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ABSTRACT

Aira, Tuula

Physical activity patterns from adolescence to young adulthood: Their
characteristics and relationship with cardiometabolic health
Jyvaskyla: University of Jyvaskyld, 2024, 115 p.

(JYU Dissertations

ISSN 2489-9003; 790)

ISBN 978-952-86-0178-4

The decline in physical activity (PA) from adolescence to young adulthood is well
established. However, while some groups of adolescents follow the general
pattern of decreased activity, others increase or maintain high or low activity.
The correlates of different longitudinal PA patterns may vary, as may the health
outcomes, offering valuable information for targeted health promotion. This
study examined how demographics, psychosocial factors, health behaviours, PA
domains, and sedentary time are associated with longitudinal PA patterns from
adolescence to young adulthood. It also explored the relations between PA
patterns and the development in cardiometabolic risk factors.

The cohort study data consisted of 254 Finns participating in the Diverging
paths in physical activity and sports participation: Health Promoting Sports Club (HPSC)
cohort study at ages 15 and 19. The data were collected by questionnaires, acceler-
ometry, and laboratory measurements, and a data-driven method was used to
identify the longitudinal PA patterns.

There was large variation in PA development between ages 15 and 19. The
PA patterns included two decreasing PA patterns, as well as activity maintainers,
inactivity maintainers, and a small group of PA increasers. Sports club participation
was associated with maintained PA, whereas sustained passive commuting was
associated with maintained inactivity. Communication difficulties with one’s fa-
ther and lower fruit and vegetable consumption were related to decreased PA from
moderate to low and maintained inactivity. Adolescents who decreased their activity
from moderate to low also had a higher prevalence of smoking as young adults.
Favourable blood pressure changes were found among PA increasers. Unfavour-
able changes in body mass index, insulin, glucose, and high-density lipoprotein
cholesterol were found in groups with decreasing PA.

Decreasing PA is associated with unfavourable changes in cardiometabolic
risk factors already in adolescence. Due to the large variation in PA development
and related correlates, targeted health promotion is needed. Sports clubs have an
important role in maintaining PA. Health promotion that does not directly in-
volve PA (e.g. via support for open communication between adolescents and
their fathers) may provide opportunities to promote PA.

Keywords: adolescence, cardiometabolic risk factors, health behaviour, physical
activity, psychosocial factors, sports, young adults



TIIVISTELMA (ABSTRACT IN FINNISH)

Aira, Tuula

Liikkumisen muutos ja pysyvyys nuoruudesta nuoreen aikuisuuteen: selittavat
tekijdt ja yhteydet kardiometabolisiin riskitekijoihin

Jyvaskyla: Jyvaskyldn yliopisto, 2024, 115 s.

(JYU Dissertations

ISSN 2489-9003; 790)

ISBN 978-952-86-0178-4

Fyysinen aktiivisuus védhenee nuoruuden ja nuoren aikuisuuden valilla.
Kaikkien liikkuminen ei kuitenkaan vdhene, vaan osa nuorista sdilyttda
aktiivisuustasonsa ennallaan ja osa lisdd litkkkumistaan. Liikkumisen muutosta ja
pysyvyyttd selittdvat tekijat voivat olla erilaisia. Liikkumisen muutos saattaa
heijastua myos syddn- ja verisuonisairauksien sekd tyypin 2 diabeteksen
riskitekijoihin. Tutkimuksessa selvitettiin, miten terveyskdyttdytyminen,
demografiset ja psykososiaaliset tekijdt, liikkumisen muodot ja paikallaanolo
ovat  yhteydessd  liikkumiskdyttaytymisen = muutokseen  (liikkumisen
muutosryhméddn kuulumiseen) ikdvuosien 15 ja 19 valillda. Lisdksi tutkittiin
kardiometabolisten riskitekijoiden kehittymistd lilkkumisen muutosryhmissa.

Tutkimuksen aineisto muodostui 254 suomalaisen nuoren liikemittaustie-
doista, kyselylomakevastauksista sekd laboratoriomittauksista, jotka keréattiin
osana seurantatutkimusta nuorten ollessa 15 ja 19 vuoden ikdisid. Liikkumisen
muutosryhmét muodostettiin aineistoldhtoisesti.

Aineistosta muodostui kaksi vdhenevin aktiivisuuden ryhmad ja aiemman
aktiivisuustasonsa sdilyttdvien ryhmadt (aktiivisuuden sdilyttdjit ja lapi nuoruu-
den vahan liikkuvat) sekd pieni liikkumista lisddvien joukko. Liikuntaseuraosal-
listuminen oli yhteydesséd aktiivisuuden sdilymiseen, kun taas passiivisesti kul-
jetut koulu-, opiskelu- ja tyomatkat sekd nuorena ettd nuorena aikuisena olivat
yleisempid vahan liikkuvilla. Keskusteluvaikeudet isan kanssa sekd vahdisempi
vihannesten ja hedelmien kdytto olivat yhteydessa viahdisend sdilyvaan liikkumi-
seen sekd liikkumisen viahenemiseen alhaiselle tasolle. Jalkimmadisessd ryhméssa
myds tupakointi nuorena aikuisena oli tyypillisempdd. Liikkumisen lisddjien ve-
renpaine laski seurannan aikana, kun taas painoindeksi, insuliini-, glukoosi- ja
HDL-kolesterolipitoisuudet kehittyivit epdedulliseen suuntaan liikkumista va-
hent&dvissd ryhmissa.

Liikkumisen viheneminen on yhteydessd epdedullisiin muutoksiin kardio-
metabolisissa riskitekijoissd jo nuorena. Liikuntaseuraosallistuminen tukee aktii-
visuuden sdilymistd. Terveyden edistdaminen, joka ei suoraan liity liikkumiseen,
kuten isien ja nuorten vuorovaikutuksen tukeminen, tulisi ndhdd mahdollisuu-
tena edistdd liikkkumista.

Asiasanat: fyysinen aktiivisuus, lilkkuntaseurat, nuoret, nuoret aikuiset,
riskitekijdt, terveyskdyttdytyminen
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1 INTRODUCTION

The shift in Western societies towards a more sedentary lifestyle has raised con-
cerns. These would appear to be justified bearing in mind that a sedentary life-
style causes disease, and an economic burden related to human suffering (Ding
et al., 2016). Insufficient physical activity is a risk factor for illness, including car-
diometabolic diseases, which are among the most common causes of death year
after year (Global Health Estimates, 2019). In recent years, the consequences of
physical inactivity for planetary health (involving e.g. passive commuting), have
also been a focus of attention (Jochem & Leitzman, 2023; UNESCO, 2015). Overall,
the importance of physical activity for wellbeing is widely recognized at both
global and national level (Finnish Government, 2023; UNESCO, 2015; World
Health Organization, 2018).

Non-adherence to physical activity guidelines is common already from ad-
olescence and even earlier (Guthold et al., 2020), coinciding with a general decline
in activity with increasing age (Corder et al., 2019). Adolescence in particular is a
life phase when dropout from sports clubs commonly occurs and activity de-
creases overall (Corder et al., 2019; Kemp et al., 2019).

While the overall decrease in physical activity during adolescence is well-
established, the high degree of individual variation is often ignored. Many ado-
lescents follow the general pattern of decreased activity, yet others increase or
maintain high or low activity. Understanding these different patterns and the re-
lated correlates could be beneficial in tackling problems related to insufficient
activity and supporting favourable behaviours.

In addition, the dynamic and time-varying nature of physical activity is in-
sufficiently recognized in assessing health. The relation of physical activity at a
single time point (adolescence) to later health outcomes (in young adulthood) is
a common research approach (van Sluijs et al., 2021); however, it overlooks pos-
sible changes in physical activity behaviour (see also Moholdt et al., 2021; Sharma
etal., 2023; Yang et al., 2022). Exploration of physical activity change and stability
patterns in relation to the development of cardiometabolic risk factors makes it
possible to observe (possibly varying) health outcomes over time - outcomes due
to different forms of physical activity evolution. There are possibilities to
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determine, for example, whether a decrease in physical activity during adoles-
cence has unfavourable health consequences already during this early life phase.
Furthermore, in cases of maintained physical activity, it would be possible to de-
termine whether this relates positively to cardiometabolic health as compared to
maintenance of a passive lifestyle.

Overall, the life stage from adolescence to young adulthood has received
only limited attention from the perspective of physical activity (Corder et al., 2009;
Corder et al., 2019; Lounassalo, Salin et al., 2019; van Sluijs et al., 2021). This is
surprising, given that this life period typically involves increasing autonomy,
plus important changes such as moving out of the childhood family home, and
entering higher education or employment. Thus, the transition to young adult-
hood can be seen as a particularly important time for the establishment of long-
term lifestyle behaviours.

Physical activity measures have become more valid following the use of ac-
celerometers. These devices have enabled more objective measures of movement
as compared to participants’ self-reports (Burchartz et al., 2020). Note also that in
conducting a follow-up with accelerometers, with the aim of capturing patterns
of change and stability, data-driven methods are preferable to subjective group
identification. Data-driven methods make it possible to identify real patterns of
change and stability. By contrast, traditional methods, by which data is subjec-
tively forced into patterns based on pre-determined levels (such as quartiles),
may well miss fine-grained developments in groups over time, as identified from
the actual study data.

The research reported in this doctoral thesis aimed to identify patterns of
physical activity change and stability among Finnish young people from adoles-
cence to young adulthood (ages 15 to 19), and further to explore the characteris-
tics (determinants or correlates) of the patterns in relation to 1) demographics, 2)
the domains of physical activity, 3) sedentary time, 4) psychosocial factors, 5)
health behaviours. A further aim was to study the associations between physical
activity patterns and the development of cardiometabolic risk factors. The core
phenomena of the study, i.e. longitudinal physical activity patterns, were thus
studied in a multidisciplinary manner. The overall perspectives of health promo-
tion and sports and exercise medicine were adopted, and these were used to ex-
tend the continuum from behavioural correlates to health outcomes.
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2 REVIEW OF THE LITERATURE

2.1 The transition to young adulthood and health behaviour

The period from adolescence to young adulthood is one of the most fundamental
transitions in life (Arnett, 2000; Hirvensalo & Lintunen, 2011). During this life
stage, multiple changes occur, for example, biologically, demographically, and in
terms of identity explorations (Arnett, 2000). The fundamental changes - such as
transition to further studies or working life, moving away from the childhood
tamily, or engaging in intimate relationships - influence subsequent life periods,
and reflect independent decisions and growing responsibility for one’s own life
course (see also Arnett, 2000).

The transition to young adulthood is important also for health behaviours
(defined here as intentional or unintentional actions taken by individuals that
may affect health or mortality (modified from Short & Mollborn, 2015)) such as
dietary habits, and physical activity. These behaviours have their foundations in
childhood family practices, while increasing independence in adolescence ena-
bles decisions that are more in line with one’s own preferences. However, in ad-
dition to personal attributes and family influences, health behaviours are influ-
enced by one’s broader social surroundings, the physical environment, and the
overall policy framework, acting in a complex interplay (Bronfenbrenner, 1979;
Sallis & Owen, 2015). These multilevel determinants of behaviour may vary
across the life course, influencing each other and the way in which life unfolds
(Mohammadi, 2019; Sharma et al., 2023; Tones & Tilford, 2011, pp. 195-199). This
complexity in physical activity is discussed in more detail in Section 2.2.3, paying
particular attention to the (socio)ecological model and the life course approach.

The terminology and age ranges describing young people vary (Figure 1).
In this study, 15-year-olds are referred to as adolescents and 19-year-olds as young
adults. The terms are based on the age of adulthood (18 years) as set by law (Laki
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holhoustoimesta 442/1999)!, and for practical reasons, to separate the two age
groups from each other. However, the common markers of adulthood - for in-
stance becoming independent and responsible for oneself - develop with varying
individual timings.

Developmental Specific terms Age range
stage —

Adults

Adulthood Emerging adults

Young adults

Youth

Expanded definition
of adolescence

Current definition

of adolescence
Adolescence -

Older adolescents
Teenagers

Younger (or early)
adolescents

Children
Childhood —
School-aged

children

0 5

Age (years)

FIGURE1  Commonly used age ranges and terms for childhood, adolescence and adult-
hood (Sawyer et al., 2018)

In Finland, a typical 15-year-old adolescent is a 9t grader in compulsory basic
education or starting secondary education (either upper secondary school or vo-
cational education and training). A 19-year-old young adult is in a transitional
phase, in which the educational and occupational paths start to differ between
individuals. Many 19-year-olds are still in upper secondary school or vocational
school (in which education usually takes place between ages 15/16 and 18/19),
but some have already proceeded to working life, higher education, or military
service (which is obligatory for all Finnish men, and voluntary for women).
Hence, many changes in everyday life settings and environments take place be-
tween adolescence and young adulthood potentially affecting health behaviours.

1 Although by law individuals become adults at age 18, the Finnish Youth Act (Nuoriso-
laki 1285/2016) defines adolescents as persons under age 29.
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2.2 Physical activity from adolescence to young adulthood

221 The concept of physical activity

Physical activity is widely recognized as a health-promoting behaviour. It was
commonly defined (Caspersen et al., 1985) as any bodily movement produced by
skeletal muscles that results in increased energy expenditure. Later, physical ac-
tivity was defined more precisely as involving activities exceeding 1.5 metabolic
equivalents (METs)?; this was in contrast with sedentary behaviour (any waking
behaviour characterized by energy expenditure < 1.5 METs, while in a sitting,
lying or reclining posture), and sleep (~ 1 MET) (Tremblay et al., 2017). This ap-
proach takes into account movement and non-movement behaviours during a
24-hour period. Exercise is seen as one form of physical activity, as it is defined
as planned, structured and repetitive form of physical activity, done for a specific
purpose, e.g., to improve one’s health or physical function (Caspersen et al., 1985).

Physical activity can further be described by its intensity, frequency, dura-
tion, type, and domain (see Table 1 with examples of these), as well as by the
environments or settings where the activities take place. Hence, behavioural
characteristics are relevant when describing physical activity. For example, the
settings and environments in which people live their everyday lives mould and
enable physical activity (see also Kokko & Baybutt, 2022; World Health Organi-
zation, 1986, p. 4). In Finland and many Western countries, typical settings for
physical activities during adolescent and young adult years include 1) sports
clubs and other organized sports, 2) educational settings from comprehensive
school to vocational school and upper secondary school, and later higher educa-
tion institution. Furthermore, the 3) occupational contexts and 4) the home and
nearby community are common living environments in which daily physical ac-
tivity may occur.

2 “The metabolic equivalent of task, or simply metabolic equivalent, is a physiological measure ex-
pressing the intensity of physical activities. One MET is the energy equivalent expended by an
individual while seated at rest, usually expressed as mLO2/kg/min.” (Bull et al., 2020)
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TABLE 1

cal activity

Examples of characteristics of physical activity with the guidelines on physi-

Characteristics of physical activity

Domains (Sallis | Active Active Household Occupational
et al., 2006, mod- | leisure commuting activities and/or educational
ified) activities
Types Endurance | Resistance/ Balance Flexibility
(aerobic) strength
Aerobic inten- Sleep Sedentary Physical activity >1.5 METs
sity (Ainsworth | ~1 meta- behaviour Low, Moderate, Vigorous,
etal, 2023; Bull | bolic equiv- | <1.5 METs >1,5-2.9 3-59 METs | 26 METs
etal., 2020) alent (MET) METs (slow | (brisk walk, | (running,
walking, vigorous playing
light effort effort basketball)
household household
tasks) tasks)
Guidelines

For children and adolescents (7-17 yrs)

Finnish recom-
mendation (Min-

All children and adolescents aged 7 to 17 years are recommended to be
physically active in a versatile, brisk and strenuous manner for at least 60

line (Bull et al.,
2020)

istry of Educa- minutes a day in a way that suits the individual, considering their age. Ex-
tion and Culture, | cessive and extended sedentary activity should be avoided.

2021)

WHO'’s guide- Children and adolescents should do at least an average of 60 minutes per

day of moderate- to vigorous-intensity, mostly aerobic, physical activity,
across the week. Vigorous-intensity aerobic activities, as well as those that
strengthen muscle and bone, should be incorporated at least 3 days a

week.

For adults

Finnish recom-
mendation for
18-65-year-olds
(Vdha-Ypyd et
al., 2022)

Light physical activity as often as possible.
Moderate physical activity at least 2 h 30 min per week OR vigorous phys-
ical activity at least 1Th 15 min per week.
Muscle strengthening and balance activities at least 2 times per week.

WHO's guide-
line for 18-64-
year-olds (Bull et
al., 2020)

All adults should undertake regular physical activity;
» Adults should do at least 150-300 min of moderate-intensity aerobic
physical activity, or at least 75-150 min of vigorous-intensity aerobic
physical activity, or an equivalent combination of moderate-intensity and
vigorous-intensity activity throughout the week for substantial health

benefits.

» Adults should also do muscle-strengthening activities at moderate or
greater intensity that involve all major muscle groups on 2 or more days a
week, as these provide additional health benefits.
» Adults may increase moderate-intensity aerobic physical activity

to >300 min, or do >150 min of vigorous-intensity aerobic physical activ-
ity, or an equivalent combination of moderate-intensity and vigorous-in-
tensity activity throughout the week for additional health benefits (when
not contraindicated for those with chronic conditions).

The aspect of

physical activity as health-promoting behaviour is closely
connected to the descriptions of physical activity, as the benefit of physical
activity is dependent on its intensity, frequency, duration, and type, which are
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conveyed in physical activity guidelines (see Table 1). The physical activity
guidelines are used as a reference also for the concept of physical inactivity. Note
that according to the commonly accepted definition, physical inactivity is
considered to be an activity level that is insufficient to meet the current physical
activity guideline (Bull et al., 2020). However, when defining whether one is
inactive, the only part of the guidelines commonly considered is unfulfilment of
the aerobic physical activity recommendations (Guthold et al., 2018)3.

It is notable that there is a remarkable difference between the guidelines for
a 17-year-old adolescent and those for an (at least 18-year-old) young adult. To
fulfil the recommendation of pursuing at least moderate intensity physical activ-
ity, an average of one hour per day, i.e. seven hours per week, is recommended
for an adolescent, whereas two and a half hours per week is deemed sufficient
for a young adult. This easily leads to a situation in which one is insufficiently
active at adolescence, but on reaching the age of 18, the recommendation for
adults is achieved (see e.g., Espinoza et al., 2023). There is no scientific reason for
so sudden and significant a change in the recommended dose of physical activity
at age 18 (van Sluijs et al., 2021). Hence, separate physical activity guidelines for
young adults may be needed together with more research on the health benefits
(see also van Sluijs et al., 2021).

2.2.2 Key physical activity settings and domains in Finland

Information on the settings and domains in which physical activity takes place is
important in seeking to understand physical activity behaviour. The cultural con-
text, including geographical distances, and also the laws on education, set some
preconditions on people’s use of time and their possibilities for physical activity.
There also seems to be considerable variation between countries in how moder-
ate-to-vigorous physical activity (MVPA) is accumulated via different physical
activity domains (Strain et al., 2020).

In Finnish basic education, every pupil obtains school physical education
comprising seven weekly lesson hours in total between the 7t and 9t school
grades (ages 12/13 to 15/16) (Valtioneuvoston asetus, 2023). This is equivalent
to 7 * 38 = 266 school lesson hours during grades 7, 8, and 9. One school lesson
hour is timed as 45 minutes. The school can decide on the distribution of the
weekly lesson hours per year, having, for example, two weekly lesson hours for
8th and 9th graders and three weekly lesson hours for 7th graders (Valtioneuvoston
asetus, 2012, 2023). Additionally, schools may offer optional school physical ed-
ucation, varying in content and amount between schools. The average duration

3 If one considers both aerobic and muscle-strengthening activities, adherence to the
WHO'’s guidelines (Bull et al., 2020) is fulfilled by approximately one out of five adults
(17%) (Garcia-Hermoso et al., 2023). If one considers only aerobic physical activity, the
corresponding prevalence is one in four adults (28%) (Guthold et al., 2018). However,
the prevalence of adolescents fulfilling the aerobic physical activity guideline is the
same as the corresponding prevalence based on both aerobic and muscle-strengthening
activities (both 19%) (Garcia-Hermoso et al., 2023; Guthold et al., 2020). The results are
based on self-reports.
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of school physical education in 2022 was 140 minutes per week according to 9th
graders self-reports (Paloméki & Lyyra, 2023).

After basic education, just over half of adolescents continue to general up-
per secondary education, while around 40% of adolescents proceed to vocational
education and training (Finnish National Agency for Education, 2019, pp. 15-16)%.
The typical duration of secondary education is three years (from age 15/16 to age
18/19). During upper secondary education, there are two compulsory courses (2
* 38 hours) and three voluntary specialization courses (3 * 38 hours) of physical
education (Finnish National Agency for Education, 2020). In vocational educa-
tion and training, physical education is embedded in a 2 credits compulsory
course related to the maintenance of worksite wellbeing (Finnish National
Agency for Education, 2024). In some fields of vocational education and training,
physical activity is an essential part of the studies (e.g. when one is aiming to
become a physical-education instructor).

The Finnish Ministry of Education and Culture has funded a national action
programme Finnish School on the Move to establish a physically active culture in
schools since 2010 (Blom et al., 2018). The programme was first implemented in
basic education (grades 1-9), and since 2015 it has been implemented also in up-
per secondary school and higher education (Blom et al., 2018). At present, more
than 90% of schools in basic education participate in the programme (Liikkuva
koulu, 2024).

Active commuting to and from the school or study place is part of the week-
day of many young people. The distance between home and school is less than
tive kilometres for 62% of 7th and 9t graders (Turunen et al., 2023) and for 56%
of upper secondary school students in Finland (Kallio et al., 2021). If the distance
is more than five kilometres, the municipality arranges school transport for pu-
pils in basic education (Basic Education Act 628/1998), but some parts of the trip
may still be commuted actively. Out of those 7th graders who live less than five
kilometres from school, 78% commute actively (by bicycle or on foot) to school
(Turunen et al., 2023). The corresponding proportion among 9th graders is lower
(59%), and it has been speculated that motorized vehicles such as mopeds might
have replaced at least some part of cycling or walking to schools, since 15-year-
olds have the possibility to get a driving licence for a moped (Turunen et al., 2023).
However, 72% of upper secondary school students commute actively to their
study place (Kallio et al., 2021).

After upper secondary education, young adults typically move on to higher
education, working life, or military service. In higher education (universities and
universities of applied sciences) sports services arrange physical activities for stu-
dents. For its part, military service concerns all Finnish men deemed fit for service
and women who wish to apply for it voluntarily. The service commonly starts
within two years from call-ups arranged at the age of 18 (Finnish Defence Forces,
2023), and it includes training to improve the fitness of participants. The duration

4 Since 1.8.2021, compulsory education has been extended to the age of 18 (Oppivelvol-
lisuuslaki 1214/2020), whereas previously only basic education was compulsory.
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of military service is at least half a year (165 days), but can also be 255 or 347 days
(Finnish Defence Forces, 2023).

Most organized leisure-time sports and exercise activities for adolescents in
Finland are arranged by sports clubs. These are typically based on voluntary civic
activities at local level, and only a minority of sports clubs operate as profit-mak-
ing companies. Approximately two thirds of children and adolescents take part
in sports club activities at present (Kokko et al., 2019), and there has been increas-
ing participation over the years among persons aged 11 to 15 (Aira et al., 2013, p.
52; Réisdnen et al., 2018). However, dropout from the sports club is common dur-
ing adolescence (Aira et al., 2013). In Finland, 42% of 15-year-olds take part in
sports club activities (Blomqvist et al., 2023), whereas the corresponding preva-
lence is 30% among upper secondary school students aged 18-20 (Mononen et al.,
2021).

In addition to sports clubs, young people take part in organized leisure-time
sports via (i) sports companies (27% of 9th graders and 30% of upper secondary
school students on a weekly basis), (ii) school clubs (14% of 9t graders and 6% of
upper secondary school students), or (iii) clubs set by other organizations such
as Scouts (13% of 9th graders and 9% of upper secondary school students) (Kokko
etal., 2021; Martin et al., 2023). Recently, new provisions were added to the Youth
Act (Laki nuorisolain muuttamisesta 955/2022) concerning recreational activities
for young people and the state subsidy grant for such activities in basic education.
In practice, school clubs - some consisting of physical activities - are offered to
pupils free of charge.

There has also been research on how much MVPA is accumulated via dis-
tinct physical activity domains, as measured by an accelerometer or correspond-
ing device. International studies have shown that most school physical education
lessons (approximately two thirds) for persons aged 12-18 are spent on, at most,
low intensity physical activities (Hollis et al., 2017). The time spent in MVPA dur-
ing sports club practices has been estimated at 40-50% (Ridley et al., 2018). How-
ever, the recommended amount of MVPA may be achieved through a range of
physical activity domains. For example, almost half of the recommended amount
of MVPA for adolescents may be achieved through active commuting (Campos-
Garzoén et al., 2023).

Few studies have analysed changes in physical activity domains in associa-
tion with changes in MVPA during adolescence or young adulthood (Ikeda et al.,
2022). Moreover, individual variation is not taken into account if one analyses
only the average participation in different domains of physical activity.

2.2.3 Correlates and determinants of physical activity

Understanding why people are active or inactive is a key question in physical
activity promotion. Several studies have examined how different factors deter-
mine physical activity behaviour. According to a recent review, the main deter-
minants and correlates for physical activity in adolescence include male gender,
social support from friends and family, an activity-supportive built environment,
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and support for activity in the whole school and in physical education classes in
particular (van Sluijs et al., 2021).

In physical activity research, a determinant of physical activity is under-
stood as a predictor possessing a possible causal relationship with physical activ-
ity (Atkin et al., 2016; Bauman et al., 2002, 2012) or (more briefly) as a preceding
predictor (Hesketh et al., 2016). Thus, it is differentiated from a correlate of phys-
ical activity, which refers to a cross-sectional association without the possibility
to examine causality (Atkin et al., 2016; Bauman et al., 2002, 2012; Sallis et al.,
1992). In health promotion terminology, for its part, a determinant is a factor
which determines the healthy life expectancy of individuals and populations
(Nutbeam & Muscat, 2021) or - as adjusted to the framework of this study - one
that determines physical activity. The definition gives no indication of possible
causality.

The notion of a determinant is complex, insofar as it is difficult to reveal
causal pathways reliably in the absence of randomized controlled studies. These,
however, also have limitations when one is exploring human behaviour outside
the laboratory, as multiple factors may contribute to an outcome in real life. In
addition, causal relationships may be bidirectional (a phenomenon called recip-
rocal determinism) (Bauman et al., 2002). For example, overweight may cause
lower activity and vice versa. Overall, it frequently happens that causal determi-
nation cannot be confirmed (Biddle et al., 2023). Despite the limitations with re-
gard to proving causality and the lack of a consensus in the terminology, the cur-
rent study on physical activity will apply the above-mentioned definitions of de-
terminant and correlate as they are commonly used when physical activity is under
examination. In those cases where the analyses have been conducted in a longi-
tudinal setting, but a factor (an exposure variable) cannot be said to precede an
outcome (for example, in the case of longitudinal physical activity patterns as
outcome), the term longitudinal correlate is also used.

2.2.3.1 The ecological framework

The diversity of correlates and determinants of physical activity is illustrated in
(socio)ecological models. The ecological framework is based on the idea that hu-
man behaviour is influenced by both individual characteristics and physical and
sociocultural environments (Sallis & Owen, 2015). Thus, as the name suggests,
the ecological framework acknowledges also the environmental influences on
human behaviour.

The ecological framework further aims to categorize diverse behavioural
influences (see, for example, Sallis & Owen, 2015). Bronfenbrenner (1979, pp. 7-
8) was one of the first researchers to differentiate between distinct levels of be-
havioural influences, as being closer to the individual (in a microsystem) or more
distant from the individual (in meso- and exosystems). McLeroy et al. (1988), for
their part, distinguished between intrapersonal, interpersonal, institutional, com-
munity, and policy levels. All these categorizations can be useful in seeking to
understand the plurality of possible determinants and correlates in human be-
haviour.
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The ecological framework has been widely applied to physical activity re-
search (Sallis & Owen, 2015). Sallis et al. (2006) illustrated an ecological model
involving four domains of active living; hence, 1) active recreation, 2) household
activities, 3) active transport, and 4) occupational activities were acknowledged
as having their own specific context or setting, characteristics, and possible poli-
cies, each of which could play a role in the individual’s physical activity behav-
iour. Bauman et al. (2012) categorized the determinants of physical activity
within the following levels over the life course: individual, interpersonal, environ-
ment, regional or national policy, and global (see Figure 2). The combinations and
interactions of factors from these levels can be expected to influence physical ac-
tivity (Bauman et al., 2012).

The ecological framework can be used also in combination with other be-
havioural theories or models. The ecological models do not necessarily specify
the factors or processes at each level that might influence behaviour, and other
models might thus be beneficial (Sallis & Owen, 2015). For example, at an indi-
vidual level, the Health Belief Model (Hochbaum, 1958) concentrates on the per-
sonal expectancy and value of a given behaviour, whereas Social Cognitive Theory
(Bandura, 1986) considers also the interpersonal level, focusing, for example, on
social support, normative beliefs, and observational learning. Furthermore, there are
other frameworks, such as the Behaviour Change Wheel (Michie et al., 2011), that
take the ecological framework to the level of behavioural change (van Kasteren
et al., 2020).
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2.2.3.2 The life course approach

The life course approach emphasizes the events and transitions occurring during
different life phases, and the consequences of these for behaviour and health
(Halfton et al., 2014; Tones & Tilford, 2011, pp. 195-199). Thus, health develop-
ment is seen as a dynamic and adaptive process continuing throughout the
lifespan (Halfton et al., 2014). This process starts before birth and conception,
since the environment affects the formation of the organism and the developing
foetus via e.g. the neural-hormonal context and nutritional inputs (Halfton et al.,
2014).

In addition to genetics and biological factors, health and behaviour
throughout the life course is influenced by social and psychological aspects (Half-
ton et al., 2014), as well as by the physical environment and policy. Hence, the
life course approach to some degree includes the ecological framework, inter-
twining individuals and contexts with a cross-cutting emphasis on time (Li et al.,
2009). Bauman et al. (2012), too, have adapted the notion of the ‘life course’ (from
early life exposure to older adulthood) within the ecological model of the deter-
minants of physical activity (see Figure 2), although this aspect is only mentioned
briefly.

Mielke (2022) has pointed out that assumptions regarding the causes and
consequences of behaviour may be overly simplistic if the time-varying nature of
behaviour and its determinants is not considered. Furthermore, by observing be-
haviour as a trajectory, it may be possible to identify the key life stages in which
changes occur and examine the associated determinants (Ben-Shlomo et al., 2016;
Sharma et al., 2023).

Li et al. (2009) have summarized the following key elements of the life
course approach from the writings of Elder et al. (2003): 1) human agency, 2)
linked lives, 3) time and place, 4) life-span development, and 5) timing. Human
agency indicates individuals who actively make decisions for their own lives.
Linked lives refers to individuals who are not isolated from others but rather
bound to the lives of others. Historical time and geography (time and place) also
play a role in how the life course proceeds. Furthermore, earlier life phases may
impact on one’s forthcoming life (life-span development). Finally, timing is im-
portant, as there may be ideal times for intervening e.g. in health behaviours (EIl-
der, 1998).

When considering physical activity behaviour during the transition to
young adulthood, the contexts of living and of physical activity are special targets
of interest, because they are usually changing (see also Hirvensalo & Lintunen,
2011). These changes may cause adaptation to physical activity, and possibly de-
termine physical activity change. According to some studies, starting employ-
ment (Gropper et al., 2020; Winpenny et al., 2020), starting cohabitation, getting
married, pregnancy, and the transition from high school to college are associated
with a decrease in physical activity (Gropper et al., 2020). By contrast, leaving the
university does not appear to be related to changes in physical activity
(Winpenny et al., 2020). However, the conclusions regarding the relations be-
tween life events and changes in physical activity are based on a limited number
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of heterogeneous studies. In addition to life events, it is necessary to examine also
other possible determinants and correlates playing a role in physical activity
change and stability in adolescence and young adulthood.

2.2.3.3 Other contextual considerations

In the previous sections above, physical activity was discussed in terms of the
diversity in multilevel correlates and determinants within an ecological frame-
work and over the life course. The contextual factors can also be considered be-
yond the ecological framework or life course approach.

Atkin et al. (2016) have summarized the context as consisting of activity type,
person, place, and time - all causing variation in physical activity behaviour and
its correlates. Indeed, different activity types such as walking and jogging, but also
different activity domains (active commuting and sports club participation) and
intensities (low and vigorous physical activity) (Biddle et al., 2023) may have
their own correlates and determinants. Furthermore, Dishman et al. (1985) noted
already during the 1980s that influences on participation in physical activity may
vary for different activity behaviours.

In addition to the variation deriving from different life phases, shorter pe-
riods of time may be relevant. For instance, there may be considerable variation
in determinants between weekend and weekday activities (Corder et al., 2013).
Moreover, specific groups of people - such as disabled people, or persons with
some chronic disorder - may have unique determinants for physical activity (see
also Sallis et al., 1992). The stage of behaviour change from pre-contemplation to
maintenance is also a possible source for variation in physical activity correlates
(Biddle et al., 2023). The common demand for more studies conducted in low-
income countries rather than high-income countries (van Sluijs et al., 2021) is an
example of place as a possible reason for differences in correlates for physical ac-
tivity.

When considering a longitudinal perspective, the determinants of change in
physical activity (Craggs et al., 2011; Hesketh et al., 2017) may be different from
the corresponding determinants of physical activity at a certain time point. Apart
from research on overall determinants of change, studies have been conducted
on determinants of change in school travel mode (Irwin et al., 2021) and in orga-
nized sports participation (Rinta-Antila et al., 2023).

The changes in correlates - how correlates might change over time and how
these changes might relate to changes in physical activity - have so far received
only limited attention. This research gap has also been noticed by others (Biddle
et al., 2023).
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2.24 Characterizing physical activity change and stability:
longitudinal physical activity patterns

Longitudinal studies have demonstrated an average decline in physical activity
from adolescence to young adulthood (Corder et al., 2019; Kwan et al., 2021).
Moreover, the stability of physical activity during this life period is low to mod-
erate (Hayes et al., 2019), meaning that the maintenance of one’s physical activity
over time relative to peers is moderate at most. This research methodology in-
volves what is referred to as a tracking approach. Neither of these approaches
(taking a population average of physical activity development or using a tracking
approach) fully considers the variation in how physical activity develops over
time across individuals. While a decline in physical activity is indeed common,
other patterns of change and stability also exist. For example, Kwon et al. (2015b)
identified four trajectories between ages 5 and 19: consistently inactive (15%),
consistently active (18%), decreasing moderate physical activity (53%), and sub-
stantially decreasing high physical activity (14%). In some studies, a subgroup of
activity increasers has been further identified, with a prevalence varying between
7% and 14% (Rangul et al., 2011; Young et al., 2018; Zook et al., 2014).

The establishment of physical activity patterns exemplifies person-centred
research. From a methodological point of view, a person-centred approach
means clustering people as opposed to variables (Woo et al., 2018). Instead of a
single developmental pattern over time, the aim is to reveal distinct patterns,
such that the within-pattern differences are as small as possible. There are multi-
ple different data-driven methods to formulate the patterns, classifiable as (i)
model-based methods (such as mixture modelling techniques or latent class anal-
ysis) and (ii) non-parametric algorithms (such as hierarchical or partitional clus-
tering, applying e.g. K-means for longitudinal data) (Genolini & Falissard, 2010).
In some studies, the identification of the distinct patterns is based on subjectively
determined limits, for example, the fulfilment of physical activity guidelines.
However, it can be claimed that only data-driven methods allow one to identify
groups that are genuinely distinct from each other.

The identification of different longitudinal physical activity patterns has be-
come more common in recent years, but there is no consistency in the terminol-
ogy used. In addition to patterns, physical activity (its change and stability) has
been presented via trajectories especially in studies using trajectory modelling
(Beltran-Valls et al., 2019; Kwon, et al., 2015a; Pate et al., 2019; Rovio et al., 2018),
but also in studies using other methods (Demmelmaier et al., 2016; Zook et al.,
2014). Moreover, profiles (Rovio et al., 2018), groups (Young et al., 2018), subgroups
(Farooq et al., 2018), and clusters (Young, et al., 2018) have been used when refer-
ring to population distributions on the basis of physical activity change or
maintenance over time. This doctoral thesis refers to longitudinal physical activity
patterns or (in brief) physical activity patterns, because the development of physical
activity was observed via two measurement points. By contrast, the term trajec-
tory usually refers to physical activity development examined over more than
two time points. Note also that the thesis uses the terms (sub)groups and clusters
as synonyms for patterns in explaining, for example, the formulation of physical
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activity patterns. Moreover, it refers to patterns of change and stability, as required
to accurately describe the relevant phenomena.

Physical activity change overall may have different correlates and determi-
nants from those applicable to longitudinal physical activity patterns. While the
former focuses on background factors for the activity change in the entire study
population, the latter assumes that there could be different factors associated
with e.g. increasing, decreasing, and maintaining activity patterns. Table 2 sum-
marizes the few studies whose focus has been on the determinants or correlates
of longitudinal physical activity patterns during the transition to young adult-
hood. Only studies that used an accelerometer to measure MVPA are included.
All the studies are from the USA, and they have differing target groups. In the
study by Zook et al. (2014), the participants were females aged 14 at baseline,
whereas the studies by Kwon et al. (2015b, 2016) set the baseline at age 5, and
included both females and males. In the study by Zook et al. (2014), the follow-
up did not quite reach the adult age, and pattern detection was based on subjec-
tive groupings via pre-determined levels.

Besides the studies shown in Table 2, other researchers have had similar
study interests, but have based their findings on self-reported (leisure-time)
physical activity (Kwon, Lee, & Carnethon, 2015) and on the subjective determi-
nation of longitudinal physical activity patterns (Aarnio et al., 2002; Rangul et al.,
2011). In addition to analysing self-reported leisure-time physical activity, some
studies have extended the follow-up to late young adulthood (e.g. Lounassalo et
al., 2021; Mathisen et al., 2023; Rovio et al., 2018) making it difficult to draw con-
clusions on the transition to young adulthood.

The previously studied possible correlates and determinants for young peo-
ple’s physical activity patterns have been related to factors classifiable as follows:
1) individual (involving e.g. the physical self-concept (Zook et al., 2014) and, BMI
(Rangul et al., 2011; Zook et al., 2014), 2) interindividual (involving social support
(Kwon et al., 2016; Zook et al., 2014), and 3) environmental (distance to nearest
park (Zook et al., 2014). Overall, the research base is limited, and apart from fam-
ily and peer support for physical activity, the psychosocial factors associated
with physical activity patterns have received little attention. Moreover, for the
most part, only a single health behaviour has been studied in relation to longitu-
dinal physical activity patterns. The behaviours have included sleep duration
(Zook et al., 2014) and smoking/alcohol consumption (Rangul et al., 2011), but
there would be reason to examine the possible accumulation of behavioural risk
and/or protective factors. Similarly, many domains of physical activity have not
been explored comprehensively and simultaneously, although the associations
between organized sports participation and physical activity patterns have been
examined (Kwon et al., 2015b; Rangul et al., 2011).
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TABLE 2 Studies reporting correlates or determinants (covariates) for physical activity patterns from adolescence to young adulthood, in
which the identification of patterns was based on moderate-to-vigorous physical activity assessed by an accelerometer
Ref. Measurement N Accelerometer; Method (pos- Studied correlates / deter- Main findings
ages; baseline pattern identifi- sible refer- minants
year(s); country cation ence)
Zook Only females: 561 ActiGraph; sub- Multivariable Incl.: race; employment Adopters: higher physical self-concept; lower odds for
etal, 14,17 (8thand jective, limit for  logistic re- status; BMIL; age at menses; overweight
2014 11th grades); grouping 30 min gression (ref. sleep duration; previous  Active maintainers: higher physical self-concept;
2005-2006; MVPA/day all the other  organized PA; PA self-effi- higher social support for PA from friends and family;
Washington, participants?) cacy; perceived body fat;  shorter distance to nearest park
DC/Baltimore friend and family support Inactive maintainers: higher odds for overweight; ear-
area, USA for PA; frequency of PA lier menses; lower self-concept and lower perceived
with friends score; dis- body fat; lower friend support for PA; less PA with
tance to nearest park; dis-  friends; greater distance to school
tance to school Relapsers: no predictors
Kwon 5,8,11,13,15, 537 ActiGraph; Dual trajec-  Television viewing trajec- None of the consistently actives were categorized in
etal., 17,19; group-based tra- tory analysis tory groups; organized the no sports participation group. The healthiest TV
2015b 1998-2000; jectory analysis sports participation trajec- viewing pattern (decreasing low TV viewing) was asso-
Iowa, USA (STATA TRA]J tory groups ciated with the consistently active pattern.
procedure) for
MVPA
Kwon 5,8, 11,13, 15, 365 See: Kwonetal, Multinomial Sex; family SES and PA en- Lower family support; female sex; lower family SES
etal., 17,19; 2015b logistic re- gagement in high school & no regular PA in high school by parents; low fam-
2016  1998-2002; gression (ref. and adulthood by father ily SES & regular PA in high school by father associ-
Iowa, USA consistently ~ and/or mother; family ated with decreasing from moderate MVPA; Higher
active) support for PA and sports family support; lower family SES & no regular PA in

high school by parents; lower family SES & regular
PA in high school by father associated with substan-
tially decreasing from high M\VPA.

BMI = body mass index; MVPA = moderate-to-vigorous physical activity; PA = physical activity; SES = socioeconomic status
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2.3 Cardiometabolic health among adolescents and young adults

Type 2 diabetes and cardiovascular diseases (including ischaemic heart disease
and stroke) are among the leading causes of death worldwide (Global Health Es-
timates, 2019; Mensah et al., 2023; Roth et al., 2020). Although cardiometabolic
diseases (type 2 diabetes and cardiovascular diseases) typically emerge in late
adulthood, disease development may start as early as childhood and adolescence
(Berenson et al., 2005; Jacobs et al., 2022; McGill et al., 2000; Pool et al., 2021; Rai-
takari et al., 2023). Thus, health promotion initiatives should also be aimed at
children, young people, and their families, bearing in mind that health habits
start to form at an early age (National Heart, Lung, and Blood Institute, 2012).

Pathologically, the atherosclerotic vascular process begins with the accu-
mulation of abnormal lipid in the carotid intima, progressing later to a stage in
which the core of extracellular lipid is covered by a fibromuscular cap, and finally
to thrombosis, vascular rupture, or acute ischaemic syndromes (National Heart,
Lung, and Blood Institute, 2012, p. 8).

The most common cardiovascular risk factors include (i) measurable risk
factors (high blood pressure, abnormal lipid levels, overweight/obesity, diabetes,
low physical fitness), (ii) behavioural factors (tobacco exposure, physical inactiv-
ity, and poor nutrition/diet), (iii) conditions of life (family history, age, gender),
and (iv) emerging risk factors (metabolic syndrome, inflammatory markers, per-
inatal factors) (Kodama et al., 2009; National Heart, Lung, and Blood Institute,
2012, p. 7). Ideal cardiovascular health consists of seven healthy behaviours and
factors, namely non-smoking, sufficient physical activity, a healthy diet, BMI in
the normal range, as well as normal blood pressure, glucose, and lipoprotein lev-
els (Maclagan & Tu, 2015).

