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Abstract in English

Physical activity contributes to positive mental and physical health outcomes, but
secular societal changes have raised concerns about increased sedentary behaviour.
Insufficient physical activity levels among adolescents and adults make promoting
physical activity a public health priority, and increased knowledge about
developmental patterns of physical activity over time is central to reaching global

policy goals to reduce inactivity.

To understand physical activity development over time, it is relevant to acknowledge
the widely complex and multidimensional nature of this health behaviour. Ecological
frameworks are widely used in this field, and the Youth Physical Activity Promotion
model adopts a socio-ecological framework by recognising the contribution of
various personal, social, and environmental influences on youth physical activity.
Further, it unites constructs from different theoretical frameworks to highlight the
possible processes promoting physical activity. Determinants may vary depending on
contextual factors, e.g. domains, or situational factors, such as the type or intensity of
the studied activity behaviour. Unfolding this complexity when studying physical
activity can be challenging, and there is a need for incorporating theoretical
perspectives to guide the understanding of the processes involved in the change or
stability of behaviour over time. Therefore, the thesis explored the stability and
change in leisure-time vigorous physical activity from a life-course perspective and
related to secular changes. The Youth Physical Activity Promotion model was used
as a conceptual framework to explore different enabling, reinforcing, predisposing
and personal demographic factors that can explain differences in developmental

patterns in leisure-time vigorous physical activity.

The thesis consists of three papers. Papers 1 and 2 were based on data from 1103
respondents who participated in ten waves over 27 years in the Norwegian
Longitudinal Health Behaviour study. The baseline measure was conducted in 1990
when the participants were 13 years old, and the last survey was conducted in 2017 at

age 40 years. In paper 2, self-reported information from parents was included for 614



respondents. Paper 3 was based on Norwegian and Finnish data from cross-sectional
nationally representative surveys in 1985 and 2014 in the Health Behaviour in
School-aged Children (HBSC) study. The sample used in this paper included a total
of 16 355 respondents aged 11-, 13- and 15- years old. Data analysis included latent
class growth analysis with a distal outcome model using the BCH approach (paper 1),
multivariate multinomial logistic regression (paper 2) and linear mixed model (paper

11I).

Four distinct leisure-time vigorous physical activity trajectories were identified over
the 27 years: active (9%), increasingly active (12%), decreasingly active (25%) and
low active (54%). Overall, there was a declining tendency in level of activity from 13
to 40 years, except for the increasingly active trajectory. Sub-group differences
between the patterns of development were also found in relation to several activity
domains (participation in organised sports, diversity in leisure-time activities, outdoor
recreation and peer physical activity) and to demographic (male), psychological
(intentions for vigorous physical activity and enjoyment in sports) and social
(mother's physical activity and father's encouragement) determinants of trajectory
membership. Sub-group differences were also identified in the secular changes from
1985 to 2014 concerning leisure-time vigorous physical activity and participation in
organised sports in Norway, showing an increase in participation in organised sports
among 11-year-olds, a decrease in participation among 15-year-olds and an increase
in the mean level of leisure-time vigorous physical activity only among those who

reported being members of organised sports.

The identified heterogenic development of leisure-time vigorous physical activity at
both individual- and group-level calls for targeted health promotion interventions
among different subgroups and stages of life. Few previous studies have identified
trajectories of leisure-time physical activity from adolescence to adulthood and what
characterises these trajectories and their determinants. This thesis contributes to the
field of trajectory studies by applying a wide range of previously identified
determinants of adolescent physical activity behaviour. It supports the theory of

planned behaviour regarding behavioural intentions being the most proximal
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determinant of human behaviour as it was associated with following a persistently
high activity level from adolescence to adulthood. The findings suggest that
participation in organised sports clubs is related to the level of leisure-time vigorous
physical activity. However, there does not seem to be a sustainable carry-over effect
of earlier participation on leisure-time vigorous physical activity later in life. Hence,
there needs to be more awareness of dropout and retention in organised sports clubs

to promote lifelong engagement and higher physical activity levels.
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Abstract in Norwegian

Fysisk aktivitet bidrar til positive mentale og fysiske helseutfall, men
samfunnsendringer har fort til bekymring for ekt stillesittende atferd. Den reduserte
fysiske aktiviteten er en prioritet for folkehelsen og det er viktig & ke kunnskapen
om utviklingsmenstre for fysisk aktivitet for 4 kunne nd mélene om & redusere

inaktivitet.

For & forsta utviklingen av fysisk aktivitet over tid, er det viktig & erkjenne
kompleksesiteten til helseatferden. Youth Physical Activity Promotion-modellen
benytter et sosiogkologisk rammeverk ved & inkludere ulike personlige, sosiale og
miljemessige pavirkninger pd ungdoms fysiske aktivitet. Videre forener den
konsepter fra ulike teoretiske rammeverk for & fremheve mulige prosesser som
fremmer fysisk aktivitet. Determinanter kan variere avhengig av kontekstuelle
faktorer, for eksempel domener, type eller intensitet av den studerte
aktivitetsatferden. Kompleksiteten ved fysisk aktivitet gjor at det kan vaere
utfordrende & studere. Derfor er det viktig & bruke teoretiske perspektiver som
inkluderer et bredt perspektiv for & forsta prosessene involvert i endring eller stabilitet
av atferd over tid. Avhandlingen utforsker stabiliteten og endringen i anstrengende
fysisk aktivitet pé fritiden ut fra et livslapsperspektiv og i sammenheng med
samfunnsendringer over tid. Youth Physical Activity Promotion-modellen ble brukt
som et konseptuelt rammeverk for & utforske ulike muliggjerende, forsterkende,
predisponerende og demografiske faktorer som kan forklare forskjeller i

utviklingsmenstre.

Avhandlingen bestar av tre artikler. Artikkel 1 og 2 baserte seg pa data fra 1103
respondenter som deltok i ti datainnsamlinger over 27 ar i «Voksen i ar 2000»-
studien. Ferste datainnsampling ble gjennomfert i 1990 da deltakerne var 13 ér
gamle, og den siste undersakelsen ble gjennomfort i 2017 da de var 40 &r gamle. I
artikkel 2 ble selvrapportert informasjon fra foreldre inkludert for 614 deltakere.
Artikkel 3 baserte seg pa norske og finske data fra den nasjonalt representative

tverrsnittsundersekelsen Health Behaviour in School-aged Children (HBSC) i 1985
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og 2014. Utvalget som ble brukt i denne artikkelen omfattet totalt 16 355 deltakere i
alderen 11, 13 og 15 &r. Dataanalysen inkluderte latente vekstklasseanalyser med en
distal utfallsmodell ved hjelp av BCH-metoden (artikkel 1), multivariat multinominell
logistisk regresjon (artikkel 2) og lineer blandet modell (artikkel 3).

Fire forskjellige utviklingsbaner for fritidsrelatert kraftig fysisk aktivitet ble
identifisert over 27 ér: aktiv (9%), ekende aktiv (12%), avtagende aktiv (25%) og lav
aktiv (54%). Generelt var det en nedadgaende tendens i aktivitetsnivéet fra 13 til 40
ar, bortsett fra for den ekende aktivitetsbanen. Det ble ogsé funnet forskjeller mellom
utviklingsbanene 1 forhold til flere aktivitetsdomener (deltakelse i organiserte idretter,
variasjon i fritidsaktiviteter, friluftsliv og fysisk aktivitet blant jevnaldrende) og 1
forhold til demografiske (menn), psykologiske (intensjoner og glede i idrett) og
sosiale (mors fysiske aktivitet og fars oppmuntring) determinanter for
utviklingsbanetilhorighet. Det ble identifisert undergruppeforskjeller i sekulaere
endringer fra 1985 til 2014 nér det gjelder anstrengende fysisk aktivitet pa fritiden og
deltakelse i organiserte idretter i Norge. Det viste seg at deltakelse i organiserte idrett
okte blant 11-dringer, mens den gikk ned blant 15-aringer. Videre var det en gkning i
gjennomsnittlig niva av anstrengende fysisk aktivitet pa fritiden bare blant de som

rapporterte at de var medlemmer av organiserte idrett.

Den identifiserte heterogene utviklingen av anstrengende fysisk aktivitet pa fritiden
pa bade individuelt og gruppeniva krever malrettede helsefremmende tiltak blant
ulike subgrupper og i ulike livsfaser. Fa tidligere studier har identifisert
utviklingsbaner for fysisk aktivitet med hey intensitet pa fritiden fra ungdomstiden til
voksenlivet og hva som kjennetegner disse banene og deres pavirkningsfaktorer.
Denne avhandlingen bidrar til feltet for studier av utviklingsbaner ved & anvende et
bredt spekter av tidligere identifiserte pavirkningsfaktorer for fysisk aktivitetsatferd
blant ungdommer. Den statter teorien om planlagt atferd med hensyn til
atferdsintensjoner som den mest umiddelbare pavirkningsfaktoren for menneskelig
atferd, da det ble funnet & henge sammen med a opprettholde et konsekvent hoyt
aktivitetsniva fra ungdomstiden til voksenlivet. Funnene antyder at deltakelse i

organiserte idrett er relatert til nivaet av anstrengende fysisk aktivitet. Imidlertid ser
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det ikke ut til & veere en varig effekt av tidligere deltakelse pd anstrengende fysisk
aktivitet senere i livet. Derfor er det behov for gkt bevissthet om frafall og
opprettholdelse i organiserte idrett for & fremme livslang deltagelse og hayere nivéer

av fysisk aktivitet.
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1. Introduction

It is now well-established that physical activity (PA) contributes to positive outcomes
on mental and physical health (Chaput et al., 2020; Sluijs et al., 2021). Secular
changes in society, such as increased car ownership and the use of electronic media
and technology, have raised concerns about the increase in sedentary behaviour as the
daily demand for physical activity decreases (Pate et al., 2016). The global
recommendations for aerobic exercise for adults are at least 150-300 minutes of
moderate-to-vigorous intensity, or at least 75-150 minutes of vigorous-intensity or a
combination of these throughout the week. Among youth, an average of 60 minutes
per day of moderate-to-vigorous intensity across the week is expected to provide
health benefits (Bull et al., 2020). Recent global estimates show that 27.5% of adults
(Guthold et al., 2018) and 81% of adolescents (Guthold et al., 2020) do not meet
these recommendations. Hence, insufficient PA levels among adolescents and adults
make promoting PA a public health priority. Increased knowledge about the
developmental patterns of PA over time and through life and how these patterns are
influenced by societal changes or known determinants is central to reaching global

policy goals to reduce inactivity (WHO, 2018).

Previous research on the correlates and determinants of PA calls for a
multidimensional approach to understanding PA development. The predominant
definition of physical activity for more than 30 years has been that of Caspersen et al.
(1985), defining PA as «any bodily movement produced by skeletal muscles that
results in energy expenditure» (p. 126). The definition has been widely accepted in
the research community and applied in health policies worldwide (Hansen et al.,
2015; WHO, 2018). This definition takes a biomedical stand and does not embrace
the complex and ecological nature of PA behaviour. By defining PA otherwise, one
can take in PA’s inherent cognitive, social, setting-based, and political nature.
Expanding the definition opens up new reflections and a broader understanding of PA

in research. Recently, Piggin (2020) has defined PA as follows:



«Physical activity involves people moving, acting and performing within culturally
specific spaces and contexts, and influenced by a unique array of interests, emotions,

ideas, instructions and relationships».

This new definition moves away from the strong biomedical focus to the widely
complex and health-promotive possibilities of PA, contributing to and being affected
by much more than skeletal muscle movement and energy expenditure. It also allows
for a more extensive consideration of what promotes or hinders participation in PA

(social, cultural, political and contextual factors).

In promoting youth physical activity, one implicit goal is to increase the probability
that they will adopt an active lifestyle and maintain a regular habit of PA as they
grow older. Moreover, while some maintain their interest and engagement in physical
activity, most youths decrease their level of involvement (Sluijs et al., 2021). Based
on previous research on secular trends and life course development (Corder et al.,
2019), there is a need for more knowledge related to the stability and change of

physical activity to inform health promotion to increase activity behaviour.

Adolescence is considered formative years, as individuals gain physical, cognitive,
emotional, social, and economic resources to build the foundation for later life health
and well-being (Patton et al., 2016). As many factors that influence adult health have
their genesis in childhood, a coinciding assumption has become that the health-related
benefits of regular PA are established at a young age, assuming that individuals settle
into relatively stable and predictable patterns of PA and its correlates in their

childhood (Seefeldt et al., 2002).

1.1 Domains for physical activity

In research on physical activity, it is helpful to define in which contexts the activity is
performed, as is emphasised in Piggin’s definition of physical activity (“people
moving, acting and performing within culturally specific spaces and contexts”).
Within the present research field, there are some discrepancies related to what is

defined as the domains of PA. Some define domains as related to the areas of life in



which activities are done, meaning at home, at work, in transport, and in leisure time
(Bauman et al., 2012; Cleland et al., 2012; Eime et al., 2016), and further define
modes, settings and types of PA within those areas. Modes then refer to ways of
participation within this domain, e.g., team sports, individual sports, and non-
organised activities. Others use domains to describe different arenas for PA, such as
organised PA, non-organised PA or active transport (Kemp et al., 2019). Regardless
of whether the term domains or modes are used, it is apparent that the awareness of
the contextual setting of PA is essential for building knowledge that is specific and
applicable in developing health promotion interventions. In this thesis, limited to the
context of leisure-time PA, domains are used to describe arenas that might contribute
to leisure-time vigorous physical activity (LVPA) in adolescence and adulthood.
Different domains are not mutually exclusive but can overlap in many instances. The
domains for PA investigated in this thesis include; organised sports clubs, diversity in

leisure-time activities, peer PA and outdoor recreation.

Unlike in other Western countries, like the US and UK, organised sports in the

Nordic countries are strongly related to time after school, with little or no
collaboration between school and sports clubs (Eidsdottir et al., 2008). Organised
sports are an essential part of leisure time among youth, and in a modern lifestyle,
time after school has significant potential for vigorous physical activity (VPA)
(Kokko et al., 2018; K. Mikela et al., 2016; Taliaferro et al., 2010). Participation in
organised sports also provides structures for social interaction and the development of
skills, which are thought to contribute to the development of lifelong PA by
establishing habits, abilities, and continued participation (Telama, 2009).

