. Jago R, Baranowski T, Baranowski JC, Cullen KW, Thompson DI. Social desirability is associated with some physical activity, psychosocial variables and sedentary behavior but not self-reported physical activity among adolescent males. Health Educ Res (2007) 22(3):438–49. doi:10.1093/her/cyl107

50. Klesges LM, Baranowski T, Beech B, Cullen K, Murray DM, Rochon J, et al. Social desirability bias in self-reported dietary, physical activity and weight concerns measures in 8- to 10-year-old African-American girls: results from the Girls Health Enrichment Multisite Studies (GEMS). Prev Med (2004) 38(Suppl):S78–87. doi:10.1016/j.ypmed.2003.07.003

51. Motl RW, McAuley E, DiStefano C. Is social desirability associated with self-reported physical activity? Prev Med (2005) 40(6):735–9. doi:10.1016/j.ypmed.2004.09.016

52. Alricsson M, Landstad BJ, Romild U, Gundersen KT. Physical activity, health, BMI and body complaints in high school students. Minerva Pediatr (2008) 60(1):19–25.

53. Sola K, Brekke N, Brekke M. An activity-based intervention for obese and physically inactive children organized in primary care: feasibility and impact on fitness and BMI. A one-year follow-up study. Scand J Prim Health Care (2010) 28(4):199–204. doi:10.3109/02813432.2010.514136

54. Spook J, Paulussen T, Kok G, van Empelen P. Evaluation of a serious self-regulation game intervention for overweight-related behaviors (‘balance it’): a pilot study. J Med Internet Res (2016) 18(9):e225. doi:10.2196/jmir.4964

55. Sirard JR, Pate RR. Physical activity assessment in children and adolescents. Sports Med (2001) 31(6):439–54. doi:10.2165/00007256-200131060-00004

56. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two objective measures of physical activity for children. J Sports Sci (2008) 26(14):1557–65. doi:10.1080/02640410802334196

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

Copyright © 2018 Lagestad, van den Tillaar and Mamen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-06-00097-In_eq001.jpg
e





OPS/images/fpubh-06-00097-In_eq002.jpg
e





OPS/images/fpubh-06-00097-g003.jpg
@boys Ogirls

o =3 o o o
0 < @ g 1

(%) spdnd aanoe jo uoiodoad

16 17 18 19
Age (years)

15

14





OPS/images/fpubh-06-00097-g004.jpg
oGirls

@Boys

SwgMmguwowgung
RB88BR2LLEHIAR

(85/1w) jeadn uasAxo

[T

0

9 0w 3 "

° rE\.wv_u Xapul mmmEx%Om o

19

18

17

16

15

18

17

16

15

14

Age (years)





OPS/images/fpubh-06-00097-In_eq003.jpg
L





OPS/images/cover.jpg
frontiers
in Public Health

Longitudinal Changes in Physical
Activity Level, Body Mass Index,
and Oxygen Uptake Among
Norwegian Adolescents





OPS/images/fpubh-06-00097-g001.jpg
@ Conducted all tests (n=8)

Dall tests

17 18
Age (years)

16

14





OPS/images/fpubh-06-00097-g002.jpg
Boys DNever O< lnme/week B1time/week B@2-. 3t|mes/week ®most days perweek Girls

%
20
70
60
40
30
20
10

0

Physical activity per week (%)
8

19
Age (years)





OPS/images/logo.jpg
Ghesk for

i@