Type 2 diabetes is a metabolic disorder in which the plasma glucose con-
centration is chronically elevated due to decreased insulin action and insulin se-
cretion, leading to a higher risk for acute and long-term complications (Alberti &
Zimmet, 1998). Type 2 diabetes has similar risk factors to those for cardiovascular
disease. These include (i) demographic (age, sex, race and ethnicity), (ii) genetic
and epigenetic, and (iii) behavioural and lifestyle-related risk factors (unhealthy
nutrition; physical inactivity; obesity; early life environmental factors such as low
birth-weight; low socioeconomic status; sleep disturbances; depression and anti-
depression medication use; smoking) (Ley et al., 2018). Metabolic syndrome is
especially powerful risk factor for development of type 2 diabetes (Ley et al.,
2018). It involves risk factor clustering (central obesity, plus any two of the fol-
lowing factors: raised fasting glucose, raised blood pressure, raised triglyceride,
reduced high-density lipoprotein cholesterol (HDL) levels) (Alberti et al., 2006).

For the measurable cardiometabolic risk factors, cut-offs have been set,
which indicate possible increased cardiometabolic risk. Table 3 summarizes com-
mon thresholds for adolescents and young adults. Note, however, that the cut-
offs for children and adolescents are problematic, because (for instance) lipid lev-
els, blood pressure and BMI change with age and pubertal development (Zimmet
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et al., 2007). Moreover, there is variation in the cut-offs between different sources
(Alberti et al., 2006, Cornier et al., 2008; Reisinger et al., 2021); also to take an
example no consensus exists on the cut-off for the homeostasis model assessment
of insulin resistance (HOMA-IR), which is influenced by sex, age, and race
(Tahapary et al., 2022). According to a review (Arellano-Ruiz et al., 2019), the
detected HOMA-IR cut-off for children and adolescents has varied between 2.3
and 3.59. More recently, higher cut-off values have been introduced (e.g. 5.0 for
persons aged 11 to 15) (Hammel et al., 2023).

TABLE 3 Commonly used levels indicating a higher risk for cardiometabolic diseases,
age 15 upwards
Glucose 25.6 mmol/L (Alberti et al., 2006; Zimmet et al., 2007)
Insulin Age 15 (11 to 15): 220.8 mU/L

Age 19 (16 to 23): 216.5 mU/L (Hammel et al., 2023)
Cholesterol 25.0 mmol/L (Piepoli et al., 2016)

Low density lipoprotein 3.0 mmol/L (Piepoli et al., 2016)
(LDL) cholesterol

High density lipoprotein Age 15 (10 to 16): <1.03 mmol/L (Zimmet et al., 2007)
(HDL) cholesterol Adults: males <1.00 mmol/L;
females <1.20 mmol/L (Piepoli et al., 2016)

Triglycerides 21.7 mmol/L (Piepoli et al., 2016; Zimmet et al., 2007)
Body mass index Age 15:
males >23.3 kg/m?

females >23.9 kg/m?2 (Cole et al., 2000, 2007)
Age 18 and older: 225 kg/m? (World Health Organization, 2000)

Blood pressure (sys- >130/85 mm Hg (Alberti et al., 2006; Zimmet et al., 2007)5
tolic/ diastolic)

2.3.1 Cardiometabolic health benefits of physical activity

Research conducted among the adult population shows that physical activity is
associated with a lower mortality rate (Katzmarzyk et al., 2022; Yang et al., 2022),
and a lower incidence of cardiovascular diseases (Ramakrishnan et al., 2021) and
type 2 diabetes (Kyu et al., 2016). The mechanism leading to the reduction of risk
from these diseases and to lesser mortality may involve physical activity, which
could cause a favourable development in the risk factors.

5 Or 2120/80 mm Hg (Flynn et al., 2017; Whelton et al., 2018)

33



The evidence from randomized controlled trials shows, that physical activ-
ity (exercise training) improves lipid profiles and glucose metabolism. More pre-
cisely, lower levels of triglycerides and higher levels of HDL cholesterol and
apolipoprotein Al, as well as lower levels of fasting insulin and HOMA-IR, have
been found in exercise groups as compared to controls (Lin et al., 2015). Accord-
ing to the review by Lin et al. (2015), physical activity also lowered total choles-
terol and LDL cholesterol among participants who had some pre-existing medi-
cal condition such as type 2 diabetes, hypertension, or metabolic syndrome. Fur-
thermore, physical activity lowers blood pressure (both systolic and diastolic)
(Cornelissen & Smart, 2013) and reduces body adiposity (Armstrong et al., 2022).

The benefits of physical activity for children and adolescents have also been
studied. Pool et al. (2021) had mixed findings regarding less physical activity in
childhood being associated with adulthood cardiovascular disease. However, the
studies were mostly based on self-reported physical activity, and the cardiovas-
cular events were studied in persons around 30—40 years of age, a phase when
cardiovascular diseases are rare (Pool et al., 2021).

The WHO'’s physical activity guidelines for children and adolescents (Bull
et al., 2020) are based on a summary of research evidence indicating that a higher
amount of physical activity is associated with improved health (including cardi-
ometabolic health, but also bone health, and the risk of depressive symptoms)
(Chaput et al., 2020). The reviews of randomized controlled studies examining
the effectiveness of physical activity interventions were summarized, indicating
consistent evidence that interventions were associated with better cardiometa-
bolic outcomes (World Health Organization, 2020). However, the results varied
as regards which health outcomes improved, and also which kinds of physical
activities were examined, e.g. high-intensity interval-training and school-based
programs (World Health Organization, 2020). Only a few studies found positive
effects of resistance training on measures of cardiometabolic health (Bea et al.,
2017).

Similarly, physical activity in adolescence (here defined as 10-24 years)
might be associated with certain cardiometabolic health benefits (in terms of
blood pressure, diabetes incidence, and metabolic syndrome) later in life, but the
strength of the evidence so far has been low (van Sluijs et al., 2021). In the review
by van Sluijs et al. (2021) the association of physical activity behaviour in adoles-
cence with later health outcomes was studied, but the development of physical
activity over time was not considered. As van Sluijs et al. (2021) noted, more re-
search is needed, particularly in respect of older adolescents (young adults).
There is a particular need for studies that would take into account changes in
physical activity in relation to cardiometabolic outcomes, whether by random-
ized controlled trials or by observational studies. One example of an observa-
tional study is that conducted by Waterworth et al. (2024), who found that base-
line self-reported physical activity and the change in physical activity were asso-
ciated with a smaller increase in diastolic blood pressure over the 4-year meas-
urement period (between ages 11 and 16).
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2.3.2 Longitudinal physical activity patterns and the development
of cardiometabolic risk factors

Very few studies have examined the association of longitudinal physical activity
patterns with cardiometabolic risk factors during the transition from adolescence
to young adulthood. It has been more common overall for longitudinal studies
to examine either (i) baseline physical activity in relation to a follow-up cardiomet-
abolic outcome, or change in the outcome, or (ii) the association between a change
in physical activity and a change in the cardiometabolic outcome (Garcia-Hermoso
et al., 2021; Skrede et al., 2019; Tarp et al., 2016). However, neither of these ap-
proaches takes into account of the fact that distinct patterns of physical activity
evolution might result in different cardiometabolic outcomes, depending on the
baseline physical activity level, and also on the magnitude of the change in physical
activity. Thus, there is a need to analyse differences in cardiometabolic risk factors
between subgroups of adolescents with different physical activity changes over
time (see also Bauman et al., 2017; Moholdt et al., 2021).

Table 4 summarizes the studies in which physical activity was measured by
accelerometer and by longitudinal physical activity patterns identified via a data-
driven method. Based on the two studies conducted (Kwon et al., 2015a; Oh et
al., 2021), decreased activity during adolescence seems to be associated with
higher odds of becoming obese and having a higher accumulation of body fat as
compared to participants who maintain a high level of MVPA.

No corresponding studies have explored the association between physical
activity patterns and blood biomarkers. Nevertheless, blood biomarkers have
been analysed in some studies using self-reported leisure-time physical activity,
with classification of physical activity patterns according to pre-determined lev-
els (Raitakari et al., 1994; Rangul et al., 2012). In one study, activity maintainers
had better HDL cholesterol levels in young adulthood (adjusted for age and gen-
der) than inactive maintainers (Rangul et al., 2012). In another study, young
women and men maintaining high physical activity had lower serum triglyceride
values, and among men, also a lower concentration of insulin and a higher HDL
cholesterol/total cholesterol ratio in young adulthood, as compared to study par-
ticipants who maintained an inactive lifestyle (Raitakari et al., 1994). However,
the latter results involved rough comparisons without adjustments, for example,
without adjustment for age in the analysis. In addition to blood biomarkers, stud-
ies have indicated that lower diastolic blood pressure, body adiposity (BMI and
waist circumference) (Rangul et al., 2012), and subscapular skinfolds (Raitakari
et al., 1994) are related to sustaining high leisure-time physical activity from ad-
olescence to young adulthood.
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TABLE 4 Studies reporting associations of physical activity patterns with cardiometabolic health outcomes, in which physical activity was
measured via an accelerometer and patterns identified by a data-driven method
Ref. Measurement N  Accelerometer; pattern =~ Method Studied cardiometa- Main findings
ages; baseline identification bolic health out-
year(s); country comes
Kwonet 5,8,11,13,15 ~ 433 ActiGraph; Group-based Multivariable Becoming obese As compared to consistently active partici-
al,, 2015a 17,19; trajectory analysis logistic re- (based on dual-en-  pants (maintaining approximately 45 min. of
1998-2000 (STATA TRA]J procedure) gression ergy X-ray absorp-  daily MVPA), participants with decreasing ac-
Iowa, USA for moderate-to-vigorous model tiometry (DXA) tivity had higher odds for becoming obese.
physical activity (MVPA) measurement of per- Models were adjusted by sex, mother’s educa-
centages of body tion, somatic maturation, and energy intake.
mass)
Ohetal, 15,17,19,21,23; 297 ActiGraph; Latent trajec- Multivariable Fat massindex Consistently active participants (maintaining
2021 2007; tory analysis linear regres- (FMI); visceral adi-  high MVPA) had a lower FMI z-score at age
Midwest, USA (SAS TRA]J procedure) sion pose tissue mass in- 23, independent of FMI at age 15 years, as
for MVPA dex (VAT) compared to participants who decreased their

activity from a moderate level. There was no
significant association between the MVPA tra-
jectory group and the VAT mass index.
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3 AIMS OF THE STUDY

The purpose of this doctoral thesis was to identify patterns of physical activity
change and stability from adolescence to young adulthood (ages 15 to 19) among
Finnish young people, and to explore the characteristics (determinants or corre-
lates) of patterns in relation to 1) demographics, 2) domains of physical activity,
3) sedentary time, 4) psychosocial factors, 5) health behaviours. In addition, the
aim was to study the associations between physical activity patterns and cardi-
ometabolic risk factors. Figure 3 illustrates the components of the thesis. The spe-
cific research questions for the sub-studies were:

I

II

1

What kinds of longitudinal physical activity patterns can be identi-
fied among young people in Finland from adolescence to young
adulthood (ages 15 to 19) and what are the demographic character-
istics of the subgroups (including residence circumstances and edu-
cation/occupation status) representing these patterns?

How are changes in different domains of physical activity (sports
club participation, active commuting) and in sedentary time associ-
ated with physical activity patterns?

How are health behaviours (smoking, alcohol intake, snuff use,
amount of sleeping, dietary habits) and psychosocial variables (e.g.
loneliness, difficulties in talking to parents) related to physical activ-
ity patterns?

How are physical activity patterns associated with evolution in car-
diometabolic risk factors (blood lipids, glucose metabolism, blood
pressure, and BMI) from adolescence (age 15) to young adulthood
(age 19)?
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FIGURE3  The components of the thesis: characteristics of the physical activity patterns,

and relationship with cardiometabolic health
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4 MATERIALS AND METHODS

4.1 Study design and participants

The study data form part of the Diverging paths in physical activity and sports par-
ticipation: Health Promoting Sports Club (HPSC) cohort study, whose purpose was
originally to examine cross-sectionally the differences in health behaviours and
health status between sports club participants and non-participants, plus the
health promotion activities of sports clubs (Kokko et al., 2015). Later, the study
continued as a prospective follow-up study involving the same adolescents
whose mean age was 15 years at baseline (in 2013-2014), 19 years at the first fol-
low-up (in 2017-2018), and 23 years at the second follow-up (in 2021)
(https:/ /doi.org/10.17011/jyx/dataset/92452). Thus, the purpose of the study
broadened, aiming also to identify longitudinal physical activity patterns from
adolescence to young adulthood, and to examine the determinants, correlates,
and health outcomes for the identified patterns.

At baseline, the participants were recruited through 156 sports clubs and
100 schools within six large Finnish cities (Helsinki, Jyvdskyld, Kuopio, Oulu
Tampere, Turku) and their rural surroundings (Kokko et al., 2015) (Figure 4). The
sports clubs represented the ten most popular sports disciplines (both summer
and winter sports, and both individual and team sports): basketball, cross-coun-
try skiing, floorball, gymnastics, ice hockey, orienteering, skating, soccer, swim-
ming, and track and field. The adolescents who were not participating in any
sports club were contacted through the schools.

The participants underwent the same procedure in all the data collection
waves. They took part in electronic surveys on current health behaviours and
health status. A subpopulation was also invited to participate in health examina-
tions (also called pre-participation screenings) in one of the six national Centres
of Excellence in Sports and Exercise Medicine. At baseline, the sample size for
the health examinations was based on power calculations using information on
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asthma prevalence (population 8% vs. athletes 15%) (Kokko et al., 2015; Toivo,
2021).

The health examination included screening by a physician (after a medical
history questionnaire), a pulmonary function test, blood pressure and body com-
position measurements, and a fasting blood sample. Written and oral instructions
were also given on a hip-worn accelerometer, to be worn for seven consecutive
days. In addition, the participants were asked to fill in a physical activity diary
during the physical activity measurement week. More details of the health exam-
ination can be found in Kokko et al. (2015) and Toivo (2021).

The current doctoral study encompasses the HPSC study participants who
took part in health examinations with valid accelerometry measurements from
both measurement waves, at baseline (mean age 15) and at the first follow-up
(mean age 19). The flow chart in Figure 4 describes the sample formulation in
detail.

Sports clubs (SC) invited, n = 272 Schools invited, n = 159
Refused, n =116 — —— Refused, n =59
Sports clubs, n =156 Schools, n =100
Total sports club participants Total non-SC participants
invited to the health invited to the health
examination, n=1123 examination, n =512
Refused or could not 11 SC participants 8 non-SC participants Refused or could not be
be eonthctad: =699 | from school-based from SC-based sample | | ~
z sample (withdrawn from SC) contacted, n =353
Sports club participants who Non-SC participants who
underwent health examination, underwent health examination,
n=424 n =159

Baseline
mean age 15

n =583 in total

Follow-up Died, n :_3 ) . Valid accelerometer data (at least 4
mean age 19 No permission to S/8young adult§ |n\{|ted days, 10h/day, written consent) from
recontact, n =2 to health examination both measurements n =276
Refused or could not |
be contacted, n =207 After excluding swimmers (n = 22)
371 young adults who n =254 (Study | and )
inderwent heaith and type | diabetics (n = 4) n = 250 (39%

examination

sports club participants) (Study Il1)

FIGURE4  Flow chart of the data collection and study samples
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4.2 Ethics

The HPSC study was conducted in accordance with the Declaration of Helsinki,
and received ethical approval from the Ethics Committee of the Healthcare Dis-
trict of Central Finland (20.12.2012 (23 U/2012), 15.12.2016). Written consent was
required from the participants, and also from a guardian when the participant
was aged under 18. The permission notification included detailed information on
the study, plus notification on the right of participants to refuse, and to withdraw
their consent without giving a reason.

The HPSC study was conducted following the privacy policy for scientific
research, which included privacy protection of the participants. The data were
pseudonymized (including code numbers instead of names or identification data
on the participants) and stored securely. The funders (Finnish Ministry of Edu-
cation and Culture; Finnish Ministry of Social Affairs and Health) had no role in
the study design, data collection, statistical analysis, or preparation of the study.

4.3 Measures

The study measurements are briefly presented in this section. A more detailed
description is provided in the original publications and in Appendix 1 (the ques-
tions with response options).

4.3.1 Physical activity and sedentary time

Physical activity was measured by a hip-worn accelerometer (Hookie, AM20 Ac-
tivity meter, Hookie Technologies Ltd., Helsinki, Finland), which collected and
stored tri-axial data (the device includes three orthogonal measurement axes) as
actual g-units (raw data) with a 100 Hz sampling frequency and 16 g (gravity unit)
dynamic range. The Hookie accelerometer has been shown to be a valid meas-
urement tool for both adolescents (Aittasalo et al., 2015) and adults (Vaha-Ypyd,
Vasankari, Husu, Manttdri, et al., 2015; Vaha-Ypyéd, Vasankari, Husu, Suni, et al.,
2015; Vaha-Ypyd et al., 2018).

The participants were instructed to wear the device for seven consecutive
days during waking hours, except when bathing or during water activities. They
were asked to report the time of wearing and taking off the device in the physical
activity diary. The accelerometer was attached with an elastic belt on the right
side of the hip at the level of the iliac crest. After the measurement week, the
device was returned directly to the study personnel at one of the Centres of Ex-
cellence in Sports and Exercise Medicine (baseline data collection), or by mail in
a prepaid envelope. Personal feedback from the measurement week was subse-
quently sent to the participants by mail.

The accelerometry data were analysed in units of 6 s duration and the anal-
ysis of the activity intensity was based on mean amplitude deviation analyses
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(MAD), calculated from a resultant tri-axial raw acceleration signal, and con-
verted to metabolic equivalents (METs) (Vaha-Ypyd, Vasankari, Husu, Ménttari,
et al., 2015; Vaha-Ypyd, et al.,, 2018). The conversion was based on previously an-
alysed oxygen consumption (VO2) during a walking/running test with the same
Hookie accelerometer and the standard conversion factor was used: 1 MET = 3.5
ml * kg * min (Vaha-Ypyd, Vasankari, Husu, Manttéri, et al., 2015). The epoch-
wise MET values were further smoothed by calculating the 1 min exponential
moving average MET value for each epoch time point.

Light physical activity was defined as a MET value higher than or equal to
1.5 and less than 3.0 (with a MAD value between 22.5-91.5 mg), moderate phys-
ical activity as an MET value higher than or equal to 3.0 and less than 6.0 (MAD
91.5-414 mg). Vigorous physical activity was defined as an MET value higher
than or equal to 6.0 (MAD over 414 mg) (Vaha-Ypy4d, Vasankari, Husu, Manttari,
et al., 2015; Vdha-Ypyd et al., 2018). The accuracy of the energy consumption es-
timation for the MAD method is about 1.2 MET for bipedal locomotion over a
wide range of speeds (Vaha-Ypyd, Vasankari, Husu, Ménttari, et al., 2015).

Separate analyses were conducted on activity without movement under 1.5
MET while seated or in a reclining/lying posture (to represent sedentary time, in
line with Tremblay et al., 2017) and standing. Determination of the body posture
was based on two facts, namely, that the earth’s gravity vector is constant and
that the body posture during walking is upright. The accelerometer orientation
(in terms of the gravity vector during walking) was taken as the reference, and
the angle for posture estimation (APE) was determined from the incident accel-
erometer orientation in relation to the reference vector (Vaha-Ypyad et al., 2018).

In the data preparation, a continuous quiescent time exceeding 30 minutes
was taken to indicate non-wear of the device, as recommended also by others
(Vanhelst et al., 2019). These non-wear periods were removed from the data. If
the total accelerometer wear-time exceeded 18 hours per day, hours in excess of
18 were decreased from the sedentary time, as this indicated that the individual
was wearing the device during sleep (1.3% of the measurement days of the par-
ticipants in Studies I and II). For a valid measurement, at least ten hours per day
and at least four days per week of the accelerometer data were required. Swim-
mers (n = 22) were excluded, because they were unable to use the device during
their water activities.

4.3.2 Domains of physical activity

The information on the domains of physical activity - sports club participation,
active commuting, and the amount of school physical education - was based on
participants’ self-reports via surveys.

Sports club participation (i.e. whether the person was participating in sports
club activities) was confirmed in three separate surveys, in conjunction with a
training diary. In Study I, a categorical variable, change in sports participation, was
formed, based on the participants’ responses at baseline and follow-up. The var-
iable comprised four groups: 1) never participated in sports club; 2) dropped out of
sports club; 3) adopted sports club participation; and 4) maintained sports club
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participation. Because of the small number of cases in the adopted participation cat-
egory (n =2), categories 3) and 4) were combined into a single category, i.e. main-
tained or adopted sports club participation. In Study II, participation in a sports club
at baseline and follow-up was examined separately.

Similarly, a categorical variable on active commuting was formed in Study
I. The categories were: 1) never commuted actively; 2) stopped active commuting; 3)
adopted active commuting; and 4) maintained active commuting. The last two catego-
ries were combined. At baseline, the question assessed active commuting (walk-
ing or cycling) to school, and at follow-up active commuting to one’s place of
study or work. In Study II active commuting (yes/no) was examined separately at
baseline and at follow-up.

Active commuting was assessed in more detail via questions estimating 1)
trip length, i.e. distance to the school at baseline (or to the place of study / place
of work at follow-up), 2) duration, and 3) mode of transport (Appendix 1).

The amount of school physical education (including any optional physical
education) at age 15 was reported by the participants as total minutes. The infor-
mation was treated as a continuous variable.

4.3.3 Health behaviours and psychosocial characteristics

The surveys assessed multiple health behaviours and psychosocial characteris-
tics of the participants (see Table 5). Most of the survey questions were based on
the international Health Behaviour in School-aged Children (HBSC) study (Cur-
rie et al., 2014). All the HBSC study questions have been piloted and validated at
national and international levels (Currie et al., 2014), and many of the questions
have been assessed for their test-retest reliability (Currie et al., 2014; Liu et al,,
2010).

TABLE 5 Summary of the variables: health behaviours and psychosocial factors

Variable Study Classification Reference
Alcohol consumption I 1 = at least once a month SHP

0 = less frequently or no consump-

tion

I 1 = weekly
0 = less than weekly or not at all

Lifetime drunkenness II 1 = two times or more HBSC
0 = never or once

Snuff use I 1 =less frequently to every day HBSC
0 = non-users
Smoking I 1 = daily to less than weekly HBSC

0 = non-smokers
I 1 = weekly
0 = less than weekly to not at all
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Variable Study Classification Reference
Smoking or snuff use I 1 = at least weekly
0 = less frequently to never
Toothbrushing II 1 = twice daily HBSC, SHP
0 = less than twice daily
Breakfast eating on week-  1I 1 =5 days per week HBSC
days 0 =4 days or less per week
School meals eating II 1 =5 days per week created for
0 =4 days or less per week this study
Energy drink consumption 1I 1 = at least weekly HBSC
0 = never or less than weekly
Fruit consumption II 1 = daily HBSC
0 = never or less than daily
Fruit and vegetable index  II, Il  from 0 = no fruit and vegetable HBSC, Ve-
consumption to 14 = consumption  reecken et
of both at least once a day al., 2008
Sweets and sugared soft II from 0 = consuming both sweets HBSC, Ve-
drinks index and sugared soft drinks at least reecken et
once a day to 14 = never eating al., 2008
sweets and sugared soft drinks
Sleep duration on week- I hours on average created for
days this study
Feeling loneliness I 1 = very often or often HBSC
0 = sometimes or never
Weight satisfaction I 1=yes created for
0=no this study
Ease in talking to mother II 1 = very easy or easy HBSC
about things that really 0 = difficult or very difficult
bother one (also: father/
stepfather; at least one par-
ent)
Exercising together with II 1 = sometimes to very often created for

mother or stepmother
(also: father or stepfather; at
least one parent)

0 = never to occasionally

this study

HBSC = Health Behaviour in School-aged Children study; SHP = Finnish School Health Pro-
motion study

4.34 Other self-reported information

Sociodemographic characteristics, i.e. self-reported school grade average (only
for adolescents), education and employment status and living arrangements
(only for young adults), living area, and self-rated health were reported by the
study participants in the health behaviour survey (Table 6). In addition, the as-
sessment of family affluence was based on the adolescents’” answers to survey
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questions on four common consumption indicators of material deprivation (cars,
bedrooms, computers, vacations) (Boyce et al., 2006). A composite Family Afflu-
ence Scale score was calculated for each youth based on the individual’s re-
sponses to these four items (see Appendix 1). The scale has previously been val-
idated in the Health Behaviour in School-aged Children study (Boyce et al., 2006;
Currie et al., 2014). To measure the stage of puberty, in the medical history ques-
tionnaire girls were asked at baseline about the onset of menstruation (for boys,
see Section 4.3.5).

TABLE 6 Summary of the demographic (and some other) variables based on self-re-

ports
Variable Study Categorization Reference
Living area I 11, III 1 = urban HBSC
0 = rural
Education / em- I 11, 11T 1 = studying created for
ployment status 2 = working this study
3 = other
Study place LILIII 1= general upper secondary school created for
2 = vocational school this study
3 = higher education institution
Living arrangement L IL III 1 = living with parents created for
0 = living in any other way this study
Self-reported school L ILIII 1= grades 8-10 (good to excellent) created for
grade average 0 = grades <6.5-7.9 (poor to satisfactory) this study
Self-rated health I 1 = excellent to good HBSC
0 = fair to poor
Onset of menstrua- I, III 1 = started created for
tion 0 = has not started this study

HBSC = Health Behaviour in School-aged Children study

4.3.5 Clinical examination

In the health examination, trained personnel (with a specialization in healthcare)
measured the height and weight of the participants (without shoes, and wearing
light clothes) to the nearest 0.5 cm and 0.1 kg, respectively. BMI was calculated
as weight(kg)/height(m)2. Blood pressure was measured via a validated, cuff-
style oscillometric (automated) device (Pickering et al., 2005) while the partici-
pant was seated (after at least five minutes’ rest). A second measurement was
taken at an interval of one minute, and a third measurement was obtained if there
was more than a 10 mm Hg difference in systolic or diastolic pressure between
the first and second measurement. The average of two (or three) measurements
was used in the analyses. The stage of boys” puberty (pubic hair stage) was as-
sessed by a physician at baseline (Marshall & Tanner, 1970).
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4.3.6 Laboratory analyses

Venous blood samples were taken after participants had fasted for at least ten
hours. Serum and plasma were separated by centrifugation (2000 x g for 10
minutes) and stored at —75°C prior to analysis. Concentrations of fasting plasma
glucose, triglyceride, serum total cholesterol, HDL, and LDL cholesterol were an-
alysed using standard enzymatic methods on a Cobas c702 clinical chemistry an-
alyser (Roche Diagnostics, Basel, Switzerland). Serum insulin concentrations
were determined using electrochemiluminescence technology on Cobas 801, ac-
cording to the instructions of the manufacturer (Roche Diagnostics). All meas-
urements were carried out in an SFS-EN ISO 15189:2013 accredited laboratory.
Afterwards, the HOMA-IR was assessed via the formula: fasting serum insulin
(mU/L) * fasting plasma glucose (mmol/L)/22.5 (Matthews et al., 1985).

4.4 Statistical analyses

Data analyses were performed using IBM SPSS Statistics (IBM, Armonk, NY,
USA), versions 24 and 26, R software (R core team, Vienna, Austria) version 3.6.0
(R package KmL in Study I) and R Studio version 4.0.3 (in Study III, e.g. nlme
package (Pinheiro et al., 2020)). The significance level was p < 0.05 in all the sta-
tistical tests.

4.4.1 Identifying longitudinal physical activity patterns

The longitudinal physical activity patterns were assessed via a data-driven
method, i.e. the k-means algorithm for longitudinal data (KmL) (Genolini & Falis-
sard, 2010). Data-driven methods can better identify genuinely heterogeneous
physical activity patterns as compared to subjective methods, which establish the
grouping of patterns by e.g. predetermined levels of activity or splitting into
quartiles. The KmL was selected from the different data-driven clustering meth-
ods because it enabled longitudinal clustering for data with only two data collec-
tion waves over time.

The basic idea in the KmL was to group individuals following a similar pro-
gression of MVPA over time in such a way that the groups (clusters) were as
different from each other as possible. The optimal solution was sought by: 1) de-
termining the centre of each cluster (based on the Euclidean distance with Gower
adjustment), and 2) assigning each observation to its nearest cluster (according
to distance) (Genolini & Falissard, 2010). To find the optimal number of clusters
and the best solution, the KmL was allowed to run for two to six clusters, 20 times
each. The final solution was decided according to the following criteria: (i) the
Calinski & Harabatz criterion (the optimal number of clusters is the number that
maximizes the between-matrix variance and minimizes the within-matrix vari-
ance) (Genolini & Falissard, 2010). As the solutions for four and five clusters were
almost equally good, the decision was also based on (ii) the number of
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participants in each cluster (for further statistical purposes at least 20 observa-
tions), and (iii) the amount of MVPA in the most inactive group (taken to be
clearly under one hour per day at baseline). This made it possible to obtain mean-
ingful comparisons between groups, bearing in mind that the recommendation
for health-enhancing PA for children and adolescents is at least 60 min of MVPA
on average per day (Bull et al., 2020). It is further in line with the common practice
of validating cluster selection also by the researchers themselves (i.e. reasoning
from the subject details) (Genolini & Falissard, 2010; Tang et al., 2017).

4.4.2 Analysing the descriptives

The differences between physical activity patterns were assessed via cross-tabu-
lations followed by the Chi-square test or the Fisher’s exact test for categorical
variables, and via the Kruskal-Wallis test (with post hoc Dunn’s test, adjusted by
the Bonferroni correction for multiple tests) for continuous variables (Studies I,
I1, I1I). The significance of the changes over time was calculated by the McNemar
test (categorical data) (Study I) and the Wilcoxon signed rank test (continuous
data) (Studies I, III). The independent samples t-test and the Mann Whitney U
test were performed in the loss-to-follow-up analysis (Studies I, III).

4.4.3 Modelling the correlates and determinants

Multivariable logistic regression analyses were used to examine the associations
between selected background variables (i.e. possible correlates and determinants)
and physical activity patterns. In other words, the patterns were treated as an
outcome in the analyses. Missing cases were automatically excluded from these
analyses.

In Study I, binary logistic regression analyses were conducted, including
also the changes in the explanatory variables of physical activity domains and
sedentary time (hence, for example, encompassing variables with three classes: 1)
active commuting maintenance/adopt, 2) withdrawal, and 3) never, i.e. not commuting
actively at age 15 or at age 19). Belonging to each of the patterns was modelled
separately (except for treating activity maintainers and increasers as one com-
bined group) with reference to all the other patterns together. The analyses were
adjusted for the change in the device wear-time to eliminate the effect on the results
of differences in usage time.

Multinomial logistic regressions were conducted in Study II to analyse the
associations of health behaviours, psychosocial factors, and physical activity do-
mains with physical activity patterns. Separate analyses were conducted for (i)
baseline (measured at mean age 15) and for (ii) follow-up (measured at mean age
19) explanatory variables. Thus, determinants and longitudinal correlates, re-
spectively, were searched for. The combined group of activity maintainers and
increasers was set as the reference in the analyses. The models were adjusted for
the measurement interval (age at the 2" measurement minus age at the 15t meas-
urement) and for the change in device wear-time.
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In all the models, the explanatory variables were added via a forced entry
method. The variable selection was based on univariable analysis, e.g. difference
(p <0.1) between the physical activity patterns in cross-tabulations. Multiple dif-
ferent models (with different numbers of classes in categorical variables and dif-
ferent combination of explanatory variables) were tested and compared to find
the best solution. The best solution was the one in which the number of zero cells
was acceptable, and in which the test statistics were superior to other solutions
(e.g. R? Nagelkerke, 2 log-likelihood).

4.4.4 Exploring the health outcomes

In Study III, the previously identified physical activity patterns were adopted as
explanatory variables to study the difference between the physical activity pat-
terns with regard to cardiometabolic risk factors. Linear growth curve models
were conducted because the method enables a continuous outcome in a prospec-
tive study design. This means that the correlation (dependency) of repeated
measurements within subjects is taken into consideration. The method allows
variance between individuals according to both intercept and slope (random in-
tercept, and time, i.e. change over time). In addition, growth curve modelling
allows individuals to come from different groups, in this case from distinct lon-
gitudinal physical activity patterns.

Basically, the baseline level and slope (denoting the rate of change over time)
for each cardiometabolic risk factor was explained by the physical activity pat-
tern, sex, age, fruit and vegetable consumption, snuff and/or cigarette use, plus
the change in the device wear-time between the baseline and follow-up measure-
ments (to eliminate the effect on the results of differences in device usage time).
The models included also the change in cardiometabolic risk factors over time by
physical activity pattern, i.e. with time nested within the participant as a random
effect.

In all the models, a multiple of the identity positive-definite matrix (PdIdent)
was set as a correlation structure to improve the normal distribution of the resid-
uals. Furthermore, the outcome variables triglyceride, HOMA-IR, and insulin
were log-transformed using log(x+1) transformation for the same reason. In
showing the results, backtransformation was used for clarification. Age was cen-
tred at 15, with age 15 corresponding to time = 0 to clarify the interpretations.
Additional analyses were performed by adjusting the cardiometabolic risk fac-
tors also for BMI (centred) and the measurement season, in order to assess
whether the associations were independent of BMI and seasonal variation.
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5 OVERVIEW OF THE RESULTS

5.1 Sample characteristics

The study sample was 60% female, and at baseline (mean age 15) almost two
thirds (62%) of the participants lived in families with high affluence®. At follow-
up (mean age 19), most of the participants (69%) were still living with their
parents. Half of the sample (49%) were studying in upper secondary education,
while 13% of the participants were studying in higher education, and 21% were
working (without simultaneous studying) during the follow-up measurement.
Males, and those who reported lower school achievement, were more likely to
not participate in the follow-up measurement (p <0.001).

The proportion of participants reporting distance of over 5 km between
home and school (or to place of study or work at follow-up) increased over time
(baseline 31%; follow-up 46%) (Table 7). Similarly, the proportion of participants
commuting passively by use of a motor vehicle increased from baseline (43%) to
follow-up (64%). At mean age 19, one-third (32%) of the participants drove a car
to the place of study or work as their main mode of travel. The proportion of

those reporting the duration of active commuting as ‘none” increased over time
(baseline 11%; follow-up 23%).

¢ The sample populations consist of exact numbers from Studies I and II (unless otherwise
stated), while the sample in Study III was slightly smaller due to excluded participants
with diabetes (n = 4).
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TABLE 7 Characteristics related to active commuting to school at baseline and to the
place of study or work (at follow-up), n (%)

Baseline  Follow-up p
(n=248)  (n=209-210)
Trip length from home
<1km 52 (21) 28 (13) 0.004
1.1-3 km 77 (31) 48 (23) (=5 km; >5km)
3-5 km 42 (17) 38 (18)
> 5km 77 (31) 96 (46)
Duration of active commuting
No active commuting at all 28 (11) 49 (23) <0.001
<20 min /day 111 (45) 75 (36) (none; any duration)
20-39 min/day 86 (35) 55 (26)
40-59 min/day 15 (6) 24 (11)
1 hour or more /day 8 (3) 7 (3)
Mode of commuting
On foot 62 (25) 30 (14) <0.001
By bicycle 80 (32) 46 (22) (by motor vehicle; on
Parent’s car 20 (8) 12 (6) foot or by bicycle)
By scooter, moped, or moped car 21 (9) 15 (7)
By other motor vehicle 65 (26) 40 (19)
By car that I drive myself - 66 (32)

Note: p-values were assessed using the McNemar test to analyse differences over time. At
follow-up the frequencies included only those participants who were studying or working,
and who responded to the questions (e.g. unemployed persons were not included). At base-
line all the study participants were attending school; hence, the questions were addressed to
all of them. The results comprise previously unpublished information.

5.2 Longitudinal physical activity patterns

Five longitudinal physical activity patterns were identified in Study I (Figs. 5 and
6), concurrently with an overall decline in participants” mean MVPA (Table 8).
The most prevalent patterns were inactivity maintainers (n = 71) and activity main-
tainers (n = 70). Two distinct declining patterns were found: decreasers from mod-
erate to low physical activity (n = 61), and decreasers from high to moderate physical
activity (n = 32). In addition, the analysis revealed a small group of increases (n =
20), whose mean physical activity was at a high level already at baseline (MVPA
1h 50 min per day at age 15).

The background characteristics of the physical activity patterns showed no
significant difference between the patterns regarding family affluence at baseline,
or educational and employment status as young adults (Table 8). Moreover, the
proportion of young adults still living with their parents did not differ between
the patterns. However, there was a lower proportion of females among the
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decreasers from high to moderate physical activity (19%) as compared to the other
patterns (e.g. 73% of inactivity maintainers were females).

3:00 e—————e Inactivity maintainers
5 (28%)
230
Q : < ] O—— 0 Activity maintainers
8 \/ (28%)
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FIGURE5  Longitudinal physical activity (PA) patterns (the data represent the mean
and standard deviation)
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TABLE 8 Background characteristics of the longitudinal physical activity patterns

All Inactivity Activity Decreasers from  Decreasers from  Increasers (E) p
maintainers  maintainers moderate to low  high to moderate
(A) (B) PA (©) PA (D)
MVPA mean/day: hr:min (SD)
baseline 1:22 (0:33)  0:47 (0:12) 1:19 (0:17) 1:25 (0:12) 2:20 (0:24) 1:50 (0:28) b
follow-up 1:052 (0:34)  0:39 (0:15) 1:25 (0:15) 0:44 (0:11) 1:07 (0:21) 2:25 (0:31) c
Age, mean years (SD)
baseline 15.5 (0.6) 15.6 (0.5) 15.5 (0.6) 15.3 (0.5) 15.5 (0.5) 15.4 (0.5) 0.138
follow-up 19.4 (0.6) 19.4 (0.7) 19.4 (0.7) 19.2 (0.7) 19.5 (0.6) 19.5 (0.5) 0.130
Gender, females, 1 (%) 153 (60) 52 (73) 45 (64) 39 (64) 6 (19) 11 (55) <0.001
High family affluence (baseline), 154 (62) 38 (56) 44 (64) 38 (62) 22 (73) 12 (60) 0.589
n (%)
Living with parents (follow-up), 174 (69) 50 (70) 48 (69) 39 (64) 23 (72) 14 (74) 0.892
n (%)
Education & employment status
(follow-up), n (%)
Studying 159 (63) 40 (56) 47 (67) 43 (71) 19 (59) 10 (53) 0.7434
in upper secondary school 100 (40) 23 (33) 29 (41) 28 (46) 13 (41) 7 (37)
in vocational school 23 (9) 9 (13) 5(7) 6 (10) 2 (6) 1(5)
in higher education 39 (16) 9 (13) 13 (19) 11 (18) 3(9) 3 (16)
Working 53 (21) 18 (25) 13 (19) 9 (15) 8 (25) 5 (26)
Other 41 (16) 13 (18) 10 (14) 9 (15) 5 (16) 4 (21)

Note: p-values were assessed using the Chi-square test or the Fisher exact test (in cases of sparse data) for categorical variables. The Kruskal-Wallis
test was used in analysing differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni correc-
tion for multiple tests). MVPA = moderate-to-vigorous physical activity; PA = physical activity; SD = standard deviation

aSignificance over time p < 0.001. At age 15: 1 h 22 min = 9.7% of device wear-time; at age 19: 1 h 5 min =7.9% of device wear-time

b A<B-E <0.001; B<D <0.001; B<E0.004; C<D <0.001

¢ A<B,D,E <0.001; B>C <0.001; B<D0.037; B<E <0.001, C<D,E <0.001; D<E <0.001

d The p-value represents the difference between the groups in bold font (studying, working, other) and PA patterns.
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5.21 Characteristics via univariable analyses

5.21.1 Domains of physical activity

Inactivity maintainers reported less school physical education per week (mean 108
min) as compared to increasers (170 min), activity maintainers (144 min), and de-
creasers from moderate to low physical activity (143 min) (Table 9). Sports club par-
ticipation and active commuting to/from school were prevalent among all the
patterns at adolescence (mean age 15). On average, 57% of the adolescents com-
muted actively to school. Sports club participation differed between the patterns,
varying from 41% of inactivity maintainers to 97 % of decreasers from high to moderate
physical activity at baseline.

Both active commuting and sports club participation decreased over time
among all the patterns, apart from sports club participation among increasers (p <
0.062). Withdrawal from active commuting was lowest (at 31%) among inactivity
maintainers, and highest (at 63%) among decreasers from high to moderate physical
activity. The prevalence of dropout from sports clubs did not vary with the pat-
tern (mean 32%).

There were no differences between the patterns in duration of active com-
muting, trip length, or travel mode, either at baseline or follow-up (Appendix 2).
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TABLE 9 Domains of physical activity by longitudinal physical activity patterns

Inactivity Activity main- Decreasers Decreasers from '
All maintainers (A)  tainers (B) from moderate hightomoderate Increasers (E) Sig.
to low PA (C) PA (D)
School physical education at A<BC*
baseline, mean minutes (SD) 135 (67) 108 (51) 144 (79) 143 (62) 139 (67) 170 (55) A< E,***
(n=239)
Sports club participation, 1 (%)
baseline 176 (69) 29 (41) 51 (73) 47 (77) 31 (97) 18 (90) ok
follow-up 97 (38) 9(13) 33 (47) 23 (38) 19 (59) 13 (65) ox
change 2 never 76 (30) 41 (58) 18 (26) 14 (23) 1(3) 2 (10) o
withdrawal 81 (32) 21 (30) 19 (27) 24 (39) 12 (38) 5 (25) ns
maintenance 95 (37) 8 (11) 32 (46) 23 (38) 19 (59) 13 (65) ox
adopt 2(1) 1(1) 1(1) 0 0 0 -
Active commuting, 1 (%)
baseline 142 (57) 32 (47) 40 (58) 35 (57) 20 (67) 15 (75) ns
follow-up ® 76 (30) 17 (24) 25 (36) 20 (33) 6 (19) 8 (42) ns
change a never 78 (32) 30 (49) 22 (36) 18 (34) 5 (20) 3(17) *
withdrawal 94 (38) 21 (31) 22 (32) 23 (38) 19 (63) 9 (47) *
maintenance 47 (19) 10 (16) 18 (29) 12 (23) 1(4) 6 (33) *

adopt 27(11)  6(9) 7 (10) 8 (13) 5 (17) 1(5) ns

Note: p-values were assessed using the Chi-square test or the Fisher exact test (in cases of sparse data) for categorical variables. The Kruskal-Wallis
test was used in analysing differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni cor-
rection for multiple tests). * p < 0.05; ** p < 0.01; *** p < 0.001; ns = non-significant; PA = physical activity; SD = standard deviation

a p-values were calculated comparing the frequency of the individual response category to each of the corresponding response categories for the
other physical activity patterns (e.g. dropout vs. no dropout (= never+maintenance+adopt))

b The percentage distributions include also those not received the question (not working or studying) and thus interpreted as ‘no active commuting
to study place or work’.
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5.2.1.2 Psychosocial factors

As shown in Table 10, there were differences between physical activity patterns
in multiple psychosocial variables: loneliness, communication difficulties with
father, exercise with parents, and weight satisfaction. Overall, when differences
were observed between the patterns, the more active patterns tended to have a
smaller prevalence of psychosocial complaints than the patterns involving less
activity.