In order to understand the changes in leisure-time PA in adolescence, several other
studies have looked into the possible importance of participating in a wide range of
different activities (Jose et al., 2011; Kjonniksen et al., 2008; S. Mékela et al., 2017)
and suggest that engagement in several leisure-time activities during adolescence may
refine motor skills and promote the maintenance of higher levels of leisure-time
physical activity later in life. Earlier experiences with activities may contribute to

both maintenance or re-engagement in PA, also if the activity differs from the earlier



experience based on the attained abilities and motor competence (Engstrom, 2008;

Telama, 2009).

When considering activity domains related to the level of LVPA, interaction with
best friends can be a meaningful context to consider. Best friends are essential peers
and agents for behaviour and development in the adolescent years. In childhood and
adolescence, PA is usually performed together with peers, and peers can influence the
individual's level of PA through behavioural modelling, peer pressure, group norms

and co-participation (Sawka et al., 2013).

In Norway, the concept of nature-related outdoor recreation, frilufisliv, which is
considered a core social and cultural value in Norway (Gurholt & Broch, 2019) can
also act as an important domain for PA, and many spend their weekends and holidays
outdoors while hiking, fishing or tracking in the mountains. As large areas outdoors
are accessible to all and do not require a membership or special equipment, outdoor
recreation may contribute to lifelong LVPA more broadly than organised sports or
activities in fitness centres. Different forms of outdoor recreation may contribute to
the level of PA throughout the entire life. Outdoor recreation is highly flexible, as the
same activity can be done with a wide variety of intensities and is thus maybe more

adaptable than other activities.

One criticism, when the aim is to explore activity behaviour throughout the life
course, is that the activity domains or activities practised in youth are inherently
different from those practised in adulthood. While tracking shows whether they
maintain their PA ranking over time, it does not necessarily address the issue of
whether they maintain their PA level. However, early experiences might prepare,
mould, or modify health behaviours later in life and help in the understanding of

stability and change over time.

1.2 Determinants of physical activity

In the search for what might cause the development of an active lifestyle, one must

move away from the search for traditional causal pathways and adhere to the



possibility of multiple causal factors, reciprocal determinism and the possibility that
exposure to a factor does not always lead to a behavioural outcome (Bauman et al.,
2002). Determinants are defined as causal factors, which entails that variations in
these factors should be followed systematically by variations in behaviour. In the
field of behavioural science, most studies have used the term determinant concerning
findings that demonstrate associations or predictive relationships, which should be
considered correlates and not cause-and-effect relationships. Many variables in PA
research are likely to be correlates rather than true determinants (Bauman et al.,
2012). While correlates point to factors related to the behaviour in question,
determinants indicate some form of causal relationship and are best explored using

longitudinal designs (Bauman et al., 2002).

Determinants of PA can be categorised into biological, psychological, and
sociocultural factors, in addition to factors associated with the physical environment
and personal behavioural attributes and skills (Bauman et al., 2012; Sallis et al., 2000;
Sterdt et al., 2014). Identifying the numerous factors that might determine PA across
the life course is needed, and adolescent determinants are of interest as several

possible determinants have their genesis in youth (Sterdt et al., 2014).



2. Theoretical framework

In line with a broader definition of PA and acknowledgement of the widely complex
and multidimensional nature of this health behaviour, it is applicable to consider a
broad framework to understand PA and how multilevel determinants contribute.
These multilevel determinants emerge from the individual, social, environmental and
policy levels, and knowledge developed when considering all types of influence can
inform the advancement of multileveled interventions set out for success (Biddle,
2023). A key conceptual principle for frameworks for understanding PA is that the
environment-behaviour relationship is transactional and characterised by recurring
cycles of reciprocal influence between the individual and their surroundings. This
emphasises the importance of acknowledging that the influence of different
determinants may vary depending on contextual factors, such as domains, or
situational factors, such as the type or intensity of the activity behaviour being
studied. PA behaviour is influenced by a constellation of determinants and their
interaction. Unfolding this complexity when studying physical activity can be
challenging, and there is a need to incorporate theoretical perspectives to guide the
understanding of the processes involved in the change or stability of behaviour over

time.

2.1 The Youth Physical Activity Promotion Model

Welk (1999) has developed a simple, usable, and heuristic conceptual framework for
facilitating the promotion of PA among youth, the Youth Physical Activity Promotion
(YPAP) model. This model is based on the health promotion planning model by
Green and Kreuter, the Precede-Proceed model, focusing on taking a given
population’s characteristics and needs into consideration before establishing a health
promotion program (Green & Kreuter, 1991). The YPAP model serves as a starting
point for connecting some of the known determinants and correlates of PA behaviour
(Welk, 1999). As the model is developed for youth, it does not reflect upon the
possible challenges in health promotion across different stages of life. However, the

core focus of this thesis, namely the importance of determinants and domains relevant



in adolescence and their possible effect on life-course PA in developmental
trajectories over time, is highly relevant to this framework. Hence, the YPAP model
will, in addition, be implemented to conceptualise the influence of time on both

individual and societal development.

The YPAP model adopts a socio-ecological framework by recognising the
contribution of various personal, social, and environmental influences on youth
physical activity. The model also unites constructs from competing theoretical
frameworks to better highlight the possible processes that help promote PA and will

therefore be used to highlight processes involved in the development of PA over time.
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Figure 1 A conceptual diagram of the Youth Physical Activity Promotion
Model. Reprinted from Welk (1999) QUEST ©1999, reprinted by permission
of Informa UK Limited, trading as Taylor & Tylor & Francis Group,
http://www.tandfonline.com



The model focuses on four main aspects and the interplay between them: the
predisposing, the reinforcing, the enabling, and the demographic factors. The first
three factors may directly encourage or disencourage youth’s PA, whereas the
enabling and reinforcing factors may also influence PA indirectly through the
predisposing factor. At the base of the model is the demographic factors that directly

may influence how the individual respondts to the other three factors (see Figure 1).

Presenting the YPAP model, three prominent and well-established theories within
health behaviour science will also be presented, namely the theory of planned
behaviour (TPB), social cognitive theory (SCT) and self-determination theory (SDT).
These theories are well suited to highlight different aspects of the model and aid in
the knowledge development related to change and stability of physical activity over
time. Integrating the three theories is recommended to understand better the

mechanisms underlying activity behaviour (Cortis et al., 2017).

The predisposing factor incorporates elements from various interpersonal theories
without being strictly tied to one approach. Two fundamental questions are raised;
«Am I able?» representing the social learning theories, and «Is it worth it?» related to
motivational theories. Social learning theories are known for suggesting that activity
behaviours are influenced by interactions between a person's attitudes, social norms
and surrounding influences. Motivational theories, on the other hand, focus on
emotions as drivers for a person's decision to participate or maintain interest in

voluntary behaviours such as PA (Welk, 1999).

The first component («Is it worth it?») includes cognitive and affective variables,
such as attitudes towards physical activity or enjoyment of sports. In the other
component («Am I able?»), variables related to perceived competence or self-efficacy
are included. The TPB (Ajzen, 2002) is related to this component. According to TPB,
the likelihood that an individual will engage in physical activity is related to the
individual’s intentions to engage, and three types of considerations guide those
intentions; behavioural beliefs (beliefs about the probable consequences of the

practised behaviour), normative beliefs (beliefs about the normative expectations of



other people), and control beliefs (beliefs about the presence of factors that may
enable or obstruct the performance of the behaviour). While behavioural beliefs are
related to favourable or unfavourable attitudes towards the specific behaviour,
normative beliefs are related to subjective norms or expectations from other people,
and control beliefs are related to what extent the individual perceives themselves to
have behavioural control. These beliefs influence the individual's intentions to
perform the behaviour (Ajzen, 2002). It seems relevant to expect that the beliefs
influencing behavioural intentions are not only related to cognitive but affective
aspects as well. TPB has been criticised for not considering the emotional aspect of
forming beliefs. Previous research found that the standard TPB variables explained
48% of the variance in intentions to increase PA, but that by adding affective
attitudes, an additional 11% of the variance was explained (French et al., 2005). To
fully understand the mechanisms underlying PA behaviour, it is recommended to
carefully combine and integrate several theories and models (Cortis et al., 2017). In
the YPAP model, the combination of cognitive and affective determinants of PA
behaviour in the predisposing factors conceptualises this. There are strong
connections between the two components (“am I able?” and “is it worth it?”), as it is
likely that a person values what they are good at and pursues what they value. Also,
Welk (1999) proposes that if a person answers «yes» to both questions, they likely

have an athletic identity and might be predisposed to an active lifestyle.

According to the SDT, fostering competence, relatedness and autonomy is needed in
order to facilitate optimal functioning, psychosocial development and well-being
(Ryan & Deci, 2000). Athletic identity may be an important psychological
determinant of life-long PA because identity affects the regulation of behaviour.
Continued activity behaviour can incorporate activity as a defining element of one's
self-identity, motivating continued activity (Reifsteck et al., 2016). Individuals
establish their identities because identity supports their feeling of competence and the
need for autonomy (Ryan & Deci, 2000), thus in line with the argument mentioned
above by Welk (1999) regarding the presence of an athletic identity when answering
«yes» to both questions. Previous research has found that adherence to long-term

physical activity is strengthened by the fulfilment of the three basic needs in SDT and
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occurs when the value of participation becomes internalised as a component of self-
identity (Springer et al., 2013). There is a complementary nature of SDT and identity
theory in that both theories focus on the self, identity, motivation and self-regulation

of behaviour (Reifsteck et al., 2016).

The reinforcing factors are those that reinforce or support PA behaviour. This
includes social determinants such as parental encouragement, parental modelling and
family support, and peer support and support from coaches. In the model, the
reinforcing factors, directly and indirectly, influence physical activity. The direct
influence is by facilitating participation in physical activity, such as parental
instrumental support for participation, e.g. driving the youth to practise and games, or
by directly encouraging them to be active. The indirect influence is through forces
that shape the youth's predisposition to activity behaviour. This can happen through
the «Is it worth it?» component, by which the parents influence the youth’s PA as
they adopt the same beliefs related to the importance of physical activity, but also
through the «Am I able?» component, where parental encouragement has been found
to predict increased vigorous physical activity indirectly through the enhanced
perception of own competence (Biddle & Goudas, 1996). Young children rely on
adults, especially parents, for information regarding their physical abilities. This
makes parents or other significant adults, such as coaches and teachers, essential
agents in a child's development and predisposition towards physical activity. Parents
may also influence youths' PA involvement through their own PA behaviour, known
as the principle of observational learning in SCT (Bandura, 1986). Role modelling
affects the individual partly because exposure to active role models will make them
more aware of opportunities to engage in PA, and increased attention can contribute
to positive attitudes towards PA. This, in turn, can increase the individual's

motivation to initiate and maintain PA.

Enabling factors are those factors that allow youth to be physically active. These
could be variables from environmental and biological categories. Environmental
attributes or activity domains, such as membership in organised sports clubs, access

to outdoor areas, facilities for doing sports, parks, or programs, are often identified as
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important determinants. However, while they might be necessary for activity
behaviour, they are insufficient. Youth who have access may not use their resources,
but without them present, there is no opportunity (Welk, 1999). Biological attributes
are enabling factors, such as physical skills or fitness, which might predispose to
physical activity. However, it is also likely that these biological enabling factors work
indirectly on physical activity through the «am I able?» component related to their

perceived competence.

Lastly, demographic factors are placed at the base of the YPAP model because they
directly influence how a particular individual will take up various influences (Welk,
1999). In addition to demographic differences related to age, gender and
socioeconomic status, there may also be cultural differences. Cultural differences can
be related to secular changes or development, as the culture for physical activity
might change over time. This may then affect the importance of different enabling
factors (such as the popularity of sports and availability of arenas for doing sports),
reinforcing factors (such as parental style), or predisposing factors (such as the

collective value of sports in society).

2.2 Development of physical activity over time

As these demographic factors can influence all the other factors, it opens up for
interpersonal differences. This can be related to societal changes, and it can be related
to heterogenetic development in a population. The differences between
developmental trajectories or different generations can be related to differences in the
availability of enabling factors, the strength of the reinforcing factors, the importance
of the predisposing factors and individual differences. How does development affect
the factors in the YPAP model? Such reflections are not part of the initial model by
Welk. While Welk developed the YPAP model mainly focusing on youth, it could
also be useful to apply this model to the discussion of factors that might have

contributed to the change and stability of LVPA over time.
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To further understand the possible differences between individuals in developmental
patterns of PA, four hypotheses have been proposed by Telama (2009). These are the
habit formation hypothesis, the carry-over value hypothesis, the ability and readiness
hypothesis and lastly, the self-selection hypothesis. The habit formation hypothesis
suggests that those who are active are so, not only based on planned behaviour and
intentions, but because it is automatic and performed with less awareness. To foster
such habits, repetition is needed. Part of daily physical activity, such as daily walks or
active transport, can be based on habits. It is also possible that low or in-activity is a
stronger habit than high levels of PA. The carry-over value hypothesis proposes that
adults will continue to engage in the activities they participated in at a younger age.
However, the types of activities practised in adolescence are often different from
activities practised in adulthood. A possible explanation for the tracking of and
reason why experiences from adolescence can contribute to activity levels in
adulthood is the ability and readiness hypothesis, which suggests that earlier
experience and the basic skills connected to this experience contribute to the
upholding of or re-entering into PA in adulthood, despite the differences in the type
of activity. Lastly, the self-selection hypothesis recognises that hereditary disposition
to fitness and motor performance in some people could also be a possible explanation
for why some become more active than others because this predisposition makes

them engage in PA more often in both adolescence and adulthood.