Loneliness was rarely reported at age 15 among all the patterns, but at age
19 differences were observed, insofar as 14% of inactivity maintainers and 16% of
decreasers from moderate to low physical activity reported feeling lonely at least quite
often, whereas none of the decreasers from high to moderate physical activity and in-
creasers reported loneliness.

At baseline, difficulties in talking about troubling issues with one’s father
were more frequently reported by inactivity maintainers (43%) and by decreasers
from moderate to low (45%) as compared to the other patterns (10%-23%). At fol-
low-up, a similar tendency was observed. However, now also the activity main-
tainers (in addition to the inactivity maintainers and the decreasers from moderate to
low) gave frequent reports of difficulties in talking with their father (44 %), as com-
pared to increasers (10%) and decreasers from high to moderate (17 %).

Exercising together with a parent at least occasionally was less frequent
among inactivity maintainers (57%) and decreasers from moderate to low physical ac-
tivity (59%) at age 15 as compared to increasers (95%).

The prevalence of those satisfied with their weight was lowest among inac-
tivity maintainers (baseline 67 %; follow-up 59%). The prevalence differed signifi-
cantly from the increasers and decreasers from high to moderate.
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TABLE10  Psychosocial characteristics compared between longitudinal physical activity patterns, n (%)

Mean Inactivit Activity main- Decreasers Decreasers -va-
oo All main tairzsrs tainersy from moderate from highto  Increasers fue
& to low PA moderate PA

Feeling loneliness quite of- 15 15 (6) 6 (9) 4 (6) 2(3) 2(7) 1(5) 0.778
ten/often 19 24 (10) 10 (14) 4 (6) 10 (16) 0 0 0.017
Ease of talking with mother 15 202 (82) 57 (84) 57 (84) 44 (73) 26 (87) 18 (90) 0.390

19 208 (83) 57 (81) 54 (77) 49 (82) 30 (94) 18 (95) 0.182
Ease of talking with father 15 163 (68) 38 (57) 49 (77) 33 (55) 26 (90) 17 (85) <0.001

19 153 (64) 41 (61) 37 (56) 34 (60) 24 (83) 17 (90) 0.012
Ease of talking with at least one 15 209 (85) 58 (85) 61 (88) 46 (77) 26 (87) 18 (90) 0.434
parent 19 217 (86) 60 (86) 56 (80) 52 (85) 30 (94) 19 (100) 0.139
Mother2 exercises or does sport 15 106 (43) 27 (40) 35 (51) 20 (33) 10 (33) 14 (70) 0.020
with you at least occasionally 19 88 (35) 18 (26) 30 (43) 22 (36) 5 (16) 13 (68) 0.001
Father? exercises or does sport 15 120 (48) 21 (31) 38 (55) 25 (41) 17 (57) 19 (95) <0.001
with you at least occasionally 19 73 (29) 16 (23) 24 (35) 15 (25) 7 (23) 11 (58) 0.024
At least one parent exercises or 15 162 (65) 39 (57) 49 (71) 36 (59) 19 (63) 19 (95) 0.010
does sport with you 19 119 (47) 30 (43) 40 (57) 29 (48) 7 (23) 13 (68) 0.006
Satisfied with one’s own weight 15 194 (77) 46 (67) 51 (74) 47 (77) 31 (97) 19 (95) 0.002

19 179 (72) 41 (59) 51 (73) 40 (69) 30 (94) 17 (85) 0.003

Note: p-values were assessed using the Chi-square test or Fisher’s exact test (in cases of sparse data) for categorical variables. The numbers in bold
indicate significant differences. PA = physical activity
a Stepmother if mother does not live in primary home. b Stepfather if father does not live in primary home.
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5.2.1.3 Health behaviours

Health behaviours did not differ between the physical activity patterns at age 15,
apart from a slightly lower average sleep amount among inactivity maintainers as
compared to decreasers from high to moderate physical activity and increasers (Table
11). At age 19, differences between the patterns were observed in smoking, as
well as in fruit and/or vegetable consumption. One fifth of the inactivity main-
tainers and decreasers from moderate to low physical activity reported smoking at
least sometimes, whereas none of the increasers smoked. Furthermore, one-third
of the inactivity maintainers and decreasers from moderate to low physical activity re-
ported eating fruits and/or vegetables at least daily. By contrast, half of the activ-
ity maintainers and decreasers from high to moderate physical activity reported daily
fruit/vegetable consumption.
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TABLE11  Health behaviours compared between longitudinal physical activity patterns

. . . . Decreasers from Decreasers from
Mean Inactivity main- Activity main-

age All tainers (A) tainers (B) {g‘c/)vd;rAat(% t)o 11115}(1 ]:t)c)) moderate Increasers (E) p-value

. 0 15 14 (6 69 34 58 0 0 0.333

Smoking, (%) 19 34 §12°>) 14( ()20) 6 8 1& 220) 2 (6) 0 0.036
0 15 8@ 4 (6 171 2(3 0 1(5 0.469

Snuff use, n (%) 19 25( ()10) 6 §9g 4 26; 7 El)z) 7 (22) 1 ES; 0.155
Alcohol consumption at least 15 21 (9) 9 (13) 6 (9) 4 (7) 2(7) 0 0.453
once a month, 1 (%) 19 167 (66) 45 (63) 49 (70) 36 (59) 24 (75) 13 (68) 0.533
Have been drunk at least twice, n 15 25 (10) 11 (16) 8 (12) 3 (5) 2(7) 1(5) 0.268
(%) 19 166 (66) 47 (66) 42 (60) 39 (64) 26 (81) 12 (63) 0.333
Eating a school meal every
school day, 1 (%) 15 204 (82) 58 (85) 56 (81) 51 (84) 22 (73) 17 (85) 0.694
Eating breakfast every weekday 15 165 (67) 42 (62) 48 (70) 40 (66) 21 (70) 4 (70) 0.866
morning, 1 (%) 19 209 (83) 53 (76) 57 (81) 51 (84) 30 (94) 18 (95) 0.134
Daily consumption of fruits 15 110 (44) 26 (38) 36 (52) 23 (38) 15 (50) 10 (50) 0.348
or/and vegetables, 1 (%) 19 108 (43) 23 (32) 37 (53) 21 (34) 18 (56) 9 (47) 0.035
Fruit and vegetable consumption 15 91(43) 8.0(4.6) 9.9 (3.9) 8.5 (4.4) 10.6 (3.7) 10.0 (4.2) ns
index, mean (SD) 19 93(4.0) 7742 10.6 (3.6) 8.7 (4.1) 10.8 (3.0) 10.0 (4.0) A<B,D**
Sweets and sugared soft drinks 15 6.0(3.5) 5.9(3.6) 6.1 (3.5) 6.6 (3.2) 49 (3.4) 59 (3.5) 0.240
consumption index, mean (SD) 19 72(34) 7134 7.2 (3.6) 7.3 (3.0) 7.7 (3.7) 6.7 (3.5) 0.915
At least weekly energy drink 15 20 (8) 8 (12) 4 (6) 4(7) 2 (7) 2 (10) 0.721
consumption, 1 (%) 19 27 (11) 5(7) 7 (10) 4(7) 8 (25) 3 (16) 0.065
Brushing teeth two times per 15 158 (64) 44 (65) 45 (65) 40 (66) 19 (63) 10 (50) 0.769
day, n (%) 19 174 (69) 48 (68) 49 (70) 40 (66) 24 (75) 13 (68) 0.915
Sleep duration on weekdays, 15 8.2(0.8) 8.0(0.8) 8.3 (0.7) 8.3 (0.8) 8.5 (0.6) 8.6 (0.8) A<D,E*
mean hours (SD) 19 78(0.9) 7.7(0.9) 7.7 (1.0) 7.8 (0.9) 7.8 (0.8) 7.9 (0.6) ns

Note: p-values were assessed using the Chi-square test or Fisher’s exact test (in cases of sparse data) for categorical variables. The Kruskal-Wallis test
was used in analysing differences in mean values between PA patterns cross-sectionally (with post hoc Dunn’s test adjusted by the Bonferroni cor-
rection for multiple tests). Numbers in bold indicate significant differences. PA = physical activity; SD = standard deviation; * p < 0.05; ** p < 0.01
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5.2.2 Characteristics via multivariable analyses

The simultaneous associations of multiple variables with longitudinal physical
activity patterns were examined in Studies I and II. In Study I, the focus was on
changes in the domains of physical activity and sedentary time (longitudinal cor-
relates). In Study II, the focus was on the most significant differences between the
physical activity patterns in 1) psychosocial factors, 2) health behaviours, and 3)
domains of physical activity. These were explored separately for baseline predic-
tors and follow-up correlates.

5.2.2.1 Change in domains of physical activity and sedentary time

The results showing the associations of change in physical activity domains and
sedentary time with physical activity patterns are presented in Table 12. With-
drawal from a sports club (OR 0.3, 95% CI 0.2-0.6) and maintained or adopted sports
club participation (OR 0.1, 95% CI 0.02-0.2) - as opposed to ‘never’” participating
in a sports club - were related to lower odds of belonging to the inactivity main-
tainers as compared to the other physical activity patterns (Table 12). Correspond-
ingly, maintained/adopted sports club participation - as opposed to ‘never’ partici-
pating in a sports club (OR 3.6, 95% CI 1.8-7.4) - was associated with higher odds
of belonging to the combined group of increasers and activity maintainers, as com-
pared to the other physical activity patterns. Moreover, withdrawal from a sports
club (OR10.9, 95% CI 1.3-90.7) and maintenance/adoption of sports club participation
(OR11.2,95% CI1.4-90.0) - as opposed to ‘never’ participating in a sports club -
were significant predictors for belonging to decreasers from high to moderate physi-
cal activity.

Maintained/adopted active commuting (OR 0.3, 95% CI10.1-0.7) - as opposed to
no such commuting either at baseline or at follow-up (i.e. ‘never’ commuting ac-
tively) - was associated with lower odds of being an inactivity maintainer. Male
gender was associated with increased odds of being a decreaser from high to moder-
ate physical activity (OR 7.4, 95% CI 2.6-21.3).

Decreased sedentary time (OR 0.96, 95% CI 0.93-0.98) was associated with
higher odds of being in the combined group of activity maintainers and increasers
as compared to other physical activity patterns (Table 12). Correspondingly, in-
creased sedentary time was related to higher odds of being a decreaser from mod-
erate to low physical activity (OR 1.05, 95% CI 1.01-1.07) and a decreaser from high to
moderate physical activity (OR 1.04, 95% CI 1.001-1.1).

7 Meaning neither at baseline nor at the follow-up measurement.
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TABLE12  Associations of gender, changes in sports club participation, active commuting, and sedentary time with physical activity patterns
Inactivity maintainers Activity maintainers + Decreasers from mod-  Decreasers from high to
increasers erate to low PA moderate PA
OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p
Gender
Male 0.5 (0.2-1.01) 0.055 0.8 (0.4-1.4) 0.376 0.8 (0.4-1.5) 0.400 7.4 (2.6-21.3) <0.001
Female 1.0 1.0 1.0 1.0
Sports club participation
Maintained or adopted 0.1 (0.02-0.2) <0.001 3.6 (1.8-7.4) <0.001 1.5(0.7-3.3) 0.339 11.2 (1.4-90.0) 0.023
Withdrawal 0.3 (0.2-0.6) 0.001 1.2 (0.6-2.5) 0.625 1.9 (0.9-4.3) 0.097  10.9 (1.3-90.7) 0.027
Nevera 1.0 1.0 1.0 1.0
Active commuting
Maintenance or adopt 0.3 (0.1-0.7) 0.004 1.7 (0.8-3.4) 0.165 1.5 (0.7-3.2) 0.343 1.3 (0.3-4.7) 0.744
Withdrawal 0.5 (0.2-1.03) 0.061 1.0 (0.5-2.0) 0.989 1.2 (0.5-2.5) 0.708 2.3 (0.8-7.3) 0.144
Never2 1.0 1.0 1.0 1.0
Change in % of device wear- o9 (96 1 02) 0359 096 (0.93-0.98) 0001  1.05 (L01-1.07) 0.004 1.04 (1.001-1.083) 0.046

time by sedentary time
Note: Adjusted for change in the device wear-time. Statistically significant odds ratios are in bold. Binary logistic regression analysis: separately for
each pattern vs. all the others together. PA = physical activity
a’Never’ means occurring neither at baseline nor at follow-up.
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5.2.2.2 Psychosocial factors, health behaviours, and domains of physical ac-

tivity

The most significant predictors (exposure variables from baseline measurements,
i.e. determinants) for belonging to physical activity patterns are presented in
Figure 7, and the best fitting longitudinal correlates (exposure variables derived
from the follow-up measurements) are shown in Figure 8. Both models included
gender and sports club participation. In addition, the predictor models included
communication difficulties with one’s father, and the model for longitudinal
correlates included fruit and vegetable consumption and smoking.

e p=0323 e Inactivity maintainers
Female gender e p=0.658 . Decreasers from
B p = <0.001 moderate to low PA
e p=0.025 Decreasers from
Difficult to talk with father ! —=—  p=0.002 high to moderate PA
—a— p=0.329
. —e—  p=<0.001
No participation in sports club - p=0.511
—a p =0.067
T 1 T 1
0.01 0.1 1 10 100

Odds ratios (log-scale) with their 95% confidence intervals, calculated via a multinomial lo-
gistic regression analysis predicting belonging to longitudinal physical activity (PA) patterns.
Comparisons of inactivity maintainers and decreaser groups with the combined group of
activity maintainers and increasers. Adjusted for the measurement interval and the change
in device wear-time between baseline and follow-up.

FIGURE7  Logistic regression analysis based on exposure variables at baseline (mean
age 15)
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. i—e—  p=0080 o |pactivity maintainers
Smoking —— p=0.049
A p=0.807 , Decreasersfrom
—e—i p =0.044 moderate to low PA
Female gender - p=0.531 Decreasers from
: p=<0.001 B hioh'to moderate PA
. —e— p =<0.001
No participation in sports club - p =0.307
- p=0.927
o p =<0.001
Fruit and vegetable consumption index " p=0.008
B p=0.058
0.01 0.1 1 10 100

Odds ratios (log-scale) with their 95% confidence intervals, calculated via a multinomial lo-
gistic regression analysis determining correlates for belonging to longitudinal physical ac-
tivity (PA) patterns. Comparisons of inactivity maintainers and decreaser groups with the
combined group of activity maintainers and increasers. Adjusted for the measurement inter-
val and the change in device wear-time between baseline and follow-up.

FIGURE 8  Logistic regression analysis based on exposure variables at follow-up (mean
age 19)

Non-participation in a sports club (OR 4.6, 95% CI 2.2-9.6) and communication
difficulties with one’s father (OR 2.4, 95% CI 1.1-5.1) at age 15 were associated with
increased odds of being an inactivity maintainer as compared to membership of a
group with favourable physical activity development. Furthermore,
communication difficulties with one’s father at age 15 (OR 3.3, 95% CI 1.6-7.1) was
related to belonging to the decreasers from moderate to low physical activity. Male
gender was the only significant determinant for belonging to the decreasers from
high to moderate physical activity.

Female gender (OR 2.4, 95% CI 1.03-5.4), lower fruit and vegetable consumption
(OR0.8,95% CI10.7-0.9), and non-participation in a sports club at age 19 (OR 6.4, 95%
CI 2.6-14.7) were associated with increased odds of being an inactivity maintainer
as compared to belonging to the combined group of activity maintainers and in-
creasers. A lower fruit and vegetable consumption index at age 19 (OR 0.9, 95%
CI 0.8-0.97) was also related to being a decreaser from moderate to low physical ac-
tivity. The same was true of smoking (OR 3.0, 95% CI 1.005-8.8).

5.2.3 Associations with cardiometabolic outcomes

Table 13 presents the differences in cardiometabolic risk factors at baseline and
at follow-up, as analysed in Study IIl. Growth curve analyses were conducted
with adjustments to examine the differences in cardiometabolic risk factors be-
tween the longitudinal physical activity patterns (Table 14). Significant differ-
ences were found both at baseline values and in the development of cardiometa-
bolic outcomes over time when compared to the reference group of inactivity
maintainers.
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The decreasers from moderate to low physical activity had lower baseline values
in insulin, HOMA-IR, and BMI when compared to the inactivity maintainers (Ta-
ble 14, Figures 9-10). The decreasers from high to moderate physical activity had lower
glucose, insulin, and HOMA-IR levels, and a higher HDL cholesterol concentra-
tion at baseline as compared to the corresponding levels among the inactivity
maintainers. There was no significant difference in the baseline levels of any of the
studied cardiometabolic risk factors between the activity maintainers and the ref-
erence group (i.e. inactivity maintainers), or between the increasers and the refer-
ence group (Table 14).

The development over time in insulin and in HOMA-IR levels among the
decreasers from moderate to low physical activity differed from the corresponding
development among the inactivity maintainers, thus showing increased insulin
levels (vs. a decline among the inactivity maintainers), and unchanged HOMA-IR
(vs. a decline among the inactivity maintainers) (Table 14, Figures 9-10). BMI in-
creased among the decreasers from moderate to low physical activity, whereas BMI
was unchanged (stable) among the inactivity maintainers.

The decline over time in systolic and diastolic blood pressure among the
increasers differed from the stable trend among the inactivity maintainers (Table 14,
Figures 9-10). There was no difference in the development of the cardiometabolic
risk factors over time between the activity maintainers and the inactivity maintain-
ers.

After adjusting the analyses for BMI, the results were generally similar to
the original models. However, some associations no longer reached statistical
significance, i.e. those pertaining to insulin and HOMA-IR at baseline among the
decreasers from high to moderate physical activity, and the rate of change in insulin
among the decreasers from moderate to low physical activity (see details from the
original publication III). Adjustment for the measurement season did not alter
the initial results (see details from the original publication III).
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TABLE 13  Cardiometabolic risk factors at baseline and follow-up across physical activity patterns (mean (SD))
All (women Inactivity main-  Activity main- Decreasers from Decreasers from Increasers (E)
n =144-150; tainers (A) tainers (B) moderate to low high to moderate
men n = 95-100) PA (O) PA (D)
baseline follow-up baseline follow-up baseline follow-up baseline follow-up baseline follow-up baseline follow-up
Glucose 4.94 4.77%** 4.95 4.68***  4.93 4.78* 4.93 4.79* 4.95 4.87 497 4.78
mmol/L (0.33) (0.38) (0.28)  (0.33) (0.40)  (0.40) (0.32)  (0.38) (0.29)  (0.40) (0.25)  (0.36)
Insulin, 11.42 9.72%** 13.33  10.56*** 1142  9.57* 10.73  10.50 9.63 7.82%* 9.70 8.21
mU/L (5.31) (4.48) (6.55)  (5.23) (5.37)  (5.23) (4.00)  (4.98) (3.66)  (2.38) (4.01) (440
HOMA-IR 2.53 2.08%** 2.95 2.22%** 253 2.05** 2.37 2.27 212 1.69** 2.17 1.75
(1.25) (1.02) (1.53) (1.15) (1.28)  (0.84) (0.95)  (1.23) (0.82)  (0.52) (0.98)  (0.93)
Cholesterol 3.83 3.87 3.86 3.88 3.95 3.97 3.82 3.98 3.57 3.49 3.72 3.77
mmol/L (0.67) (0.79) (0.70)  (0.76) (0.76)  (0.83) (0.58)  (0.82) (0.59)  (0.73) (0.53)  (0.58)
LDL cholesterol 1.98 1.95 1.99 1.91 2.09 2.03 1.94 2.03 1.84 1.81 1.86 1.84
mmol/L (0.58) (0.64) (0.62)  (0.61) (0.64)  (0.64) (0.54) (0.71) (0.51)  (0.65) (0.41)  (0.50)
HDL cholesterol 1.46 1.50 1.46 1.53 1.46 1.54 1.49 1.50 1.41 1.31** 1.47 1.59
mmol/L (0.30) (0.35) (0.38)  (0.38) (0.32)  (0.36) (0.28)  (0.33) (0.26)  (0.29) (0.33)  (0.32)
Triglycerides 0.85 0.92* 0.92 0.98 0.87 0.89 0.79 0.99** 0.72 0.82 0.87 0.77
mmol/L (0.40) (0.45) (0.44)  (0.45) (0.40)  (0.51) (0.31) (0.44) (0.26)  (0.82) (0.87)  (0.31)
Systolic BP 117.1 121.2*** 1164  121.3*** 116.6 1185 116.0  121.9*** 1203  127.4** 1194 1184
mm Hg (10.89)  (11.89) (11.50) (12.48)  (10.19) (11.31) (10.69) (11.78) (11.31) (10.65) (10.80) (11.01)
Diastolic BP 67.4 72.6%** 68.8 74.4*** 675 71.9%** 66.3 73.7*** 66.2 72.9*** 66.7 65.7
mm Hg (7.12) (7.94) (6.17)  (8.60) (7.12)  (7.09) (6.77)  (7.45) (9.09) (8.34) (7.54) (5.43)
Body mass index  21.1 23.2%** 21.8 23.6*** 215 23.4%** 20.4 23.1*** 20.8 23.0*** 20.5 22.1***
(2.82) (3.32) (3.05) (3.91) (290)  (3.41) (2.83) (3.32) (2.08)  (1.86) (2.06) (2.37)

Note: Numbers in bold indicate significant differences over time (analysed via the Wilcoxon Signed Rank test). The cross-sectional differences in mean values
between the patterns were analysed via the Kruskal-Wallis test (with post hoc Dunn’s test adjusted by the Bonferroni correction for multiple tests). The
significant differences were: Insulin, baseline: D<A*;, HOMA-IR, baseline: D<A*; Cholesterol, follow-up: D>B,C*; HDL cholesterol, follow-up:
D<A,B,E*; Systolic BP, follow-up: AE>D* & B>D**; Diastolic BP, follow-up: E<A,C**, E<B**, E<D*, Body mass index, baseline: C<A*.
*p < 0.05; **p < 0.01; **p < 0.001. Abbreviations: BP = blood pressure; HDL = high-density lipoprotein; HOMA-IR = homeostasis model assessment
for insulin resistance; LDL = low-density lipoprotein; PA = physical activity.
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TABLE 14  Growth curve models for cardiometabolic risk factors (assessing baseline level and change over time)

Glucose Insulin HOMA- Cholesterol LDL chole- HDL chole- Triglyceri- Systolic BP Diastolic =~ Body mass

(mmol/L) (mU/L)t IRt (mmol/L) sterol sterol des (mm Hg) BP index
(mmol/L) (mmol/L) (mmol/])t (mm Hg)
p B B p p B B B p B
Intercept 522+ 1607+ LA™ 377w 200%  123%%  0.89%*  12413**  7128%*  21.39%
' PApattern B -0.12 -0.21 -0.19 0.10 0.09 0.01 0.005 1.82 0.06 -0.36
% PA patternC ~ -0.15 -0.33*  0.25% -0.14 -0.12 0.10 -0.12 -2.38 3.71 -2.13**
& PApatternD  -0.31* -0.29* -0.24* 0.05 -0.08 0.24* -0.10 -4.20 -3.00 -1.39
'S PApattern B -0.14 -0.29 -0.18 -0.19 0.22 -0.02 0.04 6.71 455 -0.76
& Sex (female)  -0.23***  0.04 -0.01 0.33** 013 0.22#** 0,01 12,024+ 121 -0.23
Age (15 y) -0.04 -0.003 -0.002 0.06 0.03 0.01 0.02 1.55 2.03** 0.54*
Time -0.09 20.20 -0.18 -0.19 -0.17 0.04 -0.05 -0.85 214 -0.22
o Timeby PA g 0.11 0.11 -0.001 0.02 0.002 -0.03 2.91 -1.05 0.14
& pattern B
g P
§ Timeby PA -4 19 0.23* 0.18* 0.13 0.13 -0.06 0.07 0.81 1.77 0.90*
« pattern C
o Time by PA
2 Y 0.18* 0.09 0.10 -0.15 0.03 -0.18** 0.01 1.59 0.60 0.31
& pattern D
Timeby PA 95 0.08 0.03 0.08 0.09 0.06 -0.07 -6.43* 672 0.38
pattern E

Note: Linear growth curve models, adjusted for change in the device wear-time, fruit and vegetable consumption, and weekly cigarette and/or snuff
use. The intercept in the models represents the baseline level (mean) of the risk factor in the reference group (inactivity maintainers), when all the
exposure variables are 0 - in other words, among men, at age 15 (since age was centred), and when fruit and vegetable consumption and weekly
cigarette/snuff use were 0. Time represents the impact of time (mean slope) on the risk factors between baseline and follow-up in the reference group
(inactivity maintainers). Time by PA pattern (B,C,D,E) represents the corresponding rate of change in the other physical activity patterns as compared
to the rate of change in the reference group. Abbreviations: B = activity maintainers; BP = blood pressure; C = decreasers from moderate to low physical
activity; D = decreasers from high to moderate physical activity; E = increasers; HDL = high-density lipoprotein; HOMA-IR = homeostasis model assessment
of insulin resistance; LDL = low-density lipoprotein; PA = physical activity; = unstandardized regression coefficients. The symbol } indicates back-
transformation from the natural logarithm(log(x+1)). Numbers in bold indicate significant differences, *p < 0.05; **p < 0.01; ***p < 0.001.
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Development over time of cardiometabolic risk factors across longitudinal physical activity
patterns among non-smoking/non-snuff-using men with no fruit/vegetable consumption.
Estimated using the parameters of the linear growth curve models after adjusting for the
change in the device wear-time. The symbol * represents a statistically significant difference
in the baseline level (intercept). The symbol x represents a statistically significant change
over time (slope) as compared to the reference (inactivity maintainers). HDL = high-density
lipoprotein; HOMA-IR = homeostasis model assessment of insulin resistance; PA = physical
activity

FIGURE 9 Development over time of glucose, insulin, HOMA-IR, and HDL cholesterol
across longitudinal physical activity patterns
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Estimated using the parameters of the linear growth curve models after adjusting for the
change in the device wear-time. The symbol * represents a statistically significant difference
in the baseline level (intercept). The symbol x represents a statistically significant change
over time (slope) as compared to the reference (inactivity maintainers). PA = physical activity

FIGURE 10 Development over time of blood pressure and body mass index across longi-
tudinal physical activity patterns
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6 DISCUSSION

This multidisciplinary study examined physical activity change and stability
during the transition to young adulthood from two broad perspectives, as
follows: 1) Distinct longitudinal physical activity patterns were identified.
Thereafter, the characteristics (determinants and correlates) of the patterns were
investigated, in relation to demographics, physical activity domains, sedentary
time, health behaviours, and psychosocial factors. 2) The development of
cardiometabolic risk factors was investigated between the patterns. In this way,
information from the research fields of health promotion and sports and exercise
medicine was combined, with the aim of aiding health promotion practices.

6.1 Physical activity does not decrease in adolescence for every-
one: different patterns occur over time

The study found an average decrease in physical activity from adolescence to
young adulthood, which is in line with previous studies (Corder et al., 2019;
Farooq et al., 2020). Despite the average decline, there was large individual vari-
ation in the sample. The analysis identified five distinct physical activity patterns:
(i) inactivity maintainers (28%), (ii) activity maintainers (28%); also two distinct de-
clining patterns, (iii) decreasers from moderate to low physical activity (24%), and (iv)
decreasers from high to moderate physical activity (13%). In addition, there was a
small group of (v) increasers (8%), whose activity increased from an already high
baseline level. Hence, in addition to the decreasing patterns, maintenance of low
or high activity is common.

The large variation in the development of physical activity over the adoles-
cent years was found also in previous studies, in which distinct groups of physi-
cal activity evolution over time were detected (Kwon et al., 2015a; Lounassalo,
Salin et al., 2019; Rangul et al., 2011; Young et al., 2018; Zook et al., 2014). The
studies varied in the amount and prevalence of the patterns, the methods used
for physical activity measurement and pattern identification, and the sample
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characteristics (for example, the size and number of measurement points). The
group of increasers detected in any study was small, with a prevalence varying

between 7% and 12% (Rangul et al., 2011; Young et al., 2018; Zook et al., 2014).
This finding is consistent with the findings of the present study.

6.2 The determinants and correlates of physical activity patterns

The study revealed considerable differences between the longitudinal physical
activity patterns. These involved the development of physical activity domains
and sedentary time, and further a number of health behaviours and psychosocial
factors. Thus, distinctive characteristics were found for the patterns, although
there was great variation between individuals.

The findings clearly show that sports club participation has a contribution
in maintaining physical activity, including during early young adulthood. Nota-
bly, a lack of sports club participation throughout adolescence was related to
higher odds of belonging to the inactivity maintainers. Sustained sports club par-
ticipation, for its part, was associated with belonging to a combined group of ac-
tivity maintainers and increasers, as well as decreasers from high to moderate physical
activity. The results are consistent with the findings of previous studies showing
a relationship between sports participation and maintained physical activity dur-
ing adolescence (Kwon et al., 2015b; Rangul et al., 2011).

On the other hand, sports club participation did not guarantee sufficient
physical activity for all adolescents, bearing in mind the physical activity recom-
mendations for adolescents (Bull et al., 2020). In fact, as many as 41% of inactivity
maintainers reported participation in a sports club at age 15. However, it should
be noted that the young people in this group were by no means at the extreme
end of spectrum of inactivity (having a mean MVPA figure of 47 min/day at age
15). They even fulfilled the physical activity recommendation for adults (Bull et
al., 2020) at age 19 (i.e. a mean MVPA value of 39 min/day). Here, one can point
to an apparent discrepancy in the guidelines, with 4.5 fewer hours per week of
MVPA required for persons aged >18-year-olds than for those aged <18. This
easily results in the situation found in the study, in which the guidelines may not
be fulfilled at adolescence but “sufficient’ physical activity is reached at young
adulthood (see also Espinoza et al., 2023; van Sluijs et al., 2021). Separate guide-
lines for young adults may be needed, bearing in mind also that the current
guideline for 18-year-olds (Bull et al., 2020) is the same as for adults approaching
retirement age.8

8 It should be noted that most young people are unaware of the current physical activity
guidelines (Vaara et al., 2019). Hence, it is unrealistic to expect that the recommenda-
tions per se would guide the behaviour of adolescents, in the absence of effective com-
munication, policies, and efforts to create more supportive environment (Milton et al.,
2020). This in no way detracts from the need to accumulate scientific evidence on the
health benefits and risks pertaining to physical activity in different age groups.
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Although sports club participation showed a range of associations with
physical activity patterns, dropout from a sports club was common in all the pat-
terns (with a mean of 32%). Similarly, the prevalence of active commuting de-
clined over time - with a dropout prevalence varying from 31% of inactivity main-
tainers to 63% of decreasers from high to moderate physical activity. Thus, one can say
that withdrawal from certain important physical activity domains, i.e. sports club
participation and active commuting, is common among adolescents entering
young adulthood. Previous studies from other countries have found either a de-
clining or a stable trend in active commuting and organized sports among young
people (Kemp et al., 2019). The declining tendency in these activities can be con-
sidered a challenge in aiming to achieve enough MVPA. It is notable that a review
of previous studies (Campos-Garzén et al., 2023) found that almost half of the
recommended amount of MVPA for adolescents may be achieved through active
commuting.

This study and previous cross-sectional studies have shown longer dis-
tances to the place of study or work at young adulthood as compared to the dis-
tance to basic education (e.g. Kallio et al., 2021 cf. Turunen et al., 2023). The pre-
sent study also showed that a third of the young adults commuted passively by
driving a car themselves. Thus, longer distances may hinder active commuting,
and a driving licence is likely to enable passive commuting in this transition
phase. Even if one travels to school by motor vehicle, part of the trip may still be
travelled actively. However, the prevalence of those reporting the duration of the
active commuting as ‘none’ increased over time. This means that active commut-
ing decreased when all parts of the travel were considered.

Withdrawal from a sports club may appear as a natural tendency in the life
of adolescents who are entering adulthood, bearing in mind that there are many
competing uses of time, including studies and social relationships. Indeed, the
desire to concentrate more on studies has been reported as the most common
reason for dropout (Rinta-Antila et al., 2023), despite the fact that those who con-
tinue in sports clubs generally show higher school performance than those who
drop out (Rinta-Antila et al., 2023). Many other reasons for dropout have also
been reported by young adults, with sports injury or illness being among the
most common (Rinta-Antila et al., 2023). Furthermore, a prospective study has
examined the differences between those continuing and those dropping out from
a sports club. It appears that the odds of maintaining sports participation are in-
creased by an early starting age for the main sport, entering national level com-
petitions at adolescence, and having aims at age 15 to achieve success in compe-
titions (Rinta-Antila et al., 2024). It should further be noted that adoption of
sports club participation at young adulthood is rare (Rinta-Antila et al., 2023). It
seems that although sports clubs reach a clear majority of children (71% of 11-
year-olds) (Blomqvist et al., 2023), this no longer applies in young adulthood.
Thus, according to the present study and a previous study (Mononen et al., 2021),
only approximately one-third of persons aged 18-20 exercise in a sports club.

In the present study, inactivity maintainers turned out to be a group in which
all the examined activity domains were less likely to occur. In addition to a higher
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risk of non-participation in a sports club and passive commuting as compared to
the other physical activity patterns, the inactivity maintainers reported a lower
level of school physical education - indicating a lower selection of optional phys-
ical education classes. Promotion of any of the studied physical activity domains
might have potential for increasing total physical activity among this group of
adolescents. However, physical activity is a complex behaviour, and an increase
in one physical activity domain might result in a decrease in another domain.

Out of the health behaviours studied, lower consumption of fruits and veg-
etables, and smoking in young adulthood (though not yet at age 15) were related
to unfavourable patterns in physical activity. Lower fruit and vegetable con-
sumption was associated with increased odds of belonging to both inactivity
maintainers and decreasers from moderate to low physical activity, with smoking also
related to the decreaser group. Thus, some accumulation of unhealthy behav-
iours was observed, a finding similar in some respects to research findings in the
past (Lounassalo, Hirvensalo, et al., 2019; Raitakari et al., 1994; Rangul et al., 2011).
In our study, neither alcohol consumption nor binge drinking differed between
the physical activity patterns; however, the results are consistent with previous
studies insofar as (i) smoking seems to be related to unfavourable physical activ-
ity development over time (Raitakari et al., 1994; Rangul et al., 2011) and (ii) fruit
and vegetable consumption is higher among persistently active people (Lounas-
salo, Hirvensalo, et al., 2019). The transition to young adulthood is undoubtedly
an important life stage, bearing in mind that it is in this stage that the accumula-
tion in unhealthy behaviours starts to appear.

Communication difficulties with one’s father at age 15 were associated with
increased odds of being a decreaser from moderate to low physical activity and also
of being an inactivity maintainer. Hence, it seems that a father-adolescent relation-
ship that supports open communication may be one determinant for sustained
physical activity during adolescence. This is an interesting and new finding.
However, it must be noted that the association disappeared when measurements
were made at age 19. There is evidence that communication difficulties with par-
ents pose a risk for life-satisfaction (Boniel-Nissim et al., 2015; Jimenez-Iglesias et
al., 2017; Levin et al., 2012), but the links between parental communication and
physical activity behaviour have received very limited attention in research. An
exception was the study by Ornelas et al. (2007), who found that parent-adoles-
cent communication predicted adolescent self-reported MVPA one year later,
mediated by adolescents” self-esteem.

Generally speaking, communication with one’s mother appears to be easier
than with one’s father according to the present study and earlier findings (Brooks
et al., 2015; Inchley et al., 2020). Moreover, there has been a positive increasing
trend in ease of communication with both parents over the 2000s (Brooks et al.,
2015; Inchley et al., 2020). One can hope that this favourable trend continues in
the future.

Feelings of loneliness at age 19 were more prevalent in inactivity maintainers
(14%) and in decreasers from moderate to low physical activity (16%) as compared to
increasers (0%) and decreasers from high to moderate physical activity (0%). Because
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frequent loneliness was non-existent in some physical activity patterns, the lone-
liness variable could not be fitted into the logistic regression models. The associ-
ation found in cross-tabulation is logical also when one places it alongside a re-
view study by Pels and Kleinert (2016). This study provides evidence for the po-
tential diminishing effect of loneliness on physical activity - but conversely, the
potential value of physical activity in reducing loneliness.

The physical activity patterns did not differ over the life situations studied,
i.e. with regard to one’s employment or educational status, or whether one was
living with parents at age 19. Previously, moving out of the parental home has
been linked either to ‘no change’ or to a decrease in physical activity (Gropper et
al., 2020). The timing of moving out may be particularly important (see also Elder,
1998). In the study by Miller et al. (2019) in the USA, leaving the parental home
between ages 19-31 and 25-36 was associated with decrease in activity but not if
it happened in earlier, and probably more typical, life phase (between ages 11-18
and 19-31). In the present study, two thirds of the participants were still living
with their childhood family, so this leaving-home event was not yet relevant to
most of the young people studied. In Finland, young people leave their parental
home on average at the age of 21.3, which is earlier than the average in EU coun-
tries (26.4) (Eurostat, 2023b).

In line with this, one should note that the transition to employment or
higher education had not yet taken place for most of the participants. Moreover,
among some who were working (without studying), this might have been a tem-
porary phase, prior to entering into higher education. Based on a meta-analysis
of studies encompassing mostly self-reported physical activity, leaving high
school, or starting university is associated with a decrease in MVPA (Winpenny
et al., 2020). Yet, overall, it is difficult to assess the true effect of certain life
changes in relation to a change in physical activity when many simultaneous life
events are occurring, along with other intervening factors (see also Winpenny et
al., 2020).

Overall, the findings of this study illustrate the need to examine (i) longitu-
dinal correlates, (ii) determinants (preceding the outcome of interest), and (iii)
possible change in the correlates. Some health behaviours did not start to differ
between the physical activity patterns until young adulthood, and this was also
the case with feelings of loneliness. However, communication with one’s father
appeared to be more meaningful explanatory factor when it was studied as a pre-
dicting determinant (as opposed to longitudinal correlates studied at young
adulthood). In addition, assessing changes in physical activity domains made it
possible to reveal the role of sustained sports club participation in maintained
physical activity, and how a lack of active commuting throughout adolescence
was related to the persistence of low physical activity. All these examinations
provide information that can be used to support health promotion practices (see
Section 6.5).
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6.3 Cardiometabolic health outcomes in relation to physical activ-
ity change and stability

The study provided new evidence on how different longitudinal physical activity
patterns are associated with changes in cardiometabolic risk factors at
adolescence (between ages 15 and 19). The results clearly showed that physical
activity is important for health already at this early life stage. A favourable
(declining) trend appeared in the systolic and diastolic blood pressure of
adolescents whose physical activity increased over time, as compared to those
who maintained a relatively low level of physical activity. Correspondingly,
unfavourable changes in insulin and BMI emerged among decreasers from
moderate to low physical activity, and in glucose and HDL cholesterol among
decreasers from high to moderate physical activity. Hence, it seems that different
changes in cardiometabolic risk factors may be expected in relation to (i) differing
baseline physical activity levels and (ii) the magnitude of the change in physical
activity. This is a novel perspective, and one that has not received much attention
in previous well-conducted studies assessing the relationship between an overall
decline in physical activity and cardiometabolic health consequences (e.g.
Lehtovirta et al., 2023).

Only a few studies on device-measured physical activity during adoles-
cence or young adulthood have explored cardiometabolic health outcomes in re-
lation to distinct data-based physical activity patterns (Kwon et al., 2015a; Oh et
al., 2021). The finding of the present study indicating an increase in BMI among
decreasers from moderate to low physical activity is consistent with previous studies
showing an increased accumulation of body adiposity (Oh et al., 2021) and obe-
sity development (Kwon et al., 2015a) among groups displaying decreasing ac-
tivity.

The levels of all the studied health outcomes were, on average, within the
reference values for young people - including the levels for the group indicating
sustained low activity. In this respect, the results suggest no immediate cause for
concern. This could be expected, given that the study sample consisted mostly of
relatively active young people. The results do, however, demonstrate physical
activity effects on cardiometabolic health from adolescence to early adulthood
(findings that are independent of sex, fruit and vegetable consumption, or ciga-
rette/snuff use).

It was somewhat surprising that the activity maintainers and inactivity main-
tainers did not differ in any of the studied health outcomes, although the baseline
values of HOMA-IR (a measure of insulin sensitivity) and insulin were close to
significance. One could have expected that the baseline or follow-up levels of the
risk factors would show a benefit from the maintenance of high physical activity,
but this was not indicated in the study. One explanation might be that the refer-
ence group was not extremely passive. However, the result demonstrates that the
cardiometabolic health consequences of both decreased and increased physical
activity can be seen even when the reference group is that of young people who
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maintain a relatively low —but not extremely low —level of activity from adoles-
cence to young adulthood. This can be regarded as a new and important finding.

6.4 Methodological considerations

The prospective cohort study data combining accelerometer-based physical ac-
tivity measurements, surveys, and diverse cardiometabolic health outcomes - in-
cluding also blood samples - formed a strong foundation for this study. Research
of this kind covering the period from adolescence to young adulthood is rare also
internationally (Agbaje 2023; Skrede et al., 2019), and unique in Finland.

Itis typical that some participants are lost to follow-up in longitudinal stud-
ies, and this limits the reliability of the results. The participation rate of 63% in
the HPSC study follow-up can be considered relatively high, since much lower
participation rates have been observed in other studies. These include clinical
examinations and accelerometer measurements, as in the UK biobank study with
wrist-worn accelerometers (45%) (Doherty et al., 2017). Nevertheless, some de-
gree of selection bias is possible in the study data; women and adolescents with
higher school achievement were more likely to participate in the follow-up. In
addition, selection bias in the recruitment phase is possible. In the HPSC study,
36% of those adolescents invited took part in the study baseline in which clinical
examinations were conducted.

The study data are not representative of the entire Finnish population of the
age cohort in question, due to the sampling through sports clubs and schools.
Thus, sports club participation was more prevalent among the study population
(69%) than in national survey estimates (41 %) (Blomqvist et al., 2015). The partic-
ipants were also somewhat more active than the average in Finland (Jussila et al.,
2022). On the other hand, this was a strength, insofar as the data also allowed
analysis of physical activity changes from high baseline levels. Moreover, the re-
cruitment of participants was conducted from six different regions of Finland
(from 100 schools and 156 sports clubs), which increased the geographical repre-
sentativeness of the data. Similar cohort studies are usually limited to partici-
pants from smaller geographical area (Judice et al., 2020).

Another strength of this study was the use of accelerometry - which is the
state-of-the-art method for assessing physical activity (Burchartz et al., 2020) -
together with self-reports on activity domains. However, a 7-day physical activ-
ity measurement period might not be representative of the habitual behaviour of
every participant, especially, when only two measurement points over the years
were available. Additional time points might have revealed more fluctuations in
physical activity during adolescence. Moreover, use of the device tends to under-
estimate the vigorous activities occurring in certain types of physical activity,
such as weight training and skating (see also Toivo et al., 2023) - even though
moderate and vigorous physical activity were combined in the analyses. Self-re-
ports, for their part, are subject to recall bias, and were unable to capture, for
example, different combinations of active commuting.
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Longitudinal K-means clustering (Genolini & Falissard, 2010) enabled data-
driven and thus more genuine identification of different decreased, increased,
and sustained physical activity patterns, as compared to the subjective grouping
of participants on the basis of some pre-determined levels (involving e.g. physi-
cal activity guidelines) or simple splitting into quartiles. There are also other
methods available for data-driven grouping of longitudinal data, but no consen-
sus exists on which method is best for detecting different patterns of change and
stability. Some evidence suggests that KmL performs especially well when the
sample size or number of measurement points is small (Gong et al., 2019). How-
ever, contrary opinions regarding the sample size have been put forward, stating
that the growth mixture model has outperformed KmL even with small sample
sizes (Den Teuling et al., 2023; Martin & von Oertzen, 2015). KmL is said to be a
strong method that can complement latent class mixed modelling methods (Ver-
boon & Pat-El, 2022), and it is also computationally less complex (Den Teuling et
al., 2023; Verboon & Pat-El, 2022). On the other hand, group-based trajectory
modelling has been preferred to KmL in some studies, for example when the data
contains missing values, or when covariates are to be included in the trajectories
(Den Teuling et al., 2023). However, for the purposes of this study, with data from
two measurement points, the KmL was the most appropriate method. It should
be noted that at least three measurement points are usually needed for other sim-
ilar methods.

It should also be noted that the clustering methods do not accurately illus-
trate the development of each individual. Rather, averages at group level have
been used. Moreover, a disadvantage of any method of classification is that the
statistical power is inevitably reduced, in comparison with analyses in which
physical activity is taken to be a continuous outcome or exposure. It is true that
the aims of this study did not enable this kind of analysis, but a larger sample
size might have prevented possible Type II error, with some non-significant re-
sults reaching statistical significance through having a bigger sample. Models
conducted by logistic regression analysis, too, would have benefited from a
larger sample size and thus narrower confidence intervals. It is also the case that
in Study 11, better identification of the change in the exposure variables (longitu-
dinal correlates) would have been possible if the sample size had allowed that.

A strength of this dissertation is the utilization of growth curve modelling
in the longitudinal dataset, as the method allowed variation between participat-
ing adolescents according to both intercept and slope. Little attention has so far
been paid to changes in cardiometabolic risk factors between groups of young
people with different physical activity patterns. It has been more common to ex-
amine the level of the health outcome only at follow-up (Howie et al., 2020; Oh
et al., 2021; Rangul et al., 2012). Thus, this study helps to fill an existing research
gap. Furthermore, changes in activity domains (considered as exposure variables)
were explored in Study I, and this gives more information as compared to the
traditional examination of physical activity correlates at a certain time point. The
need to study also changes in the correlates of physical activity has been noted
by others (Biddle et al., 2023).
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A further strength in the analysis was the adjustment for other health be-
haviours (smoking/snuff use, fruit and vegetable consumption) in examining the
associations between physical activity patterns and health outcomes. However,
it was not possible to estimate, for example, participants’ total energy intake (kil-
ocalories) or saturated fat intake. These have an impact on e.g. cholesterol levels.
In addition, the analyses did not include estimation of any indirect effects (medi-
ators); nor did it include bidirectional analysis (e.g. between BMI and physical
activity patterns).

The survey questions of this study were largely drawn from the interna-
tional Health Behaviour in School-aged Children (HBSC) study, and the ques-
tions have thus been subject to validation (Currie et al., 2014). However, only one
question assessed adolescents” communication with their parents. The inclusion
of more questions would have increased the validity of the findings on this aspect.
Future studies are needed to confirm the association between difficulties in talk-
ing with one’s father and unfavourable development in physical activity.

A further limitation is the lack of information on all the physical activity
domains. For example, apart from sports club participation, other organized lei-
sure-time physical activities were not examined. Finally, there is a possibility that
some important characteristics of the physical activity patterns (for example, at
the environmental level) were not considered, and the results might have been
different if these had been included.

6.5 Perspectives on health promotion

The present study highlights the need to acknowledge individual variation in
physical activity during adolescence. The message ‘more movement for all” can-
not be considered a reasonable slogan, given that a large proportion of young
people maintain their former sufficient level of activity, and some even increase
their activity. Furthermore, the determinants and correlates vary between the dif-
tferent physical activity change and stability patterns, which further reinforces the
view that individual differences should be considered in health promotion.

Physical activity has been described as a complex and dynamic behaviour
(Biddle et al., 2023; Caspersen et al., 1985). However, the complexity has so far
hardly been considered through the correlates applying to diverging physical ac-
tivity patterns, although these differ from the correlates of physical activity at a
given time point. Moreover, the time-varying nature of the possible correlates and
determinants has rarely been examined (Biddle et al., 2023; Parker et al., 2021). In
both research and practice, health promoters should pay attention to these as-
pects of physical activity behaviour. The findings are in line with notions from
the life course approach (Elder et al., 2003; Sharma et al., 2023; Tones & Tilford,
2011, pp. 195-199), which assumes that life is not static, but rather in a constant
flux of interaction with surroundings and linked lives. There are good reasons to
acknowledge the variation over time in physical activity, and even separately for
different domains of activity (e.g. active commuting, organized sports).
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The individual variation and complexity in physical activity behaviour
challenges health promotion efforts at the group or population level. The find-
ings of this study offer elements to be included in targeted health promotion, for
example by pointing out some of the unique characteristics of young people with
unfavourably decreased activity or maintained inactivity. It should be noted that
the actions intended to tackle maintained inactivity or decreased activity may at
the same time support the maintenance of physical activity. Furthermore, the
chosen approach can be primarily positive in nature - rather than ‘corrective’ -
supporting the overall maintenance of an active lifestyle (hence involving saluto-
genic orientation) (Bauer et al., 2020).

The results of the present study suggest that forms of health promotion that
does not actually refer to physical activity may be important in seeking to pro-
mote physical activity. The accumulation of unhealthy behaviours, and commu-
nication difficulties with one’s father, were more prevalent among those young
people with unfavourable development in physical activity. There is therefore
good reason to support open communication between offspring and parents, especially
fathers. This illustrates the point that the promotion of physical activity is not just
a matter of sports policy, and should also involve other sectors of society (Stahl,
2018; World Health Organization 2018, p. 43). The support for open communica-
tion and dialogue could be offered, for instance, in child health clinics, or any
location where fathers are met. Moreover, the work done in health, education,
social work, and in the voluntary sector would have possibilities to support the
foundation of family communication, which forms part of overall wellbeing in
families. In general, actions implemented at multiple levels (e.g. individual, so-
cial, environmental, and political) are considered to hold the greatest promise for
achieving goals in physical activity promotion (Sallis & Owen, 2015; World
Health Organization, 2018).

The health behaviours of young adults, including fruit and vegetable con-
sumption and smoking, started to differ between the physical activity patterns at
age 19. Hence, the transition to young adulthood is an important life phase in terms
of the emergence of unhealthy behaviours. Health promotion efforts should thus
be targeted at this life phase in addition to earlier efforts. Furthermore, it would
be important to examine whether there are common underlying determinants for
the accumulation of health-compromising behaviours (see also Ben-Shlomo et al.,
2016). In this study, for example family affluence was not found to differ between
the physical activity patterns.

The finding that loneliness is more frequent among young adults with un-
favourable physical activity requires attention. Young adulthood is a peak period
for mental health problems (Eurostat, 2023a) including loneliness (Victor & Yang,
2012), and young adults seem to be at risk for relative increases in loneliness
(Baarck et al., 2021, p. 12). Thus, society needs to make greater efforts to tackle
this challenge. Physical activity appears to be part of this issue, and should be
addressed also from this perspective.

Young people face multiple life events and changes during their path to-
wards young adulthood, and in the transitions from one setting to another.
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Hence, this life stage deserves special attention. To support the maintenance of
physical activity or the adoption of activities, the settings young people face in
their everyday life should be viewed as opportunities for physical activities (see
also Kokko & Baybutt, 2022; World Health Organization, 1986). The questions to
be asked include the following;:
1. Are educational organizations - before and during further education - up
to date in terms of physical activity?
2. Are the impacts on physical activity through active travel taken into ac-
count when cuts are planned in the school network?
3. Are sports clubs willing to enable organized activities for young adults and
for those who are adopting new exercise or sport disciplines?
4. Are there possibilities for commercial operators whose activities would
promote physical activity for young adults?
5. What means do workplaces have to ensure the wellbeing and physical ac-
tivity of young workers?
6. How does urban planning support forms of active travel to higher educa-
tion, hobbies, and work?

The study gives indications that although dropout from a sports club is common
during adolescence, organized sports still have a contribution in supporting fa-
vourable physical activity development when adolescents reach young adult-
hood. Thus, sports clubs deserve support from society, especially given that the
activity is typically based on voluntary civic activities at local level (in Finland).
In addition to this, there is a need for actions against dropout from sports clubs.
It would be ideal if possibilities to join in organized sports at adolescence or
young adulthood were available - these being in addition to competitive options.

There is also a need for opportunities to participate in sports with less time
input, given that (i) studies take more time from a young adult’s day than does
basic education, (ii) the desire to concentrate on studies is an important reason
for dropout (Eime et al., 2008; Rinta-Antila et al., 2023), and (iii) training in a
sports club takes on average four training sessions out of the week of a person
aged 16-20 year-olds” week (Mononen et al., 2021).

Overall, more emphasis should be given to developing sports clubs from
the perspective of young adults and their needs. Looking beyond sports clubs,
efforts should be made to ensure the availability of other forms of physical activ-
ities for young adults and to provide the relevant publicity, bearing in mind that
not all sports clubs can offer organized sports for participants with non-compet-
itive aims. Health promotion is not the core business of sports clubs, although it
can sometimes be aligned with it (see also Dooris et al., 2022; Kokko, 2016).

Future interventions to promote young adults’ active commuting should
take into account the distances involved. Nearly half of the 19-year-olds in this
study lived over 5km from their place of study or work. For those in this category,
perhaps part of the travel could be walked, or active commuting could be pur-
sued in other weekly journeys. A review of population-level interventions
(among adults) suggests that a ‘carrot-and-stick” approach could be adopted.
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Thus, there would be a combination of both positive (promoting active travel)
and negative strategies (discouraging vehicle use). This might be more effective
than interventions that merely promote active travel (Xiao et al., 2022).

The present study showed that increasing physical activity was followed by
favourable changes, and decreasing activity by unfavourable changes in cardi-
ometabolic risk factors already during adolescence. This is a clear message which
should be utilized by health promoters working with adolescents and advocating
health policies. Many of the consequences of inactivity - such as type 2 diabetes
and cardiovascular diseases - may be considered matters for the future, beyond
the immediate concerns of adolescents. However, the present study has a differ-
ent message: changes in physical activity are reflected in cardiometabolic risk al-
ready in adolescence. Thus, some concrete health benefits at the population level -
as revealed by laboratory tests - can be expected at a young age.

6.6 Suggestions for future research

The possible correlates and determinants of longitudinal physical activity
patterns could be related to any of the levels of the ecological model, i.e.
intrapersonal, interpersonal, organizational, community, and public policy levels
(see also Craggs et al., 2011). Thus, the correlates and determinants of physical
activity change and stability during adolescence can be numerous, and they
should be identified broadly, with attention also to the potential variation over
time in the correlates (see also Biddle et al., 2023; Parker et al., 2021). Furthermore,
the rarely studied level of public policy should be subject to intensive research.
Researchers need to inquire into the consequences of political decisions as they
affect physical activity over time. As noted in the Finnish two-year pre-primary
education experiment (Sarviméki et al., 2023)?, it is possible to examine the
consequences of experiments before making national decisions. Adding
compulsory physical activity lesson to the secondary education curricula, or
offering exercise vouchers to university students, are examples of experiments
that could be conducted to examine the effects of such measures on young
people’s physical activity. Here it is worth noting that in vocational education,
physical education currently does not exist as a separate subject.

There should be broader exploration of communication between parents
and adolescents (which is a determinant at the interpersonal level of the ecologi-
cal model) and the associations with physical activity development over time.
Furthermore, more attention should be given to adolescents’ perceptions of pos-
sibilities to talk with friends about things that really bother them, given that ad-
olescence is typically a time when the importance of friends increases and that of

9 As stated in Sarvimaki et al. (2023): “The two-year preschool experiment is being implemented
as a randomized field experiment in 148 municipalities. The experimental population comprises
35,000 children born between 2016 and 2017, randomly assigned into treatment and control
groups.” The effects of the two-year preschool experiment (as compared to a one-year
preschool control) are due for evaluation in 2025.
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parents somewhat decreases. Moreover, attention should be paid to overall fam-
ily cohesion, and its possible relationship with physical activity change and sta-
bility.

At the community or organization level of the ecological model, future re-
search could aim to develop sports clubs and other relevant settings for physical
activity in young adults’ lives. One possibility in this would be an intervention
study based on young adults” needs, with the aim of decreasing dropout from
sports clubs. It is notable also that research has so far largely neglected physical
activity interventions targeting young adults” educational settings (van Sluijs et
al., 2021), though a national intervention in Finland has been initiated to promote
physical activity in tertiary education (Blom et al., 2018). On the other hand, as
shown in this study, a large proportion of young adults live their lives outside
education. Thus, there is a need for other contexts to reach young people. Overall,
attention should be given to the proper planning of interventions (involving, for
example, co-creation). This would encompass also implementation, and evalua-
tion, which in turn should include process evaluation (involving fidelity, feasi-
bility, and acceptability) (see also van Sluijs et al., 2021).

Given the lack of previous research, there is need to examine whether the
findings from the present study are applicable to other populations. Device-
based measurement of physical activity with larger samples would be preferable.
Longitudinal studies taking into account both baseline physical activity and the
change in physical activity in relation to the development in cardiometabolic
health outcomes have been rare, and the matter requires further study. Research
is needed from the perspectives of (i) average levels in adolescence, and (ii) lon-
gitudinal physical activity patterns.

The relations between physical activity and health outcome development
during young adulthood and beyond should be studied also from the perspective
of physical activity guidelines. It may indeed be possible or desirable to have new
guidelines for young adults. In line with a previous study (Espinoza et al., 2023),
the present study indicated that non-fulfilment of physical activity guidelines at
adolescence easily changes to fulfilment of the recommendation at young adult-
hood. Other researchers, too, have criticized the existing guidelines as changing
too rapidly as adolescents become 18-year-olds (van Sluijs et al., 2021).

A longer follow-up with the participants of this study could open up excel-
lent opportunities for further information on physical activity development, en-
compassing correlates and determinants (including changes in domains or set-
tings) and health outcomes during later young adulthood. The opportunities
would include physical activity development in relation to forthcoming life
events, educational and occupational changes, and the development of cardi-
ometabolic risk factors. At the same time, topical health issues, including the in-
creasing prevalence of obesity (Jadskeldinen et al., 2022) and mental health prob-
lems (Castelpietra et al., 2022), deserve more thoroughly study in relation to this
understudied life phase. No such long-lasting cohort study has been conducted
in Finland so far.
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Any one of the identified physical activity patterns would be an interesting
object for qualitative research, given that longitudinal qualitative studies have
been relatively rarely conducted during this life phase (Agans & Lerner, 2024;
Martins, et al., 2015; Takalo, 2016). For example, we do not know how the decreas-
ers from moderate to low physical activity may perceive their life and the factors in
it as playing a role in declining activity. Similarly, it would be valuable to analyse
in depth those persons who constitute the increasers, and to discover whether we
can learn something from their path.

From a methodological point of view, the data-driven trajectories of physi-
cal activity should be used in research also in the future, with different options
compared to identify patterns. Going beyond this, to ensure sufficient statistical
power, there is a need to apply other methods to investigate the development of
physical activity over time with regards to health outcomes and determinants.
When one uses continuous variables as a measure of physical activity over time,
the comparison with other studies is easier than it is with group-based investiga-
tions based on heterogeneous groups. Of course, one then loses the advantages
of group-based investigations, and behaviours that remain unchanged, for exam-
ple maintained activity, are easily hidden.
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7 MAIN FINDINGS AND CONCLUSIONS

1. Despite an average decline in physical activity from adolescence to young
adulthood, large individual variation exists in the development of physical
activity over time. Five patterns were identified: inactivity maintainers (28%),
activity maintainers (28%), decreasers from moderate to low physical activity (24%),
decreasers from high to moderate physical activity (13%), and increasers (8%).

When planning health promotion practices, it is important to be aware of
the variation in physical activity development during adolescence. ‘More
movement for all’ is not a reasonable message for everyone.

2. The study identified the following characteristics pertaining to the physical
activity patterns:

o Inactivity maintainers more frequently maintained passive commuting and
more frequently reported a lack of sports club participation throughout ado-
lescence, as compared to the other studied adolescents. They further reported
the lowest amount of school physical education. In addition, it was more typ-
ical for inactivity maintainers to eat fewer fruits and vegetables and to report
difficulties in talking with their father about issues that troubled them, as
compared to those adolescents who maintained or increased physical activity
over the years studied.

Young people who maintain low physical activity throughout adolescence
would benefit most from efforts aimed at increasing activity. There seems
to be room for active commuting, but also for other physical activity do-
mains. Organized physical activities should be arranged in a way that is
suitable also for young people with little previous experience. Moreover,
all the environments that young people face in their everyday lives - from
routes available for active commuting to educational and occupational set-
tings - should be seen as possibilities to accumulate physical activity. Fam-
ilies might benefit from actions that support open communication between
adolescents and fathers, but further research is needed on this topic.
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Belonging to the decreasers from moderate to low physical activity was as-
sociated with increased sedentary time. Young people in this pattern were
characterized by eating fewer fruits and vegetables. They were more likely to
smoke as young adults, and to have more communication difficulties with
their father at adolescence as compared to those who maintained or increased
physical activity.

Attention should be paid to the adoption and accumulation of unhealthy
behaviours, including decreasing physical activity. Preventive efforts are
needed when adolescents are transitioning to young adulthood. Activity
decline may be prevented by health promotion that does not directly in-
volve physical activity, such as support for open communication between
adolescents and their fathers.

Being a decreaser from high to moderate physical activity was related to male
gender, increased sedentary time, and sustained sports club participation, but
also to withdrawal from a sports club.

Decreased activity and dropout from a sports club is not necessarily a neg-
ative evolution if the reduction in physical activity nevertheless ends up at
a sufficient level of activity.

Activity maintainers and increasers (combined) were characterized by de-
creased sedentary time and maintained sports club participation from adoles-
cence to young adulthood. They reported fewer communication difficulties
with their father as compared to inactive maintainers and decreasers from mod-
erate to low physical activity. They also had more favourable health behaviours
in terms of fruit and vegetable consumption and smoking, as compared to
those adolescents who decreased their activity to a low level.

Sports club participation supports sustained physical activity; it is an im-
portant setting for organized physical activity, and it deserves support from
society. Suitable health promotion goals for this target group may be the
maintenance of healthy behaviours, and an open discussion atmosphere in
the family.

Participation in a sports club and active commuting to school is common
among all the patterns at age 15 (active commuting = 47%—75%; sports club
participation = 41%—97%). By age 19, a clear dropout from these activities is
prevalent (mean for sports club withdrawal = 32%; active commuting =
31%—-63%). For many, the distance to the place of study or work (at age 19) is
longer than the distance to school (at age 15). Indeed, the distance is over 5
km for nearly 50% of the young adults.
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To prevent dropout from sports clubs, it would be ideal if, in addition to
competitive options, participation without competitive aims or with fewer
time demands could be offered. This in line with the aim of developing
sports clubs according to the needs of young adults. Furthermore, long dis-
tances to the place of study or work hinder the possibilities for active com-
muting. Hence, other options - such as walking part of the journey, or ac-
tive commuting during other weekly journeys - should be studied and sup-
ported in the living environments of young adults.

. The changes in physical activity are associated with cardiometabolic risk fac-
tors already between ages 15 and 19. A positive (decreasing) trend emerged
in the systolic and diastolic blood pressure of adolescents whose physical ac-
tivity increased over time, as compared to those who maintained a relatively
low level of physical activity. Correspondingly, unfavourable changes in in-
sulin and BMI occurred among decreasers from moderate to low physical activity,
and in glucose and HDL cholesterol among decreasers from high to moderate
physical activity.

The results provide evidence for health promotion. Physical activity is ben-
eficial for health. Decreasing activity relates to unfavourable changes in
cardiometabolic risk factors even before the age of 20. Future studies
should be aware of the possibility that different changes in cardiometabolic
risk factors may be expected, in relation to (i) differing baseline physical
activity levels, and (ii) the magnitude of the change in physical activity.
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YHTEENVETO (SUMMARY IN FINNISH)

Liikkumisen muutos ja pysyvyys nuoruudesta nuoreen aikuisuuteen: selitta-

Fyysinen aktiivisuus (liikkkuminen) keskimddrin vihenee nuoruudessa. Kaikkien
nuorten liikkuminen ei kuitenkaan kehity samansuuntaisesti, silld aktiivisuut-
taan vahentdvien lisdksi osa nuorista sdilyttdd entisen aktiivisuustasonsa, ja osa
lisdd liikkumistaan. Liikkumisen muutosta ja pysyvyyttd selittdvat tekijdt voivat
olla erilaisia, mutta tutkittua tietoa niistd on toistaiseksi vahan. Myodskadn liikku-
misen muutosten yhteyttd elintapasairauksien riskitekijoihin ei tunneta kovin
hyvin nuorilla. Tamén tutkimuksen tarkoituksena oli selvittdd, miten terveys-
kayttaytyminen, demografiset ja psykososiaaliset tekijat, lilkkumisen muodot
sekd paikallaanolo ovat yhteydessa eri suuntaisiin liikkumisen muutosryhmiin
kuulumiseen 15 ja 19 ikdvuoden vililla. Lisdksi tutkimuksen tavoitteena oli tut-
kia elintapasairauksien kehittymista liikkumisen muutosryhmien valilla.

Tutkimuksen aineisto on osa Liikkumisen ja urheilun erilaiset polut - Ter-
veyttd edistdvi liikuntaseura (TELS) -seurantatutkimusta. Nuorten (n = 254) liik-
kumista mitattiin lantiolle kiinnitettdvalld kiihtyvyysanturilla keskiméérin 15 ja
19 vuoden idssd, minké lisdksi tutkittavat osallistuivat molemmilla mittausker-
roilla paastoverikokeen sisdltdvaan terveystarkastukseen ja vastasivat kyselyihin.
Tutkittavat rekrytoitiin tutkimuksen alussa 156 liikuntaseuran ja 100 koulun
kautta kuudesta kaupungista ja niiden ldhikunnista eri puolilta Suomea. Liikku-
misen muutosryhmédt muodostettiin aineistoldhtoisesti pitkittdisaineistojen K-
means-klusterointimenetelmalld, ja ryhmien tyypillisid piirteitd tarkasteltiin lo-
gistisen regressioanalyysin avulla (binddrinen ja multinomiaalinen). Elintapasai-
rauksien riskitekijoiden kehittymistd tutkittiin lineaarisella kasvuk&yramallin-
nuksella vakioiden sukupuoli, ikd, mittarinpitoajan muutos seka tutkittavien ky-
selyvastauksiin perustuva hedelmien ja vihannesten kaytto sekd tupakointi ja
nuuskankaytto.

Tulokset osoittivat, ettd liikkumisessa on paljon yksilollistd vaihtelua nuo-
ruudessa. Aineistosta muodostui viisi ryhmada: 1) aktiivisuuden sdilyttdjat (28 %),
2) lapi nuoruuden vahén liikkuvat (28 %), 3) liikkumista keskitasolta alhaiselle
tasolle vahentavit (24 %), 4) liilkkumista korkealta tasolta keskitasolle vahentadvit
(13 %) ja 5) liikkumisen lis&dgjdt (8 %). Liikuntaseuraharrastaminen oli vield 15-
vuotiaana varsin yleistd kaikissa liikkumisen muutosryhmissa (41-97 %), samoin
koulumatkojen kulkeminen k&vellen tai pyoralld (47-75 %). Nuoreen aikuisuu-
teen (19 v) mennessd moni lopetti liikuntaseuraharrastuksen (lopettajia keski-
médrin 32 %) ja aktiivisen kulkemisen (31-63 % riippuen liikkumisen muutos-
ryhméstd). Liikuntaseuraosallistuminen oli yhteydessd aktiivisuuden s&dilymi-
seen, kun taas passiivisesti sekd 15- ettd 19-vuotiaana kuljetut koulumatkat olivat
yleisempid lapi nuoruuden vahan liikkuvilla.

Keskusteluvaikeudet isan kanssa 15-vuotiaana ennustivat kuulumista sekéa
vdhén ldpi nuoruuden liikkuviin ettd liikkumista keskitasolta alhaiselle tasolle
vdhentdviin. Ndissd liikkumisen muutosryhmissé myos hedelmien ja
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vihannesten kadytto 19-vuotiaana oli vdhdisempédd. Liséksi liikkkumista keskita-
solta alhaiselle tasolle vihentdvat tupakoivat tyypillisemmin 19-vuotiaana. Liik-
kumisen muutosryhmat eivét eronneet tutkittujen eldméantapahtumien, eli opis-
keluun tai tydeldmddn siirtymisen tai kotoa muuton suhteen. Paikallaanolo li-
sdantyi liikkumista vahentdvissd ryhmissd ja vastaavasti vaheni aktiivisuuden
sdilyttdjien ja liikkumisen lisddjien yhdistetyssa joukossa.

Liikkumisen lisddjien verenpaine laski, kun taas kehon painoindeksi, insu-
liini-, glukoosi- ja HDL-kolesterolipitoisuudet kehittyivét epdedulliseen suun-
taan liikkumista vahentdvissd ryhmissa (eri tavoin riippuen ldhtotasosta ja liik-
kumisen muutoksen suuruudesta). Tulokset osoittavat, ettd fyysisen aktiivisuu-
den vdheneminen on yhteydessa kardiometabolisissa riskitekijoissd tapahtuviin
epdsuotuisiin muutoksiin jo alle 20 vuoden idssd. Samalla tulos perustelee liik-
kumisen tdarkeyttd terveydelle jo nuorella idlla.

Koska liikkumisessa seka liikkumisen muutosta ja pysyvyytta selittdvissa
tekijoissd on paljon vaihtelua, tarvitaan kohdennettua terveyden edistamista. Lii-
kuntaseuraosallistuminen tukee aktiivisuuden sdilymistd siirtymé&vaiheessa
nuoreen aikuisuuteen, ja ansaitsee siksi tukea yhteiskunnalta. Olisi toivottavaa,
ettd liilkuntaharrastuksen aloittaminen seurassa olisi mahdollista myds mythem-
min nuoruudessa tai nuorena aikuisena ja ettd kilpaurheiluun tdhtddvien vaihto-
ehtojen lisdksi tarjolla olisi ohjattua liikuntaa ilman suurempia tavoitteita. Kaikki
arkiset elinympadristot kdvely- ja pyordilyreiteistd opiskelu- ja tyoympéristoihin
tulisi ndhdd mahdollisuuksina edistdd liikkumista ja kerryttdd askelia ja muuta
aktiivisuutta pdivddn. Laaja-alaisella terveyden edistdmiselld, kuten isien ja
nuorten vuorovaikutuksen tukemisella, saattaisi olla potentiaalia ehkaista liikku-
misen vdhenemistd ja tukea aktiivisuuden sdilymistd nuoruudessa. Fyysistd ak-
tiivisuutta voidaan edistdd myo6s toimenpiteilld, jotka eivét suoraan liity liikun-
nan tukemiseen tai tyypillisiin liikuntapoliittisen sektorin toimiin.

87



REFERENCES

Aarnio, M., Winter, T., Kujala, U., & Kaprio, ]J. (2002). Associations of health
related behaviour, social relationships, and health status with persistent
physical activity and inactivity: a study of Finnish adolescent twins. British
Journal of Sports Medicine, 36, 360—364.
https:/ /doi.org/10.1136/bjsm.36.5.360

Agans, J. P., & Lerner, R. M. (2024). “I Actually have to decide what I'm doing:”
How youth maintain active lifestyles in the transition to young adulthood.
Leisure Sciences, 42(1), 40—60.
https://doi.org/10.1080/01490400.2021.1913266

Agbaje, A. O. (2023). Longitudinal mediating effect of fat mass and lipids on
sedentary time, light PA, and MVPA with inflammation in youth. The
Journal of Clinical Endocrinology & Metabolism, 108(12), 3250—-3259.
https:/ /doi.org/10.1210/ clinem/dgad354

Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett, Jr D. R.,
Tudor-Locke, C., Greer, J. L., Vezina, J., Whitt-Glover, M. C., Leon, A. S.
(2023, January 20). The Compendium of Physical Activities Tracking Guide.
Healthy Lifestyles Research Center, College of Nursing & Health
Innovation, Arizona State University.
https:/ /sites.google.com/site/compendiumofphysicalactivities /

Aira, T., Kannas, L., Tynjdld, J., Villberg, J., & Kokko, S. (2013). Hiipuva litkunta
nuoruusidssi. Drop off -ilmion aikatrendeji ja kansainvilistd vertailua WHO-
Koululaistutkimuksen (HBSC-Study) aineistoilla 1986-2010 [Physical activity
dies down in adolescence. Trends and international comparisons of the
HBSC study from 1986 to 2010]. University of Jyvaskyla.
https:/ /ivx.jvu.fi/bitstream/handle/123456789/41670/1/978-951-39-
5261-7.pdf

Aittasalo, M., Vahd-Ypy4d, H., Vasankari, T., Husu, P., Jussila, A-M., & Sievdnen,
H. (2015). Mean amplitude deviation calculated from raw acceleration
data: A novel method for classifying the intensity of adolescents’ physical
activity irrespective of accelerometer brand. BMC Sports Science, Medicine
and Rehabilitation, 7(1), Article 18. https://doi.org/10.1186/s13102-015-
0010-0

Alberti, K. G. M. M., & Zimmet, P. Z. for the WHO Consultation. (1998).
Definition, diagnosis and classification of diabetes mellitus and its
complications. Part 1: Diagnosis and classification of diabetes mellitus
provisional report of a WHO consultation. Diabetic Medicine, 15(7),
535-622. https:/ /doi.org/10.1002/ (SICI)1096-9136(199807)15:7<539::AID-
DIA668>3.0.CO;2-S

Alberti, K. G. M. M,, Zimmet, P. Z., & Shaw, J. (2006). Metabolic syndrome —a
new world-wide definition. A Consensus Statement from the International
Diabetes Federation. Diabetic Medicine, 23(5), 469-480.
https:/ /doi.org/10.1111/j.1464-5491.2006.01858.x

88


https://doi.org/10.1136/bjsm.36.5.360
https://doi.org/10.1080/01490400.2021.1913266
https://doi.org/10.1210/clinem/dgad354
https://sites.google.com/site/compendiumofphysicalactivities/
https://jyx.jyu.fi/bitstream/handle/123456789/41670/1/978-951-39-5261-7.pdf
https://jyx.jyu.fi/bitstream/handle/123456789/41670/1/978-951-39-5261-7.pdf
https://doi.org/10.1186/s13102-015-0010-0
https://doi.org/10.1186/s13102-015-0010-0
https://doi.org/10.1002/(SICI)1096-9136(199807)15:7%3c539::AID-DIA668%3e3.0.CO;2-S
https://doi.org/10.1002/(SICI)1096-9136(199807)15:7%3c539::AID-DIA668%3e3.0.CO;2-S
https://doi.org/10.1111/j.1464-5491.2006.01858.xo

Arellano-Ruiz, P., Garcia-Hermoso, A., Cavero-Redondo, 1., Pozuelo-
Carrascosa, D., Martinez-Vizcaino, V., & Solera-Martinez, M. (2019).
Homeostasis Model Assessment cut-off points related to metabolic
syndrome in children and adolescents: a systematic review and meta-
analysis. European Journal of Pediatrics, 178, 1813—1822.
https:/ /doi.org/10.1007 /s00431-019-03464-vy

Armstrong, A., Rodriquez, K. J., Sabag, A., Mavros, Y., Parker, H. M., Keating,
S. E., & Johnson, N. A. (2022). Effect of aerobic exercise on waist
circumference in adults with overweight or obesity: A systematic review
and meta-analysis. Obesity Reviews, 23(8), Article e13446.
https:/ /doi.org/10.1111/0br.13446

Arnett, J. (2000). Emerging adulthood. A theory of development from the late
teens through the twenties. American Psychologist, 5(5), 469—480.

Atkin, A. ], van Sluijs, E. M. F.,, Dollman, ]., Taylor, W. C., & Stanley, R. M.
(2016). Identifying correlates and determinants of physical activity in
youth: How can we advance the field? Preventive Medicine, 87, 167-169.
https:/ /doi.org/10.1016/i.ypmed.2016.02.040

Baarck, J., Balahur-Dobrescu, A., Cassio, L. G., D" hombres, B., Pasztor, Z., &
Tintori, G. (2021). Loneliness in the EU. Insights from surveys and online media
data. Publications Office of the European Union.
https:/ /doi.org/10.2760/28343

Bandura, A. (1986). Social foundations of thought and action. Prentice Hall.

Basic education Act 628/1998.
https:/ /www.finlex.fi/en/laki/kaannokset/1998 /en19980628.pdf

Bauer, G. F., Roy, M., Bakibinga, P., Contu, P., Downe, S., Eriksson, M., Espnes,
G. A, Jensen, B. B,, Juvinya, C., Lindstrom, B., Mana, A., Mittelmark, M.
B., Morgan, A. R., Pelikan, J. M., Saboga-Nunes, L., Sagy, S., Shorey, S.,
Vaandrager, L., & Vinje, H. F. (2020). Future directions for the concept of
salutogenesis: A position article. Health Promotion International, 35,
187-195. https:/ /doi.org/10.1093 / heapro/daz057

Bauman, A. E., Grunseit, A. C., Rangul, V., & Heitmann, B. L. (2017). Physical
activity, obesity and mortality: does pattern of physical activity have
stronger epidemiological associations? BMC Public Health, 17, Article 788.
https:/ /doi.org/10.1186/s12889-017-4806-6

Bauman, A. E,, Reis, R. S., Sallis, J. F., Wells, J. C., Loos, R. J. F., & Martin, B. W.
(2012). Correlates of physical activity: Why are some people physically
active and others not? Lancet, 380(9838), 258—271.
https://doi.org/10.1016/50140-6736(12)60735-1

Bauman, A. E., Sallis, J. F., Dzewaltowski, D. A., & Owen, N. (2002). Toward a
better undersanding of the influences on physical activity. The role of
determinants, correlates, causal variables, mediators, moderators, and
confounders. American Journal of Preventive Medicine, 23(2S), 5-14.
https://doi.org/10.1016/50749-3797(02)00469-5

Bea, J. W., Blew, R. M., Howe, C., Hetherington-Rauth, M., & Going, S. B. (2017).
Resistance training effects on metabolic function among youth: a

89


https://doi.org/10.1007/s00431-019-03464-y
https://doi.org/10.1111/obr.13446
https://doi.org/10.1016/j.ypmed.2016.02.040
https://doi.org/10.2760/28343
https://www.finlex.fi/en/laki/kaannokset/1998/en19980628.pdf
https://doi.org/10.1093/heapro/daz057
https://doi.org/10.1186/s12889-017-4806-6
https://doi.org/10.1016/S0140-6736(12)60735-1
https://doi.org/10.1016/S0749-3797(02)00469-5

systematic review. Pediatric Exercise Science, 29(3), 297-315.
https:/ /doi.org/10.1123 / pes.2016-0143

Beltran-Valls, M. R,, Janssen, X., Farooq, A., Adamson, A. J., Pearce, M. S,, &
Reilly, J. K. (2019). Longitudinal changes in vigorous intensity physical
activity from childhood to adolescence: Gateshead millennium study.
Journal of Science and Medicine in Sport, 22(4), 450-455.
https:/ /doi.org/10.1016/i.jsams.2018.10.010

Ben-Shlomo, Y., Cooper, R., & Kuh, D. (2016). The last two decades of life
course epidemiology, and its relevance for research on ageing.
International Journal of Epidemiology, 45(4), 973-988.
https:/ /doi.org/10.1093/ije/ dyw096

Berenson, G. S., & Srnivasan, S. R. for the Bogalusa Heart Study Group. (2005).
Cardiovascular risk factors in youth with implications for aging: The
Bogalusa Heart Study. Neurobiology of Aging, 26(3), 303-307.
https:/ /doi.org/10.1016/j.neurobiolaging.2004.05.009

Biddle, S., Gorely, T., Faulkner, G., & Mutrie, N. (2023). Psychology of physical
activity: A 30-year reflection on correlates, barriers, and theory.
International Journal of Sport and Exercise Psychology, 21(1), 1-14.
https://doi.org/10.1080/1612197X.2022.2147261

Blom, A., Tammelin, T., Laine, K., & Tolonen, H. (2018). Bright spots, physical
activity investments that work: The Finnish Schools on the Move
programme. British Journal of Sports Medicine, 52(8), 820-822.
https:/ /doi.org/10.1136/bjsports-2017-097711

Blomgvist, M., Mononen, K., Konttinen, N., Koski, P., & Kokko, S. (2015).
Urheilu ja seuraharrastaminen. In S. Kokko & R. Hamyla (Eds.), Lasten ja
nuorten litkuntakdyttiytyminen Suomessa. LIITU tutkimuksen tuloksia 2014.
[The Physical Activity Behaviours of Children and Adolescents in Finland;
Results of the LIITU study 2014] State Sport Council Publications 2015:2
(pp- 73-92).

Blomgqvist, M., Mononen, K., Koski, P., & Kokko, S. (2023). Urheilu ja
seuraharrastaminen. In S. Kokko & L. Martin (Eds.), Lasten ja nuorten
litkuntakdyttaytyminen Suomessa. LIITU tutkimuksen tuloksia 2022. [The
Physical Activity Behaviours of Children and Adolescents in Finland;
Results of the LIITU study 2022] State Sport Council Publications 2023:1
(pp. 83-92).

Boniel-Nissim, M., Tabak, 1., Mazur, ]J., Borracciono, A., Brooks, F., Gommans,
R., van der Sluijs, W., Zsiros, E., Craig, W., Harel-Fisch Y., & Finne, E.
(2015). Supportive communication with parents moderates the negative
effects of electronic media use on life satisfaction during adolescence.
International Journal of Public Health, 60, 189-198.
https:/ /doi.org/10.1007 /s00038-014-0636-9

Boyce, W., Torheim, T., Currie, C., & Zambon, A. (2006). The family affluence
scale as a measure of national wealth: validation of an adolescent self-
report measure. Social Indicators Research, 78(3), 473-487.
https:/ /doi.org/10.1007 /s11205-005-1607-6

90


https://doi.org/10.1123/pes.2016-0143
https://doi.org/10.1016/j.jsams.2018.10.010
https://doi.org/10.1093/ije/dyw096
https://doi.org/10.1016/j.neurobiolaging.2004.05.009
https://doi.org/10.1080/1612197X.2022.2147261
https://doi.org/10.1136/bjsports-2017-097711
https://doi.org/10.1007/s00038-014-0636-9
https://doi.org/10.1007/s11205-005-1607-6

Bronfenbrenner, U. (1979). The ecology of human development: Experiments by
nature and design. Harvard University Press.

Brooks, F., Zaborskis, A., Tabak, 1., Granado Alcén, M. C., Zemaitiene, N., de
Roos, S., & Klemera, E. (2015). Trends in adolescents’ perceived parental
communication across 32 countries in Europe and North America from
2002 to 2010. European Journal of Public Health, 25(Suppl 2), 46-50.
https:/ /doi.org/10.1093 /eurpub/ckv034

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G.,
Carty, C., Chaput, J. P., Chastin, S., Chou, R., Dempsey, P. C., Dipietro, L.,
Ekelund, U., Firth, J., Friedenreich, C. M., Garcia, L., Gichu, M., Jago, R.,
Katzmarzyk, P. T., ...Willumsen, J. F. (2020). World Health Organization
2020 guidelines on physical activity and sedentary behaviour. British
Journal of Sports Medicine, 54(24), 1451-1462.
https:/ /doi.org/10.1136/bjsports-2020-102955

Burchartz, A., Anedda, B., Auerswald, T., Giurgiu, M., Hill, H., Ketelhut, S.,
Kolb, S., Mall, C., Manz, K., Nigg, C. R., Reichert, M., Sprengeler, O.,
Wunsch, K., & Matthews, C. E. (2020). Assessing physical behavior
through accelerometry - State of the science, best practices and future
directions. Psychology of Sport and Exercise, 49, Article 101703.
https:/ /doi.org/10.1016/i.psychsport.2020.101703

Campos-Garzoén, P., Sevil-Serrano, J., Garcia-Hermoso, A., Chillén, P., &
Barranco-Ruiz, Y. (2023). Contribution of active commuting to and from
school to device-measured physical activity levels in young people: A
systematic review and meta-analysis. Scandinavian Journal of Medicine &
Science in Sports, 33(11), 2110-2124. https://doi.org/10.1111/sms.14450

Caspersen, C. J., Powell, K. J., & Christenson, G. M. (1985). Physical activity,
exercise, and physical fitness: Definitions and distinctions for health-
related research. Public Health Reports, 100(2), 126—131.