Either used individually or in a cumulative way, these hypotheses can aid in the

explanation of possible paths of lifelong PA from adolescence to adulthood.
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3. Development of leisure-time physical activity: A
review of the literature

The review of the literature is focused on previous studies looking at either secular or
longitudinal changes in leisure-time vigorous physical activity, development in
activity domains and demographic, psychological and social determinants. Because
of the limited number of studies looking at LVPA specifically, some other studies
referring to total PA or MVPA are also included.

3.1 Secular changes among children and adolescents

Challenges related to summarising the secular changes in PA may be related to
differences in the development within different domains of PA (V. M. Booth et al.,
2015; Ekelund et al., 2011). In some domains of PA, such as active transport, the
evidence for a decline in activity is more consistent. The variation in methodology
and measures of PA between the included studies makes it difficult to present a
coherent picture of the development of PA. Previous research on secular change in
PA among children and adolescents has recently been summarised in the systematic
review by Pinto et al. (2022). Of the 43 studies, 22 found a stable development, 16
found an increase, and 15 showed a decline in PA. Among those that reported on
trends in VPA or leisure-time PA, most reported an increase or a stable development
(Eidsdottir et al., 2008; J. C. Inchley et al., 2005; Mathisen et al., 2019; Palomaki et
al., 2015; Samdal et al., 2007). Three of these studies are based on LVPA data from
the HBSC, among those the third paper in this thesis. Included in the review were,
however, also findings of a decrease among 11-year-olds and girls in a Canadian

sample (Irving et al., 2003).

Previously, trends in LVPA in Finland and Norway based on HBSC data from 1986

to 2002 were presented in a cross-national study by Samdal et al. (2007). Among the
six countries included, Finland was the only country showing a slight but consistent

increase in the proportion reporting to engage in LVPA 4 times or more per week

over this time period. In Norway, the development was stable over the 16 years. The
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patterns were similar among boys and girls; however, age differences were not
investigated. Changes from 2002 to 2014 based on the data from 35 countries within
the HBSC study were presented in a report in 2017 (J. Inchley et al., 2017). There
was a significant increase in most countries, except in relation to 13-year-old boys,
where seven countries reported a decrease and six countries reported an increase.
Both in Norway and Finland, there was an increase in the proportion who reported
LVPA 4 times per week or more among all age groups and both genders. However,
the increase was greater among 13 and 15-year-old girls than boys in both countries

(J. Inchley et al., 2017).

Previous studies from the United States (Taliaferro et al., 2010), Denmark (Hebert et
al., 2015), Portugal (Marques et al., 2016), Finland (K. Mékeli et al., 2016), Iceland
(Eidsdottir et al., 2008) and several European countries (Kokko et al., 2018) have
found that being involved in organized sport increased time spent in MPA, VPA

and/or MVPA.

Previous studies on secular changes in participation in organised sports clubs in four
European countries have found an increase in organised sports participation among
children and adolescents (Eidsdottir et al., 2008; Scheerder et al., 2005; Telama et al.,
2009; Westerstahl et al., 2003).

As many as 93% of Norwegian youth report that they are or at some point have been
members of an organised sports club (Bakken, 2017). While the proportion of
adolescent participation over time has been stable since 1992, there are indications of
change that might have increased dropout among older adolescents (Seippel et al.,
2011). The decrease in participation may be related to an increased focus on
specialisation and pressure both within organised sports and from school (Strandbu &

Bakken, 2007).

According to a Swedish study (Westerstéhl et al., 2003), adolescents participated less
in traditional team sports activities from 1974 to 1995, while interest and
participation in keep-fit activities outside traditional sports clubs increased. It was

suggested that this could partly be explained by the increased body and health
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awareness and the increase in new, informal sports activities offered in 1995
compared to 1974. New informal sports, such as keep-fit activities, jogging, strength
training, cross fit, hiking, and skateboarding, have increased in popularity among
adolescents (Gilchrist & Wheaton, 2011; Westerstahl et al., 2003). These activities do
not require membership in an organised sports club. Thus, this may contribute to a
change in the importance of participating in organised sports clubs for adolescents'

VPA levels from the 1980s to the 2010s.

Few previous studies have looked at the development of LVPA in relation to
participation in organised sports clubs among adolescents. However, one study from
the United States found no indication of change between 1999 and 2007 in the

interaction between sports participation and VPA by year (Taliaferro et al., 2010).

Evidence points to a consistent correlation between organised sports participation and
VPA. However, there is limited evidence related to secular change and possible
differences in LVPA in relation to participation and non-participation in organised
sports, highlighting the need for more knowledge related to the development over

time in LVPA across different subgroups and domains of PA.

3.2 Longitudinal changes from adolescence to adulthood

More needs to be known about the lifelong patterns of PA, and longitudinal data
opens up for looking at such patterns over time and across various life events and
transitions (Hirvensalo & Lintunen, 2011). Previously, there has been a focus on
tracking studies when exploring the development of PA over the life course. Tracking
refers to the tendency of individuals to maintain their rank or position within a group
over time (Telama, 2009). However, there is inconclusive evidence that leisure-time
PA in adolescence should carry over into adulthood, and previous studies have
generally found low — to — moderate tracking (Telama, 2009; Hayes, 2019; Corder,
2019). A decline in the level of PA has been shown from adolescence to adulthood,
with a slightly larger decline among boys (Corder, 2019), probably due to boys being

more physically active than girls in adolescence. Previous tracking studies based on
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data from the Norwegian Longitudinal Health Behaviour Study found a weak degree
of tracking of leisure-time vigorous physical activity from 13 to 21 years (Pearson’s r
was 0.22 for boys and 0.18 for girls) and showing stability among those reporting to
be least active (Anderssen et al., 2005).

While tracking identifies whether a person maintains their ranking in the population
over time, it does not address whether they maintain their level of PA. Group-based
trajectory modelling can be used to study the development, thus the stability and
change, in the person’s level of PA over time. This finite mixture modelling opens up
for looking at the “hidden heterogeneity” and the possibility of modelling change
over several measurement points, enabling the exploration of linear as well as

curvilinear change over time (Nagin, 2014).

A growing body of research has utilised finite mixture modelling to investigate the
development of PA from a life course perspective, and the literature was recently
summarised in a systematic review (Lounassalo, Salin, et al., 2019). Twenty-seven
papers published between 2004 and 2018 were included, six of which utilised
objectively measured PA; the rest included self-reported or parent-reported measures
of PA, exercise, or sedentary behaviour. The most common number of trajectories
identified was three or four, and the trajectory categories identified were: increasers,
highly active, active, inactive, decreasers from moderate PA level, and decreases
from a low level/low active. They found that trajectories describing change were
more prevalent during youth, such as a decreasingly active trajectory. Four studies,
based on two different Finnish longitudinal data materials, identified trajectories from
childhood (Kaseva et al., 2016; Rovio et al., 2018) or adolescence (Kiviniemi et al.,
2016; Oura et al., 2016) to adulthood. All studies modelled the trajectories based on
leisure-time physical activity measures computed based on several items related to
sports and activity where the respondents sweated or got out of breath. The largest
proportion of individuals was in trajectories describing eighter persistent leisure-time
physical activity (Kaseva et al., 2016; Kiviniemi et al., 2016; Oura et al., 2016) or
low leisure-time physical activity (Rovio et al., 2018). In the study by Rovio et al.

(2018), five trajectories were identified, namely persistently active (6.6%),
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decreasingly active (13.9%), increasingly active (13.5%), persistently low active
(51.4%), and persistently inactive (14.6%). This was the only study identifying an
increasingly active trajectory from childhood to adulthood. The increasers had a
similar leisure-time physical activity level as the low active and inactive participants
at the age of 12. However, from here, the increasers differed and increased their level
of leisure-time physical activity up to the level of those following the persistently
active trajectory. After the above-mentioned systematic review (Lounassalo, Salin, et
al., 2019) was published, Lounassalo et al. (Lounassalo, Hirvensalo, et al., 2019)
published a paper based on the same data material as Kaseva et al. (2016) and Rovio
et al. (2018). Here four trajectories were identified among men, and five were
identified among women. Overall, the same types of patterns were identified.

However, the increasingly active trajectory was only identified among women.

Among the studies identified in the previously mentioned systematic review, none of
the studies from adolescence to adulthood had investigated enabling factors such as
engagement in different activity domains. Previous studies based on longitudinal data
have identified positive effects of several activity domains on PA over time.
Engagement in organised and non-organised PA, team and individual sports, and a
wide variety of activities during youth contributes to PA in adulthood. A previous
trajectory study identified patterns of objectively measured MVPA from age 15 to 19,
and found that sports club participation decreased in all the trajectories, expect for the
increasingly active trajectory (Aira et al., 2021). Kjenniksen, Anderssen and Wold
(2009) found, based on data from the NLHB study, that age at becoming a member in
organised sports and the number of times reporting to be a member during
adolescence predicted 9% of the variance in LVPA at age 23. A Finnish study found
that persistent participation in sports in particular, predicted adult PA level (Telama et
al., 2006). Previous studies have also found that greater diversity of leisure-time
activities in adolescence seems to have an enabling effect of increased leisure-time
PA in adulthood among females (S. Mikelé et al., 2017), and that the number of
activities participated in at age 15 was stronger related to LVPA at age 23 than was
participation in specific activities (Kjonniksen et al., 2008). Outdoor recreation is a

broad term and includes different types of activities, and previous research has found
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that outdoor PA contributes more to positive attitudes towards PA and contributes to

positive activity habits (Eigenschenk et al., 2019).

Multiple studies show that adolescent PA is related to parental PA, confirming that
parents may be important role models and reinforcing factors for PA (Messing et al.,

2019; Sluijs et al., 2021).

A few previous studies have looked at possible determinants or predictors of PA
trajectory membership (Barnett et al., 2008; Rovio et al., 2018). Both studies found
that being male increased the odds of belonging to a persistently active trajectory
compared to an inactive or low active trajectory. Higher grade point averages (Rovio
et al., 2018), higher levels of education and higher household income (Barnett et al.,
2008) were associated with being in more active trajectories. Rovio et al. (Rovio et
al., 2018) found that parents’ PA when the respondents were age 12 increased the
odds of belonging to a decreasingly active trajectory compared to a persistently low

active trajectory.

Identifying heterogenetic development across the life course is valuable for
increasing the knowledge of the stability and change in activity behaviour, and
examining factors related to those trajectories is essential for developing well-
targeted PA promotion. As more trajectories related to change are identified in youth,
is seems eminent to investigate processes related to adolescence to further increase

the knowledge on stability and change in LVPA over time.
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4. The overall aim of the thesis

To develop, plan and implement a successful program for health-promotive physical
activity, there is still a need for an increased understanding of the factors underlying

exercise and physical activity in a particular situation.

We are examining the factors contributing to PA development over time by utilising
survey data collected over the past four decades. The overall aim is thus to study

stability and change in LVPA from both an individual perspective and a group level.
This is further explored in the three papers and their specific research aims:

Paper I aimed to identify distinct trajectories of LVPA and to explore whether these
trajectories were characterised by differences related to activity domains over the life
course. The activity domains included participation in organised sports, diversity in

leisure-time activities, outdoor recreation, and active peers.

Paper II aimed to examine how demographic (gender, family income, BMI),
psychological (intentions, enjoyment, self-efficacy, self-determination, competence,
value, athletic identity) and social (parental physical activity, support, and
encouragement) factors in early adolescence could predict membership in four

distinct LVPA trajectories (identified in paper I) from 13 to 40 years.

Paper III aimed to examine changes from 1985 to 2014 in self-reported participation
in organised sports clubs and LVPA among Finnish and Norwegian children and
adolescents and to what extent the association between self-reports of participation in
organised sports clubs and adolescents' LVPA levels have changed over time in the

two countries.
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5. Methods

5.1 Design, sample and procedures

In order to answer the overreaching research questions of this thesis, data from two
ongoing studies initiated at the University of Bergen were used. First, data from the
Norwegian Longitudinal Health Behaviour (NLHB) study was utilised to explore the
heterogeneity in the development of LVPA from early adolescence to adulthood and
how those belonging to the distinct developmental trajectories reported engagement
in different activity domains and if demographic, psychological and social predictors
differed between the groups. Secondly, nationally representative, repeated cross-
sectional data from the Health Behaviour in School-aged Children (HBSC) study was
used to study secular changes in LVPA and participation in organised sports clubs
from the 1980s to the 2010s and to see if the association between them had changed

over this period of time.

Both repeated longitudinal and cross-sectional studies are needed to understand
change over time, as they provide information about both individual and societal

change (Firebaugh, 2010).

5.1.1 Norwegian Longitudinal Health Behaviour (NLHB) study
(paper | and Il)

Paper I and II use data from The Norwegian Longitudinal Health Behaviour (NLHB)
study, a 27-year prospective two-generational cohort study on self-reported health

behaviours and lifestyles related to health and well-being.

The study follows the participants from age 13 in 1990 to age 40 in 2017, in all ten
times, and their parents (measured at three-time points in 1990, 1993 and 1996). See
Table 1 below for the number of participants and age at each data collection. The
sample was drawn from 22 randomly selected schools (54 classes), picked
systematically from an alphabetical list of all schools in a region on the west coast of
Norway (the former county Hordaland). The sample was limited geographically to

this region to allow close contact with the participating students in the crucial early
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phase of the project. At the first data collection in 1990, nine hundred and twenty-
four students participated. This was 77% of the 1195 students initially invited to
participate. Excluded from this sample were those whose parents did not give their
consent for participating or who failed to return the consent form (n=222), those who

did not wish to participate (n=46), and those who provided unusable responses (n=3).

Any new students in the included schools in 1991 and 1992 were invited to
participate, increasing the total number of students invited by 47, resulting in a total
sample of 1242. Twenty-nine did not participate in 1990,1991, or 1992 but

participated at least once during the data collections between 1993 and 2017.

For the data analysis in paper I and II, participants with at least one measurement of
LVPA over the ten measurement points were included. This reduced the included

sample to 1103 participants (45.5% female).

Table 1

Measurement years, age and total number of participants per measurement year.