Castelpietra, G., Knudsen, A. K. S., Agardh, E. A., Armocida, B., Beghi, M.,
Iburg, K. M., Logroscino, G., Ma, R., Starace, F., Steel, N., Addolorato, G.,
Andrei, C. L., Andrei, T., Ayuso-Mateos, J. L., Banach, M., Barnighausen,
T. W., Barone-Adesi, F., Bhagavathula, A. S., Carvalho, F. ... Monasta, L.
(2022). The burden of mental disorders, substance use disorders and self-
harm among young people in Europe, 1990-2019: Findings from the
Global Burden of Disease Study 2019. The Lancet Regional Health — Europe,
16, Article 100341. http://dx.doi.org/10.1016/j.lanepe.2022.100364

Chaput, J.-P., Willumsen, J., Bull, F., Chou, R., Ekelund, U, Firth, ., Jago, R.,
Ortega, F., & Katzmarzyk, P. T. (2020). 2020 WHO guidelines on physical
activity and sedentary behaviour for children and adolescents aged 5-17
years: summary of the evidence. International Journal of Behavioral Nutrition
and Physical Activity, 17, 141. https:/ /doi.org/10.1186/512966-020-01037-z

Cole, T. J., Bellizzi, M. C., Flegal, K. M., & Dietz, W. H. (2000). Establishing a
standard definition for child overweight and obesity worldwide:
International survey. British Medical Journal, 320(7244), 1240-1243.
https:/ /doi.org/10.1136 /bmj.320.7244.1240

91


https://doi.org/10.1093/eurpub/ckv034
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1016/j.psychsport.2020.101703
https://doi.org/10.1111/sms.14450
http://dx.doi.org/10.1016/j.lanepe.2022.100364
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1136/bmj.320.7244.1240

Cole, T. J., Flegal, K. M., Nicholls, D., & Jackson, A. A. (2007). Body mass index
cut offs to define thinness in children and adolescents: International
survey. British Medical Journal, 335(7612), Article 194.
https:/ /doi.org/10.1136/bmj.39238.399444.55

Corder, K., Craggs, C., Jones, A. P., Ekelund, U., Griffin, J. S., & van Sluijs, E. M.
F. (2013). Predictors of change differ for moderate and vigorous intensity
physical activity and for weekdays and weekends: A longitudinal
analysis. International Journal of Behavioral Nutrition and Physical Activity,
10, Article 69. https://doi.org/10.1186/1479-5868-10-69

Corder, K., Ogilvie, D., & van Sluijs, E. M. F. (2009). Invited commentary:
Physical activity over the life course — Whose behavior changes, when,
and why? American Journal of Epidemiology, 170(9), 1078-1081.
https:/ /doi.org/10.1093/aje/ kwp273

Corder, K., Winpenny, E., Love, R., Brown, H. E., White, M., & van Sluijs, E.
(2019). Change in physical activity from adolescence to early adulthood:
A systematic review and meta-analysis of longitudinal cohort studies.
British Journal of Sports Medicine, 53(8), 496-503.
https:/ /doi.org/10.1136/ bjsports-2016-097330

Cornelissen, V., & Smart, N. A. (2013). Exercise training for blood pressure:

A systematic review and meta-analysis. Journal of the American Heart
Association, 2(1), Article e004473.
https:/ /doi.org/10.1161/JAHA.112.004473

Cornier, M-A., Dabelea, D., Hernandez, T. L., Lindstrom, R. C,, Steig, A.].,
Stob, N. R., Van Pelt, R. E., Wang, H., & Eckel, R. H. (2008). The metabolic
syndrome. Endocrine Reviews, 29(7), 777-822.
https://doi.org/10.1210/er.2008-0024

Craggs, C., Corder, K., van Sluijs, E. M. F., & Griffin, S. J. (2011). Determinants
of change in physical activity in children and adolescents: A systematic
review. American Journal of Preventive Medicine, 40(6), 645—658.
https:/ /doi.org/10.1016/j.amepre.2011.02.025

Currie, C., Ichley, J., Molcho, M., Lenzi, M., Veselska, Z., & Wild, F. (Eds.).
(2014). Health Behaviour in School-aged Children (HBSC) Study Protocol:
Background, Methodology and Mandatory items for the 2013/14 Survey.
University of St Andrews, Child & Adolescent Health Research Unit.
https:/ /hbsc.org/ publications/survey-protocols/

Demmelmaier, I., Dufour, A. B., Nordgren, B., & Opava, C. H. (2016).
Trajectories of physical activity over two years in persons with
rheumatoid arthritis. Arthritis Care & Research, 68(8), 1069-1077.
https:/ /doi.org/10.1002/acr.22799

Den Teuling, N. G. P., Pauws, S. C., & van den Heuvel, E. R. (2023). A
comparison of methods for clustering longitudinal data with slowly
changing trends. Communications in Statistics - Simulation and Computation,
52(3), 621-648. https:/ /doi.org/10.1080/03610918.2020.1861464

Ding, D., Lawson, K., Kolbe-Alexander, T., Finkelstein, E. A., Katzmarzyk, P. T,
van Mechelen, W., & Pratt, M. for the Lancet Physical Activity Series 2

92


https://doi.org/10.1136/bmj.39238.399444.55
https://doi.org/10.1186/1479-5868-10-69
https://doi.org/10.1093/aje/kwp273
https://doi.org/10.1136/bjsports-2016-097330
https://doi.org/10.1161/JAHA.112.004473
https://doi.org/10.1210/er.2008-0024
https://doi.org/10.1016/j.amepre.2011.02.025
https://hbsc.org/publications/survey-protocols/
https://doi.org/10.1002/acr.22799
https://doi.org/10.1080/03610918.2020.1861464

Executive Committee. (2016). The economic burden of physical inactivity:
A global analysis of major non-communicable diseases. Lancet, 388(10051),
1311-1324. https:/ /doi.org/10.1016/50140-6736(16)30383-X

Dishman, R. K., Sallis, J. F., & Orenstein, D. R. (1985). The determinants of
physical activity and exercise. Public Health Reports, 100(2), 158-171.

Doherty, A., Jackson, D., Hammerla, N., Plotz, T., Olivier, P., Granat, M. H.,
White T., van Hees, V. T., Trenell, M. 1., Owen, C. G., Preece, S. J., Gillions,
R., Sheard, S., Peakman, T., Brage, S., & Wareham, N. J. (2017). Large scale
population assessment of physical activity using wrist worn
accelerometers: The UK Biobank study. PloS ONE 12(2), Article e0169649.
https:/ /doi.org/10.1371 /journal.pone.0169649

Dooris, M., Kokko, S., & Baybutt, M. (2022). Theoretical grounds and practical
principles of the settings-based approach. In S. Kokko & M. Baybutt (Eds.),
Handbook of settings-based health promotion (pp. 23-44). Springer.

Eime, R. M., Payne, W. R., Casey, M. M., & Harvey, J. T. (2008). Transition in
participation in sport and unstructured physical activity for rural living
adolescent girls. Health Education Research, 25(2), 282-293.
https:/ /doi.org/10.1093 /her/cyn060

Elder, G. H.,, Jr. (1998). The life course as developmental theory. Child
Development, 69(1), 1-12. https:/ /doi.org/10.1111/j.1467-
8624.1998.tb06128.x

Elder, G. H,, Jr., Johnson, M. K., & Crosnoe, R. (2003). The emergence and
development of life course theory. In J. T. Mortimer & M. J. Shanahan
(Eds.), Handbook of the life course (pp. 3-19). Kluwer Academic/Plenum.

Espinoza, S. M., Eisenberg, M. E., Levine, A., Borowsky, I. W., Barr-Anderson,
D.]J., Wall, M. M., & Neumark-Sztainer, D. (2023). Following insufficiently
active adolescents: What predicts whether they meet adult activity
guidelines when they grow up? Journal of Physical Activity and Health,
20(1), 1-9. https:/ /doi.org/10.1123 /jpah.2022-0300

Eurostat. (2023a, Sebtember 23). Mental health and related issues statistics. Health
in the European Union - facts and figures.
https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Mental health _and related_issues_statistics

Eurostat. (2023b, September 23). When do young Europeans leave their parental
home? Eurostat news articles.
https:/ /ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-
20230904-1

Farooq, A., Martin, A, Janssen, X., Wilson, M. G., Gibson, A.-M., Hughes, A., &
Reilly, J.J. (2020). Longitudinal changes in moderate-to-vigorous-intensity
physical activity in children and adolescents: A systematic review and
meta-analysis. Obesity Reviews, 21(1), Article e12953.
https:/ /doi.org/10.1111/obr.12953

Farooq, A., Parkinson, K. N., Adamson, A. J., Pearce, M. S., Reilly, J. K., Hughes,
A. R, Janssen, X., Basterfield, L., & Reilly, J. J. (2018). Timing of the decline
in physical activity in childhood and adolescence: Gateshead Millennium

93


https://doi.org/10.1016/S0140-6736(16)30383-X
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1093/her/cyn060
https://doi.org/10.1111/j.1467-8624.1998.tb06128.x
https://doi.org/10.1111/j.1467-8624.1998.tb06128.x
https://doi.org/10.1123/jpah.2022-0300
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Mental_health_and_related_issues_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Mental_health_and_related_issues_statistics
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20230904-1
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20230904-1
https://doi.org/10.1111/obr.12953

Cohort Study. British Journal of Sports Medicine, 52, 1002-1006.
https:/ /doi.org/10.1136/bjsports-2016-096933

Finnish Defence Forces. (2023, August 20). Conscription — a Finnish choice.
https:/ /puolustusvoimat.fi/en/finnish-conscription-system

Finnish Government. (2023). A strong and committed Finland. Programme of Prime
Minister Petteri Orpo’s Government 20 June 2023. Publications of the Finnish
Government 2023:60. http:/ /urn.fi/ URN:ISBN:978-952-383-818-5

Finnish National Agency for Education. (2019). Key figures on vocational education
and training in Finland. Reports and surveys 2019:7.
https:/ /www.oph.fi/sites/default/files/documents/key_figures_on_voc
ational education_and_training in_finland 0.pdf

Finnish National Agency for Education. (2020). National core curriculum for
general upper secondary education 2019. The national core curriculum for
general upper secondary education intended for young people.
Regulations and guidelines 2019:2c.

Finnish National Agency for Education. (2024, January 20). Yhteiskunta- ja
tydelimdosaaminen. Tydkyvyn ja hyvinvoinnin ylldpitiminen. [Social and
working life skills. Maintaining work ability and well-being].
https:/ /www.oph.fi/fi/koulutus-ja-tutkinnot/ vhteiskunta-ja-
tyoelamaosaaminen

Flynn, J. T., Kaelber, D. C., Baker-Smith, C. M., Blowey, D., Carroll, A. E.,
Daniels, S. R., de Ferranti, S. D., Dionne, J. M., Falkner, B., Flinn, S. K.,
Gidding, S. S., Goodwin, C., Leu, M. G., Powers, M. E., Rea, C., Samuels, J.,
Simasek, M., Thaker, V. V., Urbina, E. M., & Subcommittee on screening
and management of high blood pressure in children. (2017). Clinical
practice guideline for screening and management of high blood pressure
in children and adolescents. Pediatrics, 140(3), Article e20171904.
https:/ /doi.org/10.1542 / peds.2017-1904

Garcia-Hermoso, A., Ezzatvar, Y., Ramirez-Vélez, R., Olloquequi, J., &
Izquierdo, M. (2021). Is device-measured vigorous-intensity physical
activity associated with health-related outcomes in children and
adolescents? A systematic review and meta-analysis. Journal of Sport and
Health Science, 10, 296-307. https:/ /doi.org/10.1016/].jshs.2020.12.001

Garcia-Hermoso, A., Lopez-Gil, J. F., Ramirez-Vélez, R., Alonso-Martinez, A.
M., Izquierdo, M., & Ezzatvar, Y. (2023). Adherence to aerobic and muscle-
strengthening activities guidelines: A systematic review and meta-analysis
of 3.3 million participants across 32 countries. British Journal of Sports
Medicine, 57, 225-229. http:/ /dx.doi.org/10.1136 / bijsports-2022-106189

Genolini, C., & Falissard, B. (2010). KmL: K-means for longitudinal data.
Computational Statistics, 25, 317-328. https:/ /doi.org/10.1007/s00180-009-
0178-4

Global health estimates. (2019). Global health estimates: Life expectancy and leading
causes of death and disability. World Health Organization. Retrieved June 29,
2023, from https:/ /www.who.int/data/gho/data/themes/mortality-and-
olobal-health-estimates

94


https://doi.org/10.1136/bjsports-2016-096933
https://puolustusvoimat.fi/en/finnish-conscription-system
http://urn.fi/URN:ISBN:978-952-383-818-5
https://www.oph.fi/sites/default/files/documents/key_figures_on_vocational_education_and_training_in_finland_0.pdf
https://www.oph.fi/sites/default/files/documents/key_figures_on_vocational_education_and_training_in_finland_0.pdf
https://www.oph.fi/fi/koulutus-ja-tutkinnot/yhteiskunta-ja-tyoelamaosaaminen
https://www.oph.fi/fi/koulutus-ja-tutkinnot/yhteiskunta-ja-tyoelamaosaaminen
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1016/j.jshs.2020.12.001
http://dx.doi.org/10.1136/bjsports-2022-106189
https://doi.org/10.1007/s00180-009-0178-4
https://doi.org/10.1007/s00180-009-0178-4
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates

Gong, H., Xiaolei, X., & Zhou, Y. (2019). Profile clustering in clinical trials with
longitudinal and functional data methods. Journal of Biopharmaceutical
Statistics, 29(3), 541-57. https:/ /doi.org/10.1080/10543406.2019.1572614

Gropper, H., John, J. M., Sudeck, G., & Thiel, A. (2020). The impact of life events
and transitions on physical activity: A scoping review. PloS ONE, 15(6),
Article e0234794. https:/ /doi.org/10.1371 /journal.pone.0234794

Guthold, R., Stevens, G. A,, Riley, L. M., & Bull, F. C. (2018). Worldwide trends in
insufficient physical activity from 2001 to 2016: A pooled analysis of 358
population-based surveys with 1 9 million participants. The Lancet Global
Health, 6(10), €1077-e1086. https:/ /doi.org/10.1016/52214-109X(18)30357-7

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2020). Global trends in
insufficient physical activity among adolescents: A pooled analysis of 298
population-based surveys with 1 6 million participants. The Lancet Child &
Adolescent Health, 4(1), 23-35. https:/ /doi.org/10.1016/52352-
4642(19)30323-2

Halfton, N., Larson, K., Lu, M., Tullis, E., & Russ, S. (2014). Lifecourse health
development: Past, present and future. Maternal and Child Health Journal,
18, 344-65. https:/ /doi.org/10.1007/s10995-013-1346-2

Hammel, M. C,, Stein, R., Kratzsch, ]J., Vogel, M., Eckert, A. J., Triatin, R. D.,
Colombo, M., Meigen, C., Baber, R., Stanik, ]J., Spielau, U., Stoltze, A.,
Wirkner, K., Tonjes, A., Snieder, H., Holl, R. W., Stumvoll, M., Bliiher, M.,
Kiess, W., & Korner, A. (2023). Fasting indices of glucose-insulin-
metabolism across life span and prediction of glycemic deterioration in
children with obesity from new diagnostic cut-offs. Lancet Regional Health -
Europe, 30, Article 100652. https:/ /doi.org/10.1016/j.lanepe.2023.100652

Hayes, G., Dowd, K. P., MacDonncha, C., & Donnelly, A. E. (2019). Tracking of
physical activity and sedentary behavior from adolescence to young
adulthood: A systematic literature review. Journal of Adolescent Health, 65,
446-454. https:/ /doi.org/10.1016/j.jadohealth.2019.03.013

Hesketh, K. R., O’'Malley, C., Mazarello Paes, V., Moore, H., Summerbell, C.,
Ong, K. K., Lakshman, R., & van Sluijs, E. M. F. (2017). Determinants of
change in physical activity in children 0-6 years. Sports Medicine, 47,
1349-1374. https:/ /doi.org/10.1007/s40279-016-0656-0

Hirvensalo, M., & Lintunen, T. (2011). Life-course perspective for physical
activity and sports participation. European Review of Aging and Physical
Activity, 8, 13—22. https:/ /doi.org/10.1007/s11556-010-0076-3

Hochbaum, G. M. (1958). Public participation in medical screening programs: a socio-
psychological study. U.S. Deparment of Health, Education and Welfare.

Hollis, J. L., Sutherland, R., Williams, A. J., Campbell, E., Nathan, N.,
Wolfenden L, Morgan, P. J., Lubans, D. R., Gillham, K., & Wiggers, ].
(2017). A systematic review and meta-analysis of moderate-to-vigorous
physical activity levels in secondary school physical education lessons.
International Journal of Behavioral Nutrition and Physical Activity, 14, Article
52. https://doi.org/10.1186/512966-017-0504-0

95


https://doi.org/10.1080/10543406.2019.1572614
https://doi.org/10.1371/journal.pone.0234794
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1007/s10995-013-1346-2
https://doi.org/10.1016/j.lanepe.2023.100652
https://doi.org/10.1016/j.jadohealth.2019.03.013
https://doi.org/10.1007/s40279-016-0656-0
https://doi.org/10.1007/s11556-010-0076-3
https://doi.org/10.1186/s12966-017-0504-0

Howie, E. K., McVeigh, J. A., Smith, A. ., Zabatiero, J., Bucks, R. S., Mori, T. A.,
Beilin, L. J., & Straker, L. M. (2020). Physical activity trajectories from
childhood to late adolescence and their implications for health in young
adulthood. Preventive Medicine, 139, Article 106224.
https:/ /doi.org/10.1016/i.ypmed.2020.106224

Ikeda, E., Guagliano, J. M., Atkin, A.]., Sherar, L. B., Ekelund, U., Hansen, B.,
Northstone, K., & van Sluijs, E., on behalf of the International Children’s
Accelerometry Database (ICAD) Collaborators. (2022). Cross-sectional
and longitudinal associations of active travel, organised sport and physical
education with accelerometer-assessed moderate-to-vigorous physical
activity in young people: The International Children’s Accelerometry
Database. International Journal of Behavioral Nutrition and Physical Activity,
19, Article 41. https:/ /doi.org/10.1186/512966-022-01282-4

Inchley J., Currie, D., Budisavljevic, S., Torsheim, T., Jastad, A., Cosma, A.,
Kelly, C., Arnarsson, A. M., & Samdal, O. (2020). (Eds.) Spotlight on
adolescent health and well-being. Findings from the 2017/2018 Health Behaviour
in School-aged Children (HBSC) survey in Europe and Canada. International
report. Volume 2. Key data. WHO Regional Office for Europe.
https:/ /www.who.int/europe/publications/i/item /9789289055017

Irwin, J., van Sluijs, E. M. F, Panter, J., & Jones, A. (2021). The socio-ecological
determinants of change in school travel mode over the transition from
childhood to adolescence and the association with physical activity
intensity. Health and Place, 72, Article 102667.
https:/ /doi.org/10.1016/i.healthplace.2021.102667

Jacobs, D. R., Jr., Woo, J. G, Sinaiko, A. R., Daniels, S. R., Ikonen, J., Juonala, M.,
Kartiosuo, N., Lehtimdki, T., Magnussen, C. G., Viikari, J. S. A., Zhang, N.,
Bazzano, L. A., Burns, T. L., Prineas, R. J., Steinberger, J., Urbina, E. M.,
Venn, A. ]., Raitakari, O. T., & Dwyer, T. (2022). Childhood cardiovascular
risk factors and adult cardiovascular events. The New England Journal of
Medicine, 386, 1877-88. https:/ /doi.org/10.1056 / NE[Mo0a2109191

Jiménez-Iglesias, A., Garcia-Moya, 1., & Moreno, C. (2017). Parent-child
relationships and adolescents’ life satisfaction across the first decade of the
new millennium. Family Relations, 66(3), 512—526.
https:/ /doi.org/10.1111/fare. 12249

Jochem, C., & Leitzmann, M. (2023). A call for integrating active transportation
into physical activity and sedentary behaviour guidelines. Lancet Planetary
Health, 7(2), €122-€113. https:/ /doi.org/10.1016 /52542-5196(23)00001-3

Judice, P. B., Hetherington-Rauth, M., Northstone, K., Andersen, L. B.,
Wedderkopp, N., Ekelund, U., & Sardinha, L. B., On behalf of the
International Children’s Accelerometry Database (ICAD) Collaborators.
(2020). Changes in physical activity and sedentary patterns on
cardiometabolic outcomes in the transition to adolescence: International
children’s accelerometry database 2.0. Journal of Pediatrics, 225, 166—173.
https:/ /doi.org/10.1016/i.jpeds.2020.06.018

Jussila, A.-M., Husu, P., Vdha-Ypyd, H., Tokola, K., Kokko, S., Sievédnen, H., &
Vasankari, T. (2022). Accelerometer-measured physical activity levels and

96


https://doi.org/10.1016/j.ypmed.2020.106224
https://doi.org/10.1186/s12966-022-01282-4
https://www.who.int/europe/publications/i/item/9789289055017
https://doi.org/10.1016/j.healthplace.2021.102667
https://doi.org/10.1056/NEJMoa2109191
https://doi.org/10.1111/fare.12249
https://doi.org/10.1016/S2542-5196(23)00001-3
https://doi.org/10.1016/j.jpeds.2020.06.018

patterns vary in an age- and sex-dependent fashion among Finnish
children and adolescents. International Journal of Environmental Research and
Public Health, 19(11), Article 6950. https:/ /doi.org/10.3390/ijerph19116950

Jaaskeldinen, T., Koponen, P., Lundqvist, A., & Koskinen, S. (2022). Lifestyle
factors and obesity in young adults - changes in the 2000s in Finland.
Scandinavian Journal of Public Health, 50(8), 1214—1220.
https:/ /doi.org/10.1177/14034948221075427

Kallio, J., Hakonen, H., & Tammelin, T. (2021). Aktiiviset opiskelumatkat. In S.
Kokko, R. Hamyld & L. Martin (Eds.), Nuorten litkuntakiyttaytyminen
Suomessa. LIITU-tutkimuksen tuloksia 2020. [The Physical Activity
Behaviours of Adolescents in Finland; Results of the LIITU study 2020]
State Sport Council Publications 2021:1 (pp. 72-74).

Katzmarzyk, P. T., Friedenreich, C., Shiroma, E. J., & Lee, I-M. (2022). Physical
inactivity and non-communicable disease burden in low-income, middle-
income and high-income countries. British Journal of Sports Medicine, 56,
101-106. https:/ /doi.org/10.1136/ bisports-2020-103640

Kemp, B. J., Cliff, D. P., Chong, K. H., & Parrish, A. (2019). Longitudinal
changes in domains of physical activity during childhood and
adolescence: A systematic review. Journal of Science and Medicine in Sport,
22(6), 695-701. https:/ /doi.org/10.1016/j.jsams.2018.12.012

Kodama, S., Saito, K, Tanaka, S., Maki, M., Yachi, Y., Asumi, M., Sugawara, A.,
Totsuka, K., Shimano, H., Ohashi, Y., Yamada, N., & Sone, H. (2009).
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality
and cardiovascular events in healthy men and women. A meta-analysis.
JAMA, 301(19), 2024-2035. https:/ /doi.org/10.1001/jama.2009.681

Kokko, S. (2016). Sports clubs as settings for health promotion: Fundamentals
and an overview to research. Scandinavian Journal of Public Health, 42(15,
suppl), 60—65. https:/ /doi.org/10.1177/1403494814545105

Kokko, S., & Baybutt, M. (2022). Handbook of settings-based health promotion.
Springer.

Kokko, S., Martin, L., Geidne, S., van Hoye, A., Lane, A., Meganck, J., Scheerder,
J., Seghers, ]., Villberg, J., Kudlacek, M., Badura, P., Mononen, K.,
Blomgqvist, M., de Clercq, B., & Koski, P. (2019). Does sports club
participation contribute to physical activity among children and
adolescents? A comparison across six European countries. Scandinavian
Journal of Public Health, 47, 851—-858.
https:/ /doi.org/10.1177/1403494818786110

Kokko, S., Martin, L., Hamyld, R., Ng, K., Villberg, J., & Suomi, K. (2021).
Itsearvioitu liikunta-aktiivisuus, liikuntamuodot, -tilaisuudet ja -paikat
sekd liikkumisen seurantalaitteet ja -sovellukset. In S. Kokko, R. Hamyld &
L. Martin (Eds.), Nuorten litkuntakdiyttiytyminen Suomessa. LIITU-
tutkimuksen tuloksia 2020. [The Physical Activity Behaviours of Adolescents
in Finland; Results of the LIITU study 2020] State Sport Council
Publications 2021:1 (pp. 16—22).

97


https://doi.org/10.3390/ijerph19116950
https://doi.org/10.1177/14034948221075427
https://doi.org/10.1136/bjsports-2020-103640
https://doi.org/10.1016/j.jsams.2018.12.012
https://doi.org/10.1001/jama.2009.681
https://doi.org/10.1177/1403494814545105
https://doi.org/10.1177/1403494818786110

Kokko, S., Seldnne, H., Alanko, L., Heinonen, O., Korpelainen, R., Savonen, K.,
Vasankari, T., Kannas, L., Kujala, U. M., Aira, T., Villberg, J., & Parkkari, J.
(2015). Health promotion activities of sports clubs and coaches, and health
and health behaviours in youth participating in sports clubs: The Health
Promoting Sports Club study. BM] Open Sport & Exercise Medicine, 1,
Article e000034. https:/ /doi.org/10.1136/bmjsem-2015-000034

Kwan, M., King-Dowling, S., Veldhuizen, S., Ceccacci, A., & Cairney, J. (2021).
Examining device-assessed physical activity during the transition into
emerging adulthood: Results from the MovingU study. Journal of Adolescent
Health, 69, 477-481. https:/ /doi.org/10.1016/j.jadohealth.2021.01.005

Kwon, S,, Janz, K. F., Letuchy, E. M., Burns, T. L., & Levy, S. M. (2015a). Active
lifestyle in childhood and adolescence prevents obesity development in
young adulthood. Obesity, 23, 2562-2469.
https:/ /doi.org/10.1002/oby.21262

Kwon, S, Janz, K. F., Letuchy, E. M., Burns, T. L., & Levy, S. M. (2015b).
Developmental trajectories of physical activity, sports, and television
viewing during childhood to young adulthood: Iowa bone development
study. JAMA Pediatrics, 169(7), 666-672.
https:/ /doi.org/10.1001 /jamapediatrics.2015.0327

Kwon, S,, Janz, K. F., Letuchy, E. M., Burns, T. L., & Levy, S. M. (2016). Parental
characteristic patterns associated with maintaining healthy physical
activity behavior during childhood and adolescence. International Journal of
Behavioral Nutrition and Physical Activity, 13, Article 58.
https:/ /doi.org/10.1186/512966-016-0383-9

Kwon, S,, Lee, J., & Carnethon, M. R. (2015). Developmental trajectories of
physical activity and television viewing during adolescence among girls:
National Growth and Health Cohort Study. BMC Public Health, 15, Article
667. https:/ /doi.org/10.1186/s12889-015-2043-4

Kyu, H. H.,, Bachman, V. F., Alexander, L. T., Mumford, J. E., Afshin, A., Estep,
K., Veerman, J. L., Delwiche, K., lannarone, M. L., Moyer, M. L., Cercy, K.,
Vos, T., Murray, C. J. L., & Forouzanfar, M. H. (2016). Physical activity and
risk of breast cancer, colon cancer, diabetes, ischemic heart disease, and
ischemic stroke events: Systematic review and dose-response meta-
analysis for the Global Burden of Disease Study 2013. British Medical
Journal, 354, Article i3857. https:/ /doi.org/10.1136/bmj.i3857

Laki holhoustoimesta 442 /1999.
https:/ /www.finlex.fi/fi/laki/ajantasa /1999 /19990442

Laki nuorisolain muuttamisesta 955/2022.
https:/ /www.finlex.fi/fi/laki/alkup /2022 /20220955

Lehtovirta, M., Wu, F., Rovio, S. P., Heinonen, O. J., Laitinen, T. T., Niinikoski,
H., Lagstrom, H., Viikari, J. S. A., Ronnemaa, T., Jula, A., Ala-Korpela, M.,
Raitakari, O. T., & Pahkala, K. (2023). Association of physical activity with
metabolic profile from adolescence to adulthood. Scandinavian Journal of
Medicine & Science in Sports, 33(3), 307-318.
https:/ /doi.org/10.1111/sms.14261

98


https://doi.org/10.1136/bmjsem-2015-000034
https://doi.org/10.1016/j.jadohealth.2021.01.005
https://doi.org/10.1002/oby.21262
https://doi.org/10.1001/jamapediatrics.2015.0327
https://doi.org/10.1186/s12966-016-0383-9
https://doi.org/10.1186/s12889-015-2043-4
https://doi.org/10.1136/bmj.i3857
https://www.finlex.fi/fi/laki/ajantasa/1999/19990442
https://www.finlex.fi/fi/laki/alkup/2022/20220955
https://doi.org/10.1111/sms.14261

Levin, K. A., Dallago, L., & Currie, C. (2012). The associations between
adolescent life satisfaction, family structure, family affluence and gender
differences in parent-child communication. Social Indicators Research, 106,
287-305. https:/ /doi.org/10.1007 /s11205-011-9804-y

Ley, S. H., Schulze, M. B., Hivert, M.-F., Meigs, ]. B., & Hu, F. B. (2018). Risk
factors for type 2 diabetes. In C. C. Cowie, S. S. Casagrande, A. Menke, M.
A. Cissell, M. S. Eberhardt, J. B. Meigs, E. W. Gregg, W. C. Knowler, E.
Barrett-Connor, D. ]. Becker, F. L. Brancati, E. J. Boyko, W. H. Herman, B.
V. Howard, K. M. V. Narayan, M. Rewers & J. E. Fradkin (Eds.), Diabetes in
America (3rd. ed., pp. 13-1 - 13-37). National Institutes of Health. National
Institute of Diabetes and Digestive and Kidney Diseases.
https:/ /www.niddk.nih.gov/about-niddk/strategic-plans-
reports/diabetes-in-america-3rd-edition

Li, K.-K., Cardinal, B. J., & Settersten, R. A. (2009). Toward a life-course
perspective on physical activity promotion. Quest, 61(3), 336-352.
https:/ /doi.org/10.1080/00336297.2009.10483620

Liikkuva koulu. (2024, January 20). Finnish Schools on the move. Opetus- ja
kulttuuriministerio, Likes/Jyvéaskyldn ammattikorkeakoulu &
Opetushallitus. https:/ /schoolsonthemove.fi/about-us/

Lin, X., Zhang, X., Guo, J., Roberts, K., McKenzie, S., Wu, W-C,, Liu, S., & Song,
Y. (2015). Effects of exercise training on cardiorespiratory fitness and
biomarkers of cardiometabolic health: A systematic review and meta-
analysis of randomized controlled trials. Journal of the American Heart
Association, 4(7), Article e002014.
https://doi.org/10.1161/JAHA.115.002014

Liu, Y., Wang, M., Tynjdl4, ]., Villberg, J., Zhang, Z., & Kannas, L. (2010). Test-
retest reliability of selected items of Health Behaviour in School-aged
Children (HBSC) survey questionnaire in Beijing, China. BMC Medical
Research Methodology, 10, Article 73. https://doi.org/10.1186/1471-2288-
10-73

Lounassalo, I., Hirvensalo, M., Kankaanpid, A., Tolvanen, A., Palomaki, S.,
Salin, K., Fogelholm, M., Yang, X., Pahkala, K., Rovio, S., Hutri-K&honen,
N., Raitakari, O., & Tammelin, T. (2019). Associations of leisure-time
physical activity trajectories with fruit and vegetable consumption from
childhood to adulthood: The cardiovascular risk in Young Finns Study.
International Journal of Environmental Research and Public Health, 16(22),
Article 4437. https:/ /doi.org/10.3390/ijerph16224437

Lounassalo, 1., Hirvensalo, M., Palomiki, S., Salin, K., Tolvanen, A., Pahkala, K.,
Rovio, S., Fogelholm, M., Yang, X., Hutri-Kdhonen, N., Raitakari, O., &
Tammelin, T. (2021). Life-course leisure-time physical activity trajectories
in relation to health-related behaviors in adulthood: The Cardiovascular
Risk in Young Finns study. BMC Public Health, 21, Article 533.
https:/ /doi.org/10.1186/s12889-021-10554-w

Lounassalo, L., Salin, K., Kankaanpad, A., Hirvensalo, M., Palomaki, S.,
Tolvanen, A., Yang, X., & Tammelin, T. (2019). Distinct trajectories of

99


https://doi.org/10.1007/s11205-011-9804-y
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/diabetes-in-america-3rd-edition
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/diabetes-in-america-3rd-edition
https://doi.org/10.1080/00336297.2009.10483620
https://schoolsonthemove.fi/about-us/
https://doi.org/10.1161/JAHA.115.002014
https://doi.org/10.1186/1471-2288-10-73
https://doi.org/10.1186/1471-2288-10-73
https://doi.org/10.3390/ijerph16224437
https://doi.org/10.1186/s12889-021-10554-w

physical activity and related factors during the life course in the general
population: A systematic review. BMC Public Health, 19, Article 271.
https:/ /doi.org/10.1186/s12889-019-6513-y

Maclagan, L. C., & Tu, J. V. (2015). Using the concept of ideal cardiovascular
health to measure population health. A review. Current Opinion in
Cardiology, 30(5), 518-524.
https://doi.org/10.1097/HCO.0000000000000210

Marshall, W. A., & Tanner, J. M. (1970). Variation in the pattern of pubertal
changes in boys. Archives of Disease in Childhood, 45(239), 13-23.
https:/ /doi.org/10.1136/adc.45.239.13

Martin, L., Kokko, S., Villberg, J., Suomi, K., & Ng, K. (2023). Itsearvioitu
litkkunta-aktiivisuus, liikuntatilanteet, liikkkumisympaéristot ja liikkkumisen
seurantalaitteet. In S. Kokko & L. Martin (Eds.), Lasten ja nuorten
litkuntakdyttiytyminen Suomessa. LIITU tutkimuksen tuloksia 2022. [The
Physical Activity Behaviours of Children and Adolescents in Finland;
Results of the LIITU study 2022] State Sport Council Publications 2023:1
(pp- 16—29).

Martin, D. P., & von Oertzen, T. (2015). Growth mixture models outperform
simpler clustering algorithms when detecting longitudinal heterogeneity,
even with small sample sizes. Structural Equation Modeling: A
Multidisciplinary Journal, 22, 264-275.
https:/ /doi.org/10.1080/10705511.2014.93634

Martins, J., Marques, A., Samento, H., & Carreiro da Costa, F. (2015).
Adolescents’ perspectives on the barriers and facilitators of physical
activity: A systematic review of qualitative studies. Health Education
Research, 30(5), 742-755. https:/ /doi.org/10.1093 /her/cyv042

Mathisen, F. K. S., Torsheim, T., Falco, C., & Wold, B. (2023). Leisure-time
physical activity trajectories from adolescence to adulthood in relation
to several activity domains: A 27-year longitudinal study. International
Journal of Behavioral Nutrition and Physical Activity, 20, Article 27.
https:/ /doi.org/10.1186/s12966-023-01430-4

Matthews, D. R., Hosker, ]J. P., Rudenski, A. S., Naylor, B. A., Treacher, D. F., &
Turner, R. C. (1985). Homeostasis model assessment: Insulin resistance
and fl-cell function from fasting plasma glucose and insulin concentrations
in man. Diabetologia, 28, 412-419. https:/ /doi.org/10.1007/BF00280883

McGill, Jr. H. C., Herderick, E. E., Malcom, G. T., Tracy, R. E., & Strong, J. P. for
the Pathobiological Determinants of Atherosclerosis in Youth (PDAY)
Research Group. (2000). Origin of atherosclerosis in childhood and
adolescence. American Journal of Clinical Nutrition, 72(suppl), 13075-1315S.
https://doi.org/10.1093 /ajen/72.5.1307s

McLeroy, K. R., Bibeau, D., Stecker, A., & Glanz, K. (1988). An ecological
perspective on health promotion programs. Health Education Quarterly,
15(4), 351-377. https:/ /www .jstor.org/stable /45049276

Mensah, G. A,, Fuster, V., Murray, C. J. L., Roth, G. A., on behalf of the Global
Burden of Cardiovascular Diseases and Risks Collaborators. (2023). Global

100


https://doi.org/10.1186/s12889-019-6513-y
https://doi.org/10.1097/HCO.0000000000000210
https://doi.org/10.1136/adc.45.239.13
https://doi.org/10.1080/10705511.2014.93634
https://doi.org/10.1093/her/cyv042
https://doi.org/10.1186/s12966-023-01430-4
https://doi.org/10.1007/BF00280883
https://doi.org/10.1093/ajcn/72.5.1307s
https://www.jstor.org/stable/45049276

burden of cardiovascular diseases and risks, 1990-2022. Journal of the
American College of Cardiology, 82(25), 2350—-2473.
https:/ /doi.org/10.1016/j.jacc.2023.11.007

Michie, S., van Stralen, M. M., & West, R. (2011). The behaviour change wheel:
A new method for characterising and designing behaviour change
interventions. Implementation Science, 6, Article 42.
https:/ /doi.org/10.1186/1748-5908-6-42

Mielke, G. I. (2022). Relevance of life course epidemiology for research on
physical activity and sedentary behavior. Journal of Physical Activity and
Health, 19, 225-226. https:/ /doi.org/10.1123 /jpah.2022-0128

Miller, J., Nelson, T., Barr-Anderson, D. J., Christoph, M. J., Winkler, M., &
Neumark-Sztainer, D. (2019). Life events and longitudinal effects on
physical activity: Adolescence to adulthood. Medicine and Science in Sports
and Exercise, 51(4), 663—670.
https:/ /doi.org/10.1249 /MSS.0000000000001839

Milton, K., Bauman, A. E., Faulkner, G., Hastings, G., Bellew, W., Williamson,
C, & Kelly P. (2020). Maximising the impact of global and national
physical activity guidelines: The critical role of communication strategies.
British Journal of Sports Medicine, 54(24), 1463—-1467.
https:/ /doi.org/10.1136/bjsports-2020-102324

Ministry of Education and Culture. (2021). Liikkumissuositus 7-17-vuotiaille
lapsille ja nuorille [Recommendation on physical activity for children and
adolescents aged 7 to 17 years]. Report Series of the Ministry of Education
and Culture, Finland, 2021:19. http:/ /urn.fi/ URN:ISBN:978-952-263-853-3

Mohammadi, N. K. (2019). One step back toward the future of health
complexity-informed health promotion. Health Promotion International, 34,
635-639. https:/ /doi.org/10.1093 /heapro/daz084

Moholdt, T., Skarpsno, E. S., Moe, B., & Nilsen, T. I. L. (2021). It is never too late
to start: Adherence to physical activity recommendations for 11-22 years
and risk of all-cause and cardiovascular disease mortality. The
HUNT Study. British Journal of Sports Medicine, 55(13), 743-750.
https://doi.org/10.1136/bjsports-2020-102350

Mononen, K., Blomgvist, K., Koski, P., & Kokko, S. (2021). Urheilu,
seuraharrastaminen ja kilpaurheilun etiikka. In S. Kokko, R. Hamyla & L.
Martin (Eds.), Nuorten liikuntakiyttiytyminen Suomessa. LIITU-tutkimuksen
tuloksia 2020. [The Physical Activity Behaviours of Adolescents in Finland;
Results of the LIITU study 2020] State Sport Council Publications 2021:1
(pp- 36—45).

National Heart, Lung and Blood institute. (2012). Expert panel on integrated
guidelines for cardiovascular health and risk reduction in children and
adolescents. Full report. NIH Publication No. 12-7486.
https:/ /www.nhlbi.nih.gov/sites/default/files/media/docs/peds guide
lines_full.pdf

Nuorisolaki 1285/2016. [Youth Act]
https:/ /finlex.fi/fi/laki/ajantasa /2016 /20161285

101


https://doi.org/10.1016/j.jacc.2023.11.007
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1123/jpah.2022-0128
https://doi.org/10.1249/MSS.0000000000001839
https://doi.org/10.1136/bjsports-2020-102324
http://urn.fi/URN:ISBN:978-952-263-853-3
https://doi.org/10.1093/heapro/daz084
https://doi.org/10.1136/bjsports-2020-102350
https://www.nhlbi.nih.gov/sites/default/files/media/docs/peds_guidelines_full.pdf
https://www.nhlbi.nih.gov/sites/default/files/media/docs/peds_guidelines_full.pdf
https://finlex.fi/fi/laki/ajantasa/2016/20161285

Nutbeam, D., & Muscat, D. M. (2021). Health promotion glossary 2021. Health
Promotion International, 36, 1578-1598.
https:/ /doi.org/10.1093 /heapro/daaal57

Oh, M., Zhang, D., Whitaker, K. M., Letuchy, E. M., Janx, K. F., & Levy, S. M.
(2021). Moderate-to-vigorous intensity physical activity trajectories
during adolescence and young adulthood predict adiposity in young
adulthood: The Iowa Bone Development Study. Journal of Behavioral
Medicine, 44, 231-240. https:/ /doi.org/10.1007 /s10865-020-00190-x

Oppivelvollisuuslaki 1214 /2020 [Compulsory Education Act].
https:/ /finlex.fi/fi/laki/ajantasa/2020/20201214#mvs

Ornelas, L. J., Perreira, K. M., & Ayala, G. X. (2007). Parental influences on
adolescent physical activity: A longitudinal study. International Journal of
Behavioral Nutrition and Physical Activity, 4, Article 3.
https:/ /doi.org/10.1186/1479-5868-4-3

Paakkari, L., Lyyra, N., Tynjdld, J., Villberg, ]J., Parkkari, J., Ojala, K.,
Puupponen, M., Lahti, H., Markkanen, I., Kokko, S., & Ng, K. (2024).
Health Behaviour in School-aged Children Study (HBSC) Finland (1983-
2022). V. 31.10.2023. [Data set] University of Jyvaskyla.
https:/ /doi.org/10.17011 /jyx/ dataset/94155.

Palomaéki, S., & Lyyra, N. (2023). Koulu ja koululiikunta. In S. Kokko & L.
Martin (Eds.), Lasten ja nuorten litkuntakiyttiytyminen Suomessa. LIITU
tutkimuksen tuloksia 2022. [The Physical Activity Behaviours of Children
and Adolescents in Finland; Results of the LIITU study 2022] State Sport
Council Publications 2023:1 (pp. 65-68).