1990 1991 1992 1993 1995 1996 1998 2000 2007 2017

Age 13 14 15 16 18 19 21 23 30 40

N 924 958 936 789 779 643 634 630 536 455

Before the survey, parents or caregivers were informed and gave written consent for
participation. Participants were surveyed ten times (1990, 1991, 1992, 1993, 1995,
1996, 1998, 2000, 2007, and 2017). The survey was conducted during school hours
for the first three times, and the students completed the self-completed questionnaires
in class. After that, the questionnaire was distributed by post. Participants were also
given the option to respond online for the last two surveys. The questionnaire was
distributed in October when the survey was conducted in school. Later when the

questionnaire was sent by post, there was greater variation in the time of completion.
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The study has been approved by the Data Protection Official for Research at the
Norwegian Center for Research Data, assuring that the study complies with the

ethical requirements for privacy and confidentiality.

5.1.2 Health Behaviour in School-aged Children (HBSC)

Paper I1I used data from the Health Behaviour in School-aged Children (HBSC), a
WHO cross-national survey. This international repeated cross-sectional study has
been ongoing since 1983/84. With an increasing number of participating countries, it
is carried out in more than 50 countries every four years in nationally representative
samples of 11-, 13, and 15-year-olds. The aim is to gain knowledge on adolescent
health and well-being in their social context (Currie et al., 2014). Paper I presents
data from Norway and Finland collected at two different time points in 1985/1986
(November-December 1985 in Norway and February-March 1986 in Finland) and
2013/2014 (March-May 2014 in Finland and March 2014-January 2015 in Norway).
Of the 13 countries participating in the survey in 1985/86, only Norway and Finland
collected data on participation in organised sports clubs in 1985/86 and 2014 and

were included in the analysis.

In Finland, the samples were chosen from the Finnish school register using a special
sampling program. The sample frame was the number of pupils at each class level.
Schools were selected using a cluster sampling method that took the size of the
schools (PPS, probability proportionate to size) into account. Inside a selected school,
one class was randomly selected. In Norway, school classes were used as primary
sampling units, with a standard cluster sampling procedure based on a graphical
stratified list and sequential selection from a randomised starting point. If a school
agreed to participate, all pupils from one class per age group were selected. Student
response rates among participating schools were 89% in 1986 and 85% in 2014 in

Finland and 91% in 1985, and 92% in 2014/15 in Norway, respectively.

Following the international protocol of the HBSC study, 90% of the sample in each
age group fell between half a year of a mean age of 11.5, 13.5, and 15.5 years. This
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led to a total of 16 355 11-, 13-, and 15-year-olds in the included sample from
1985/1986 and 2014.

Before the respondents gave voluntary informed consent and anonymously completed
the questionnaire during one lesson period at school, informed passive consent was
obtained from the pupils’ primary guardians. They were informed that participation
was voluntary and about the possibility of withdrawing at any time without a specific

reason.

In 1985/1986, the questionnaire was paper based in both countries, as was the
questionnaire in Finland in 2014, while the schools could choose a paper-based or a

web-based questionnaire in Norway.

At both time points, the Data Protection Official for Research at the Norwegian
Center for Research Data assured that the study complied with the ethical
requirements for privacy and confidentiality. The Finnish HBSC study was approved
by the Finnish Teachers Trade Union and the Finnish National Agency for Education
when the survey was collected for the first time in 1986, and the procedure has been

the same since.

5.2 Measurements

The measures used in Paper III based on the HBSC study have also been used in

paper I based on the NLHBS, and thus the measures will be presented concurrently.

5.2.1 Leisure-time vigorous physical activity

Leisure-time vigorous physical activity was measured with a question regarding the
frequency of such activity. The question reads: «Outside school hours, how often do
you do sports or exercise to the extent that you become out of breath or sweat?» The
following response categories were given (coding in parenthesis): Every day (7), 4—6
times a week (5), 2-3 times a week (2.5), Once a week (1), Once a month (0.25),
Less than once a month (0), and Never (0). In the NLHBS, the first part of the
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question's wording was changed to «Outside school/work hours» in 1993 and

«Outside work hours» in 2017.

This variable was measured at all ten measurement points in the NLHB study and
both in 1985/86 and 2013/14 in the HBSC study and is used as the outcome measure

in all three papers.

5.2.2 Membership in organised sports clubs

Membership in organised sports clubs was measured using a single item: «Are you a
member of a sports club/sports association?» In the HBSC study, the response
categories were No (1), Yes, I train in a sports club (2), and Yes, but I don't attend
training sessions (3). Some respondents indicated they were members but did not
attend training sessions (Finland: n =313 in 1985/1986 and n = 183 in 2014, Norway:
n =258 in 1985/1986 and n = 76 in 2014). Those «passive» members were excluded
from the analysis in order to be able to interpret the results more precisely and reflect
upon the differences between non-participants and participants in sports clubs. In the
NLHBS, the response categories were Yes (1), No, but I have been a member before
(0), and No, I have never been a member of a sports club (0). This item was included
at eight measurement points (excluded at ages 19 and 21 years). Membership in

organised sports clubs is included in papers I and III.

In the NLHBS, the respondents were at ages 13, 14, 15 and 16 given the question
«When did you become a member of a sports club?» with response categories being |
have never been a member of a sports club or sports association (0) and I became a
member when I was about .... years old, with response options of 1-13, 14, 15 or 16
years. Responses to this question were recoded so that the most initial response was

preferred. This measure is included in the paper 1.

5.2.3 Diversity in leisure-time activities

A measure of diversity in leisure-time physical activities was computed based on a
list of alternative types of sport or exercise at ages 15 (33 alternatives), 23 (33
alternatives) and 40 years (20 alternatives). See the complete list of the types of

activities in an appendix. Following the list, the respondents were presented with four
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response categories: Several times a week, Once a week, Less than once a week, and
Never. Based on this, a count variable was computed where the performance of a

sport or exercise at any frequency was counted. This measure is used in the paper 1.

5.2.4 Outdoor recreation

The outdoor recreational activity was measured using two questions about outdoor
recreation during summer or winter. The questions were: «How often do you usually
do out- door activity in summer? Outdoor recreation in summer can include hiking,
swimming, cycling, or fishing» and «How often do you usually do outdoor activity in
winter? Outdoor recreation in winter can include hiking, fishing or cross-country
skiing», with the following response categories: Four times a week or more often (4),
2-3 times a week (3), Once a week (2), Less than once a week (1), and Never (0).
These items were included in the NLHBS at ages 13, 14, 15, 16, 23, 30, and 40. This

item is used in the paper L.

5.2.5 Peer PA

Peer PA was assessed using two items related to active friends and best friend's
activity level, both used in Paper 1. The first item related to the number of friends
participating in sports and included the question, "How many of your friends do
sports or exercise?". The response categories were Almost all (4), More than half (3),
About half (2), Less than half (1), and None (0). This item was included at ages 13,
15, and 18 years.

The second peer item related to the level of sports and exercise performed by the
participant’s best friend and read, “Does your best friend do sports and exercise?”
The responses options were Four times a week or more (4), 2—3 times a week (3),
Once a week (2), Less than once a week (1), Never (0), and I do not have a best
friend (missing). This item was included at ages 13, 15, and 23 years. This item is

used in the paper 1.

5.2.6 Intentions
Intention for future PA was measured using two single-item questions related to

intentions for performing VPA at different levels in one year or ten years. The
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question reads, «Think about yourself in one year/ten years. How many times per
week do you think you will do sports or exercise to the extent that you become out of
breath or sweat?» with the following response categories (coding in parenthesis):
Every day (7), 4-6 times a week (5), 2—3 times a week (2.5), Once a week (1), Once a
month (0.25), Less than once a month (0), and Never (0). This item is used in paper
1L

5.2.7 Perceived competence

Perceived competence in PA was measured as the respondents’ assessment of their
skills in relation to peers, Perceived competence in sports was measured using the
following questionnaire item; «Think about many different sports outside school.
How good are you normally in sports?», with response categories (coding in
parenthesis): Better than peers (4), Slightly better than peers (3), As peers (2),
Slightly worse than peers (1) and Worse than peers (0). This item is used in paper II.

5.2.8 Perceived importance of competence

The perceived importance of sports competence was assessed in the following matter;
«How much does it matter to you whether you are good or bad at sports?» It means a
lot (3), It means some (2), It means little (1) and It doesn’t mean anything (0). This

item is used in paper II.

5.2.9 Athletic identity

Athletic identity was measured by asking if the respondent thought of themselves as
an athlete. «Do you think of yourself as a sports girl/boy?» with responses Yes (1)
and No (0). This item is used in paper II.

5.2.10 Enjoyment in sports

Enjoyment was related to affective judgement and was measured with the question,
«How do you enjoy doing sports?» Very much (4), Enjoy it (3), Neither good nor bad
(2), Bad (1) and Very bad (0). This item is used in paper II.
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5.2.11 Self-efficacy

This measure was related to one’s perceived ability to engage in PA, hence task-
specific efficacy. The questionnaire item used read as follows; “How easy would it be
for you to engage in sports or exercise, should you wish to do so?” with the following
response categories; Very easy (4), Easy (3), Neither easy nor difficult (2), Difficult
(1) and Very difficult (0). This item is used in paper II.

5.2.12 Self-determination

Self-determination was measured with the following item; “Do you feel that you can
decide for yourself how much you are going to participate in sports?”. The response
categories were I decide for myself a great deal (4), I can decide for myself a lot (3), I
can decide for myself to some degree (2), I can decide for myself a little (1) and I

cannot decide for myself much (0). This item is used in paper II.

5.2.13 Parental PA

The respondents' perception of the mother’s and father’s level of sport or exercise
was measured using two separate questions. The questions were as follows; «Does
your mother/father do sports or exercise?» with response categories; 4 times per week
or more (4), 2-3 times per week (3), Once a week (2), Less than once a week (1),

Never (0) and I don’t have a mother/father (Missing). This item is used in paper II.

5.2.14 PA, together with parents

The following questionnaire item was used to measure whether the respondents
engaged in sports and exercise with their parents: "Do you happen to do sports or
exercise together with your mother or father?». Response categories were 4 times per
week or more (4), 2-3 times per week (3), Once a week (2), Less than once a week

(1) and Never (0). This item is used in paper II.

5.2.15 Instrumental support from parents

Instrumental support from parents was measured using one item: "Does it happen that
your parents help you do sports? (It can be such things as driving or picking you up,

timing, keeping scores or similar.)». The response categories given were; 4 times per
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week or more (4), 2-3 times per week (3), Once a week (2), Less than once a week

(1) and Never (0). This item is used in paper II.

5.2.16 Emotional support from parents

Emotional support from mother or father was measured in relation to encouragement
in two separate questions. The item read as follows; “How often does your
mother/father encourage you to do sports or exercise to keep fit?» with the following
possible responses 4 times per week or more (4), 2-3 times per week (3), Once a

week (2), Less than once a week (1) and Never (0). This item is used in paper I1.

5.2.17 Gender
Gender was measured using the following question; «Are you a boy or a girl?» with
the response categories being (coding in parenthesis) Boy (0) and Girl (1). This item

was used in paper I, IT and III.

5.2.18 Body Mass Index

The respondents' height and weight were queried, and self-reported values were used
to calculate the respondents' body mass index (BMI). BMI was calculated by dividing
the respondents' weight in kilograms by the square of their height in meters. The
measure of BMI was included in paper I based on data collected at age 15, 23 and 40,

and in paper Il based on data collected at age 13.

5.2.19 Having children

A single question related to having children was included in the questionnaire from
early adulthood to midlife (age 21, 23, 30 and 40). The respondents were asked: «Do
you have children?» The response categories were «No» (0) and «Yes» (1). This item

was included in paper L.

5.2.20 Income

In paper I, socioeconomic status was based on a measurement of self-reported gross
income at ages 23, 30 and 40 years. The question read, "What was your income in
1999/2006/2016 (gross)?" with response categories in intervals of 100 000 NOK. The
response categories started at "Less than 100 000 NOK" (0), and the highest response
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category at age 23 was “500 000 or more” (5), while this was increased at age 30 to

“700 000 or more” (7), and at age 40 to “900 000 or more” (9).

Paper II used a measure of parental reported household income in 1995. Mother and
father were asked; «What was your household's total income in 1995 (gross)?» with
response categories (referring to Norwegian kroner) Less than 100.000 (0), 100-
199.000 (1), 200-299.000 (2), 300-399.000 (3), 400-499.000 (4) and 500.000 or more
(5). This data was used to calculate a mean based on the two or one when there was
missing. The new mean measure of family income (n=614) was used as continuous in

the analysis.

5.3 Reliability, validity and generalisability

In this thesis, the outcome measure in all three articles is the same single-item
measure related to leisure time and weekly vigorous-intensity physical activity
frequency. This item has been included in the international HBSC study since the
1980s (Currie et al., 2012) as well as in several international publications. The
measure has been found to have acceptable to good reliability in a previous study
from Australia (M. L. Booth et al., 2001) and overall good reliability in a sample of
Norwegian adolescents (Rangul et al., 2008). The validity of the measure has also
been evaluated, and the item has shown medium correlations (+=0.39) with maximum
oxygen uptake and partial validity, showing higher scores of LVPA for those given
higher scores on a 20-m shuttle run test (Rangul et al., 2008).

The measures used in this study are single-item measures. Single indicators have
decreased level of detail, unknown reliability, and might not capture needed
complexity in psychological constructs (Allen et al., 2022). The single item used to
capture LVPA only captured the frequency and not the duration of the behaviour in
question. The measure of membership in sports clubs was based on a single question
related to membership. It has previously been suggested that this is a reliable and
valid way of mapping sports participation in Norway (Kjenniksen, Fjortoft, et al.,

2009), as youth sports are mainly organised within the national confederation for



30

sports, and youth are likely to know whether or not they are members. However, the
item does not measure the frequency or duration of participation, and if we could

have included this, it would have strengthened our analysis.

The included questions related to intentions address willingness and behavioural
expectations. Such questions have been termed decisional intention and include an
outcome plan (Rhodes & Rebar, 2017). Self-efficacy and self-determination are
commonly measured as latent constructs; it is possible that our single-item measure
does not capture the complex psychological construct, and caution should be made in
the interpretation of the results pertaining to the predictive power of these constructs.
Other measures, such as athletic identity and enjoyment in sports, are considered to
be reliable measures as the constructs are less complex, rather one-dimensional clear
and straightforward questions. In addition, we argue that the measures have strong
face-validity as they are worded similarly to indicators in scales, such as the Athletic
Identity Measurement Scale (AIMS) (Brewer et al., 1993) and the Physical Activity
Enjoyment Scale (PACES) (Kendzierski & DeCarlo, 1991). Despite the decreased
level of detail and unknown reliability, the use of these single-item measures is more
cost-effective and parsimonious regarding efficiency and utility (Allen et al., 2022),
which have been crucial to the development and ongoing engagement in the

longitudinal study, that has been ongoing for 27 years.

The results from paper I and II based on the NLHB study are not necessarily
generalisable to other populations. The studied sample represents a population from
the western coast of Norway. However, the baseline mean of LVPA at age 13 (in
1990) in the NLHB study sample is almost identical to that of the Norwegian
nationally-representative HBSC study sample of 13-year-olds collected the previous
year (1989). This similarity suggests that the sample was representative of Norwegian

youth in the relevant age group at baseline (Kjenniksen, Anderssen, et al., 2009).

The results from paper III are based on two nationally representative population-
based samples from Norway and Finland, following the same protocol with

comparable and repeated measurements from 1985/86 and 2014.
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5.4 Analysis

In this thesis, a combination of variable-centred and person-centred approaches has
been used. In paper I, the primary interest was to explore if there were distinct
trajectories, meaning different patterns of development in LVPA; hence a person-
centred approach was used. In a person-centred approach, the goal is to group
individuals by similarity (B. Muthén & Muthén, 2000). This is done by statistically
reducing the “noise” in the data as the total variability is split into between-group and
within-group variability. It is then possible to further look at the differences between
those groups. In paper I, differences between the trajectories were explored in relation
to involvement in several activity domains. The use of latent class growth analysis
(LCGA) opens up for answering research questions that have both person- and
variable-centred aspects (B. Muthén & Muthén, 2000). In paper II, a variable-centred
approach was used to identify determinants of trajectory membership. Paper III
focused on the development of LVPA over time and how this was related to
membership in organised sports; hence, the focus was on the stability, change and

relation between the variables of interest.

All data were managed, and descriptive statistics and the analysis for Paper III were
done using IBM SPSS (version 27.0). For papers I and I, the data were converted to
Mplus (version 8.7 (L. K. Muthén & Muthén, 2017)). The level of statistical

significance was 0.05.

5.4.1 Missing data in longitudinal studies

As the follow-up in the NLHB study spans over 27 years, some degree of missing is
expected. In order to reduce the risk of bias in the results, it is important to identify
the missing data level and to determine the mechanisms behind the missingness in the

study to handle the missing data the best way.

Within each measurement point, the item- or construct missing level is low in the
NLHB study, i.e., those who have responded and returned their questionnaire have
replied to most of the questionnaire items. In longitudinal studies with long follow-

ups, such as in the NLHB study, participants may be present for some waves of data
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collection and missing for others. This form of missingness is called wave
nonresponse (Schafer & Graham, 2002). Attrition or dropout are special types of
wave nonresponse where the respondent leaves the study and does not come back,
and is, in many cases, the most common type of wave nonresponse and can affect a
study in different ways. The largest group is often attrition due to discontinued
participation (withdrawal), but also because of death or frailty, problems with
recontacting the participants (no contact) or non-return (Young et al., 2006). Attrition
does not only cause loss of power because of the diminishing number of participants,
but it may also reduce the internal and external validity of the findings as the attrition
may be selective. However, in many cases, respondents may drop out and reappear.
Because repeated measures on an individual tend to be correlated, using all available
information for each respondent is recommended, as missing information in parts can

be recovered from other measurement points.

In order to determine the best way to handle missing, the mechanisms behind the
missingness should be explored. In line with the work of Rubin (1976), there are
three mechanisms or distributions of missingness to describe the relationship between
measured variables and the probability of missing data (Newman, 2014; Schafer &
Graham, 2002): missing completely at random (MCAR), missing at random (MAR),
and missing not at random (MNAR). While MCAR results from a process completely
unrelated to the variables of interest in the analysis and where the probability of
missing is not dependent on the observed or missing data values, MAR and MNAR
are considered systematic missingness. The important difference between the two is
that in MNAR, the probability that a variable value is missing is dependent on the
missing data values themselves, while in MAR, the probability that the value is
missing is partly dependent on other observed data in the dataset, but it does not
depend on the missing values themselves (Newman, 2014). MAR is also called
ignorable nonresponse (Schafer & Graham, 2002), meaning that the reason for
missing is unrelated to the study's purpose. However, there is no test for whether the
data are MAR or MNAR, and it is impossible to verify without knowing the values of

the missing variables.
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Several missing data treatments are available, with listwise and pairwise deletion
previously being the most common. However, when data are not MCAR, these
missing data treatments can produce biased results under MAR and MNAR. With the
widespread availability of software that opens for using all available data, multiple
imputations (MI) and maximum likelihood (ML) are considered state-of-the-art
missing data treatments (Schafer & Graham, 2002). In ML, a likelihood function is
used to directly estimate parameters of interest from the incomplete data matrix, as in
the full information maximum likelihood (FIML) routine, which yields unbiased
parameter estimates and accurate standard errors under the MCAR and MAR

mechanisms (Newman, 2014).

In the NLHB study, the response rate at the last follow-up, 27 years after the first data
collection, was relatively good, considering the length of the study. Most of the
missing data in 2017 is related to wave nonresponse (attrition). To assess this,
dropout analyses were undertaken by comparing baseline values of gender, LVPA,
membership in sports clubs, age at becoming a member of a sports club, outdoor
recreation, number of active friends and best friend's activity level between those who
dropped out of the study before age 40 and the 455 respondents who did not.
Independent sample t-tests showed no statistically significant differences between
these two groups (p > 0.05). Family income reported by parents was measured in
1996, and dropout analysis was undertaken for these measures as well. Here a
significant difference was found both for family income reported by mother (¢ (582) =
-3.156, p = 0.002) and father (¢ (543) = -2.215, p = 0.002), however with small effect
sizes based on a Cohen’s d of .26 and .19, respectively. Showing that the family
income was significantly lower among those who dropped out of the study.
Therefore, it does not seem that the data, other than the small difference in parental
reported family income, are MNAR. However, it is still not possible to determine if
they are MAR, but supported by the low level of item missing, the results from the
dropout analysis, and the fact that we have included a comprehensive set of
demographical, temporal, and highly correlated variables in the analysis suggest that
the potential error is low. Based on this, we assess that the requirements for using

FIML to address the missing data are met under the MAR assumption.
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5.4.2 Latent class growth analysis (paper | and Il)

To explore the number of growth parameters that best suited the data, the data on
LVPA from all ten measurement points were modelled in a latent growth model prior
to the LCGA. A total of three models were tested. The models had two (intercept and
slope factor), three (intercept, slope, and quadratic slope factor) and four (intercept,
slope, quadratic, and cubic slope factor) growth parameters, respectively. The best fit,
which was determined by the highest comparative fit index (CFI) and the lowest root
mean square error of approximation (RMSEA), was obtained when the model

included four growth parameters (CFI=0.911, RMSEA=0.05).

LVPA trajectories were identified using LCGA. LCGA is a type of group-based
trajectory model, making it possible to identify latent classes of individuals based on
their joint growth trajectories over time (Nagin, 2014). The analysis treated the LVPA
variable as continuous; missing data were assumed to be missing at random (MAR)
and addressed using full information maximum likelihood estimation (FIML). The
analysis also included 44 auxiliary variables related to demographics (gender, BMI,
income) and activity domains. These variables were used in the distal outcome model
described below but were also important in treating missing data. The model
parameters were estimated using the maximum likelihood estimator with robust

standard errors (MLR).

Akaike information criterion (AIC), Bayesian information criterion (BIC), entropy,
average posterior probability >0.70 for within-group membership, the Vuong—Lo—
Mendell-Rubin test (VLMR), and the bootstrap likelihood ratio test (BLRT) were
used to assess the fit and interpretability of the model, as well as the final number of

latent trajectory classes (van de Schoot et al., 2017).

The number of classes was determined by testing the model fit for two, three, four,

five, six, and seven latent trajectory classes.

The Guidelines for Reporting on Latent Trajectory Studies (GRoLTS) checklist was
used to ensure the quality of the analysis and the reporting. In the class enumeration,

the AIC and BIC values did not reach a low point and start to increase as suggested



35

by the guidelines. The VLMR test was significant only for the two-class and four-
class models (p<0.05), but the proposed more reliable BLRT was significant for all
models. The enumeration was therefore based on entropy and the posterior
probability of class membership in addition to theoretical and empirical support for
selecting the four-class solution. Through qualitatively assessing the three- and five-
class models vs the four-class model, we found that the three-class solution provided
fewer nuances, and the five-class solution had two similar and (almost) parallel

classes.

5.4.3 Distal outcome model using the Block—Croon—-Hagenaars
(BCH) approach (Paper |)

Paper I examined the mean difference in the variables related to activity domains
(i.e., membership in organised sports clubs, diversity in leisure-time physical
activities, peer PA and outdoor recreation) measured in adolescence, young adulthood
and adulthood, across the trajectory classes. To accomplish this, we employed the
one-step automatic BCH approach. By utilising this approach to estimate a distal
outcome model, we were able to prevent a shift of the latent class trajectories,
ensuring that they were still primarily assessed by the LVPA measure. Instead, the
BCH approach employs weighted multiple-group analysis in the final stage to avoid
any alterations in the latent classes. In the BCH approach, the auxiliary variables are

treated as continuous.

5.4.4 Multivariate multinomial logistic regression (Paper Il)

To examine the significant determinants of trajectory group membership, we
employed several multivariat multinomial regression models. Initially, we utilised the
‘save data’ command in Mplus to generate a novel variable based on the likelihood of
belonging to one of the four distinct latent classes. Subsequently, demographic,
psychological, and social factors were included as determinants of the latent class
membership variable. Finally, we iteratively conducted the multivariate mltinomial

regression, with each latent class serving as a reference group.
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5.4.5 Linear mixed model analysis (Paper lll)

To examine the changes over time and gender disparities in participation in organised
sports clubs and the level of LVPA, we employed Pearson chi-square and
independent sample t-tests. Effect sizes were calculated using Cohen’s d, with the

assistance of the calculator available at www.psychometrica.de.

The main outcome of our analysis was LVPA. We considered five discrete
independent factors: country, survey year, gender, participation in organised sports
clubs, and age group. To adequately address potential classroom effects, we
formulated all models as two-level regression models, incorporating a random
intercept for the school class, which was the primary sampling unit. A full linear
mixed model, with all main and interaction effects was estimated utilising restricted
maximum likelihood. The omnibus significance test for each independent factor was
assessed by means of type III F tests using Satterthwaite corrected degrees of
freedom. To facilitate interpretation, we estimated the marginal means, examining the

simple effects of survey year by country, participation group, gender and age group.
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6. Results

6.1 Paper I: Leisure-time physical activity trajectories from
adolescence to adulthood in relation to several activity
domains: a 27-year longitudinal study.

This paper aimed to identify distinct trajectories of LVPA. Secondly, we aimed to
explore whether these trajectories were characterised by differences related to several
activity domains, i.e. participation in organised sports, diversity in leisure-time

activities, outdoor recreation, and active peers.

Four trajectories were identified: active (9%), increasingly active (12%), decreasingly
active (25%), and low active (54%), with heterogeneity in the development from
adolescence to adulthood. There was a declining tendency in LVPA from age 13 to
40 years, except for the increasingly active trajectory, which showed a slight increase
over the 27-year follow-up. Belonging to the active trajectory, which had higher
LVPA levels at all measurement points, was related to higher mean levels on the
included measurements related to activity domains. During adolescence, people in the
decreasing trajectory reported higher mean levels of participation in and lower mean
age at becoming a member of sports clubs, larger diversity in leisure-time activities,
and higher best friend’s activity level compared with those in the increasing
trajectory. However, in young adulthood, people in the increasingly active trajectory
reported significantly higher mean levels for the same variables compared to those in
the decreasingly active trajectory. The low active trajectory was identified as the
largest trajectory group and included more than half the sample (54%). Those
belonging to this trajectory reported the lowest mean LVPA level at all measurement
points and lower levels on all the included activity domains compared to the other

trajectories, showing a stable development from adolescence to adulthood.
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6.2 Paper Il: Adolescent Determinants of Life-Course
Leisure-Time Vigorous Physical Activity Trajectories: A
27-Year Longitudinal Study

Paper II builds upon the LVPA trajectories identified in Paper I by examining how
demographic (gender, family income, BMI), psychological (intentions, enjoyment,
self-efficacy, self-determination, competence, value, athletic identity) and social
(parental physical activity, support, and encouragement) factors in early adolescence

can predict membership in the four distinct LVPA trajectories.

The multivariate multinomial logistic regression showed that gender (male), VPA
intentions the next year and athletic identity associated with belonging to the two
trajectories reporting the highest levels of LVPA in adolescence. VPA intentions in
ten years were associated with belonging to the active trajectory compared to the
decreasingly active and low active trajectories. Enjoyment increased the odds of
belonging to the increasingly and decreasingly active trajectories compared to the low
active trajectory. Two of the social determinants, the mother's PA and emotional
support from the father, were associated with belonging to the increasingly active
trajectory compared to the low active trajectory. Higher family income increased the
odds of belonging to the increasingly active compared to the decreasingly active

trajectory.