Parker, K., Timperio, A., Salmon, J., Villaneuva, K., Brown, H., Esteban-Cornejo,
L., Cabanas-Sanchez, V., Castro-Pifiero, J., Sanchez-Oliva, D., & Veiga O. L.
(2021). Correlates of dual trajectories of physical activity and sedentary
time in youth: The UP & DOWN longitudinal study. Scandinavian Journal
of Medicine & Science in Sports, 31(5), 1126—-1134.
https:/ /doi.org/10.1111/sms.13927

Pate, R. R., Schenkelberg, M. A., Dowda, M., & Mclver, K. L. (2019). Group-
based physical activity trajectories in children transitioning from
elementary to high school. BMC Public Health, 19, Article 323.
https:/ /doi.org/10.1186/s12889-019-6630-7

Pels, F., & Kleinert, J. (2016). Loneliness and physical activity: A systematic
review. International Review of Sport and Exercise Psychology, 9(1), 231-260.
https:/ /doi.org/10.1080/1750984X.2016.1177849

Pickering, T. G., Hall, J. E., Appel, L. ]., Falkner, B. E., Graves, J., Hill, M. N.,
Jones, D. W., Kurtz, T., Sheps, S. G., & Roccella, E. J. (2005).
Recommendations for blood pressure measurement in humans and
experimental animals: Part 1: Blood pressure measurement in humans: a
statement for professionals from the Subcommittee of Professional and
Public Education of the American Heart Association Council on High
Blood Pressure Research. Hypertension, 45(1), 142-161.
https:/ /doi.org/10.1161/01.HYP.0000150859.47929.8e

102


https://doi.org/10.1093/heapro/daaa157
https://doi.org/10.1007/s10865-020-00190-x
https://finlex.fi/fi/laki/ajantasa/2020/20201214#mvs
https://doi.org/10.1186/1479-5868-4-3
https://doi.org/10.17011/jyx/dataset/94155
https://doi.org/10.1111/sms.13927
https://doi.org/10.1186/s12889-019-6630-7
https://doi.org/10.1080/1750984X.2016.1177849
https://doi.org/10.1161/01.HYP.0000150859.47929.8e

Piepoli, M. F., Hoes, A. W., Agewall, S., Albus, C., Brotons, C., Catapano, A. L.,
Cooney, M. T., Corra, U., Cosyns, B., Deaton, C., Graham, 1., Hall, M. S,,
Hobbs, F. D. R., Lachen, M. L., Lollgen, H., Marques-Vidal, P., Perk, J.,
Prescott, E., Redon, J., ... ESC Scientific Document Group. (2016).
European Guidelines on cardiovascular disease prevention in clinical
practice: The Sixth Joint Task Force of the European Society of Cardiology
and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of 10 societies and by invited
experts)Developed with the special contribution of the European
Association for Cardiovascular Prevention & Rehabilitation (EACPR).
European Heart Journal, 37(29), 2315-2381.
https:/ /doi.org/10.1093 / eurheartj/ehw106

Pinheiro, J., Bates, D., & R Core Team. (2020). nlme: Linear and Nonlinear
Mixed Effects Models. R package version 3.1-151. https:/ /CRAN.R-
project.org/package=nlme

Pool, L., Aguayo, L., Brzezinski, M., Perak, A. M., Davis, M. M., Greenland, P.,
Hou, L., Marino, B. S., Marino, B. S., van Horn, L., Wakschlag, L.,
Lebarthe, D., Lloyd-Hones, D., & Allen, N. B. (2021). Childhood risk
factors and adulthood cardiovascular disease: A systematic review. Journal
of Pediatrics, 232, 118-26. https:/ /doi.org/10.1016/j.jpeds.2021.01.053

Raitakari, O., Kartiosuo, N., Pahkala, K., Hutri-Kdhonen, N., Bazzano, L. A.,
Chen, W., Urbina, E. M., Jacobs, D. R. Jr, Sinaiko, A., Steinberger, J., Burns,
T., Daniels, S. R., Venn, A., Woo, J. G., Dwyer, T., Juonala, M., & Viikari, J.
(2023). Lipoprotein(a) in youth and prediction of major cardiovascular
outcomes in adulthood. Circulation, 1(47), 23-31.
https://doi.org/10.1161/CIRCULATIONAHA.122.060667

Raitakari, O. T., Porkka, K., Taimela, S., Telama, R., Ridsdnen, L., & Viikari, J. S.
A. (1994). Effects of persistent physical activity and inactivity on coronary
risk factors in children and young adults. American Journal of Epidemiology,
140(3), 195-205. https:/ /doi.org/10.1093 / oxfordjournals.aje.a117239

Ramakrishnan, R., Doherty, A., Smith-Byrne, K., Rahimi, K., Bennett, D.,
Woodward, M., Walmsley, R., & Dwyer, T. (2021). Accelerometer
measured physical activity and the incidence of cardiovascular disease:
Evidence from the UK Biobank cohort study. PLOS Medicine, 18(9), Article
€1003809. https:/ /doi.org/10.1371 /journal.pmed.1003809

Rangul, V., Bauman, A., Holmen, T. L., & Midthjell, K. (2012). Is physical
activity maintenance from adolescence to young adulthood associated
with reduced CVD risk factors, improved mental health and satisfaction
with life: The HUNT Study, Norway. International Journal of Behavioral
Nutrition and Physical Activity, 9, Article 144.
https:/ /doi.org/10.1186/1479-5868-9-144

Rangul, V., Holmen, T. L., Bauman, A., Bratber, G. H., Kurtze, N., & Midthjell,
K. (2011). Factors predicting changes in physical activity through
adolescence: The young-HUNT study, Norway. Journal of Adolescent
Health, 48(6), 616-624. https:/ /doi.org/10.1016/j.jadohealth.2010.09.013

103


https://doi.org/10.1093/eurheartj/ehw106
https://cran.r-project.org/package=nlme
https://cran.r-project.org/package=nlme
https://doi.org/10.1016/j.jpeds.2021.01.053
https://doi.org/10.1161/CIRCULATIONAHA.122.060667
https://doi.org/10.1093/oxfordjournals.aje.a117239
https://doi.org/10.1371/journal.pmed.1003809
https://doi.org/10.1186/1479-5868-9-144
https://doi.org/10.1016/j.jadohealth.2010.09.013

Reisinger, C., Nkeh-Chungag, B. N., Fredriksen, P. M., & Goswami, N. (2021).
The prevalence of pediatric metabolic syndrome —a critical look on the
discrepancies between definitions and its clinical importance. International
Journal of Obesity, 45, 12-21. https:/ /doi.org/10.1038 /s41366-020-00713-1

Ridley, K., Zabeen, S., & Lunnay, B. K. (2018). Children’s physical activity levels
during organised sports practices. Journal of Science and Medicine in Sport,
21,930-934. https:/ /doi.org/10.1016/i.jsams.2018.01.019

Rinta-Antila, K., Koski, P., Aira, T., Heinonen, O. J., Korpelainen, R., Parkkari, J.,
Savonen, K., Toivo, K., Uusitalo, A., Valtonen, M., Vasankari, T., Villberg,
J., & Kokko, S. (2024). Sports-related factors predicting maintained
participation and dropout in organized sports in emerging adulthood: A
four-year follow-up study. Scandinavian Journal of Medicine & Science in
Sports, 34(1), Article e14523. https://doi.org/10.1111/sms.14523

Rinta-Antila, K., Koski, P., Heinonen, O. J., Korpelainen, R., Parkkari, J.,
Savonen, K., Toivo, K., Uusitalo, A., Valtonen, M., Vasankari, T., Villberg,
J., & Kokko, S. (2023). Educational and family-related determinants of
organized sports participation patterns from adolescence to emerging
adulthood: A four-year follow-up study. International Journal of Health
Promotion and Education, 61(6), 317-331.
https:/ /doi.org/10.1080/14635240.2022.2116943

Roth G. A., Mensah, G. A., Johnson, C. O., Addolorato, G., Ammirati, E.,
Baddour, L. M., Barengo, N. C., Beaton, A. Z., Benjamin, E. J., Benziger, C.
P., Bonny, A., Brauer, M., Brodmann, M., Cahill, T. J., Carapetis, J.,
Catapano, A. L., Chugh, S. S., Cooper, L. T., Coresh, J. ... Fuster, V. for
theBD-NHLBI-JACCGlobal Burden of Cardiovascular Diseases Writing
Group. (2020). Global burden of cardiovascular diseases and risk factors,
1990-2019. Update from the GBD 2019 study. Journal of the American
College of Cardiology, 76(25), 2982-3021.
https:/ /doi.org/10.1016/i.jacc.2020.11.010

Rovio, S. P., Yang. X., Kankaanpdd, A., Aalto, V., Hirvensalo, M., Telama, R.,
Pahkala, N., Hutri-Kdhonen, N., Viikari, J. S. A., Raitakari, O. T.,
Tammelin, T. H. (2018). Longitudinal physical activity trajectories from
childhood to adulthood and their determinants: The Young Finns study.
Scandinavian Journal of Medicine & Science in Sports, 28(3), 1073-83.
https:/ /doi.org/10.1111/sms.12988

Réisdnen, A. M., Kokko, S., Pasanen, K., Leppdnen, M., Rimpeld, A., Villberg, J.
& Parkkari, J. (2018). Prevalence of adolescent physical activity-related
injuries in sports, leisure time, and school: The National Physical Activity
Behaviour Study for children and Adolescents. BMC Musculoskeletal
Disorders 19, Article 58. https:/ /doi.org/10.1186/s12891-018-1969-y

Sallis, J. F, Cervero, R. B., Ascher, W., Henderson, K. A., Kraft, K. M., & Kerr, J.
(2006). An ecological approach to creating active living communities.
Annual Review of Public Health, 27, 297-322.
https:/ /doi.org/10.1146/ annurev.publhealth.27.021405.102100

104


https://doi.org/10.1038/s41366-020-00713-1
https://doi.org/10.1016/j.jsams.2018.01.019
https://doi.org/10.1111/sms.14523
https://doi.org/10.1080/14635240.2022.2116943
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1111/sms.12988
https://doi.org/10.1186/s12891-018-1969-y
https://doi.org/10.1146/annurev.publhealth.27.021405.102100

Sallis, J. F., & Owen, N. Ecological models of health behavior. (2015.) In K.
Glanz, B. K. Rimer & K. Viswanath (Eds.), Health behavior: theory, research,
and practice. (5th ed., pp. 43—64). Jossey-Bass.

Sallis, J. F., Simons-Morton, B. G., Stone, E. J., Corbin, C. B., Epstein, L. H.,
Faucette, R. J., Ianotti, R. ., Killen, J. D., Klesges, R. C., Petray, C.
K.Rowland, T. W., & Taylor, W. C. (1992). Determinants of physical
activity and interventions in youth. Medicine and Science in Sports and
Exercise, 24(6), 248—-257.

Sarviméki, M., Alasuutari, M., Harjunen, O., Holvio, A., Izadi, R., Kalland, M.,
Kuusiholma-Linnanmaiki, J., Laakso, M.-]., Lerkkanen, M.-K., Muhonen,
H., Résédnen, P., Salmela-Aro, K., Saranko, L., Sulkanen, M., & Upadyayd,
K. (2023). Kaksivuotisen esiopetuksen kokeilu : Viliraportti [Two-year pre-
primary education experiment : Interim report]. Opetus- ja
kulttuuriministerion julkaisuja 2023:19. https:/ /urn.fi/URN:ISBN:978-
952-263-971-4

Sawyer, S. M., Azzopardi, P. S., Wickremarathne, D., & Patton, G. C. (2018). The
age of adolescence. The Lancet Child & Adolescent Health, 2(3), 223—228.
http://dx.doi.org/10.1016/52352-4642(18)30022-1

Sharma, C., Ahuja, K. D., Kulkarni, B., Byrne, N. M., & Hills, A. P. (2023). Life
course research in physical activity: Pathway to Global Action Plan 2030.
Obesity Reviews, 24, Article e13554. https://doi.org/10.1111/0br.13554

Short, S. E., & Mollborn, S. (2015). Social determinants and health behaviors:
Conceptual frames and empirical advances. Current Opinion in Psychology,
5,78—84. https:/ /doi.org/10.1016/i.copsyc.2015.05.002

Skrede, T., Steene-Johannessen, J., Anderssen, S. A., Reseland, G. K., & Ekelund,
U. (2019). The prospective association between objectively measured
sedentary time, moderate-to-vigorous physical activity and
cardiometabolic risk factors in youth: A systematic review and meta-
analysis. Obesity Reviews, 20, 55—74. https:/ /doi.org/10.1111/0br.12758

Strain, T., Wijndaele, K., Garcia, L., Cowan, M., Guthold, R., Brage, S., & Bull, F.
C. (2020). Levels of domain-specific physical activity at work, in the
household, for travel and for leisure among 327 789 adults from
104 countries. British Journal of Sports Medicine, 54, 1488—1497.
https:/ /doi.org/10.1136/bjsports-2020-102601

Stahl, T. (2018). Health in All Policies: From rhetoric to implementation and
evaluation - the Finnish experience. Scandinavian Journal of Public Health,
46(20, suppl), 38—46. https:/ /doi.org/10.1177/1403494817743895

Tahapary, D. L., Pratisthita, L. B., Fitri, N. A., Marcella, C., Wafa, S., Kurniawan,
F., Rizka, A., Tarigan, T. J. E., Harbuwono, D. S., Purnamasari, D., &
Soewondo, P. (2022). Challenges in the diagnosis of insulin resistance:
Focusing on the role of HOMA-IR and Tryglyceride/glucose index.
Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 16(8), Article
102581. https:/ /doi.org/10.1016/i.dsx.2022.102581

Takalo, S. (2016). Miki nuorta litkuttaa? Tutkimus liikkuntatottumusten
rakentumisesta lapsesta nuoreksi aikuiseksi. [What moves young people? A

105


https://urn.fi/URN:ISBN:978-952-263-971-4
https://urn.fi/URN:ISBN:978-952-263-971-4
http://dx.doi.org/10.1016/S2352-4642(18)30022-1
https://doi.org/10.1111/obr.13554
https://doi.org/10.1016/j.copsyc.2015.05.002
https://doi.org/10.1111/obr.12758
https://doi.org/10.1136/bjsports-2020-102601
https://doi.org/10.1177/1403494817743895
https://doi.org/10.1016/j.dsx.2022.102581

study on the development of physical activity habits from childhood to
young adulthood] [Doctoral dissertation, University of Jyvaskyld] JYX
Digital Repository. https:/ /jyx.jyu.fi/handle /123456789 /52034

Tang, A., Van Lieshout, R. J., Lahat, A., Duku, E., Boyle, M. H., Saigal, S., &
Schmidt L. A. (2017). Shyness trajectories across the first four decades
predict mental health outcomes. Journal of Abnormal Child Psychology, 45,
1621-1633. https:/ /doi.org/10.1007 /s10802-017-0265-x

Tarp, J., Brend, J. C., Andersen, L. B., Mgller, N. C,, Froberg, K., & Grontved, A.
(2016). Physical activity, sedentary behaviour, and long-term
cardiovascular risk in young people: A review and discussion of
methodology in prospective studies. Journal of Sport and Health Science;
5(2), 145-150. https:/ /doi.org/10.1016/j.jshs.2016.03.004

Toivo, K. (2021). Periodic health examinations in young athletes. The Finnish Health
Promoting Sports Club (FHPSC) study. [Doctoral dissertation, University of
Tampere]. Trepo. https:/ /urn.fi/URN:ISBN:978-952-03-2115-4

Toivo, K., Vaha-Ypyd, H., Kannus, P., Tokola, K., Alanko, L., Heinonen, O. ],
Korpelainen, R., Parkkari, J., Savonen, K., Selanne, H., Kokko, S., Kujala,
U. M, Villberg, J., & Vasankari T. (2023). Physical activity measured by
accelerometry among adolescents participating in sports clubs and non-
participating peers. European Journal of Sport Science, 23(7), 1426-1434.
https:/ /doi.org/10.1080/17461391.2022.2103740

Tones, K., & Tilford S. (2011). Health Promotion. Effectiveness, efficiency and equity
(3rd. ed.). Nelson Thornes.

Tremblay, M. S., Aubert, S., Barnes, J. D., Saunders, T. J., Carson, V., Latimer-
Cheung, A. E., Chastin, S. F. M., Altenburg, T. M., & Chinapaw, M. ]. M,
on behalf of SBRN Terminology Consensus Project Participants. (2017).
Sedentary Behavior Research Network (SBRN) - Terminology Consensus
Project process and outcome. International Journal of Behavioral Nutrition
and Physical Activity, 14, Article 75. https:/ /doi.org/10.1186/s12966-017-
0525-8

Turunen, M., Kulmala, ]., & Tammelin, T. (2023). Aktiivisesti kuljetut
koulumatkat. In S. Kokko & L. Martin (Eds.), Lasten ja nuorten
litkuntakdyttiytyminen Suomessa. LIITU tutkimuksen tuloksia 2022. [The
Physical Activity Behaviours of Children and Adolescents in Finland;
Results of the LIITU study 2022] State Sport Council Publications 2023:1
(pp. 78-81).

UNESCO. (2015). International charter of physical education, physical activity and
sport. SHS/2015/P1/H/14 REV. UNESCO.
https:/ /unesdoc.unesco.org/ark: /48223 /pf0000235409

Vaara, J., Vasankari, T., Koski, H. J., & Kyroldinen, H. (2019). Awareness and
knowledge of physical activity recommendations in young adult men.
Frontiers in Public Health, 7, Article 310.
https:/ /doi.org/10.3389/fpubh.2019.00310

Valtioneuvoston asetus. (2023). Valtioneuvoston asetus perusopetuslaissa
tarkoitetun opetuksen valtakunnallisista tavoitteista ja perusopetuksen tuntijaosta

106


https://jyx.jyu.fi/handle/123456789/52034
https://doi.org/10.1007/s10802-017-0265-x
https://doi.org/10.1016/j.jshs.2016.03.004
https://urn.fi/URN:ISBN:978-952-03-2115-4
https://doi.org/10.1080/17461391.2022.2103740
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1186/s12966-017-0525-8
https://unesdoc.unesco.org/ark:/48223/pf0000235409
https://doi.org/10.3389/fpubh.2019.00310

annetun valtioneuvoston asetuksen 6 §:n muuttamisesta, 111/2023.
https:/ /www.finlex.fi/fi/laki/alkup /2023 /20230111

Valtioneuvoston asetus. (2012). Valtioneuvoston asetus perusopetuslaissa
tarkoitetun opetuksen valtakunnallisista tavoitteista ja perusopetuksen
tuntijaosta, 422/2012. [Government Decree on the National Objectives for
Education Referred to in the Basic Education Act and in the Distribution of
Lesson Hours] https:/ /www.finlex.fi/fi/laki/smur/2023 /20230111

Vanhelst, J., Vidal, F., Drumez, E., Béghin, L., Baudelet, J-B., Coopman, S., &
Gottrand, F. (2019). Comparison and validation of accelerometer wear
time and non-wear time algorithms for assessing physical activity levels in
children and adolescents. BMC Medical Research Methodology, 19, Article 72.
https:/ /doi.org/10.1186/s12874-019-0712-1

van Kasteren, Y. F., Lewis, L. K., & Maeder, A. (2020). Office-based physical
activity: Mapping a social ecological model approach against COM-B.
BMC Public Health, 20, Article 163. https:/ /doi.org/10.1186/s12889-020-
8280-1

van Sluijs, E. M. F., Ekelund, U., Crochemore-Silva, I., Guthold, R., Lubans, D.,
Oyeyemi, A., Ding D., & Katzmarzyk, P. T. (2021). Physical activity
behaviours in adolescence: Current evidence and opportunities for
intervention. Lancet, 398(10298), 429-42. https:/ /doi.org/10.1016/50140-
6736(21)01259-9

Verboon, P., & Pat-El, R. (2022). Clustering longitudinal data using R: A Monte
Carlo study. Methodology, 18(2), 144—163.
https://doi.org/10.5964 /meth.7143

Victor, C. R., & Yang, K. (2012). The prevalence of loneliness among adults: A
case study of the United Kingdom. Journal of Psychology, 146(1-2), 85—-104.
https:/ /doi.org/10.1080/00223980.2011.613875

Vaha-Ypyd, H., Husu, P., Suni, J., Vasankari, T., & Sievdnen, H. (2018). Reliable
recognition of lying, sitting, and standing with a hip-worn accelerometer.
Scandinavian Journal of Medicine & Science in Sports, 28(3), 1092-1102.
https://doi.org/10.1111/sms.13017

Viaha-Ypyd, H., Sievanen, H., Husu, P., Tokola, K., Méanttéri, A., Heinonen, O. ],
Heiskanen, J., Kaikkonen, K. M., Savonen, K., Kokko, S., & Vasankari, T.
(2022). How adherence to the updated physical activity guidelines should
be assessed with accelerometer? European Journal of Public Health, 32(Suppl.
1), i50-i55. https:/ /doi.org/10.1093 /eurpub/ckac078

Vaha-Ypyd, H., Vasankari, T., Husu, P., Manttéri, A., Vuorimaa, T., Suni, J., &
Sievdnen, H. (2015). Validation of cut-points for evaluating the intensity of
physical activity with accelerometry-based mean amplitude deviation
(MAD). PloS ONE, 10(8), Article e0134813.
https:/ /doi.org/10.1371/journal.pone.0134813

Vaha-Ypyd, H., Vasankari, T., Husu, P., Suni, J., & Sievdnen, H. (2015). A
universal, accurate intensity-based classifications of different physical
activities using raw data of accelerometer. Clinical Physiology and
Functional Imaging, 35(1), 64-70. https://doi.org/10.1111/cpf.12127

107


https://www.finlex.fi/fi/laki/alkup/2023/20230111
https://www.finlex.fi/fi/laki/smur/2023/20230111
https://doi.org/10.1186/s12874-019-0712-1
https://doi.org/10.1186/s12889-020-8280-1
https://doi.org/10.1186/s12889-020-8280-1
https://doi.org/10.1016/S0140-6736(21)01259-9
https://doi.org/10.1016/S0140-6736(21)01259-9
https://doi.org/10.5964/meth.7143
https://doi.org/10.1080/00223980.2011.613875
https://doi.org/10.1111/sms.13017
https://doi.org/10.1093/eurpub/ckac078
https://doi.org/10.1371/journal.pone.0134813
https://doi.org/10.1111/cpf.12127

Waterworth, S. P., Kerr, C. J.,, McManus, C. H., Chung, H. C., Shaw, B. S., Shaw,
I, & Sandercock, G. R. (2024). Four-year longitudinal associations of
physical activity, waist circumference, and blood pressure in UK
adolescents. Pediatric Research, 95, 736-743.
https:/ /doi.org/10.1038 /s41390-023-02837-2

Whelton, P. K., Carey, R. M., Aronow W., Casey, D. E., Collins, K. J., Dennison
Himmelfarb, C., DePalma, S. M., Gidding, S., Jamerson, K. A., Jones, D.
W., MacLaughlin, E. ]., Muntner, P., Ovbiagele, B., Smith, S. C., Spencer, C.
C., Stafford, R. S., Taler, S. J., Thomas, R. J., Williams, K. A., ...Wright, J. T.
(2018).
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCN
A Guideline for the Prevention, Detection, Evaluation, and Management
of High Blood Pressure in Adults. Journal of the American College of
Cardiology, 71(19), e127-e248. https:/ /doi.org/10.1016/].jacc.2017.11.006

Winpenny, E., Smith, M., Penney, T., Foubister, C., Guagliano, ]J. M., Love, R.,
Clifford Astbury, C., van Sluijs, E., & Corder, K. (2020). Changes in
physical activity, diet, and body weight across the education and
employment transitions of early adulthood: A systematic review and
meta - analysis. Obesity Reviews, 21(4), Article e12962.
https:/ /doi.org/10.1111/obr.12962

Woo, S. E., Jebb, A. T., Tay, L., & Parrigon, S. (2018). Putting the “person” in the
center: Review and synthesis of person-centered approaches and methods
in organizational science. Organizational Research Methods, 21(4), 814-845.
https://doi.org/10.1177/1094428117752467

World Health Organization. (2000). Obesity: Preventing and managing the global
epidemic. Report of a WHO Consultation. WHO technical report series, 894.

World Health Organization. (1986). Ottawa charter for health promotion. World
Health Organization.
https:/ /apps.who.int/iris/bitstream/handle /10665 /59557 / Ottawa_Chart
er_G.pdf

World Health Organization. (2018). Global action plan on physical activity 2018~
2030: more active people for a healthier world. World Health Organization.
https:/ /apps.who.int/iris/handle /10665 /272722

World Health Organization. (2020). WHO guidelines on physical activity and
sedentary behaviour. Web Annex. Evidence profiles. World Health
Organization. https:/ /apps.who.int/iris/handle /10665 /336657

Xiao, C., van Sluijs, E., Ogilvie, D., Patterson, R., & Panter, J. (2022). Shifting
towards healthier transport: carrots or sticks? Systematic review and meta-
analysis of population-level interventions. Lancet Planet Health, 6, e858-869.
https:/ /doi.org/10.1016/52542-5196(22)00220-0

Yang, Y., Dixon-Suen, S., Dugué, P.-A., Hodge, A. M., Lynch, B. M., & English,
D. R. (2022). Physical activity and sedentary behaviour over adulthood in
relation to all-cause and cause-specific mortality: A systematic review of
analytic strategies and study findings. International Journal of Epidemiology,
51(2), 641-667. https:/ /doi.org/10.1093 /ije/dyab181

108


https://doi.org/10.1038/s41390-023-02837-2
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1111/obr.12962
https://doi.org/10.1177/1094428117752467
https://apps.who.int/iris/bitstream/handle/10665/59557/Ottawa_Charter_G.pdf
https://apps.who.int/iris/bitstream/handle/10665/59557/Ottawa_Charter_G.pdf
https://apps.who.int/iris/handle/10665/272722
https://apps.who.int/iris/handle/10665/336657
https://doi.org/10.1016/S2542-5196(22)00220-0
https://doi.org/10.1093/ije/dyab181

Young, D. R., Cohen, D., Koebnick, C., Mohan, Y., Saksvik, B. L., Sidell M., &
Tong, W. (2018). Longitudinal associations of physical activity among
females from adolescence to young adulthood. Journal of Adolescent Health,
63(4), 466-73. https:/ /doi.org/10.1016/j.jadohealth.2018.05.023

Zimmet, P., Alberti, K. G. M. M., Kaufman, F., Tajima, N., Silink, M., Arslanian,
S., Wong, G., Bennett, P., Shaw, J., Caprio, S., & IDF Consensus Group.
(2007). The metabolic syndrome in children and adolescents - an IDF
consensus report. Pediatric Diabetes, 8(5), 299-306.
https:/ /doi.org/10.1111/j.1399-5448.2007.00271.x

Zook, K. R., Saksvig, B. I, Wu, T. T., & Young, D. R. (2014). Physical activity
trajectories and multilevel factors among adolescent girls. Journal of
Adolescent Health, 54(1), 74-80.
https:/ /doi.org/10.1016/j.jadohealth.2013.07.015

109


https://doi.org/10.1016/j.jadohealth.2018.05.023
https://doi.org/10.1111/j.1399-5448.2007.00271.x
https://doi.org/10.1016/j.jadohealth.2013.07.015

Appendix 1. Survey questions used in the study

Theme Topic Question Response categories; Further information Source; further
information
Demographics | Family 1) Does your family own a car, van or | 1) No (=0); Yes, one (=1); Yes, two or more (=2) HBSC
and other Affluence truck? 2) No (=0); Yes (=1) (mandatory
descriptive Scale (FAS) 2) Do you have your own bedroom 3) Not at all (=0); Once (=1); Twice (=2); More than | question)
information for yourself? twice (=3)
3) During the past 12 months, how 4) None (=0); One (=1); Two (=2); More than two
many times did you travel away on (=3)
holiday with your family? A composite FAS score was calculated for each
4) How many computers does your young person based on their responses to these four
family own? items. The two highest response categories (2" and
‘3 or more’) of the last two items (holidays and
computers) were combined. Scores 6 or 7 indicated
high family affluence
Living area What kind of place do you live in? City, in the centre; City, outside the centre; HBSC (country
Countryside, in the village centre; Countryside, specific
outside the village centre question)

Education Follow-up Studying; At work or entrepreneur; Laid off or -
/employment | What is your main activity at the unemployed; Military or non-military service;

status moment? Maternity or parental leave; Other, what?

Study place Follow-up: only for those reported In a general upper secondary school; In a vocational | -

studying
Are you currently studying at an

educational institution? (if several,

select the main educational
establishment)

institution (upper secondary school); At university
of applied sciences; At university; In labour or
employment training; In apprenticeship training; At
open university or open university of applied
sciences; Somewhere else, where?
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Theme Topic Question Response categories; Further information Source; further
information
Living Follow-up Alone; With my parents or a parent; With a -
arrangement How do you currently live? roommate/in a cellular accomodation; With a
married or cohabiting partner;
With a married or cohabiting partner and a child or
children together; Single parent with a child or
children
School grade Baseline: <6.5;6.5-6.9;7.0-7.4; 7.5-7.9; -
average What was your school grade average | 8.0-8.4; 8.5-8.9;
(all subjects) in your last certificate? 9.0-9.4;9.5-10
Self-rated Would you say your health is ... ? Excellent; Good; Fair; Poor HBSC
health (mandatory
question)
Onset of At what age did your menstruation ____ years of age; -
menstruation | begin? ___ My menstruation hasn't started yet.
Active Distance to Baseline: less than 500 m; Finnish Schools
commuting school How long is your distance to 500 m-1 km; on the move
school? 1.1-2 km; (modified)
Follow-up 2.1-3 km;
...to place of study? (for those reporting | 3.1-5 km;
studying) more than 5 km
...to place of work? (for those reporting
working)
Mode How do you commute on your way Walking; Cycling; By parent’s car; By scooter, Finnish Schools

to and from school at this time of
year? (select the single most common
option)

moped, or moped car; By other motorized vehicle
Follow-up:
in addition to the previous By car, I drive myself

on the move
(modified)
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Theme Topic Question Response categories; Further information Source; further
information
Duration Baseline: No active commuting at all; <20 min/day; Finnish Schools
How long do you walk, cycle, or 20-39 min/day; 40-59 min/day; on the move,
commute in other ways that require 1 hour or more /day (modified)
physical activity on school trips?
Follow-up: ...during study or work
trips?
Sports club Sport club In the health behaviour survey: Baseline: HBSC (country
participation | participation | Are you a member of a sports club? No; Yes, and I train in a sports club; specific
Yes, but I don’t participate in training question)
Follow-up:
No; Yes, and I participate in training;
Yes, but I don’t participate in training; Yes,  act as a
coach or other club official; Yes, and I participate in
training and act as a coach or other club official
In the sports injury and musculosceletal | Yes; No -
health survey:
Are you involved in sports club
activities?
School Amount Baseline: How many minutes of school | Only numbers accepted -
physical physical education do you have in a
education week? (calculate class physical
education plus any optional physical
education you do at school)
Psychosocial | Loneliness Do you ever feel lonely? Very often; Often; Sometimes; Never HBSC
factors (mandatory
question)
Satisfaction Are you satisfied with your current Yes; -
with one’s weight? No
own current
weight
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Theme Topic Question Response categories; Further information Source; further
information
Ease of talking | How easy it is for you to talk to the Very easy; Easy; Difficult; Very difficult; HBSC
to parents following persons about things that I don’t have or see this person (mandatory
really bother you? Mark one option at question)
each point.
e Father
e Stepfather (or mother’s boyfriend)
e Mother
e Stepmother (or father’s girlfriend)
Exercising During a typical week: How often Never; -
together with | does your mother (or your Seldom;
a parent stepmother if your mother does not Occasionally;
live in your primary home)* ... Often;
Exercise or do sport with you? Very often
*father (stepfather) (asked separately)
Health Frequency of | On the whole, how often do you Once a week or more often; Finnish School
Behaviours alcohol consume alcohol, for example a half- | A couple of times a month; Health
consumption | bottle of beer or more? About once a month; Promotion
Less frequently; (SHP) study
I don’t drink alcoholic beverages
Lifetime Have you ever had so much alcohol No, never; Yes, once; Yes, 2-3 times; Yes, 4-10 HBSC
drunkenness | that you were really drunk? times; Yes, more than 10 times (mandatory
question)
Snuff use How often do you use snus at Every day; Every week, but not every day; Less HBSC (country
present? than once a week; I do not use snus specific
question)
Smoking How often do you smoke tobacco at Every day; At least once a week, but not every day; | HBSC
frequency present? Less than once a week; I don’t smoke (mandatory
question)

113




Theme Topic Question Response categories; Further information Source; further

information

Toothbrushing | How often do you brush your teeth? | More than once a day; Once a day; At least once a HBSC

frequency week but not daily; Less than once a week; Never (mandatory
question)

Frequency of | How often do you usually have I never have breakfast during the week; One day; HBSC

eating breakfast (more than a glass of milk Two days; Three days; Four days; Five days (mandatory

breakfast on or fruit juice)? Weekdays question)

weekdays

Frequency of | Baseline Not at all; I usually eat school meals; One day; Two | -

eating school | How often do you usually skip school | days; Three days; Four days; Five days

meals meals during a normal school week?

Food/drink How many times a week do you Never; Less than once a week; HBSC

consumption | usually eat or drink...? Once a week; (mandatory

frequency Fruits 2-4 days a week; question)

Vegetables 5-6 days a week;

Sweets (candy or chocolate)

Coke or other soft drinks that contain
sugar

Energy drinks

(the list continues)

Once a day, every day;
Every day, more than once

Sleep duration

How many hours on average do you
sleep per night on weekdays? (from
22.00 to 07.00 = 9 hours)

hours

Note: HBSC = Health Behaviour in School-aged Children study. The HBSC study includes (i) mandatory, (ii) optional, and (iii)
country-specific questions for the participating countries in conducting the survey (Currie et al., 2014; Paakkari et al., 2024).
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Appendix 2. Characteristics of active commuting, compared between longitudinal physical activity patterns, n (%)

Inactivit Activity main- Decreasers Decreasers
All mentair?ers ta(i:nersy M from moderate from highto Increasers p-value
to low PA moderate PA
Trip length from home more baseline 77 (31)  22(32) 22 (32) 19 (31) 8 (27) 6 (30) 0.986
than 5km follow-up 96 (46) 29 (51) 25 (42) 22 (42) 15 (56) 5 (33) 0.548
Motor vehicle the most com- baseline 106 (43) 36 (53) 29 (42) 26 (43) 10 (33) 5 (25) 0.161
mon mode of transport: follow-up 133 (64) 40 (70) 35 (58) 31 (61) 21 (78) 6 (43) 0.141
Duration of active commut-  baseline 28 (11) 12 (18) 8 (12) 6 (10) 2(7) 0 (0) 0.227
ing: not at all follow-up 49(23) 14 (25) 18 (30) 8 (16) 7 (26) 2 (13) 0.402

Note: p-values were assessed using the Chi-square test or Fisher’s exact test (in cases of sparse data). PA = physical activity
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Abstract

Background: Longitudinal studies demonstrate an average decline in physical activity (PA) from adolescence to
young adulthood. However, while some subgroups of adolescents decrease activity, others increase or maintain
high or low activity. Activity domains may differ between subgroups (exhibiting different PA patterns), and they
offer valuable information for targeted health promotion. Hence, the aim of this study was to identify PA patterns
from adolescence to young adulthood; also to explore the associations of (i) changes in PA domains and in
sedentary time, (i) sociodemographic factors, and (jii) self-rated health with diverging PA patterns.

Methods: The observational cohort study data encompassed 254 adolescents at age 15 and age 19. K-means
cluster analysis for longitudinal data was performed to identify participant clusters (patterns) based on their
accelerometry-measured moderate-to-vigorous PA (MVPA). Logistic regressions were applied in further analysis.

Results: Five PA patterns were identified: inactivity maintainers (n =71), activity maintainers (n = 70), decreasers from
moderate (to low) PA (n=61), decreasers from high (to moderate) PA (n=32), and increasers (n = 20).

At age 15, participation in sports clubs (SC, 41-97%) and active commuting (AC, 47-75%) was common in all the
patterns. By age 19, clear dropout from these activities was prevalent (SC participation mean 32%, AC 31-63%).
Inactivity maintainers reported the lowest amount of weekly school physical education.

Dropout from SC — in contrast to non-participation in SC — was associated with higher odds of being a decreaser
from high PA, and with lower odds of being an inactivity maintainer. Maintained SC participation was associated
with higher odds of belonging to the decreasers from high PA, and to the combined group of activity maintainers
and increasers; also with lower odds of being an inactivity maintainer. Maintenance/adoption of AC was associated
with decreased odds of being an inactivity maintainer. Self-reported health at age 19 was associated with the
patterns of maintained activity and inactivity.
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Conclusions: PA patterns diverge over the transition to adulthood. Changes in SC participation and AC show
different associations with diverging PA patterns. Hence, tailored PA promotion is recommended.

Keywords: Physical activity, Sports, Adolescence, Young adults, Longitudinal studies, Sedentary behaviour,

Accelerometer

Background

Longitudinal studies have shown that physical activity
(PA) declines from adolescence to young adulthood [1].
These results, which are based on population-level aver-
ages, mask individual variation, with some subgroups of
young people increasing or decreasing PA, and others
maintaining (in)activity. In recent years, it has thus be-
come more common to identify distinct PA patterns' in
efforts to gain more specific information on PA evolu-
tion over time [2, 11, 12]. For example, using accelero-
metry to measure moderate-to-vigorous PA (MVPA) at
ages 5-19, Kwon et al. [13] identified four trajectories,
namely consistently inactive (15%), consistently active
(18%), decreasing moderate PA (53%), and substantially
decreasing high PA (14%). In some studies, a subgroup
of PA increasers has been further identified, with a
prevalence varying between 7 and 14% [2, 3, 7].

It is important to identify PA development over time
and to further characterize PA patterns in order to gain
more information for targeted and evidence-informed
health promotion [4, 10, 11, 14]. Determinants at many
levels — including individual, social, environmental, and
policy-related — may predict PA change over time [15]
and e.g. declined PA may be explained by different factors
from those relevant to sustained inactivity [11]. Informa-
tion on these differing determinants may be useful in
planning PA promotion interventions while taking into
account the distinct forms of PA evolution during the
transition to young adulthood. So far, studies have been
conducted on the associations of various determinants
and correlates with PA change patterns during adoles-
cence, focusing on e.g. BMI [3, 7, 12], maturity [12], health
behaviours [3, 7], parental PA [3], education [3, 12], socio-
economic status [16], and support for PA [7].

Considered as a PA domain (i.e. the context in which
PA occurs) [17], organized sports participation has been
related to different PA patterns [3, 13]. However, only a
few prospective studies have explored the simultaneous
evolution of several domains of PA over time [17, 18],
and no studies have aimed to assess comprehensively

"The terminology in the field is inconsistent. PA change/maintenance
has been presented via patterns [2, 3], trajectories (especially in studies
using trajectory modelling [4—6], but also in studies using other
methods [7, 8]), profiles [6], groups 2, 9], subgroups [10], and clusters
[2], all referring to the same population distributions on the basis of
their PA change or maintenance over time.

the multiple domains of PA and the changes within
them in order to identify differences between PA pat-
terns (e.g. observing whether withdrawal from active
commuting (AC) and sports club (SB) participation is
associated with a pattern of declining activity). Nor has
measured sedentary time been included in the analyses
of the determinants and correlates of PA change pat-
terns. It can be claimed that both PA and sedentary be-
haviour measurements are needed, bearing in mind that
young people can engage in considerable sedentary time
and PA on the same day [19].

So far, few studies have examined PA change and
maintenance during the transition to young adulthood
on the basis of measured PA rather than self-reported
PA [1, 11]. The aims of this longitudinal study were:

1) to identify PA change patterns from adolescence to
young adulthood (also characterizing the groups
further by distributions of different intensities of PA
and sedentary behaviour),

2) to explore how changes in PA domains and in
sedentary time are associated with diverging PA
patterns. (The domains analysed were sports club
participation, active commuting, and the amount of
school physical education (assessed only at age 15)).

3) to examine how sociodemographic factors and self-
rated health are associated with diverging PA
patterns.

Methods

Study sample

This observational cohort study encompassed adoles-
cents who participated in the Health Promoting Sports
Club (HPSC) study at ages 15 (i.e. in 2013-2014) [20]
and 19 (i.e. as young adults, in 2017-2018). At baseline,
the participants were recruited from (i) 156 sports clubs
representing the ten most popular sports in Finland; (ii)
100 schools (pupils both with and without SC participa-
tion) from six large cities and surrounding communities
in different parts of Finland [See Additional file 1,
described in detail in [20]].

The recruited individuals initially completed two inter-
net surveys on health behaviour and on musculoskeletal
health. Pre-participation screening was then conducted on
randomly selected respondents based on power calcula-
tions (described in [20]). The screening, which was done
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in one of the six national Sports and Exercise Medicine
Centres of Excellence, included screening by a physician,
and a fasting blood sample [20]. Instruction was also given
on the use of a hip-worn accelerometer, including guid-
ance on wearing the device during waking hours for seven
consecutive days, except during shower or water activities.
Two-thirds (65%) of those participating in the baseline
pre-participation screening at age 15 (n = 590) participated
also in the follow-up screening at age 19 (n = 371). After
excluding swimmers (as they were unable to use the accel-
erometer during their swimming training), 254 adoles-
cents provided valid accelerometer data and written
consent for both measurement points.

Measures

The PA and sedentary time of the study participants
were measured via a Hookie accelerometer (AM20 Ac-
tivity Meter, Hookie Technologies Ltd., Helsinki,
Finland), which has been shown to be a valid measure-
ment tool among both young persons [21] and adults
[22, 23]. The accelerometer collected and stored tri-axial
data as actual g-units with a 100 Hz sampling frequency.
The data were analysed in units of 6 s” duration. The PA
analysis was based on mean amplitude deviation analyses
(MAD), calculated from a resultant tri-axial raw acceler-
ation signal, and converted to metabolic equivalents
(METs) [22, 23]. The accuracy of the energy consump-
tion estimation for the MAD method is about 1.2 MET
for bipedal locomotion over a wide range of speed. Light
PA was defined as an MET value higher than or equal to
1.5, and less than 3.0 (with an MAD value of 22.5-91.5
mg), moderate PA as an MET value higher than or equal
to 3.0 and less than 6.0 (91.5 mg—414 mg), and vigorous
PA as an MET value higher than or equal to 3.0 (MAD
over 414 mg) [23]. In further analyses, the values for
moderate and vigorous activity were combined to form
an MVPA group. Further details of the device measure-
ments are presented in Additional file 2.

In line with the definition of sedentary behaviour [24],
separate analyses were conducted on activity without
movement under 1.5 MET while (i) seated or in a reclin-
ing/lying posture, and (ii) while standing. Determination
of the body posture was based on two facts, namely that
the earth’s gravity vector is constant and that the body
posture during walking is upright. The accelerometer
orientation (in terms of the gravity vector during walk-
ing) was taken as the reference, and the angle for pos-
ture estimation (APE) was determined from the incident
accelerometer orientation in relation to the reference
vector [21]. If the total accelerometer wear-time
exceeded 18 h per day, hours in excess of 18 were de-
creased from the sedentary time, as this indicated that
the individual was wearing the device during sleep (1.3%
of the measurement days).
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The PA and sedentary time variables are reported as
proportions of valid accelerometer wear-time, and
MVPA as mean daily hours and minutes. In addition, we
formulated a variable denoting change in percentage of
sedentary time between baseline and follow-up measure-
ments (based on the difference between baseline and
follow-up in the percentage of device wear-time in sed-
entary positions, denoting either increasing or decreas-
ing sedentary time).

Participation in SC was confirmed by questions in
three separate surveys (e.g. ‘Are you participating in SC
activities? with response options ‘Yes’ and ‘No, and
‘How many times during a normal week do you partici-
pate in coach-led training?’) together with a training
diary. Based on the categorization of SC participants and
non-participants at baseline and follow-up, the change in
SC participation was formed via a variable comprising
four groups: (i) never participated in SC; (ii) dropped out
of SC; (iii) adopted SC participation; and (iv) maintained
SC participation. Because of the small number of cases
in (iii) adopted SC participation (n=2), categories (iii)
and (iv) were combined into a single category, i.e. main-
tained or adopted SC participation.

AC to school (since the subjects were 15-year-olds)
was estimated via the question ‘How do you commute
on your way to and from school at this time of year (se-
lect the single most common option)’. The correspond-
ing question among 19-year-olds was assessment of AC
to work or to study facilities. Commuters were catego-
rized as ‘active’ (walking and cycling) or ‘non-active’
(those who selected any other response option, such as
‘by car’). Based on this categorization at baseline and at
follow-up, a variable denoting change in AC was formu-
lated: (i) never commuted actively; (ii)) stopped AC; (iii)
adopted AC; and (iv) maintained AC. Due to the small
number of cases in (iii) adopted AC (n=27), categories
(iii) and (iv) were combined in the analysis within a sin-
gle category, i.e. maintained or adopted AC.

Amount of school physical education (at age 15) was
estimated via the question ‘How many minutes of school
physical education do you have in a week? (calculate
class physical education plus any optional physical edu-
cation you do at school)’.

Statistical analysis

To form different PA change and stability groups
(encompassing PA patterns), an analysis was performed
using a k-means algorithm for longitudinal data (KmL)
[25]. The method grouped observations of physical activ-
ity (MVPA) at the two measurement points (ages 15 and
19) into homogeneous subgroups (i.e. clusters that were
as heterogeneous as possible from each other). KmL has
been shown to have good clustering performance,
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especially when the sample size or number of measure-
ment points is small [26].

The KmL assigns each observation to a cluster, and
the optimal solution is reached by altering two phases:
(i) determining the centre of each cluster, and (ii) assign-
ing each observation to its nearest cluster [25]. To find
the optimal number of clusters and the best solution we
allowed the KmL to run for two to six clusters, 20 times
each. The final solution was decided according to the
following criteria: (i) Calinski & Harabatz criterion (the
optimal number of clusters is the number that maxi-
mizes the between-matrix variance and minimizes the
within-matrix variance) [25]. As the solutions for four
and five clusters were almost equally good, the decision
was also based on (ii) the number of participants in each
cluster (=20 observations), and (iii) the amount of
MVPA in the most inactive group (taken to be clearly
under one hour per day at baseline). This made it pos-
sible to obtain meaningful comparisons between groups
(bearing in mind that the recommendation for health-
enhancing PA for children and adolescents is an average
of (at least) 60 min/day of MVPA [27]). It is further in
line with the common practice of validating cluster se-
lection also by expert opinion (i.e. reasoning from the
subject details) [25, 28].

The differences in frequencies between PA patterns
were based on the Chi-square test and on Fisher’s exact
test. The Kruskal-Wallis test was used to analyse differ-
ences in mean values cross-sectionally (with post hoc
Dunn’s test, adjusted by the Bonferroni correction for
multiple tests). The significance of the change over time
was calculated by the McNemar test and the Wilcoxon
signed rank test.

Multivariable binary logistic regression analysis was
used to calculate odds ratios (ORs) and 95% confidence
intervals (CIs) for the association between the explana-
tory variables (i) gender, changes in (ii) SC participation,
(iii) active commuting, and (iv) percentage of device
wear-time by sedentary time, and by membership of
each PA group as compared to all the other patterns
taken together (representing the outcome). The categor-
ies of activity maintainers and increasers were combined
due to the relatively small number of increasers (n = 20),
and because both of the categories represented a
favourable evolution of PA in terms of health. The
models were adjusted according to the change in the de-
vice wear-time to eliminate the effect of differences in
usage time on the results.

Additional logistic regression analysis was conducted
with self-rated health and sociodemographic factors as
explanatory variables. Furthermore, linear regression
analysis was carried out to illustrate the correlates and
determinants for the PA change in the entire sample. In
addition to the change in device wear-time and in the
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season applied in the first measurement, the linear regres-
sion analysis was adjusted for baseline MVPA (because
the aim was to examine whether explanatory variables
could be detected independently of baseline PA levels).

Data analysis was performed using SPSS version 24,
except when identifying PA patterns with R package
KmL (R software version 3.6.0). The significance level
was p < 0.05 in all the statistical tests.

Results
Characteristics of the study sample
The study sample was 60% female (Table 1), and at
baseline 65% of the participants lived in families with
high affluence [see Additional file 3]. At post-
measurement (age 19) most of the participants (69%)
were still living with their parents. Half of the sample
(49%) were studying in upper secondary education, while
15% of the participants were studying in higher educa-
tion, and 21% had started work at post-measurement.
There were no differences in baseline MVPA, per-
ceived health, family affluence, or self-reported PA be-
tween the study participants and those lost to follow-up
[see Additional file 4]. Males and those who reported
lower school achievement (p <.001), were more likely
not to participate in the post-measurement.

Patterns of PA

Five distinct PA change patterns were identified (Fig. 1),
concurrently with an overall decline in participants’ (n =
254) mean MVPA (Table 1). The most prevalent pat-
terns were inactivity maintainers (n="71) and activity
maintainers (n =70). Two distinct declining PA patterns
were found: decreasers from moderate (to low) PA (n=
61), and decreasers from high (to moderate) PA (n =32).
The analysis also revealed a small group of increasers
(n =20), whose mean daily MVPA was already at a high
level at age 15 (1 h 50 min) (Table 1).

Distribution of different intensities of PA and sedentary
behaviour among the PA patterns
Figure 2 illustrates the distribution of different inten-
sities of PA among the PA change patterns. Inactivity
maintainers spent a higher proportion of their waking
hours in sedentary behaviour at age 15 (63.5%) as com-
pared to the other PA patterns (51.6-57.8%), and at age
19 (60.7%), as compared to (at age 19) activity main-
tainers (53.4%) and increasers (45.0%) (Fig. 2). Standing
still encompassed 10-13% of waking hours among all
the patterns, and no changes over time were observed.
The time spent in light PA increased over time among
inactivity and activity maintainers, and also among in-
creasers (Fig. 2). Hence, total PA slightly increased
among inactivity maintainers (p =.009), even if the cor-
responding proportion of MVPA decreased at the same
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Table 1 MVPA and changes in self-reported domains of PA by PA patterns
Total PA patterns p?
A B C D E
N (%) 254 (100) 71 (28) 70 (28) 61 (24) 32 (13) 20 (8)
Males, n (%) 101 (40) 19 (27) 25 (36) 22 (36) 26 (81) 9 (45) <0.001
MVPA mean per day: hours and minutes (SD)
age 15 1:22 (0:33) 047 (0:12) 1:19 (0:17) 1:25 (0:12)  2:20 (0:24) 1:50 (0:28) A <B-E <0.001
B<D<0.001
B <E 0.004
C<D<0.001
age 19 1:05° (0:34) 0:39 (0:15) 1:25 (0:15) 0:44 (0:11) 1:07 (021) 2:25 (0:31) A <B,D,E < 0.001
B>C<0.001
B<D 0.037
B<E<0.001
C<D,E<0.001
D <E<0.001
Sports club participation
age 15, n (%) 176 (69) 29 (41) 51 (73) 47 (77) 31 (97) 18 (90) <0.001
age 19, n (%) 97 (38) 9(13) 33 (47) 23 (38) 19 (59) 13 (65) <0.001
p for sig. Over time <0.001 <0.001 <0.001 <0.001 <0.001 0062
change® never 76 (30) 41 (58) 18 (26) 14 (23) 13) 2 (10) <0.001
0,
n (%) dropout 81 (32) 21 (30) 19 (27) 24 (39) 12 (38) 5(25) 0499
maintenance 95 (37) 8(11) 32 (46) 23 (38) 19 (59) 13 (65) <0.001
adopt 2 (1) Q) 0(0) 0(0) 0(0) -
Active commuting
age 15, n (%) 142 (57) 32 (47) 40 (58) 35 (57) 20 (67) 15 (75) 0.161
age 19, n (%) 76 (30) 17 (24) 25 (36) 20 (33) 6 (19) 842 0.228
p for sig. Over time <0.001 0.009 0.009 0.012 0.008 0.039
change® never 78 (32) 30 (49) 22 (36) 18 (34) 5 (20) 3(17) 0.036
0,
n 00 dropout 94 (38) 21 (31) 22 (32) 23 (38) 19 (63) 9(47) 0.024
maintenance 47 (19) 10 (16) 18 (29) 12 (23) 14 6 (33) 0.042
adopt 27 (11) 6 (9) 7 (10) 8 (13) 5(17) 1(5) 0.732
School physical education at age 15, mean minutes (n) 135 (239) 108 (66) 144 (66) 143 (59) 139 (28) 170 200 A <B 0.022
A<C0.017
A <E 0.001

A = Inactivity maintainers, B = Activity maintainers, C = Decreasers from moderate PA, D = Decreasers from high PA, E = Increasers, MVPA = moderate-to-vigorous

physical activity, PA = physical activity

2 p-values have been calculated comparing the frequency of the individual response category to each of the corresponding response categories for the other PA

patterns (e.g. dropout vs. no dropout (= never+maintenance+adopt))

b Significance over time p < 0.001. At age 15: 1 h 22 min =9.7% of device wear-time; at age 19: 1 h 5 min = 7.9% of device wear-time

Note: p-values have been assessed using the Chi-square test or Fisher exact test (in cases of sparse data) for categorical variables. The Kruskal-Wallis test was used
in analysing differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni correction for multiple tests); the
McNemar test and the Wilcoxon Signed Rank test were used to analyse differences over time

time. However, the proportion of total PA among in-
activity maintainers at age 19 (28%) remained lower as
compared to activity maintainers (35%), decreasers from
high PA (33%), and increasers (45%).

Domains of PA by PA patterns

At age 15, SC participation and AC were prevalent in all the
patterns (Table 1). Only SC participation differed by pattern
(p < .001), varying from 41% of inactivity maintainers to 97%
of decreasers from high PA at age 15. On average 57% of
participants commuted actively to school.

SC participation and AC decreased over time among
all the patterns, with the exception of SC participation
among increasers (p <.062) (Table 1). The prevalence of
dropout from SC did not vary with the pattern (p = .499,
mean 32%). Withdrawal from AC was lowest (at 31%)
among activity maintainers, and highest (at 63%) among
decreasers from high PA (p = .024).

Inactivity maintainers reported less school physical
education per week (mean 108 min), as compared to ac-
tivity maintainers (144 min), decreasers from moderate
PA (143 min), and increasers (170 min) (Table 1).
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Fig. 1 Measured PA patterns (formed by the KmL data-driven clustering method [23]) (n = 254)

Simultaneous associations of changes in SC participation,
AC, and sedentary time with PA patterns

Dropping out of SC (OR=0.3, CI=0.2-0.6) and main-
tained/adopted SC participation (OR =0.1, CI=0.02-0.2) —
as opposed to ‘never’ participation in SC — were associated

with lower odds of belonging to inactivity maintainers as
compared to the other PA patterns (Table 2). Correspond-
ingly, maintained/adopted SC participation — as opposed to
‘never’ participation in SC (OR = 3.6, CI = 1.8-7.4) — was as-
sociated with higher odds of belonging to the combined

Wilcoxon Signed rank test. *p < 0.05, **p < 0.01, ***p < 0.001

A=Inactivity maintainers 15-y 63.5 11.7 19.1 5.210.5
19-y 60.7 11.6 229 4404
B=Activity maintainers 15 yr 57.8 10.9 21.8 0014
19 yr 53.4 12.1 243 8.7 W15
C=Decreasers from moderate PA 15 yr 56.2 12.0 21.8 85 W16
19 yr 59.0 12.6 22.9 4.910.6
D=Decreasers from high PA 15 yr 51.6 9.6 223 132 m33
19 yr 55.7 11.4 24.6 6.601.6
E=Increasers 15 yr 53.3 11.6 22.0 10.1 3.1
19 yr 45.0 9.8 28.0 129 W43
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Sedentary time Standing still Light PA Moderate PA  ®m High PA

Fig. 2 Sedentary behaviour and physical activity (PA) as proportions of device wear-time by PA pattern. Sedentary time 15-y.: A > B**, C-E***,

D < B*%; 19-y.: E < D*, C, A¥**, B < C**, A¥** change over time: B***, C**, D, E*. Standing still 15-y.: D < C*. Light PA 15-y.: A <B, D*, C**; change
over time: A¥** B** E* Moderate PA 15-y: A < B-E¥** D> B, C** 19-y.: A<B, D, B, C< D*, C< B, E¥**, D < B**, E***; change over time: A, E*, C,
D*** High PA 15-y: A < B-*** B < E**, D***, C < D**; 19-y.: A < B-E***, C < B, E¥**, D**; change over time: A%, C, D***. p-values determined from the
Kruskal-Wallis test for differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni
correction for multiple tests) (only significant differences presented) and the significance of the changes over time in mean values by the
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Table 2 Logistic regression models for physical activity patterns
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Inactivity maintainers

Activity maintainers +

Decreasers from Decreasers from high PA

increasers moderate PA
OR(95%Cl) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Gender

Female 1.0 1.0 1.0 1.0

Male 0.5 (0.2-1.01) 0055 0.8 (04-14) 0376 0.8 (04-1.5) 0400 7.4 (2.6-21.3) <0.001
Sports club participation

Maintenance or adopt 0.1 (0.02-0.2) <0.001 3.6 (1.8-7.4) <0.001 1.5 (0.7-3.3) 0339  11.2 (1.4-90.0) 0.023

Withdrawal 0.3 (0.2-0.6) 0.001 1.2 (06-25) 0625 1.9 (0.9-43) 0097  10.9 (1.3-90.7) 0.027

Never 1.0 1.0 1.0 1.0
Active commuting

Maintenance or adopt 0.3 (0.1-0.7) 0.004 1.7 (08-34) 0.165 1.5(0.7-3.2) 0.343 1.3 (0.3-4.7) 0.744

Withdrawal 0.5 (0.2-1.03) 0061 1.0 (05-20) 0989 1.2 (0.5-2.5) 0.708 23(08-73) 0.144

Never 1.0 1.0 1.0 1.0
Change in % of device wear-time 0.99 (0.96-1.02) 0.359 0.96 (.93-.98) 0.001 1.05 (1.01-1.07) 0.004 1.04 (1.001-1.083) 0.046
by sedentary time
Model statistics:

R Nagelkerke 0.324 0.179 0.113 0.347

R” Cox&Snell 0223 0.131 0.076 0.182

Hosmer&Lemeshow 0.148 0.631 0.241 0.998

Note: Adjusted for change in the device wear-time. Statistically significant odds ratios are in bold. Binary analysis: separately for each pattern vs. all the others

together. PA = physical activity

group of activity maintainers and increasers, as compared to
the other PA patterns. Moreover, dropping out of SC (OR =
10.9, CI =1.3-90.7) and maintenance/adoption of SC partici-
pation (OR = 11.2, CI = 1.4-90.0) — as opposed to ‘never’ par-
ticipation in SC — were significant predictors for belonging
to decreasers from high PA.

Decreased sedentary time (OR =0.96, CI=0.93-0.98)
was associated with higher odds of being in the com-
bined group of activity maintainers and increasers as
compared to other PA patterns (Table 2). Correspond-
ingly, an increased sedentary time was related to higher
odds of being a decreaser from moderate PA (OR = 1.05,
CI=1.01-1.07) and decreaser from high PA (OR =1.04,
CI=1.0-1.1).

Male gender was associated with increased odds of be-
ing a decreaser from high PA (OR=7.4, CI=2.6-21.3)
(Table 2). Maintained/adopted AC (OR=0.3, CI=0.1-
0.7) — as opposed to ‘never’ (at either at age 15 or age
19) participation in active commuting — was associated
with lower odds of being an inactivity maintainer.

Sociodemographic characteristics and self-rated health
among PA patterns

The analysis in Additional file 3 shows that no differ-
ences were observed between PA change patterns in any
of the studied sociodemographic variables. However,

good self-rated health related to higher odds of belong-
ing to the combined group of activity maintainers and
increasers, (OR = 2.7, CI = 1.1-6.8) and lower odds of be-
ing an inactivity maintainer (OR = 0.4, CI = 0.2-0.9) [see
Table 3 and 1 in Additional file 5].

Discussion

Despite a general declining tendency in mean MVPA
(see also [1]), the evolution of PA from adolescence to
young adulthood varied greatly. The PA analysis identi-
fied five distinct PA patterns. Half of the study popula-
tion maintained their activity or inactivity, while two
groups with declining PA were observed, starting from a
different baseline MVPA level (high or moderate). There
was also a small group of increasers, who were already
highly active at baseline (age 15). Furthermore, the
changes in SC participation, AC, and sedentary time
showed different relationships with the PA patterns. The
results support the use of tailored PA promotion for the
different subgroups.

Previous studies identifying longitudinal PA patterns
during adolescence [2-4, 7, 11] have varied in the
amount and prevalence of patterns, the characteristics of
the study sample (e.g. size and number of measurement
points), methods for PA measurement, and cluster iden-
tification. Any subgroup of increasers detected has been
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small, with a prevalence varying between 7 and 12% [2,
3, 7]. This is consistent with the findings of the present
study.

Inactivity maintainers turned out to be a group in
which all the examined PA domains were less likely to
occur. In this group, inactivity appeared in many forms:
in a lower level of school physical education — indicating
a lower selection of optional physical education classes —
and a higher risk of non-participation in SC and AC as
compared to the other PA groups. Promotion of any of
the studied PA domains might have potential for in-
creasing total PA. However, PA is a complex behaviour,
and an increase in one PA domain might result in a
decrease in another domain.

An important finding was that AC prevalence declined
in all the groups (with dropout prevalence varying from
31 to 63%), even if the AC change significantly differen-
tiated only the inactivity maintainers from the rest of
the study population. Previous studies have found either
a declining or a stable AC trend among young people on
average [17]. Interestingly, AC maintenance during ado-
lescence has been found to predict later midlife PA [29].
There seems good reason to encourage young people to
maintain or adopt active forms of transport — including
in post-school years — at least when the distances in-
volved make AC feasible.

It is notable that as many as 41% of the inactivity
maintainers were participating in SC at age 15. The re-
sult implies that SC participation does not guarantee
sufficient PA for all adolescents, in terms of the recom-
mendations for health-enhancing PA (i.e. at least one
hour per day on average) [27]. Corresponding results
have previously been found in a sample of SC partici-
pants [30]. However, one should take into account that
the population in the present study represents young
people who are more active than the average in Finland;
in fact the mean daily MVPA was eight minutes more
than that found in a population-based study [31]. More-
over, the inactivity maintainers in the present study
were relatively active (mean daily MVPA =47 min at age
15). In some previous studies, participants in the ‘con-
sistently inactive’ trajectory have been clearly less active,
with a mean daily MVPA of less than 30 min at age 15
[2, 10, 12, 13, 32]. One of those studies also explored
participation in sports, and all of the subjects in the
most inactive pattern also followed a trajectory of no
participation in sports [13].

Despite the above, the message of this study is clear.
SC participation was associated with a sustained or in-
creased PA pattern, and correspondingly, SC withdrawal
with a PA decrease from a high level. The relationship
between sports participation at adolescence and PA in
later life has been noted in previous studies [3, 33]. Al-
though SC participation showed a range of associations
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with PA patterns, dropout from SC was common in all
the patterns (mean 32%). In terms of PA promotion, the
challenges are two-fold: how to prevent dropout from
SC, and how to support compensatory PA as a substitute
for SC activities, in cases where SC participation has
come to an end during young adulthood.

Male participants were more likely to be present in the
group exhibiting declining PA from a high baseline level.
A review of previous studies found a slightly larger de-
crease in males than in females from adolescence to
adulthood, possibly due to higher activity levels in youth
[1]. The present study also indicated that even if PA de-
clined from high PA levels, most of the young people in
this group were still physically active, since they actually
fulfilled the PA guidelines for children and adolescents
at age 19 [27].

Decreasers from moderate PA formed the only group
in which, at age 19, the activity fell to approximately the
same level as that of the inactivity maintainers. Further-
more, as compared to the other patterns, the pattern of
PA decrease from a moderate to a low level was not pre-
dicted by gender, or by sociodemographic factors; nor
was it related to certain types of changes in SC participa-
tion or AC. Withdrawal from AC and SC between ages
15 and 19 was common overall. It amounted to over one
third among decreasers from moderate PA, but as the de-
velopment was on average the same in the rest of the
study population, no difference was found relative to the
other patterns. Future research will be needed to exam-
ine other possible determinants and correlates that could
characterize this pattern of declining activity. Moreover,
more research in general is called for regarding longitu-
dinal PA patterns and their determinants [10, 12, 14];
these might include social and environmental factors,
health behaviour, and life changes [11]. If the aim in fu-
ture is to achieve a deeper understanding of the changes
in PA domains over time, various up-to-date methods
will be applicable, including GPS [34].

This study indicated that changes in MVPA reflected
changes in sedentary behaviour, with increased sedentary
time being more likely to occur within the declining PA
patterns. Although the result seems somewhat self-
evident, it emphasizes the importance of seeking possi-
bilities to discourage sedentary behaviour, as a means to
prevent PA decrease. However, among the inactivity
maintainers, light PA increased at the same time as
MVPA slightly decreased — though without any changes
in sedentary time. On this basis, one cannot actually
claim that sedentary time and MVPA directly displace
one another (see also [19]).

Interestingly none of the studied sociodemographic
variables related to PA change patterns. The patterns
did not even differ in terms of family affluence, despite
findings in some previous studies indicating that family
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socioeconomic factors could explain differences between
PA change patterns [3, 16]. Many typical life changes
had not occurred at age 19, given that most of the par-
ticipants were still living with their parents. Only a
minority had started studying in higher education or
embarked on working life. Hence, in future studies, pos-
sible differences in life events and choices between dis-
tinct PA change patterns should be examined.
Furthermore, differences in the health and health behav-
iour of young adults in terms of PA patterns will be an
important research topic in future, bearing in mind that
the results of self-reported health differentiated between
PA patterns.

The following limitations should be noted: the study
sample was relatively small and does not represent the
entire Finnish population of the age cohort in question,
even though it was collected from different parts of
Finland. Participation in terms of gender and school
achievement was unequal. Rather more winter measure-
ments were conducted during the first data collection
period as compared to the second data collection; how-
ever, difference was taken into account in the analysis.
Moreover, partly because of the sampling method (in-
volving both sports clubs and schools), the young people
represented by the data are more active than on average;
however, this could also be regarded as a strength, inso-
far as the data enable thorough analysis of high PA
maintenance and SC participation. One should also note
that additional PA measurement periods would have
strengthened the validity of the results, with possibilities
for different PA change patterns to be identified between
the baseline and post-measurement.

The main strength of the present study is the
provision of longitudinal, objectively measured PA data
from the (less often studied) period from adolescence to
young adulthood (see also [1, 11, 35]), over a diverse
sample of Finnish young people. The data-driven extrac-
tion of longitudinal PA patterns (KmL) [25] represents a
modern way to research change and stability in PA
behaviour over time. It should be noted that a linear
regression analysis for the entire sample is unable to
illustrate the differences in determinants and correlates
between distinct PA change patterns [see Add-
itional file 6]. This highlights the importance of pattern-
based analysis. Another novel aspect is the analysis of
multiple PA domains in relation to PA patterns, taking
into account the change in both outcome (PA patterns)
and explanatory variables. Former prospective studies on
changes in PA domains have rarely included several
domains in the same sample [17].

Conclusions
Five distinct PA change and stability patterns could be
identified. Dropout from SC and from AC was prevalent
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in all the PA patterns. The study highlights the import-
ance of SC participation in supporting maintenance of
PA, and preventing a decrease in PA. An absence of AC
and of SC participation was associated with sustained in-
activity from adolescence to young adulthood. The
group of inactivity maintainers also reported a lower
level of (optional) school physical education as compared
to the other PA patterns. In tackling sustained inactivity
in the youth population, actions that increase any of the
studied PA domains may be appropriate. Preventing
dropout from organized sports, and supporting substi-
tutes for SC participation, may be appropriate for pre-
venting a decrease in PA. Similarly, to sustain sufficient
activity, young people who up to now have followed
favourable PA patterns may benefit from further sup-
portive actions. However, these assumptions need to be
tested in intervention studies tailored towards particular
PA change and stability patterns. The influence of psy-
chosocial and environmental factors in explaining differ-
ences between PA change patterns remains to be
investigated in future research.
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Abstract

Background The decline in physical activity (PA) during adolescence is well-established. However, while some
subgroups of adolescents follow the general pattern of decreased activity, others increase or maintain high or low
activity. The correlates and determinants of different PA patterns may vary, offering valuable information for targeted
health promotion. This study aimed to examine how psychosocial factors, health behaviours, and PA domains are
associated with longitudinal PA patterns from adolescence to young adulthood.

Methods This prospective study encompassed 254 participants measured at mean ages 15 and 19. Device-
measured moderate-to-vigorous PA was grouped into five patterns (activity maintainers, inactivity maintainers,
decreasers from moderate to low PA, decreasers from high to moderate PA, increasers) via a data-driven method, K-Means
for longitudinal data. Multinomial logistic regression was used to analyse the associations between health behaviours,
psychosocial factors, PA domains, and different PA patterns.

Results A lack of sports club participation characterised inactivity maintainers throughout adolescence. Difficulties

in communicating with one’s father at age 15 were associated with higher odds of belonging to inactivity maintainers
and to decreasers from moderate to low PA. Lower fruit and vegetable consumption at age 19 was also related to
increased odds of belonging to the groups of inactivity maintainers and decreasers from moderate to low PA. Smoking at
age 19 was associated with being a decreaser from moderate to low FPA.

Conclusions Diverse factors characterise longitudinal PA patterns over the transition to young adulthood. Sports
club participation contributes to maintained PA. Moreover, a father-adolescent relationship that supports open
communication may be one determinant for sustained PA during adolescence. A healthier diet and non-smoking as a
young adult are associated with more favourable PA development.
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Background

The decline in physical activity (PA) during adolescence
is a global health concern [1]. Overall, PA tends to decline
with increasing age [2, 3], such that as compared to
younger age groups [1], more adolescents fail to meet the
one-hour moderate-to-vigorous PA (MVPA) per day rec-
ommendation [4]. However, despite the overall decline in
PA, considerable individual variation exists in the devel-
opment of PA over adolescent years — a point illustrated
by studies identifying distinct longitudinal PA patterns
or trajectories [5-9]. There is a need for studies to deter-
mine how those adolescents who maintain favourable PA
differ from those who decrease their activity, or those
who maintain an inactive lifestyle. Such research would
open up possibilities to guide PA interventions [2, 5, 6,
10].

PA is a complex behaviour, varying over time. Numer-
ous theories and models have been applied to shed light
on it. One of these, the (socio)ecological model, is based
on the idea that PA may be influenced by (1) individual
(e.g. genetic or psychological) factors, (2) social or cul-
tural factors, (3) the built environment, and (4) policies
[11, 12]. Thus, the determinants and correlates of lon-
gitudinal PA patterns may exist at many levels. More-
over, the contexts of living and of PA change over the life
course [13-15], and this further increases the possible
correlates for sustained and changed PA. The transition
to young adulthood typically involves increasing auton-
omy. This is frequently linked to important changes (such
as moving out of the childhood family home, or entering
higher education or employment) that may predispose
individuals to changing their health behaviours. As well
as acknowledging the changes in environments and the
impacts of life events during the lifespan, the life course
approach considers the impact of earlier life phases on
subsequent phases, and assumes that there may be ideal
times for intervening in health behaviours [16-18].

A number of possible correlates/determinants for lon-
gitudinal PA patterns during adolescence have previously
been examined, including maturity [7, 19, 20], socio-
economic status [21], other health behaviours [19, 20],
support for PA [20, 21], PA domains [5], and distance to
the nearest park and school [20]. However, the research
base is still limited, and apart from family and peer sup-
port for PA, the psychosocial factors correlating with PA
patterns have received little attention. Moreover, for the
most part, only a single health behaviour has been stud-
ied in relation to longitudinal PA patterns [6, 20], even if
there would be reason to examine the possible accumula-
tion of behavioural risk and/or protective factors in rela-
tion to longitudinal PA patterns. Overall, information on
the co-occurring and multidimensional characteristics
of longitudinal PA patterns could be valuable for health
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promotion, one aim of which is to increase or maintain
physical activity during adolescence.

Another limitation in previous research is that only
some studies have used accelerometry in PA assessment
rather than self-reported measurements; furthermore,
the majority of studies have not applied data-driven
methods for identifying distinct PA patterns. Data-driven
methods can better identify genuinely heterogeneous
PA patterns as compared to subjective methods (which
can involve splitting into quartiles, or applying predeter-
mined levels of PA).

Our aim was to study how psychosocial factors (lone-
liness, weight satisfaction, ease in talking to parents,
exercise with parents) and health behaviours (alcohol,
tobacco, and snuff use, amount of sleep, eating behaviours,
toothbrushing) are associated with longitudinal PA pat-
terns from adolescence to young adulthood (referring
here to the patterns represented by activity maintainers,
inactivity maintainers, decreasers from moderate to low
PA, decreasers from high to moderate PA, and increasers
[5]). Moreover, the associations between activity domains
and PA patterns were examined together with psychoso-
cial factors and health behaviour, the aim being to assess
the most important correlates for sustained and changed
PA during the transition to young adulthood. In previ-
ous analyses using the same study data, changes in sports
club participation have emerged as significantly related
to maintained and decreased PA, and passive commut-
ing throughout adolescence has been found to be related
to maintained inactivity [5]. Thus, we hypothesised that
when analysed together with the other studied factors,
we would find participation in a sports club to be related
to maintained or increased PA, and passive commut-
ing to maintained inactivity. Moreover, we hypothesised
that (1) decreasing PA to a low level, and (2) maintained
inactivity, would be associated with at least some health-
compromising behaviours and psychosocial challenges.

Methods

Participants and study procedure

The data for this observational cohort study were drawn
from the Health Promoting Sports Club study (HPSC),
conducted in the years 2013-2014 and 2017-2018. At
baseline, the participants (mean age 15) were recruited
on the basis of power calculations [22] from 156 sports
clubs and 100 schools within six large cities and sur-
rounding communities in different parts of Finland [5,
20].

The procedure was the same at baseline and follow-up.
Hence, the participants took part in electronic surveys
on current health status and behaviours, and partici-
pated in medical examinations containing screening by
a physician, a fasting blood sample, and instructions to
use a hip-worn accelerometer (seven consecutive days
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during waking hours, except when bathing or doing
water activities).

Nearly two thirds (64%) of the baseline participants
(n=583, mean age 15.5, SD 0.6), also took part in fol-
low-up measurements (#=371, mean age 19.4, SD 0.6).
In total, 254 adolescents (60% females) provided valid
accelerometry data for both measurements (swimmers
excluded: n=22, at least four days, 10 h/day). See [5, 20]
for more study details.

Measures

Outcomes (longitudinal PA patterns)

PA was measured via a Hookie accelerometer (AM20
Activity Meter, Hookie Technologies Ltd., Helsinki, Fin-
land), which collected and stored tri-axial data as actual
g-units (100 Hz sampling frequency). The data were ana-
lysed in units of 6 seconds’ duration. The PA analysis was
based on mean amplitude deviation analyses (MAD),
calculated from a resultant tri-axial raw acceleration sig-
nal, and converted to metabolic equivalents (METs) [23,
24]. The epoch-wise MET values were further smoothed
by calculating the 1-minute exponential moving aver-
age MET value for each epoch time point. MVPA was
defined as > 3.0 METs.

The formulation and details of the longitudinal PA
patterns have been described previously [5]. In brief, by
applying k-means for longitudinal data (KmL) [25] based
on the two MVPA measurement periods, the participants
were grouped into distinct clusters so that the clusters
were as different from each other as possible. The KmlL
method belongs to classical algorithmic approaches
(hierarchical or partitional clustering), but similar model-
based methods also exist, such as mixture modelling
techniques or latent class analysis [25]. In this study, the
KmL was selected, as it could be run with only two mea-
surement points. Moreover, it performs especially well
when the sample size is small [26], and it is computa-
tionally less complex [27]. The longitudinal PA patterns
(clusters) arrived at consisted of inactivity maintainers,
activity maintainers, decreasers from moderate (to low)
PA, decreasers from high (to moderate) PA (see Addi-
tional file 1).

Exposure variables

The potential correlates and determinants of interest
were drawn from electronic surveys. With a few excep-
tions, the questions were based on the international
Health Behaviour in School-aged Children (HBSC) study
[1], and were repeated identically at both time points
(unless otherwise stated). All the HBSC survey questions
have been subject to validation and piloting at national
and international levels [28], and many of the items have
been assessed for their test-retest reliability [28, 29].
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The questions assessing sports club participation and
active commuting have been described elsewhere [5].
Dichotomous variables were used to assess participation
in sports clubs and active commuting (by bike or on foot)
to school (age 15), or to the study place or work (age 19).
The questions assessing active commuting were modified
from the Finnish schools on the Move survey [30].

DPsychosocial variables: Loneliness was measured by
one question: ‘Do you ever feel lonely?” In further cat-
egorisation, the response options very often and often
were combined, as were sometimes and never. A ques-
tion estimating satisfaction with one’s own current weight
included two response options (yes/no), and it was cre-
ated for the purposes of the present study.

Communication with parents: The study participants
were asked how easy it was for them to talk to their
mother about things that really bothered them. The
response options were: very easy, easy, difficult, and very
difficult, with the additional response option I don’t have
or see this person. Identical questions were posed regard-
ing communication with the father and (if applicable)
stepfather and stepmother. Separate dichotomised vari-
ables (easy vs. difficuslt) were formed for communication
with (1) the mother and (2) the father. The latter also
included talking over difficulties with one’s stepfather in
cases where the respondent did not have a father (base-
line n=3, follow-up n=5). Cases were excluded where
there was neither mother nor stepmother (baseline n=3,
follow-up n=38) (and similarly neither father nor stepfa-
ther, baseline n=14, follow-up n=16).

The frequency of exercising together with a parent was
assessed via a question: ‘During a typical week: How
often does your mother (or your stepmother if your
mother does not live in your primary home).... exercise
or do sport with you?” A corresponding question assessed
exercising together with the father. Two categories were
formed, encompassing (1) sometimes to very often, and
(2) never to occasionally. Category 2 also included not
having the parent in question, or not seeing that parent.

Health behaviour: 'The frequency of alcohol consump-
tion was based on a question used in the Finnish School
Health Promotion (SHP) study [31]: ‘On the whole, how
often do you consume alcohol, for example a half-bot-
tle of beer or more?. The response options ranged from
Once a week or more often to I don’t drink alcoholic bev-
erages. A dichotomised variable was formed: (1) at least
once a month, (2) less frequently or no consumption at all.

Lifetime drunkenness was based on a question asking
adolescents whether they had ever had so much alcohol
that they were really drunk. The response alternatives
ranged from never to more than 10 times. A dichot-
omised variable was formed for lifetime drunkenness: (1)
two times or more vs. (2) never or once.
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Snuff use was assessed via the following question ‘Do
you currently use snuff?” The responses were categorised
into two groups encompassing (1) less frequently to every
day, (2) non-users. A correspondingly dichotomised vari-
able was used to assess smoking frequency. Here, the cat-
egories less than weekly, weekly, and daily smokers were
combined, due to the overall small proportion of current
daily smokers at age 15.

Toothbrushing frequency was determined via a ques-
tion: ‘How often do you brush your teeth?. The answer
options were dichotomised (< twice daily vs. twice daily)
according to the international recommendation of twice-
daily toothbrushing. Furthermore, the responses on fre-
quency of eating breakfast on weekdays and frequency of
eating school meals were dichotomised to (5 days vs. 4
days or less per week).

The fruit and vegetable index and the sweets and sug-
ared soft drinks index were based on a question assessing
the consumption of listed foods and drinks. The response
options ranged from never to every day, more than once.
The vegetable index ranged from 0 to 14, where value 0
represented no fruit and vegetable consumption, and
value 14 consumption of both fruit and vegetables at least
once a day. Correspondingly, value 0 indicated consuming
both sweets and sugared soft drinks at least once a day,
while value 14 indicated never eating sweets and sugared
soft drinks (for more details see 32, 33). Energy drinks
(with examples given such as Battery, RedBull) were
also among the listed foods and drinks, and adolescents’
responses indicating energy drink consumption were cat-
egorised into two groups: (1) at least weekly, (2) never or
less than weekly.

The amount of sleep was asked by a question created
for the purposes of the present study: ‘How many hours
do you sleep on average on weekdays?. Respondents
reported the amount by a number.

Data analysis

The cross-sectional differences between PA patterns were
assessed with cross-tabulations and Chi-square test/
Fisher’s exact test for categorial variables, and with the
Kruskall-Wallis test (with post hoc Dunn’s test, adjusted
by the Bonferroni correction for multiple tests) for con-
tinuous variables.

Multinomial logistic regression analyses were con-
ducted to calculate odds ratios (ORs) with 95% confi-
dence intervals (CIs) for the associations between the
exposure variables and membership of PA patterns. For
these analyses, the categories of activity maintainers
and increasers were combined due to the relatively small
number of increasers (n=20), and because both catego-
ries represented a favourable evolution of PA in terms of
health. This combined group was used as a reference in
the analyses. Multiple different models were tested with
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the forced entry method, until the best-fitting ones were
reached separately for (1) the baseline (mean age 15) and
(2) the follow-up (mean age 19). Thus, the models (1)
predicted membership of each pattern by determinants
from the baseline (mean age 15), and (2) characterised
the patterns at mean age 19 (longitudinal correlates). The
models were adjusted for the measurement interval (age
at the 2nd measurement minus age at the 1st measure-
ment) and for the change in device wear-time. Missing
cases (n=1-14) were excluded from the analyses. The
data analysis was performed using SPSS version 26, and
the significance level was set at p<0.05 in all the statisti-
cal tests.

Results

Descriptive information

Detailed descriptive information on the study partici-
pants has been provided previously [5], see also Addi-
tional file 2. Briefly, at baseline, nearly two-thirds (62%)
of the participants lived in families with high affluence.
At follow-up, most of the participants (69%) were still
living with their parents. Half of the sample (49%) were
studying in upper secondary education, while 13% were
studying in higher education, and 21% were working (not
studying) during the follow-up measurement. The inac-
tivity maintainers were mostly females (73%), while the
decreasers from high to moderate were mostly males (vs.
19% females). There were no other differences in sociode-
mographic characteristics between the PA patterns (see
Additional file 2).

A previous study found no differences in baseline
MVPA, family affluence, or perceived health between
the baseline participants and those lost to follow-up [5].
However, males, and those who reported lower school
achievement, were more likely not to participate in the
post-measurement (p<0.001).

Psychosocial and health behavioural characteristics of the
PA patterns: univariable analysis

As shown in Tables 1 and 2, there were differences
between PA patterns in multiple psychosocial variables
(loneliness, communication difficulties with father, exer-
cise with parents, and weight satisfaction) and in some
health behaviours (smoking, dietary habits, and sleep).
For example, exercising together with a parent at least
occasionally was less frequent among inactivity main-
tainers (57%) and decreasers from moderate to low (59%)
at age 15 as compared to increasers (95%) (Table 1).
Health behaviours did not differ between PA patterns at
age 15, apart from a slightly lower average sleep amount
among inactivity maintainers as compared to decreasers
from high to moderate PA and increasers (Table 2).
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Table 1 Psychosocial characteristics compared between longitudinal physical activity patterns, n (%)

All Inactivity Activity Decreas- Decreas- Increasers p-
maintainers maintainers ersfrom  ersfrom value
moderate high PA
PA
Feeling loneliness quite often/often
age 15 15 (6) 6(9) 4(6) 2(3) 2(7) 1(5) 0.778
age 19 24.(10) 10 (14) 4(6) 10 (16) 0 0.017
Ease of talking with mother
age 15 202 (82) 57 (84) 57 (84) 44 (73) 26 (87) 18 (90) 0.390
age 19 208 (83) 57 (81) 54 (77) 49 (82) 30 (94) 18 (95) 0.182
Ease of talking with father
age 15 163 (68) 38(57) 49 (77) 33 (55) 26 (90) 17 (85) <0.001
age 19 153(64) 41 (61) 37 (56) 34 (60) 24 (83) 17 (90) 0.012
Ease of talking with at least one parent
age 15 209 (85) 58 (85) 61 (88) 46 (77) 26 (87) 18 (90) 0434
age 19 217 (86) 60 (86) 56 (80) 52 (85) 30 (94) 19 (100) 0.139
Mother exercises or does sport with you at least
occasionally
age 15 106 (43) 27 (40) 35(51) 20 (33) 10 (33) 14 (70) 0.020
age 19 88 (35) 18 (26) 30 (43) 22 (36) 5(16) 13 (68) 0.001
Father exercises or does sport with you at least
occasionally
age 15 120 (48) 21 (31) 38 (55) 25 (41) 17 (57) 19 (95) <0.001
age 19 73 (29) 16 (23) 24 (35) 15 (25) 7 (23) 11 (58) 0.024
At least one parent exercises or does sport with you
age 15 162 (65) 39 (57) 49 (71) 36 (59) 19 (63) 19 (95) 0.010
age 19 119 (47) 30 (43) 40 (57) 29 (48) 7 (23) 13 (68) 0.006
Satisfied with one’s own weight
age 15 194 (77) 46 (67) 51 (74) 47 (77) 31(97) 19 (95) 0.002
age 19 179(72) 41 (59) 51(73) 40 (69) 30 (94) 17 (85) 0.003

Note: The identification of the longitudinal physical activity patterns was based on two valid accelerometry measurement periods of moderate-to-vigorous physical
activity, and used a data-driven method (K-means for longitudinal data, KmL [25]) [5]. p-values have been assessed using the Chi-square test or Fisher's exact test (in

cases of sparse data) for categorical variables

Correlates and determinants (multivariable analysis)

The most significant correlates and determinants for
belonging to PA patterns were detected via multinomial
logistic regression, using the combined group of activ-
ity maintainers and increasers as a reference (Figs. 1
and 2, Additional file 3). Both of the best-fitting mod-
els included sports club participation and gender as the
most significant exposure variables, together with talking
about difficulties with one’s father (using a model consist-
ing of only baseline predictors) and fruit and vegetable
consumption (using a model consisting of only exposure
variables from follow-up measurements).

Not participating in a sports club (OR: 4.6; CI: 2.2-9.6)
and communication difficulties with one’s father (OR: 2.4;
CI: 1.1-5.1) at age 15 were associated with increased
odds of being an inactivity maintainer as compared to
membership of a group with favourable PA develop-
ment. Correspondingly, communication difficulties with
one’s father at age 15 (OR: 3.3; CI: 1.6-7.1) was related to
belonging to decreasers from moderate to low PA. Male

gender was the only significant determinant for belonging
to the decreasers from high PA.

Female gender (OR: 2.4; CI: 1.03-5.4), lower fruit and
vegetable consumption (OR: 0.8; CI: 0.7-0.9), and not
participating in a sports club at age 19 (OR: 6.4; CI:
2.6-14.7) were associated with increased odds of being
an inactivity maintainer as compared to belonging to
the combined group of activity maintainers and increas-
ers. A lower fruit and vegetable consumption index at
age 19 (OR: 0.9; CI: 0.8—0.97) was also related to being a
decreaser from moderate PA. The same was true of smok-
ing (OR: 3.0; 1.005-8.8).

Discussion

The study aimed to determine the psychosocial, health
behavioural and PA domain-related characteristics of
different longitudinal PA patterns from adolescence to
young adulthood. The patterns (i.e. groups with differ-
ent PA development over time) were based on device-
measured MVPA and formed via a novel data-driven
method. Multilevel factors were found to characterise the
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Table 2 Health behavioural characteristics compared between longitudinal physical activity patterns

Mean All Inactivity Activity Decreasers Decreas- Increasers p-
age maintainers maintainers from moder- ers from (E) value
(A) (B) ate PA (C) high PA
(D)
Smoking (other than non-smoking), n (%) 15 14 (6) 6 (9) 34) 5(8) 0 0 0333
19 34 (13) 14 (20) 6(9) 12 (20) 2(6) 0 0.036
Snuff use (other than no snuff use), n (%) 15 8(3) 4 (6) 1(1) 2(3) 0 1(5) 0.469
19 25 (10) 6(9) 4 (6) 7(12) 7(22) 1(5) 0.155
Alcohol consumption at least once a month, 15 21 (9) 9(13) 6 (9) 4(7) 2(7) 0 0453
n (%) 19 167 (66) 45 (63) 49 (70) 36 (59) 24 (75) 13 (68) 0533
Have been drunk at least twice, n (%) 15 25 (10) 11(16) 8(12) 3(5) 2(7) 1(5) 0.268
19 166 (66) 47 (66) 42 (60) 39 (64) 26 (871) 12 (63) 0.333
Eating a school meal every school day, n (%) 15 204 (82) 58 (85) 56 (81) 51 (84) 22 (73) 17 (85) 0.694
Eating breakfast every weekday morning, n 15 165 (67) 42 (62) 48 (70) 40 (66) 21 (70) 14 (70) 0.866
(%) 19 209 (83) 53 (76) 57 (81) 51 (84) 30 (94) 18 (95) 0.134
Daily consumption of fruits or/and veg- 15 110 (44) 26 (38) 36 (52) 23 (38) 15 (50) 10 (50) 0348
etables, n (%) 19 108 (43) 23 (32) 37 (53) 21 (34) 18 (56) 9 (47) 0.035
Fruit and vegetable consumption index, 15 9.1 (4.3) 8.0 (4.6) 9.9 (3.9) 8.5 (4.4) 106 (3.7) 100 (4.2) ns
mean (SD) 19 93(40) 7742 106 (3.6) 87 (4.1) 108(30) 100(40) A<B**
A<D**
Sweets and sugared soft drinks consumption 15 6.0 (3.5 59 3.6) 6.1 (3.5 6.6(3.2) 49 (3.4) 5.9 (3.5) 0.240
index, mean (SD) 19 72 (3.4) 7.1 (3.4) 72(3.6) 73(3.0) 7.7 (3.7) . 0915
At least weekly energy drink consumption, 15 20 (8) 8(12) 4 (6) 4(7) 2(7) 2(10) 0.721
n (%) 19 27(11) 5() 7 (10) 4(7) 8 (25) 3(16) 0.065
Brushing teeth two times per day, n (%) 15 158 (64) 44 (65) 45 (65) 40 (66) 19 (63) 10 (50) 0.769
19 174 (69) 48 (68) 49 (70) 40 (66) 24 (75) 13 (68) 0915
Sleep duration on weekdays, mean hours (SD) 15 82(0.8) 8.0(0.8) 83(0.7) 83(0.8) 85 (0.6) 8.6(0.8) A<D*
A<E*
19 7.8(0.9) 7.7 (0.9) 7.7 (1.0) 7.8(0.9) 7.8(0.8) 79(0.6) ns

Note: The identification of the longitudinal physical activity patterns was based on two valid accelerometry measurement periods of moderate-to-vigorous physical
activity, and used a data-driven method (K-means for longitudinal data, KmL [25]) [5]. p-values have been assessed using the Chi-square test or Fisher's exact test (in
cases of sparse data) for categorical variables. The Kruskal-Wallis test was used in analysing differences in mean values between PA patterns cross-sectionally (with
post hoc Dunn'’s test adjusted by the Bonferroni correction for multiple tests). ns=non significant; PA=physical activity; SD=standard deviation; * p<0.05; ** p <0.01

i p=0.323 e [nactivity maintainers
Female gender == p=0.658 . Decreasers from
= : p = <0.001 moderate to low PA
—e— p=0.025 Decreasers from
Difficult to talk with father ! —=—  p=0.002 high to moderate PA
e p=0.329

! e p=<0.001

No participation in sports club - p=0.511

—e—— p =0.067
T f T 1

0.01 0.1 1 10 100

Odds ratios (log-scale) with their 95% confidence intervals, calculated via a multinomial logistic regression
analysis predicting belonging to longitudinal physical activity patterns. Comparisons of inactivity maintainers
and decreaser groups with the combined group of activity maintainers and increasers. Adjusted for the
measurement interval and the change in device wear-time between baseline and follow-up.