6.3 Paper lll: Leisure-time physical activity and
participation in organised sports: Changes from 1985
to 2014 in Finland and Norway

The third paper examines changes from 1985 to 2014 in self-reported participation in
organised sports clubs and LVPA among Finnish and Norwegian children and
adolescents. In addition, the association between participation in organised sports
clubs and adolescents' LVPA levels was also examined as to whether this had

changed over time in the two countries.
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Overall, participation in organised sports clubs and the level of LVPA changed in the
same direction in the two countries. There was an increase in the proportion of 11-
year-olds reporting to be participants in organised sports clubs from 1985/1986 to
2014. This was also found among Finnish 13- and 15-year-old girls; however, among
both Norwegian and Finnish boys aged 15, there was a decrease in participation in
organised sports clubs. We found an overall increase in self-reported LVPA, but this
was not significant among Finnish boys aged 13 and 15. The association between
participation in sports clubs and LVPA was stronger in 2014 than in 1985/1986. The
findings indicated subgroup differences. We found only a significant increase in
LVPA over time among those reporting to be members of organised sports clubs,
except among Finnish non-participating girls aged 11 and 15, where there also was a

significant increase in LVPA over time.
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7. Discussion

This thesis explored the stability and change in leisure-time vigorous physical activity

in Norwegian survey data collected over the past 30 years. This discussion will start

by presenting the main findings from this thesis, followed by a discussion of the

heterogeneity in the development of LVPA. After that, the results of the three papers

will be discussed in light of the YPAP model, focusing on the identified factors that

can contribute to the stability and change in LVPA over time.

7.1 Summary of the main findings

1.

Four distinct LVPA trajectories were identified in the sample from the NLHB
study. These were low active, decreasingly active, increasingly active and

active (paper I and II).

. All trajectories showed a decline in LVPA from adolescence to adulthood,

except the increasingly active trajectory, which showed a slight increase (paper
I). From adolescence to young adulthood (13-21 years), all trajectories showed
more remarkable change than in the period from young adulthood to midlife
(21-40 years), which was characterised by a more stable development (paper
D).

The heterogeneity in the development of LVPA was also present in the
development of reporting on several activity domains, namely participation in
organised sports clubs, engagement in a diversity of activities, having active
peers and time spent on outdoor recreation.

Demographic, psychological and social determinants for trajectory group
membership were identified, supporting previously highlighted important
determinants for adherence to LVPA in a longitudinal perspective, namely
intentions for VPA, enjoyment in sports, parental support and encouragement

and male gender.

. Adolescent LVPA and sports participation have changed from 1985 to 2014 in

Finland and Norway. We identified differences related to this change among

different subgroups of the Finnish and Norwegian samples.
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7.2 Heterogeneity in the Development of LVPA from
Adolescence to Adulthood

Tracking studies have previously identified low to moderate associations between
former and later activity levels (Hayes et al., 2019; Telama, 2009). In paper I, based
on a Norwegian population from the west coast of Norway, active, decreasingly
active, increasingly active, and low active trajectories of LVPA were identified from
age 13 to age 40. The number and size of the trajectories correspond with those
identified in previous studies (Lounassalo, Salin, et al., 2019), thus confirming the
heterogenic development in PA and contributing to the knowledge related to
longitudinal development both between and within individuals. However, these
trajectories are based on a selection of different measures related to leisure-time PA,
and therefore one should be careful when comparing these trajectories to our

trajectories of LVPA.

A tendency of stabile development is evident in the largest trajectory group, i.e., the
low active trajectory. Following the low active trajectory was associated with the
lowest mean LVPA level at all measurement points. These results support the
systematic review of distinct trajectories of PA by Lounassalo et al. (2019), where
low active trajectories appeared to be more stable than more active trajectories, as
well as supporting previous tracking research showing that inactivity tracks better
than activity. The proposed habit formation hypothesis by Telama (2009) can be used
in understanding this development, as it seems they have the habit of low levels of
LVPA all the way from adolescence into adulthood. The larger low active trajectory
and the relatively stable development from adolescence to adulthood are, in addition,
consistent with previous research reporting high prevalences of not meeting the PA
recommendations in the adult population globally (Guthold et al., 2018) and
nationally in Norway (30.9% of 35-49 year-olds in 2013-2014) (Hansen et al., 2015).

In Paper I, we also identified two trajectories starting at a higher level of LVPA,
namely the active and the decreasingly active trajectories, representing 9 and 25 per
cent of the sample, respectively. Rovio et al. (2018) also identified two trajectories

with a higher average level of leisure-time PA at age 13, the persistently active
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(6.6%) and the decreasingly active (13.9%). Although not possible to compare related
to the level or intensity of PA, the trajectories are proportionally related and follow a
similar development from adolescence to midlife. The reasons why the active and the
persistently active trajectories reported higher levels of activity than the other
trajectories can be related to some kind of hereditary disposition to fitness and motor
performance, as in the self-selection hypothesis (Telama, 2009). They increased their
level of PA in adolescence before it decreased during adulthood. In contrast, the two
decreasingly active trajectories show a steeper decline in activity before a more stable
decrease follows in adulthood. When transitioning from adolescence to young
adulthood, the types of activities available change and other life-changing events may
occur, such as starting education or moving out from parents. As indicated in the
carry-over value hypothesis (Telama, 2009), this can contribute to a decrease in
activity as such changes can make continuing PA difficult. There are, however, some
differences between the two samples. While the persistently active trajectory in the
study by Rovio et al. (2018) shows almost the same high level of activity at age 39 as
at age 12, the active trajectory in paper I show a lower level of LVPA at age 40. One
possible reason could be the difference in measures, or the change in the Finnish

study's activity measure used between adolescence and adulthood.

There were also similarities between the Rovio et al. (2018) paper and paper I related
to the low active trajectory (54%) and the increasingly active trajectory (12%). In
paper I, these trajectories started at the same low level, as did the two trajectories in
Rovio et al. (2018), identified as increasingly active (13.5%) and persistently inactive
(14.6%). The increasingly active trajectories are interesting to health promotion as
they indicate the possibility of change within the formative years of adolescence.
These “late bloomers” increased their activity level when the three other trajectories
decreased. It is possible that they have entered different activity domains later and
that this possibly has increased their abilities, readiness and enjoyment in order to
continue to be active over the transitions from adolescence to young adulthood and

further, in line with the ability and readiness hypothesis (Telama, 2009).
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In sum, there are many similar developmental trajectories in the two samples. This
supports the identification of meaningful trajectories of PA from early adolescence to
adulthood and the usefulness of such identifications. However, comparability should
be done with caution in relation to group-based trajectory modelling. Results must be
interpreted in relation to the connected entropy and posterior probabilities, as the

classification of trajectories is not definite.

Both the trajectories identified in Paper I and the trajectories from the paper by Rovio
et al. (2018) showed changes in the level of PA during adolescence. This change also
gave the direction for the development into adulthood among all the trajectories,
reflecting the considerable potential for change and the critical period for

maintenance of LVPA that is found in the adolescent years.

By utilising the four patterns of LVPA trajectories from adolescence to adulthood, it
is possible to explore what characterises individuals with a higher probability of
following a given pattern. This information can help build knowledge about factors

that might contribute to the stability or change in LVPA over the life course.

In the following sections, the YPAP model will be used as a conceptual framework
for discussing various predisposing, reinforcing, and enabling factors that might
contribute to the stability and change in LVPA over time. The three papers in this
thesis identify factors in the enabling, predisposing, reinforcing and personal
demographic components of the YPAP model, and the findings are illustrated in
Figure 2. However, far from all possible factors that predispose, reinforce, and enable
the development of LVPA are included. Thus, the interpretation of the results should
be viewed as contributing to the development of knowledge related to the
heterogeneity in LVPA over time rather than a complete demonstration of the

processes identified by Welk (1999) for promoting PA.
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Figure 2 Modified YPAP model showing the focus of the three papers

7.3 Predisposing factors for LVPA development

In paper 11, we included a set of psychological determinants, both cognitive and
affective. The YPAP model combines cognitive and affective determinants of PA
behaviour within the predisposing factor, conceptualised as the two components «Am
[ able?» and «Is it worth it?» (Welk, 1999). Within the cognitive determinants, VPA
intentions in one year and ten years contributed as significant determinants, but
interestingly there were some differences. When the respondents were asked about
their intentions to engage in VPA the following year, higher intentions significantly
increased the odds of belonging to the two most active trajectories compared to the
two less active trajectories at age 13. However, when the question about intentions
was related to how much VPA they thought they would engage in ten years later, i.e.,
in young adulthood at age 23, there were significantly lower odds of belonging to
those following the decreasingly active trajectory compared to the active. It seems
that their assessment of their ability to be active was forward-looking. Intentions are

found to be important contributors to overall PA levels (Cortis et al., 2017).
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According to the TPB, intentions are guided by behavioural, normative and control
beliefs (Ajzen, 2002). The YPAP model highlights how enabling and reinforcing
factors influence the individual's perception of whether they are able or not to
perform the behaviour. Behavioural beliefs are probably shaped by their interaction
with their environment, such as participation in organised sports where opportunities
for developing abilities and skills are present, in line with the ability and readiness
hypothesis proposed by Telama (2009). Support from family, coaches and friends
will probably contribute to the normative beliefs and thus contribute to the
development of intentions. This interplay between the predisposing, reinforcing and

enabling factors illustrates the complexity of promoting PA.

We found that higher levels of enjoyment in sports increased the odds of following
the increasingly active trajectory, whose development during adolescence was
characterised by change, compared to those in the stable low active trajectory. As
suggested by the SDT, enjoyment increases the motivation to engage in PA because it

is intrinsically rewarding.

The connections between the «am I able?» and «is it worth it?» components are vital.
People will likely value what they are good at and pursue what they value. Welk
(1999) proposes that when answering “yes” to both questions, it is likely to inhabit an
athletic identity. Because identity, as outlined by SDT, can affect the regulation of
behaviour, a strong athletic identity can be an essential psychological determinant of
lifelong PA if the activity becomes a defining element of one’s self-identity
(Reifsteck et al., 2016). However, we found that a stronger athletic identity also
increased the odds of following the decreasingly active trajectory compared to the
increasingly and low active trajectories. Several reasons might explain this. Cognitive
determinants, such as athletic identity, may not predict lifelong PA development
because it is more related to the activity behaviour then and there. Those not as active
at the measurement time do not see themselves as athletes. However, this might
change. As those in the decreasingly active trajectory become less involved in sports
and other activities, it is likely that their perception of themselves as athletes will

change. The possible importance of self-identity, as outlined by the SDT, might not
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be captured in our measure of athletic identity and thus not predicting lifelong LVPA.
In addition, it is possible that our measure did not determine trajectory membership

because our trajectories were related to LVPA and not sports activities in particular.

7.4 Reinforcing factors for LVPA development

According to Welk (1999), the reinforcing factors related to PA are those that support
PA behaviour and are related to social determinants such as parental support (paper
IT) and peer support (paper I). In paper I, peer PA was included in the analysis as an
activity domain because we wanted to explore the possibility of different domains
contributing differently to the four LVPA trajectories. However, related to the YPAP
model, if the level of PA among peers or the number of active friends contributes as
enabling or reinforcing factors on trajectory membership and thus the development of
LVPA from adolescence to adulthood is not clear-cut. The two single-item measures
are related to the level of peer PA and the number of active friends, measures not
tapping into such factors as support, encouragement or role modelling directly.
However, in light of theory, previous research and our findings, it seems like these
two measures tap into possible reinforcing contributions of support on the stability

and change in LVPA.

Peers can affect PA behaviour through reinforcing mechanisms across, and in
addition to, several different activity domains. Both the presence of and the
interaction with peers may contribute to an increase in the level of LVPA. We found
that the reported level of best friend’s PA increased from adolescence to young
adulthood for those in the increasingly active trajectory. At the same time, this
decreased among those in the decreasingly active trajectory (paper I), which supports
previous research and highlights how peer relations should be included in health

promotion interventions (Sawka et al., 2013).

As suggested by the SCT, parents constitute essential role models for observational
learning of behaviour and attitudes (Bandura, 1986). Having a more active mother

increased the odds of belonging to a trajectory where the level of LVPA increased
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during adolescence and continued at a higher level through adulthood (paper II). As
indicated in the YPAP model, reinforcing factors related to parental support can
affect LVPA directly or indirectly through the predisposing factors. The influence of
parental PA on LVPA trajectory membership can, in addition to modelling, also be
related to support and encouragement. We found that higher levels of encouragement
from fathers increased the odds of belonging to the increasingly active trajectory
compared to the low active trajectory (paper II). The supportive encouragement for
PA might have strengthened the motivation to initiate and maintain PA in the
increasingly active trajectory through this indirect path. Previous research has
identified parental influence, such as support, as crucial for children and adolescents'
PA (Messing et al., 2019; Sallis et al., 2000; Sluijs et al., 2021), and our findings
indicate that this could be an essential factor in relation to the positively changing

trajectory.

7.5 Enabling factors for LVPA development

The enabling factors in the YPAP model facilitate activity (Welk, 1999), and are such
things as access to equipment, parks, programs or organised sports clubs. These
enabling factors are necessary for LVPA but not sufficient, as youth can have access
to but not make use of them. Paper I and III both include measures of membership in
organised sports clubs. The results indicate that participation in organised sports can
act as an enabling mechanism for achieving higher levels of LVPA. Organised sports
provide both environmental attributes, as in the physical context where the sport is
being done but could also be important in relation to the biological attributes
described by Welk (1999). Previous research has found that those participating in
organised sports show greater physical skills, which can be both an essential
predisposing factor and an outcome of increased participation. This type of reciprocal
relationship can be important for developing active LVPA patterns across different

life phases.

The results from paper I show that those belonging to the active trajectory were

characterised by reporting higher involvement in different contexts that can be
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considered enabling for LVPA over time, namely outdoor recreation, diversity in
leisure-time activities and membership in organised sports clubs. It is possible that
their engagement in these domains contributed to their possibilities for being active in
LVPA, in line with previous research identifying such environmental factors as
important determinants for PA (Sterdt et al., 2014), and thus directly influencing the
level of LVPA. Engagement in organised sports or a range of different leisure-time
physical activities opens up the development of skills and abilities, and the YPAP
model, the hypothesis by Telama and previous research has suggested that previous
experiences and the basic skills connected to it can contribute to maintaining PA

behaviour over time (Engstrom, 2008; Telama, 2009).