Fig. 1 Analysis stemming from exposure variables presented at baseline (mean age 15)
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. —e—  p=0080 o |pactivity maintainers
Smoking —a— p =0.049
R p=0.807 , Decreasersfrom
—e—i p =0.044 moderate to low PA
Female gender - p=0.531 Decreasers from
: p = <0.001 high to moderate PA
. —e— p=<0.001
No participation in sports club - p = 0.307
i p =0.927
- p =<0.001
Fruit and vegetable consumption index n p =0.008
3] p=0.058
L] ] 1 1
0.01 0.1 1 10 100

Odds ratios (log-scale) with their 95% confidence intervals, calculated via a multinomial logistic regression
analysis determining correlates for belonging to longitudinal PA patterns. Comparisons of inactivity maintainers
and decreaser groups with the combined group of activity maintainers and increasers. Adjusted for the
measurement interval and the change in device wear-time between baseline and follow-up.

Fig. 2 Analysis stemming from exposure variables presented at follow-up (mean age 19)

PA patterns. At age 15, gender, sports club participation,
and communication difficulties with one’s father were the
most important predictors for PA patterns. Correspond-
ingly, at age 19, gender, sports club participation, and fruit
and vegetable consumption were associated with longitu-
dinal PA patterns.

A lack of sports club participation characterised inac-
tivity maintainers throughout adolescence. Indeed, such
non-participation showed the strongest association for
belonging to this PA pattern. The result is in line with
previous studies showing the relation between sports
participation and maintained PA during adolescence [5,
9, 19]. Sports clubs have an important role in supporting
maintained PA, including during early young adulthood,
even if dropout from organised sports is common during
adolescence [5, 34]. In Finland, sports clubs are typically
based on voluntary civic activities at local level.

Surprisingly, communmnication difficulties with the father
(but not with the mother) were related to increased
odds of being a decreaser from moderate to low PA and
also of being an inactivity maintainer. This implies that
a father-adolescent relationship that supports open com-
munication might be one determinant for sustained PA
behaviour during adolescence. Note that we used only
one question to assess the broad phenomenon, and that
the association disappeared at age 19. One can suggest
that analysis of the communication and relationship with
parents would be a topic for future research on PA devel-
opment during adolescence, since previous research has
shown that parent-adolescent communication predicts
adolescent MVPA one year later [35], and that commu-
nication difficulties pose a risk for decreased life-satis-
faction [36-38]. Generally speaking, there has been a

positive increasing trend in ease of communication with
both parents over the 2000s, although communication
with the mother has appeared to be easier than with the
father [39, 40]. Future studies should examine whether
communication with friends (including girl-/boyfriend)
and siblings compensates for poorer communication
with parents, especially during young adulthood. Further
research could also encompass the extent to which a par-
ent’s divorce (and subsequent residential arrangements)
and the adolescent’s individual temperament alter the
association between communication problems and PA
patterns.

Feelings of loneliness at age 19 were more com-
monly reported by inactivity maintainers (14%) and by
decreasers from moderate to low PA (16%) as compared
to increasers (0%) and decreasers from high to moderate
PA (0%). Because frequent loneliness was non-existent in
some PA patterns, the loneliness variable did not fit into
the logistic regression models. The association we found
in cross tabulation is logical also when placed alongside
a review study which provided evidence for the potential
diminishing effect of loneliness on PA — but conversely,
the potential value of PA in reducing loneliness [41].

From the multiple health behaviours analysed only fruit
and vegetable consumption and smoking appeared among
the multilevel correlates for PA patterns at age 19. Lower
fruit and vegetable consumption was related to increased
odds of belonging to both inactivity maintainers and
decreasers from moderate to low PA, with smoking also
being related to the decreaser group. These findings are
more or less as expected, since both unhealthy and harm-
ful behaviours tend to accumulate [42]. Moreover, the
results here are in line with previous research indicating
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that fruit and vegetable consumption is higher among
adolescents who are persistently active [43]. In another
study exploring multiple health behaviours (but not
dietary habits), smoking, and being drunk (the latter only
for girls) at baseline (i.e. among 13- to 15-year-olds) were
associated with increased odds of being an inactivity
maintainer rather than an activity maintainer [19]. Sim-
ilarly, smoking at a young adult age was more common
among persistently sedentary participants than among
their persistently active counterparts [44]. In our study,
neither alcohol consumption nor binge drinking differed
between the PA patterns, but the results are similar to
previous studies insofar as smoking seems to be related
to unfavourable PA development over time. According
to a recent review study — which did not consider differ-
ent longitudinal PA patterns — PA is positively associated
with alcohol use among emerging adults (aged 18-25)
but less consistently among adolescents [45]. However,
methodological and contextual differences hinder com-
parison between the studies in question.

The decreasers from high to moderate PA constituted
a relatively small group that could be characterised only
by male gender. Maintained participation in sports clubs
and also withdrawal from sports clubs (as opposed to
‘never-participation; i.e. non-participation at either age
15 or 19) have previously been related to increased odds
of being in this group of decreasers [5]. However, as com-
pared to the other PA patterns detected, this decreaser
group is less homogeneous, as shown by the relatively
wide standard deviation in PA levels. These limit the
possibility to form conclusions on the characteristics of
this pattern. A similar pattern, involving a substantial
decrease from high MVPA, has been found in a previous
study by Kwon et al. [21], in which the male gender was
more prevalent.

With regard to the other studied background variables,
a lack of active commuting at either baseline or follow-
up did not significantly differentiate between the PA
patterns, even if sustained passive commuting has been
related to maintained inactivity in the same study popu-
lation (when inactive maintainers were compared to all
the other groups together) [5]. This finding is a reminder
that the time-varying nature of possible correlates should
be also taken into account, and not just the associations
at a single time point (see also [18, 46]).

Strengths and limitations

The main strengths of this study are the use of relatively
large prospective data from a less-studied period of life
(see also [2, 3, 6]), combining information from both sur-
vey and accelerometry to assess determinants and corre-
lates for changed and maintained PA. Instead of grouping
participants on the basis of predetermined PA levels, we
used a novel data-driven method to identify genuinely
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heterogeneous PA patterns. The survey questions were
mainly drawn from the international HBSC study, and
the questions have thus been subject to validation [28].

The study encompassed multilevel predictors and cor-
relates. However, it remains possible that certain other
factors, operating for instance at the environmental
level, might determine the differences between PA pat-
terns. The data were limited to two measurements, and
additional time points might have revealed more fluctua-
tions in PA during adolescence. Furthermore, the num-
ber of persons in some of the PA patterns was small,
which decreased the statistical power. Partly because of
the sampling method (involving both sports clubs and
schools), the young people in this study were more active
than on average. However, this is also a strength, since
it enabled a thorough analysis of PA and related factors
for highly active young people in addition to those in the
average population. Moreover, it can be claimed that the
recruitment of the participants from six different regions
of Finland (from 100 schools and 156 sports clubs)
increased the quality of this study, even if the results are
not directly generalisable to the entire Finnish age cohort
in question.

Conclusions

This study contributed to the limited research base on
PA development and its correlates during the transition
to young adulthood. The results indicate that the rela-
tionship with one’s father may play a role in supporting
maintained PA during the adolescent years. Furthermore,
a healthier diet and non-smoking as a young adult are
associated with more favourable PA development. The
study gives indications that although dropout from a
sports club is common during adolescence [5, 34], organ-
ised sports still have a contribution in supporting favour-
able PA development when adolescents reach young
adulthood.

While the study was successful in revealing some char-
acteristics of the PA patterns, much variation exists in
PA behaviour and related factors. Thus, the findings also
demonstrate the complex and multidimensional nature
of PA behaviour. This implies that there can be no ‘one
size fits all’ in PA promotion; nevertheless, by addressing
multiple different aspects, there may be better possibili-
ties for preventing a decrease in PA and supporting the
maintenance of healthy PA.

Abbreviations

a confidence interval

MET metabolic equivalent

MVPA  moderate-to-vigorous physical activity
OR odds ratio

PA physical activity
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age, fruit/vegetable consumption, cigarette/snuff use, and change in the device
wear-time.

Results: Insulin and BMI increased among decreasers from moderate to low PA (3
for insulin 0.23, 95% CI 0.03-0.46; f# for BMI 0.90; CI 0.02-1.78). The concentra-
tion of HDL cholesterol decreased ($ —0.18, CI —0.31 to —0.05) and that of glucose
increased (/3 0.18, CI 0.02-0.35) among decreasers from high to moderate PA. By
contrast, among increasers, blood pressure declined (systolic  —6.43, CI —12.16
to —0.70; diastolic f —6.72, CI —11.03 to —2.41).

Conclusions: Already during the transition to young adulthood, changes in PA
are associated with changes in cardiometabolic risk factors. Favorable blood pres-
sure changes were found among PA increasers. Unfavorable changes in BMI, in-
sulin, glucose, and HDL cholesterol were found in groups with decreasing PA.
The changes were dependent on the baseline PA and the magnitude of the PA

decline.

KEYWORDS

1 | INTRODUCTION

Physical activity (PA) decreases the risk for chronic dis-
eases such as cardiovascular diseases and type 2 diabetes,?
which are among the leading causes of death worldwide.’
Although the full cardiometabolic benefits of PA appear
over the course of decades, some health outcomes have
been observed at childhood and adolescence.*” However,
the latter observations are based on a limited number of
studies using heterogeneous methods.**

The associations between PA and cardiometabolic
outcomes in prospective studies are traditionally exam-
ined either by analyzing (i) baseline PA in relation to a
follow-up cardiometabolic outcome or change in the out-
come, or (ii) the association between a change in PA and
a change in the cardiometabolic outcome.*>® However,
neither of these approaches take account of the fact that
distinct patterns of PA evolution might result in different
cardiometabolic outcomes, depending on the baseline PA
level, and also on the magnitude of the change in PA. Thus,
there is a need to analyze differences in cardiometabolic
risk between subgroups of adolescents with different PA
changes over time (also, see Ref.”).

A growing number of studies have identified distinct
longitudinal PA patterns (or trajectories) during adoles-
cence, identifying, for example, groups maintaining high
or low activity, and patterns of decreasing and increasing
activity (as we did in our previous study when we created
the PA groups used in the current study'’).'"'* Only a few
have gone further and focused on possible differences in
health outcomes between groups representing different

accelerometry, adolescent, blood pressure, body mass index, insulin resistance, young adults

PA patterns.”” ' Some of these studies have used objec-
tive methods for PA assessment'> "’ or applied data-driven
methods (algorithm- or model-based) to identify distinct
PA patterns."*'>'7 PA assessment via accelerometry is
recommended over self-reported measurements, since it
enables more reliable determination of e.g. the duration
and intensity of the PA.'” At the same time, data-driven
methods are better able to identify genuinely heteroge-
neous PA patterns than are subjective methods (such as
splitting into quartiles or using pre-determined levels of
PA). To our knowledge there are no studies on simulta-
neous cardiometabolic risk factors between various PA
patterns, with PA assessment conducted via accelerome-
try, and with patterns grouped via a data-driven method.
Existing studies fulfilling the methodological require-
ments mentioned above have examined the association
of PA patterns with the accumulation of body adiposity'’
and obesity development,lS but blood biomarkers have not
been studied in a similar manner. It should also be noted
that the follow-up periods used in previous studies have
varied: Oh et al.'” followed adolescents between the ages
15 and 23, while the study of Kwon et al.’” set the baseline
at childhood (with follow-up from 5 to 19 years).

Our aim was to examine how longitudinal PA patterns
(based on moderate-to-vigorous PA (MVPA) and exhibited
by inactivity maintainers, activity maintainers, decreasers
from moderate to low PA, decreasers from high to moderate
PA, and increasers)w were associated with the evolution of
cardiometabolic risk factors (blood lipids, glucose metab-
olism, blood pressure, and body mass index (BMI)), from
adolescence (mean age 15) to young adulthood (mean age
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19). The inactivity maintainers group was used as a ref-
erence. We hypothesized that decreasing PA is positively
and increasing PA inversely associated with cardiovascu-
lar risk factor development, at least in terms of some risk
factors.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This observational cohort study was part of the Health
Promoting Sports Club study, conducted in 2013-2014
and 2017-2018.%° At baseline, the participants (mean age
15years) were recruited from sports clubs and schools
in six large cities and surrounding communities, in dif-
ferent parts of Finland (Figure 1). The sports clubs rep-
resented the 10 most popular team and individual sports
disciplines: basketball, floorball, ice hockey, soccer, cross-
country skiing, gymnastics, orienteering, skating, swim-
ming, and track and field (for more details of the study
protocol see Ref.?*?").

The HPSC study was conducted in accordance with
the Declaration of Helsinki, and received ethical approval
from the Ethics Committee of the Healthcare District
of Central Finland 20.12.2012 (23 U/2012), 15.12.2016.
Written consent was required from the participants,
and also from a guardian when the participant was aged
under 18.

The participants first took part in electronic surveys on
current health behaviors and health status. On the basis of

Sports clubs invited, n=272

Refused, n=116 —

Sports clubs, n=156
Total sports club participants
invited to the pre-participation
screening, n=1123

power calculations, randomly selected participants were
also invited to participate in pre-participation screening
in one of the six national Centres of Excellence in Sports
and Exercise Medicine. The pre-participation screening
included screening by a physician and a fasting blood
sample.”’ Instructions were also given on a hip-worn ac-
celerometer, which the participants wore for 7 consecutive
days during waking hours, except when bathing or during
water activities. Surveys, clinical examinations and PA
measurements were all conducted during the same sea-
son of the year.

Nearly two-thirds (65% of the eligible participants) of
the baseline participants (n=583) also took part in the
study in 2017-2018 (n=371) with similar measurements
to those at baseline. The mean difference between the
baseline and follow-up measurements was 3.8years (SD
0.4, min 2.8, max. 5.1). In total, 254 participants pro-
vided valid accelerometer data and written consent for
both measurement points (for more details, see Ref.'%).
Participants who were diagnosed as patients with type
1 diabetes were excluded (n=4) as were also swimmers,
who were not able to use the accelerometer during their
swimming training (Figure 1). Out of those 250 partici-
pants, 239-250 at baseline and 242-250 at follow-up had
valid data on cardiometabolic risk outcomes.

2.2 | Physical activity

Physical activity was measured via a Hookie accelerom-
eter (AM20 Activity meter, Hookie Technologies Ltd.),

Schools invited, n=159

—— Refused, n=59

Schools, n=100
Total non-SC participants
invited to the pre-participation
screening, n=512

11 SC participants
from school-based
sample

Refused or could not
be contacted, n=699

8 non-SC participants
from SC-based sample Refused or could not be

(withdrawn from SC) contacted, n=353

Sports club participants who
underwent pre-participation
screening, n=424

Non-SC participants who
underwent pre-participation
screening, n=159

Baseline
mean age 15 n=583 in total
Died, n=3
Follow-u 4 —
P No permission to 578 young adults invited
mean age 19 to pre-participation

recontact, n=2

screening

Valid accelerometer data (at least
4 days, 10h/day, written consent)

Refused or could not
be contacted, n=207

from both measurements n=276

371 young adults who
underwent pre-
participation screening

After excluding swimmers (n=22)
and type | diabetics (n=4) n=250
(39% sports club participants)

FIGURE 1 Flow chart of the data collection and study sample.
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which collected and stored tri-axial data as actual g-units
with a 100Hz sampling frequency. The Hookie acceler-
ometer has been shown to be a valid measurement tool
for both adolescents** and adults.”> The data were ana-
lyzed in units of 6s duration. Continuous quiescent time
exceeding 30min was taken to indicate nonwear of the
device, as recommended also by others.” The PA analysis
was based on mean amplitude deviation analyses (MAD),
calculated from a resultant tri-axial raw acceleration sig-
nal, and converted to metabolic equivalents (METs).***
The epoch-wise MET values were further smoothed by
calculating the 1 min exponential moving average MET
value for each epoch time point. Moderate-to-vigorous
PA (MVPA) was defined as an MET value of >3.0.* For a
valid measurement, at least 10h per day and at least 4 days
per week were required, as was also informed consent for
the measurement.

The formulation of the longitudinal PA patterns has
previously been described in detail.'” Based on two valid
MVPA measurement periods, a k-means algorithm for
longitudinal data (KmL)*® was applied to identify homog-
enous subgroups, that is, clusters that were as heteroge-
neous as possible in comparison with each other. The PA
patterns were: inactivity maintainers, activity maintainers,
decreasers from moderate (to low) PA, decreasers from high
(to moderate) PA, increasers (Figure 2).

2.3 | Clinical examination

In the pre-participation screening, trained personnel
(with a specialization in healthcare) measured the height
and weight (wearing light clothes without shoes) of the
participants to the nearest 0.5cm and 0.1 kg. BMI was cal-
culated as weight (kg)/height (m)” The participant was
seated, and after at least 5min of rest, blood pressure was
measured via a validated, cuff-style oscillometric (auto-
mated) device.”” A second measurement was taken at an
interval of 1min. A third measurement was obtained if
there was more than 10mm Hg difference in systolic or
diastolic pressure between the first and second measure-
ment. The average of two (or three) measurements was
used in the analyses.

2.4 | Laboratory analyses

Venous blood samples were taken after participants had
fasted for at least 10h. Serum and plasma were separated
by centrifugation (2000g for 10min) and stored at —75°C
prior to analysis. Concentrations of fasting plasma glu-
cose, serum total cholesterol, high- and low-density cho-
lesterol (HDL, LDL), and triglyceride were analyzed using

standard enzymatic methods on a Cobas c702 clinical
chemistry analyzer (Roche Diagnostics). Serum insulin
concentrations were determined using electrochemilu-
minescence technology on Cobas e801, according to the
instructions of the manufacturer (Roche Diagnostics).
All measurements were carried out in an SFS-EN ISO
15189:2013 accredited laboratory.

The homeostasis model assessment for insulin resis-
tance (HOMA-IR) was assessed via the formula: (fast-
ing serum insulin (mU/L)xfasting plasma glucose
(mmol/L))/22.5.%

2.5 | Other variables

Participants reported their smoking, alcohol consump-
tion, snuff use, and eating behavior in the electronic
survey. Combined information covering at least weekly
cigarette and/or snuff use was applied in the analysis (yes/
no). Because fruit and vegetable intake is associated with
a reduced risk for cardiovascular disease® and reflects
healthy eating overall, a fruit and vegetable index*® was
applied in the analyses. The index ranged from 0 to 14,
where value 0 represented no fruit and vegetable con-
sumption and value 14 consumption of both fruit and veg-
etables at least once a day (for more details, see Ref.3%3h),
The assessment of family affluence was based on a previ-
ously validated Family Affluence Scale score, which was
calculated from participants’ answers to questions on four
common consumption indicators of material deprivation
(cars, bedrooms, computers, Vacations).32

2.6 | Statistical analyses

To characterize the PA patterns cross-sectionally,” the
Kruskal-Wallis test (with post hoc Dunn's test, adjusted by
the Bonferroni correction for multiple tests) and the Chi-
square test were used to reveal the differences in mean
values and in frequencies. The significance of the change
over time was calculated by the Wilcoxon signed rank test.
The independent samples ¢-test and Mann Whitney U test
were performed in the loss-to-follow up analysis. All the
descriptive data analyses were conducted using SPSS ver-
sion 26.

To further study the differences between PA patterns
with regard to cardiometabolic risk factors, linear growth
curve analyses (nlme package in R Studio; version 4.0.3)**
were conducted. The baseline level and the slope (rate
of change over time) of each cardiometabolic risk factor
were explained by (in addition to the PA pattern) sex, age,
fruit and vegetable consumption, snuff and/or cigarette
use, plus the change in the device wear-time between the
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to moderate PA (13%)

N~—— A Increasers (8%)

FIGURE 2 Longitudinal physical activity patterns (the data are mean and standard deviation)."

baseline and follow-up measurements (to eliminate the ef-
fect on the results of differences in device usage time). The
change in cardiometabolic risk factors over time by PA
pattern was also examined (i.e., with time nested within
participant as a random effect). The growth curve analysis
accommodates missing data by creating estimates based
on all available data for each participant. Moreover, the
baseline values of the outcome are reflected in the inter-
cept of the model, ensuring correction of any possible re-
gression to the mean.

The outcome variables triglyceride, HOMA-IR, and
insulin were log-transformed using log(x+ 1) transfor-
mation to improve the normal distribution of the resid-
uals. A multiple of the identity positive-definite matrix
(PdIdent) was set as a correlation structure in all the
models for the same reason. Age was centred at 15, with
age 15 corresponding to time=0. Additional analyses
were performed by adjusting the cardiometabolic risk
factors also for BMI (centred) and for the season of the
year when measured, in order to assess whether the as-
sociations were independent of BMI and seasonal vari-
ation. The significance level was set at p <0.05 in all the
statistical tests.

3 | RESULTS

The study sample was 60% female and at baseline two
thirds (68%) of the participants lived in families with
high affluence (Table 1). At follow-up, 64% of the young
adults were studying (39% in a general upper secondary
school, 9% in a vocational school, and 16% in a university
or university of applied sciences), while 20% had entered
working life. Table 1 illustrates more characteristics of the

participants by PA patterns, including health behaviors,
and the amount of MVPA.

The study participants and those lost to follow-up at
the second measurement did not differ in any of the stud-
ied baseline cardiometabolic risk factors, or in terms of
MVPA or family affluence (see Table S1). However, males,
and those who reported lower school achievement, were
more likely not to participate in the post-measurement
(see Table S1). Table 2 presents the differences in car-
diometabolic risk factors between PA patterns at baseline,
at follow-up, and in development over time.

3.1 | Growth curve analyses

To further study the differences in cardiometabolic risk
factors between PA patterns, growth curve analyses were
conducted with adjustment for sex, age, fruit and veg-
etable consumption, snuff and/or cigarette use, plus the
change in the device wear-time (see Table 3, Table S2 with
confidence intervals).

3.2 | Baseline

The decreasers from moderate to low PA had lower base-
line values in insulin, HOMA-IR and BMI as compared to
the inactivity maintainers (the reference group) (Table 3,
Figure 3). The decreasers from high to moderate PA had
lower glucose, insulin and HOMA-IR levels, and higher
HDL cholesterol at baseline as compared to the corre-
sponding levels among the inactivity maintainers. There
was no significant difference in the baseline levels of any
of the studied cardiometabolic risk parameters between
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the activity maintainers and the reference group, or be-
o 2 tween the increasers and the reference group (Table 3).
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relatively small, suggesting no immediate cause for

ASULII suowo)) 2Aneal) ajqearjdde ayy £q pautaa0 are sa[ore () asn Jo sa[nI 10J AI1eIqIT AuIuQ AJ[IA| UO (SUONIPUOI-PUB-SULId)/W0d" Ka[im  AIeIqI[aul[uo//:sdny) suonipuo)) pue swa | oy 39S *[$207/10/0¢] uo Kreiqry auruQ Lopip ‘Areiqry elAyseak JO Asioatun £q Sy ['sws/[ [ 1°0[/10p/wod Kajim Kreiqiautjuo,/:sdpy woly papeojumo(] ‘6 ‘€207 ‘8£80009



16000838, 2023, 9, Downloaded from https://onlinelibrary.wiley.com/doi/10.

AIRA ET AL.

WILEY

1814

1/sms. 14415 by University Of Jyviiskyld Library, Wiley Online Library on [30/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

‘Kanoe redrsAyd ‘v{ curajordodi] AJISUSP-MO] “T(IT ‘9OUR)SISAI UI[NSUT JOJ JUSWSSIASSE [SPOW SISe}sodwoy “YI-VINOH ‘urejordodip Kisuap-ySiy “JqH :SUONBIARIQQY

T00°0> Ay 100> Ay $50°0 > dy “suzanIed K1a1308 [RI1SAYd USIMIDQ

QOURIIP JuedIUSIS 9JBIIPUI (SUWN[OD 0M] ISB[ Y UI) P[Oq UI SI3}IO] PUL “QUIT} IOAO SOIUAINHIP JUBOLTUSIS 91EIPUI P[Oq U SISqUINN "SUIT} IOA0 SOOUAIIIIP 9ZATeUe 0} PIsn Sem Js9) Juey pauSIS UOX0I[IA 33 pue (s3sa}
ardnnur 10y UOI3091100 TUOLIDJUOY dY) Aq pajsnipe 1s9) s,uun(g o0y 3sod YIm) A[[euonodds-ssoIo surdjjed A1anoe [eorsAyd Uoam)aq Sonfea UBSW UT SIOUSISJJIP oY) SurzATeue Ul pasn sem IS SI[[ep\—[eSNIY 9L, :2JON

(L) (902) (98'1) (zee) (T+°¢) (zee) (2870) (;w/3)
su *V>0 #x[°CT 5114 ++0'€C  (807) 8'0C €T (€8°0) ¥°0C #b' €T (060)STT  (16€) +449°€C  (SOE)8TT #4xC €T T'Ic  Xopul ssew Apog
«a>1 (3 ww)
>4 FS°L) ¥€'8) (st'L) (60°2) ¥6°L) (TrL) ainssaxd
#0V>d su  (£4°S) LS9 L99 #6'CL  (60°6) T°99 wsl €L (LL9) €99 w6 IL  (CUL)SL9  (09°8) sVl  (L1°9) 8°89 #49°TL v'L9 poo[q orjoIserq
(SH wrur)
>4 (To'1D) (08°01) (s9°01) (Te'1D) (8L°11) (69°01) (1€°11) (61°01) (8+'21) (0s'1T) (68'11) (68°01) ainssaid
+aA>dV su 81T Y611 #ab LTL €021 ##46 TCT 0°91TL G811 9911 #4+E TTL v9rL #2C ITL TLIT poojq d1703sAS
(L80) (¥¥°0) (0r°0) ('1/10urur)
su su  (I€°0)LLO L80 (¢8°0)780 (9T°0)TLO #66'0 (1€0)6L0  (1S0)68°0 (0¥°0) L8O (st'0)86'0  (¥7'0)T6'0  (SH'0) 4260 S8°0 SOPLIRAISIIL
(€€°0) (62°0) (1/10urur)
+ADV>a su  (2€'0)6S'T LT »IET (9T0) T (€£0)0S'T (8T0)6Y'T 9€0)¥ST  (2TE0) 9T (8€°0)€ST  (8€0) 9T (S€0)0ST (0£0) 9P’ T  [0I93SA[OYD TAH
(1%°0) (7/10wur)
su su  (0S°0)¥8'1 98T (S90) 18T (IS8T (1L0)€0C (4SO v6eT  (#9°0)€0C  (#9°0) 60T (190 16T (290)66T  (#90)S6'T (85°0)86T  [0193S9[0Yd TA'T
(€5°0) (71/10wur)
O'd>d su  (85°0)LLE e (eLo)ere  (650)Ls€ (280)86°€  (85°0)T8€E (€80)L6'¢  (9L°0) S6°€ (9L0)88¢  (0L0)98¢  (6L0)L8€ (L90)€]E [019)S3[0YD
(86°0) (zs'0) (20'1) (sTD)
su V>a  (€60)SLT L1T #69'T  (T80)2l'c  (€TDLTT  (S60)LET (¥8°0) %S0T (8T EST  (ST'D) wxTT  (€S'1)S6'C ##x80°C €S AI-VINOH
(T0°t) (8€2) (00%) (Lg) (8+'1) (1€°9)
su sV>a (ovv)1Ts 0L'6 8L (99€)€9°6 (86'%) 00T €L0T  (€T°S) +LS'6 TVIL  (€TS) +449S°0T  (SS9) €€°€T +++CL'6 Il (T/nwr) urnsug
(sz0) (8¢°0) (€£°0) ("7/1ouru)
su su  (9¢°0)8LY L6 (070) 8% (6T0)S6v (8€0)s6LF (T€0)€6'F  (0V'0)48L'F  (070) €67 (££°0) 44489'%  (8T0) S6'% sl v6'v as0on[H
dn-mogjoy ouraseg dn-mofoJ durEseg dn-mof[oq suraseg  dn-mojjog suraseg  dn-mogjog aurpseg dn-mofjog sureseg  dn-mofoJ durpaseg
surayped vd () s1asearouy (@) vd d1edpour 03 (D) Vd MO[ 0} djeIdpow (@) (V) sisurejurewr A)ianoeu] (00T-S6=u UaWI ‘OST
UIIMII(Q SIOUIIPIP YSIY W01y SIISBIIRJ WOIJ SIISLIIId sIdurejurewr A)IANOY —by1 =u udwom) [V

105 (fpe) d

"((@s) ueawr) surayied yq ssoroe dn-mof[oy pue Sur[aseq je SI1030.J YSII djoqejowopre) z 4T1dV.L



16000838, 2023, 9, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/sms.14415 by University Of Jyviiskyli Library, Wiley Online Library on [30/01/2024]. See the Terms and Conditions (https://onl

1815

WILEY

AIRA ET AL.

brary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

"T00°0 > Qs $T0°0 > e £50°0 > d, “SOOUSIIPIP JUBDYIUSIS 9JBIIPUT P[OQ UT SIOqUUINU “((T +X)30[) Wy 11eS0][ [RINIBU 9y} WOIJ UONRULIOJSURI-YORY,

*SJUSIONJO0I UOISSaIFal paziprepue)isun ‘g (A1anoe 1edrsAyd ‘vd ‘urejordodi] A)1suap-mor “Iq7T (90Ue)SISaI UINSUI-JUSUISSISS

[opout sisejsodwoy “YI-VINOH ‘urejoxdodi] A1susp-ySiy “JH SI9SBIOUI “F ‘Y d JeIopowt 0} YSIY WOIJ SI9SBIIIP ‘( ‘Y MO[ 0} 9)BISPOUL WOIJ SISLAINP ) d1nssaid poo[q ‘dq ‘sIdurejurett JIANOL ‘g :SUONBIAIGAY
*dnoid souarsyar ay3 ur a8ueyd Jo 9)e1 ay) 03 paredwod se sureped yd 19y30 ay) ur o3ueyod jo sje1 Surpuodsaiiod

Y (F'a‘D‘g) utannd v Aq awn pue ‘(s1surejurewt £1anoeur) dnois souarajar oY) ur dn-mo[[oJ pue duI[aseq Uaam1aq s1030ef JsiI 3y} uo (adofs ueaur) aurr) Jo Joedwut o) sjuasardal ausi ], 0 9I9Mm SN JJNUS/21191e310
Apyeam pue uondwinsuod 9[qe)a3oA pue JINI uaym ‘(Pa1judd sem a3e 20uls) ST 95 Je ‘Uawl SUOWE ‘SPIOM ISY)0 UI—() I. SI[ELIBA 2INS0dXd Y} [[e USYM ‘(SIdurejurewt £)1anoeur) dnoisd 9ouaiajal 9Y) Ul 10J08J YSLI AY) JO
(ueaur) [9A3] duI[aseq Y} sjuasaxdal spppowr o) ur 3dadId)ul S, *9sN JJnus I0/pue 39)321e310 Afoam pue ‘uondunsuod 9]qe1asdA pue JINIJ ‘QWI-Tedm 3JIAP Y} Ul 95uLyd 10J pajsn(pe ‘S|opoul 9AIND YIMOI3 18U :2JON

q uraned
8¢°0— #kCL'9— *EV'9— L0'0— 900 60°0 80°0 €00 80°0 €10 vd Aq auig,

 uroned
1€°0 09°0 6S°T 100 #+8T0— €00 ST0— 010 600 +8T°0 vd £q ewrf,

D uraned
%06°0 LL'T 180 L0°0 90°0— €r0 €r'o *8T°0 *€C°0 IT°0 Vd £q auury,

g uianed
¥1°0 SO'T— 16'C— €0°0— 2000 200 T00°0— IT°0 IT°0 0r'o vd £q aury,
70— YI'c— G8°0— S0'0— ¥0°0 LT0— 61°0— 8T0— 00— 60°0— QuILL,

d3ueyd jo ey
S0 €07 ST 200 100 €0'0 90°0 T000— €000 v0'0—  (STedkST) 38y
€C0— 11— #4xC0"CL— 100 %k CC 0 €10 #xx€€°0 10°0— 00 #2xEC0— (sreway) Xo8
9L°0— SSv 1.9 0°0 00— 00— 61°0— 8T°0— 6C°0— pT°0— Funned vq
6€'T— 00°€— 0Tv— 0r'0— «VT0 80°0— SO0 «VT0— *6C°0— «I1€0— qumned vq
#xELC— ILe— 8€C— cro— 0T'0 cro— Y1'0— #8900~ 4x€E€0— ST0— D uned vd
9¢°0— 900 8’1 S00°0 10°0 600 or'o 6T°0— 10— 10— g urned vq
#%x6€ T #4x8C L #x:ELVCT #%x68°0 %1 ECT o)) 4 sl L€ #:8VT #53L0°9T #%kCC 9 1daorayug
[9A9] durfeseg
d d g g g g g g d d
xapur ssewr Apog GH GHww)  (T/oww)  (T/[owmum) (1/1owwr) (/o) AT (T/nw)  (7/[owu) asoanio
wur) 49 dd OT[0ISAS  SOPLIIAISIIL, [0131S9[0YD [OIJISA[OYD TAT [0IdISA0YD -VINOH uInsujp
JrjoIserq TAdH

“(Swny 19A0 95ueYD PUE [9AJ] SUI[ASEq SUISSISSE) SI0J0BY ST O[[0QBISWOIPILD I0J S[OPOUL SAIND YIMOID € HTdV.L



AIRA ET AL.

1816
—LWI LEY

mmol/L

53
52

5.1

4.9

4.8

mm Hg

140
135
130
125
120
115

110

kg/m?

23
225
22
21.5
21
20.5
20
19.5
19
18.5
18

Glucose

baseline follow-up

HOMA-IR

baseline follow-up

Systolic blood pressure

baseline follow-up

Body mass index

baseline follow-up

mmol/L

16.2
16.1

16
15.9
15.8
15.7
15.6
15.5
154

mmol/L
1.55
1.5
1.45
14
1.35
1.3

12
1.15

mm Hg

70
68
66
64

Insulin

baseline follow-up

HDL-cholesterol

%

baseline follow-up

Diastolic blood pressure

baseline follow-up

| e Inactivity maintainers (the reference)
O——— 0 Activity maintainers
—a Decreasers from moderate to low PA
o0— Decreasers from high to moderate PA
©S——A Increasers

FIGURE 3 Development over time of cardiometabolic risk factors across longitudinal physical activity patterns. Development over

time of cardiometabolic risk factors across longitudinal physical activity patterns among non-smoking/non-snuff-using men with no fruit/

vegetable consumption. Estimated using the parameters of the linear growth curve models after adjusting for the change in the device wear-

time. The symbol * represents a statistically significant difference in the baseline level (intercept). The symbol X represents a statistically

significant change over time (slope) as compared to the reference (inactivity maintainers). HDL, high-density lipoprotein; HOMA-IR,

homeostasis model assessment for insulin resistance; PA, physical activity.
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cardiometabolic health concerns in the population exhib-
iting a decreasing PA. This was expected given that the
study sample consisted for the most part of relatively ac-
tive young people. The results do, however, demonstrate
PA effects on cardiometabolic health from adolescence
to early adulthood (findings that are independent of sex,
fruit and vegetable consumption, or cigarette/snuff use).
One should also take into account the baseline level of
the outcome. For example, among decreasers from high to
moderate PA the levels of HDL cholesterol, and glucose
were more favorable at baseline than those of the refer-
ence group. Hence, the unfavorable changes in these risk
factors did not result in particularly poor follow-up results.

The transition to young adulthood is one of the most
fundamental periods of life in terms of PA-related behav-
ior, given that PA may be influenced by e.g. moving out of
the childhood family, cohabiting, starting further studies
or entering working life.*>*® During a 30-year follow-up®’
it was found that a low level of MVPA among young adults
was associated with increased odds of diabetes, a higher
level of triglycerides, and a lower level of HDL cholesterol
in later life. The present study adds to this, indicating that
the risk for cardiometabolic diseases is not just something
that will occur far in the future, insofar as changes in PA
were associated with changes in cardiometabolic risk al-
ready at adolescence.

An increase in BMI is generally a sign of increased
cardiometabolic risk; however, during adolescence the
increase is not necessarily an unfavorable result, since it
may arise from an increase in lean body mass. Moreover,
during adolescence, the increase in BMI might also be a
result of normal body development and maturation. This
might be the case among decreasers from moderate to low
PA, bearing in mind that the BMI was lower at baseline
as compared to the inactivity maintainers. On the other
hand, no statistical difference was found between the
participants according to the stage of puberty they had
reached (Table 1).

The decrease in blood pressure among increasers—
who were physically active already at baseline—is logical.
However, due to the small number of persons exhibiting
this PA pattern, the finding needs confirmation from fur-
ther studies with a larger study sample. The small number
of increasers may also be one explanation for the lack of
other significant differences in cardiometabolic risk fac-
tors at baseline or over time in this PA pattern.

It is somewhat surprising that there was no statistically
significant difference in any of the studied cardiometa-
bolic risk factors between the activity maintainers and
the inactivity maintainers, although the baseline values
of insulin and HOMA-IR were very close to significance
(Table S2). One could have expected that the baseline or
follow-up levels of the risk factors would show a benefit

WiILEY-%”

from the maintenance of relatively high PA, but this was
not indicated in the study. One explanation might be that
the reference group was not extremely inactive (with
mean MVPA 47min/day at age 15), even if it was below
the PA recommendation for children and adolescents,
that is, at least 60min/day of MVPA.*® The population
in the present study represented young people who were
more active than the average in Finland, with the mean
daily MVPA being 8 min more than that found in a previ-
ous population-based study.'”** Furthermore, 39% of the
participants in the present study were still participating
in sports club as young adults. The result demonstrates
that the consequences of both decreased and increased
PA can be seen even when the reference group is that of
young people who maintain a relatively low—but not ex-
tremely low—Ilevel of activity from adolescence to young
adulthood. This can be considered an important and new
finding.

41 | Comparisons with other studies and
perspectives for future research

A few previous studies on objectively measured PA during
youth have examined cardiometabolic health outcomes
between distinct data-based PA patterns15 7. however, no
studies have so far examined the associations of PA pat-
terns with blood biomarkers. Moreover, the self-reporting
of PA,' or the lack of a data-driven method for grouping
PA patterns'®—or both'*'*—have lessened comparability
to the present study. Nevertheless, our finding indicating
an increase in BMI among decreasers from moderate to low
PA is consistent with previous studies showing increased
accumulation of body adiposity’’ and obesity develop-
ment'® among groups displaying decreasing activity.

Itshould be noted thatlittle attention hassofar been paid
to changes in health indicators. Overall, it has been more
common to examine the level of the health outcome at fol-
low-up, for example in young adults.*'*'” Undoubtedly,
comparisons at follow-up are useful; however, going be-
yond these, examination of the change in health indica-
tors over time—via a valid methodology for prospective
research—can broaden knowledge of the phenomena in
question. Growth curve modeling (growth mixture mod-
eling), latent profile analysis, and related approaches (as
used in this article) have been recommended also by other
researchers in efforts to gain a better understanding of the
nuances in young people's health.”” Mention has also been
made of the need for studies on health outcomes beyond
adiposity (e.g. using blood biomarkers).

An interesting perspective for future research would be
analysis of the healthy thresholds of PA, that is, how much
PA is needed to maintain cardiometabolic health benefits
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during the transition to young adulthood. In one study,
88 min of daily MVPA was concluded to be necessary to pre-
vent clustering of risk factors in 15-year-old adolescents."’
A further research gap has been mentioned regarding PA
guidelines, which have been criticized changing too rapidly
as adolescents turn into 18-year-olds.6 In fact, the same PA
guidelines are still issued for young adults and for older
people approaching retirement age, in the absence of any
proper research evidence from young adults. Another un-
solved question is how much of a change in PA is needed to
modify the cardiometabolic status of growing adolescents.

4.2 | Strengths and limitations

The main strengths of this study are the use of prospec-
tive and diverse data on cardiometabolic risk factors
from a less-studied period of life (see also Ref.>®'"),
data-driven determination of longitudinal PA patterns
measured via accelerometry, and the research method-
ology that enabled analysis of changes in cardiometa-
bolic outcomes over time. Furthermore, adjustment
by other health behaviors increased the quality of this
study.

However, the results of this study should be interpreted
with caution for several reasons. Females and adolescents
with higher school achievement were over-represented in
the study sample, and it encompassed only two measure-
ment points. The number of persons in some of the PA
patterns was small, which decreased the statistical power.
On the other hand, the recruitment of participants from
six different regions of Finland (from 100 schools and
156 sports clubs) increased the quality of this study, even
if the results are not directly generalizable to the entire
Finnish age cohort in question. The study sample was
also somewhat more active than would be found among
Finnish young people on average — although this was also
a strength, insofar as the data also allowed analysis of PA
changes from high baseline levels. While accelerometry is
the state-of-the-art method to assess PA via a device,** one
should bear in mind the related challenges; for example,
the 7-day measurement period might not be representative
of the habitual behavior of every participant. Moreover,
use of the device tends to underestimate the vigorous
PA occurring in certain types of PA, such as skating and
weight training (see also Ref.*')—even though moderate
and vigorous PA were combined in our analyses.

5 | PERSPECTIVES

The study provided new evidence on how different lon-
gitudinal PA patterns are associated with changes in

cardiometabolic risk factors already during adolescence
and young adulthood (between ages 15 and 19). A favora-
ble (decreasing) trend emerged in the systolic and diastolic
blood pressure of adolescents whose PA increased over
time, as compared to those who maintained a relatively
low level of PA. Correspondingly, unfavorable changes in
insulin and BMI occurred among decreasers from moder-
ate to low PA, and in glucose and HDL cholesterol among
decreasers from high to moderate PA. Hence, it seems that
different changes in cardiometabolic risk factors may be
expected in relation to differing baseline PA levels and
the magnitude of the change in PA. Cardiometabolic risk
factors are known to change during adolescence and suf-
ficiency of MVPA may influence the changes in these risk
factors. One can therefore suggest that the promotion of PA
may be highly beneficial to individuals in this age-bracket,
especially for those with greater cardiometabolic risk.
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