As pointed out by Welk (1999), the enabling factors are essential for PA but not
sufficient. Almost half of those in the low active trajectory participated in organised
sports at age 13; however, this did not contribute to higher levels of LVPA (paper I).
Similar findings have been reported for trajectories based on objectively measured
PA in a youth sample in Finland (Aira et al., 2021). There are several reasons why
membership alone in organised sports did not contribute to higher levels of LVPA in
line with the enabling factor in the YPAP model. One reason could be related to the
measurement, which only questions whether the respondents are members. They may
be members of an organised sports club but seldom participate. This can be related to

negative experiences or low levels of enjoyment and motivation related to LVPA.

The results from paper III showed that in both Finland and Norway, there was a
decrease in the level of participation in organised sports clubs from age 11 to age 15
at both measurement points. This decline with age was also found in the longitudinal
data, and the dropout was especially large among those in the decreasingly active
trajectory (paper I). Such decline with age has been documented in several previous
studies and might be related to high demands for achievement or low perceived
competence (Crane & Temple, 2015). Such possible reasons for dropout should be
further investigated in longitudinal studies, as the possible positive impact of greater

retention on the LVPA level over time seems significant, and also studies looking at
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what the specific factors that enable PA within organised sports are, such as

motivation, autonomy support from coaches, interaction with peers etc.

Lastly, the secular changes found in paper III related to the enabling role of organised
sports clubs should be considered in relation to the findings from paper I and II. In
paper III, we found an increase in the level of participation among the 11-year-olds
and a decrease in the level of participants at 15 years old. In addition, we found that
there had been an increase in the self-reported level of LVPA among participants of
all ages in 2014. This could indicate that the development of LVPA patterns in
adolescence in the 2010s would look different than the trajectories we found. There
might be even more considerable differences between the trajectories at age 13 in the
level of LVPA, and perhaps will the decrease in LVPA be even more considerable
among those not participating in organised sports. However, it is also possible that
secular changes with an increased focus on healthy lifestyles and participation in
keep-fit activities might have contributed to increased levels of LVPA outside

organised structures (Gilchrist & Wheaton, 2011; Westerstahl et al., 2003).

7.6 Demographic factors related to LVPA development

In this thesis, we found that demographic factors should be considered in the
development of LVPA because they directly influence how particular individuals

respond to the various influences proposed by Welk (1999).

There were more men in the active and decreasingly active trajectories (paper I and
I1), which is consistent with previous reports (Aira et al., 2021; Barnett et al., 2008;
Rovio et al., 2018), and studies showing that the level of PA decreased more among
boys than girls in adolescence (Corder et al., 2019). In paper 111 we also found that
the gender difference in LVPA was greater among 11-year olds than among 13- and
15-year-olds. In addition, we found that the gender difference in Finland decreased
over the four decades, finding no significant gender difference between 13- and 15-
year-old in 2014. This was found to be related to an increase in the level of LVPA

among girls.
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Further, higher family income was related to a higher likelihood of following the
increasingly active compared to the decreasingly active trajectory (paper II). The
effect we saw on the mother's PA and emotional support from the father may be an
effect of higher socioeconomic status and more available resources to support the
respondents who followed the increasingly active trajectory and changed their level
of LVPA during adolescence. In adulthood, we found that self-reported income was
higher among those in the active trajectory compared to the other three trajectories at
age 30, indicating that those following this consistently active trajectory might have
had more economic stability and more resources to invest in LVPA. However, it is
also possible that these differences are confounded by the analysis not being

controlled for gender, as the active trajectory consisted of 80% men.

At age 21, more respondents in the low active trajectory had a child compared to the
active and increasingly active trajectories. Previous research has found that having a
child is negatively associated with overall PA (Condello et al., 2017), that having a
child increases the odds of belonging to a decreasingly active trajectory (Rovio et al.,
2018) and that there is a negative effect on the number of sports one participates in
among women (van Houten et al., 2019). Having kids may affect one's ability or the
availability of formerly used arenas for LVPA, such as organised sports clubs.
Further, it might also change the individual's perception of the value of the activity,

i.e., if it is “worth” it.

In addition to these demographic differences, this thesis also found differences that

may illustrate cultural differences related to secular changes.

In paper 111, we found that the importance of the enabling domain of organised sports
had changed over the four decades from the 1980s to the 2010s. Increased
commitment and frequency can indicate that the importance of participation in
organised sports for higher levels of LVPA had increased from 1985/1986 to 2014.
Macro-environmental and demographic changes over the last four decades, such as

less space for spontaneous PA, increased preferences for safe and structured
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activities, and decreased gender differences in participation, might have influenced

children and adolescents' LVPA behaviour.

Further, there have also been changes related to the reinforcing factors over time,
specifically in the parental involvement related to LVPA. Increased parental
involvement in youth's participation in sports has previously been identified and
considered a generational change. Since the 1980s, parental involvement in sports has
gone from supporting the youth’s participation in organised sports clubs to being
hands-on, involved and emotionally invested in organised sports (Stefansen et al.,
2018). This cultural change may have led to the observed increase in the association
between participation and level of LVPA among children and adolescents in paper
111, as parents encourage and arrange for participation in sports clubs. In addition,
these findings from paper I1I indicate that the significant determinants related to
parental involvement found in paper II can have increased in strength since the 1990s.
On the other hand, there might have been an increase in parental involvement among
the whole generation of parents, making parental involvement not a predictive factor
for trajectory membership, as it becomes more of a common trait of modern

parenting.

In addition to changes in the reinforcing factor of parental involvement, changes in
the collective value of sports and health-promoting behaviour may have led to
changes in the predisposing factors, especially related to the "is it worth it?"
component. Increased focus on leisure time and sports, both in media and public
policy, may have increased the value of sports as a significant investment for leisure

and health.

7.7 Strengths and limitations

The main strength of the present thesis is the longitudinal design, long-time follow-up
with multiple measurement points, comprehensive use of the same self-reported
measures in papers I and II, and the relatively large and population-based samples

with comparable and repeated measurements from Finland and Norway in Paper III.
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One of the limitations of this thesis is the use of a single, self-reported item in the
assessment of the outcome variable in all three papers, LVPA. Using a single item
might have oversimplified the complexity of this health behaviour, as factors such as
duration or type of activity were not measured. Self-report can lead to over- and
under-reporting (Katzmarzyk & Tremblay, 2007), and previous research has found
that inactive respondents overreported their moderate-to-vigorous PA when
comparing self-report to accelerometer data (LeBlanc & Janssen, 2010). Self-report
might also be affected by recall bias or the respondents' desire to give socially
desirable answers (Brener et al., 2003). Many of these limitations could have been
avoided by using an objective measure of LVPA. However, when the HBSC and the
NLHB studies were initiated in the 1980s, objective measures were not commonly
used within this research field. Lastly, the aim of the three papers in this thesis was
not to capture a quantified and precise measure of LVPA but to capture the stability

and change among groups of participants within the study populations.

In addition to the measure of LVPA, the other measures used in this study were
single-item measurements. Such measures may have decreased levels of detail,
unknown reliability and might not capture the intended psychological constructs
(Allen et al., 2022). Therefore, caution should be taken in interpreting the non-
significant results related to, among others, self-efficacy and self-determination, as
these are commonly measured as latent constructs. Many of the other included
measures of adolescent determinants are less complex constructs. Single items will
likely appropriately measure the intended constructs; if so, scales may not necessarily
be favourable (Bowling, 2005). When single items capture what they intend to
measure, they are vastly more cost-effective and parsimonious regarding efficiency

and utility (Allen et al., 2022).

As the NLHB study followed the same group of participants for 27 years, the amount
of missing data is relatively high. From the original sample, many participants
dropped out of the study, especially when the study was no longer conducted in
school, and some returned at later measurement points. The high level of missing

increases the risk of bias and the loss of data. To reduce these risks, possible reasons
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for missing were explored and assumed to be MAR, and thus handled using FIML
with auxiliary variables in the analysis, keeping as much of the available data as
possible, which has been shown to reduce the chance of inadvertently omitting an
important cause of missingness, and it also increases efficiency and reduces bias
(Collins et al., 2001). The dropout analysis showed mostly insignificant differences
between those who dropped out at the last measurement point and those who
remained, except for parental reported family income, indicating that the remaining
sample had parents with slightly and probably negligible higher reported income.
However, some caution can be made in the interpretation of the results in relation to

family income.

Further, in group-based models, one reduces by approximation and grouping,
comparing individuals that are not entirely homogenous (Nagin, 2014). Therefore, it
is essential to recognise that trajectory group membership is not definite because the
LCGA gives only the probability of following a trajectory. Long intervals between
measurement points can also affect the number of trajectories found (van de Schoot et
al., 2017). A critique of data-driven methods for modelling longitudinal data is that
the lack of a priori hypothesis related to the number of latent classes results in groups
that, in reality, are not there (Bauer & Curran, 2003). The enumeration process is
based on a set of formal criteria but also subjective assessments, which can lead to
selection bias. Because of this, we followed and reported according to the GRoLTS-
Checklist: Guidelines for Reporting on Latent Trajectory Studies to ensure
transparency and produce trustworthy and replicable findings (van de Schoot et al.,

2017).
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8. Conclusion and implications

This thesis showed that the development in LVPA over the past four decades is
heterogenic, identifying subgroups in both longitudinal and repeated cross-sectional
data. When planning and implementing health promotion to increase levels of PA,
knowing that “one size does not fit all” will aid in the specificity and possible effect

of interventions.

This thesis revealed that secular changes have moved in the same direction in the two
Nordic countries, with an overall increase in self-reported LVPA. However, on a
subgroup level, the increase in LVPA seems to have been among girls in Finland and
among participants in sports clubs in Norway. This adds to the significance of

studying subgroups to understand secular changes in modern society better.

Trajectory modelling is a tool for understanding complex development and the need
for well-targeted interventions on subgroups. It balances comprehensibility against
the needed exploration of complexity and provides a tool for communicating patterns
in longitudinal data by creating dense descriptions of groups of people over time

(Nagin, 2014).

This study adds to a relatively unexplored field by exploring a wide range of
multidimensional determinants in relation to trajectory membership, which identified
possible demographic, psychological and social determinants of following one

trajectory compared to the others.

Organised sports are said to contribute to lifelong PA by providing structures for
social interaction and the development of skills. However, engagement in organised
sports in adolescence did not have a sustainable carry-over value on the level of
LVPA later in life for all. Although a large proportion of children in the Nordic
countries participate in organised sports, most young people drop out in their early
teens. For organised sports clubs to contribute to lifetime LVPA and promotion of

public health, there needs to be more awareness of drop-out and retention.
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In this thesis, we have measured weekly LVPA and looked at the heterogeneity,
domains and determinants related to this context, intensity and frequency of PA. Our
results are related to this and may be very different from what contributes to MVPA,
total PA or other domains, such as active travel. The knowledge is specific to the
context and behaviour. It echoes the need to understand and define PA in relation to
culturally specific spaces and contexts and explore the different influences of

interests, emotions, ideas, instructions and relationships (Piggin, 2020).

8.1 Implications for practice

Among the four trajectories identified, the absolute largest was the low active
trajectory, representing 54% of the total sample. There is great potential in identifying
measures that could promote and increase the activity of those with an increased
probability of following such trajectories during adolescence. As those following
such trajectories are similar to those in the increasingly active trajectory, there is
promise in the possibility of engaging in and forming new habits related to LVPA
during this period in life. Efforts should be made to introduce adolescence to
activities within different enabling structures, such as organised and non-organised

sports, outdoor recreation, and physical education in schools.

In addition to supporting entering activity domains at a later stage in adolescence,
efforts should also be made to reduce the drop-out from organised sports. Naturally,
as the core of sports is related to competition, there might be an increasing focus on
performance as adolescents grow older. This can motivate some, while it can make
others leave organised sports. Collective efforts should be made to ensure there are
possibilities of continuing LVPA during adolescence within and outside organised

structures.

We found that the development of peer PA followed in the same direction as the
LVPA trajectories. The reinforcing factors related to friends should be included in
interventions as efforts to increase LVPA can benefit from focusing on the

adolescents’ and adults’ social networks.
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The findings support the use of a conceptual model such as the YPAP model to build
a bridge between theory, research, and practice. This is also related to the use of
LCGA, as the trajectories «make sense» in the real world and are easily understood
by practitioners. In health promotion, one of the core aims is to advocate and make
knowledge available. This includes the use of simple, usable, and heuristic

frameworks and the dissemination of understandable results.

In addition to the enabling, reinforcing, and predisposing factors in the YPAP model,
greater focus should also be on the built environment and policies related to youth
PA, as is emphasised in socioecological models. This includes safe alternatives and

possibilities for active transport, leisure-time activities and sports.

8.2 Suggestions for future research

There is a growing body of research using group-based trajectory modelling to
investigate the development of PA from adolescence to adulthood. However, we have
only been able to identify studies based on two other longitudinal data materials, both
from Finland. There is a need for new trajectory studies from adolescence to

adulthood based on cultural contexts other than the Nordic.

Because of the known limitations related to self-reported PA, such as under- and
over-reporting, recall bias or social desirability, future research should aim at using
objectively measured LVPA in longitudinal studies. This will increase the reliability
and validity of studies aiming to understand the stability and change in LVPA from
adolescence to adulthood. Devices for measuring PA are now more accessible and

reasonably priced for researchers than it was in the 1980s.

Future research should strive towards using validated scales when measuring
psychological constructs, as this will increase the quality of the analysis of
determinants. However, the use of single measures in the NLHB study opened up for
the inclusion of several possible determinants related to a wide range of health
behaviours. This breadth would not have been possible to include in a questionnaire

with follow-up measures over several years if the measures were based on scales with
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multiple items. Ongoing research is necessary to validate measures and find measures

that are both valid and parsimonious.

The results in this thesis are all based on an outcome measure of LVPA. Future
studies should aim at exploring trajectories of MVPA, total PA or physical inactivity,
and the relationship between such trajectories, as this will broaden our understanding

of the complexities of this health behaviour.



58

References

Aira, T., Vasankari, T., Heinonen, O. J., Korpelainen, R., Kotkajuuri, J., Parkkari, J.,
Savonen, K., Uusitalo, A., Valtonen, M., Villberg, J., Vaha-Ypya, H., & Kokko, S. P.
(2021). Physical activity from adolescence to young adulthood: Patterns of change,
and their associations with activity domains and sedentary time. International
Journal of Behavioral Nutrition and Physical Activity, 18(1), 85.
https://doi.org/10.1186/s12966-021-01130-x

Ajzen, 1. (2002). Perceived Behavioral Control, Self-Efficacy, Locus of Control, and
the Theory of Planned Behaviorl. Journal of Applied Social Psychology, 32(4), 665—
683. https://doi.org/10.1111/j.1559-1816.2002.tb00236.x

Allen, M. S., Iliescu, D., & Greiff, S. (2022). Single Item Measures in Psychological
Science. European Journal of Psychological Assessment, 38(1), 1-5.
https://doi.org/10.1027/1015-5759/a000699

Anderssen, N., Wold, B., & Torsheim, T. (2005). Tracking of physical activity in
adolescence. Res Q Exerc Sport, 76(2), 119-129.
https://doi.org/10.1080/02701367.2005.10599274

Bakken, A. (2017). Ungdata 2017. Nasjonale resultater. Oslo Metropolitan
University - OsloMet: NOVA. https://oda.oslomet.no/oda-
xmlui/handle/20.500.12199/5117

Bandura, A. (1986). Social foundations of thought and action: A social cognitive

theory. Prentice-Hall, Inc.

Barnett, T. A., Gauvin, L., Craig, C. L., & Katzmarzyk, P. T. (2008). Distinct
trajectories of leisure time physical activity and predictors of trajectory class
membership: A 22 year cohort study. International Journal of Behavioral Nutrition

and Physical Activity, 5(1), 57. https://doi.org/10.1186/1479-5868-5-57

Bauer, D. J., & Curran, P. J. (2003). Distributional Assumptions of Growth Mixture

Models: Implications for Overextraction of Latent Trajectory Classes. Psychological



59

Methods, 8(3), 338—363. https://doi.org/10.1037/1082-989X.8.3.338

Bauman, A. E., Reis, R. S., Sallis, J. F., Wells, J. C., Loos, R. J., Martin, B. W., &
Lancet Physical Activity Series Working, G. (2012). Correlates of physical activity:
Why are some people physically active and others not? Lancet, 380(9838), 258-271.
https://doi.org/10.1016/S0140-6736(12)60735-1

Bauman, A. E., Sallis, J. F., Dzewaltowski, D. A., & Owen, N. (2002). Toward a
better understanding of the influences on physical activity: The role of determinants,
correlates, causal variables, mediators, moderators, and confounders. American
Journal of Preventive Medicine, 23(2, Supplement 1), 5-14.
https://doi.org/10.1016/S0749-3797(02)00469-5

Biddle, S., & Goudas, M. (1996). Analysis of Children’s Physical Activity and its
Association with Adult Encouragement and Social Cognitive Variables. Journal of

School Health, 66(2), 75-78. https://doi.org/10.1111/j.1746-1561.1996.tb07914.x

Booth, M. L., Okely, A. D., Chey, T., & Bauman, A. (2001). The reliability and
validity of the physical activity questions in the WHO health behaviour in
schoolchildren (HBSC) survey: A population study. Br J Sports Med, 35(4), 263—
267.

Booth, V. M., Rowlands, A. V., & Dollman, J. (2015). Physical activity temporal
trends among children and adolescents. Journal of Science and Medicine in Sport,

18(4), 418-425. https://doi.org/10.1016/j.jsams.2014.06.002

Bowling, A. (2005). Just one question: If one question works, why ask several?
Journal of Epidemiology & Community Health, 59(5), 342—-345.
https://doi.org/10.1136/jech.2004.021204

Brener, N. D., Billy, J. O. G., & Grady, W. R. (2003). Assessment of factors affecting
the validity of self-reported health-risk behavior among adolescents: Evidence from
the scientific literature. The Journal of Adolescent Health: Official Publication of the
Society for Adolescent Medicine, 33(6), 436—457. https://doi.org/10.1016/s1054-



60

139x(03)00052-1

Brewer, B. W., Van Raalte, J. L., & Linder, D. E. (1993). Athletic identity: Hercules’
muscles or Achilles heel? International Journal of Sport Psychology, 24, 237-254.

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

Chaput, J.-P., Willumsen, J., Bull, F., Chou, R., Ekelund, U., Firth, J., Jago, R.,
Ortega, F. B., & 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(1), 141. https://doi.org/10.1186/s12966-020-01037-z

Cleland, V., Dwyer, T., & Venn, A. (2012). Which domains of childhood physical
activity predict physical activity in adulthood? A 20-year prospective tracking study.
British Journal of Sports Medicine, 46(8), 595-602. https://doi.org/10.1136/bjsports-
2011-090508

Collins, L. M., Schafer, J. L., & Kam, C. M. (2001). A comparison of inclusive and
restrictive strategies in modern missing data procedures. Psychological Methods,

6(4), 330-351.

Condello, G., Puggina, A., Aleksovska, K., Buck, C., Burns, C., Cardon, G., Carlin,
A., Simon, C., Ciarapica, D., Coppinger, T., Cortis, C., D’Haese, S., De Craemer, M.,
Di Blasio, A., Hansen, S., lacoviello, L., Issartel, J., [zzicupo, P., Jaeschke, L., ...
DEDIPAC consortium. (2017). Behavioral determinants of physical activity across
the life course: A ‘DEterminants of DIet and Physical ACtivity’ (DEDIPAC)
umbrella systematic literature review. The International Journal of Behavioral

Nutrition and Physical Activity, 14(1), 58. https://doi.org/10.1186/5s12966-017-0510-2



61

Corder, K., Winpenny, E., Love, R., Brown, H. E., White, M., & Sluijs, E. van.
(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

Cortis, C., Puggina, A., Pesce, C., Aleksovska, K., Buck, C., Burns, C., Cardon, G.,
Carlin, A., Simon, C., Ciarapica, D., Condello, G., Coppinger, T., D’Haese, S.,
Craemer, M. D., Blasio, A. D., Hansen, S., lacoviello, L., Issartel, J., [zzicupo, P., ...
Boccia, S. (2017). Psychological determinants of physical activity across the life
course: A ‘DEterminants of DIet and Physical ACtivity’ (DEDIPAC) umbrella
systematic literature review. PLOS ONE, 12(8), e0182709.
https://doi.org/10.1371/journal.pone.0182709

Crane, J., & Temple, V. (2015). A systematic review of dropout from organized sport
among children and youth. Furopean Physical Education Review, 21(1), 114-131.
https://doi.org/doi:10.1177/1356336X14555294

Currie, C., Inchley, J., Molcho, M., Lenzi, M., Veselska, Z., & Wild, F. (2014).
Health Behaviour in School-aged Children (HBSC) Study Protocol: Background,
Methodology and Mandatory items for the 2013/14 Survey. CAHRU. Access at:
http://www.hbsc.org.

Currie, C., Zanotti, C., Morgan, A., Currie, D., de Looze, M., Roberts, C., Samdal,
0., Smith, O. R. F., & Barnekow, V. (2012). Social determinants of health and well-
being among young people: Health behaviour in school-aged children (HBSC) study:
International report from the 2009/2010 survey. WHO Regional Office for Europe.

Eiosdottir, S. b., Kristjansson, AL, Sigfusdottir, I. D., & Allegrante, J. P. (2008).
Trends in physical activity and participation in sports clubs among Icelandic
adolescents. Eur J Public Health, 18(3), 289-293.
https://doi.org/10.1093/eurpub/ckn004

Eigenschenk, B., Thomann, A., McClure, M., Davies, L., Gregory, M., Dettweiler,
U., & Inglés, E. (2019). Benefits of Outdoor Sports for Society. A Systematic



62

Literature Review and Reflections on Evidence. International Journal of
Environmental Research and Public Health, 16(6), 937.
https://doi.org/10.3390/ijerph16060937

Eime, R. M., Harvey, J. T., Sawyer, N. A., Craike, M. J., Symons, C. M., & Payne,
W. R. (2016). Changes in sport and physical activity participation for adolescent
females: A longitudinal study. BMC Public Health, 16(1), 533.
https://doi.org/10.1186/s12889-016-3203-x

Ekelund, U., Tomkinson, G., & Armstrong, N. (2011). What proportion of youth are
physically active? Measurement issues, levels and recent time trends. British Journal

of Sports Medicine, 45(11), 859-865. https://doi.org/10.1136/bjsports-2011-090190

Engstrom, L.-M. (2008). Who is physically active? Cultural capital and sports
participation from adolescence to middle age—a 38-year follow-up study. Physical
Education & Sport Pedagogy, 13(4), 319-343.
https://doi.org/10.1080/17408980802400510

Firebaugh, G. (2010). Analyzing data from repeated surveys. In P. V. Marsden & J.
D. Wright (Eds.), Handbook of Survey Research. Emerald Group Publishing.

French, D. P., Sutton, S., Hennings, S. J., Mitchell, J., Wareham, N. J., Griffin, S.,
Hardeman, W., & Kinmonth, A. L. (2005). The Importance of Affective Beliefs and
Attitudes in the Theory of Planned Behavior: Predicting Intention to Increase

Physical Activityl. Journal of Applied Social Psychology, 35(9), 1824—1848.

Gilchrist, P., & Wheaton, B. (2011). Lifestyle sport, public policy and youth
engagement: Examining the emergence of parkour. Int J Sport Policy Politics, 3(1),

109—-131. https://doi.org/10.1080/19406940.2010.547866

Green, L. W., & Kreuter, M. W. (1991). Health Promotion Planning: An Educational
and Environmental Approach. Mayfield Publishing Company.

Gurholt, K. P., & Broch, T. B. (2019). Outdoor life, nature experience, and sports in

Norway: Tensions and dilemmas in the preservation and use of urban forest. Sport in



63

Society, 22(4), 573—-588. https://doi.org/10.1080/17430437.2017.1390938

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/S2214-109X(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/S2352-4642(19)30323-2

Hansen, B. H., Anderssen, S. A., Steene-Johannessen, J., Ekelund, U., Nilsen, A. K.,
Andersen, I. D., Dalene, K. E., & Kolle, E. (2015). Fysisk aktivitet og sedat tid blant
voksne og eldre i Norge [Physical activity and sedentary time among adults and

elderly in Norway]. Oslo: Helsedirektoratet.

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(4), 446—454.
https://doi.org/10.1016/j.jadohealth.2019.03.013

Hebert, J. J., Mgller, N. C., Andersen, L. B., & Wedderkopp, N. (2015). Organized
Sport Participation Is Associated with Higher Levels of Overall Health-Related
Physical Activity in Children (CHAMPS Study-DK). PLoS One, 10(8), ¢0134621.
https://doi.org/10.1371/journal.pone.0134621

Hirvensalo, M., & Lintunen, T. (2011). Life-course perspective for physical activity
and sports participation. European Review of Aging and Physical Activity, 8(1), 13—
22. https://doi.org/10.1007/s11556-010-0076-3

Inchley, J. C., Currie, D. B., Todd, J. M., Akhtar, P. C., & Currie, C. E. (2005).
Persistent socio-demographic differences in physical activity among Scottish

schoolchildren 1990-2002. European Journal of Public Health, 15(4), 386—388.



64

https://doi.org/10.1093/eurpub/cki084

Inchley, J., Currie, D., Jewell, J., Breda, J., & Barnekow, V. (2017). Adolescent
obesity and related behaviours: Trends and inequalities in the WHO European
Region, 2002-2014. Observations from the Health Behaviour in School-aged
Children (HBSC) WHO collaborative cross-national study. WHO Regional Office for

Europe.

Irving, H. M., Adlaf, E. M., Allison, K. R., Paglia, A., Dwyer, J. J. M., & Goodman,
J. (2003). Trends in Vigorous Physical Activity Participation Among Ontario
Adolescents, 1997-2001. Canadian Journal of Public Health, 94(4), 272-274.
https://doi.org/10.1007/BF03403550

Jose, K. A., Blizzard, L., Dwyer, T., McKercher, C., & Venn, A. J. (2011). Childhood
and adolescent predictors of leisure time physical activity during the transition from
adolescence to adulthood: A population based cohort study. International Journal of
Behavioral Nutrition and Physical Activity, 8(1), 54. https://doi.org/10.1186/1479-
5868-8-54

Kaseva, K., Rosenstrom, T., Hintsa, T., Pulkki-Raback, L., Tammelin, T., Lipsanen,
J., Yang, X., Hintsanen, M., Hakulinen, C., Pahkala, K., Hirvensalo, M., Hutri-
Kédhonen, N., Raitakari, O. T., & Keltikangas-Jarvinen, L. (2016). Trajectories of
Physical Activity Predict the Onset of Depressive Symptoms but Not Their
Progression: A Prospective Cohort Study. Journal of Sports Medicine, 2016,
¢8947375. https://doi.org/10.1155/2016/8947375

Katzmarzyk, P. T., & Tremblay, M. S. (2007). Limitations of Canada’s physical
activity data: Implications for monitoring trends. App! Physiol Nutr Metab, 32, S185—
S194.

Kemp, B. J., Cliff, D. P., Chong, K. H., & Parrish, A.-M. (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



65

Kendzierski, D., & DeCarlo, K. J. (1991). Physical Activity Enjoyment Scale: Two
Validation Studies. Journal of Sport and Exercise Psychology, 13(1), 50-64.
https://doi.org/10.1123/jsep.13.1.50

Kiviniemi, A. M., Perkiomau, N., Auvinen, J., Herrala, S., Hautala, A. J., Ahola, R.,
Tammelin, T., Tulppo, M. P., Jarvelin, M.-R., Korpelainen, R., & Huikuri, H. V.
(2016). Lifelong Physical Activity and Cardiovascular Autonomic Function in
Midlife. Medicine & Science in Sports & Exercise, 48(8), 1506.
https://doi.org/10.1249/MSS.0000000000000942

Kjenniksen, L., Anderssen, N., & Wold, B. (2009). Organized youth sport as a
predictor of physical activity in adulthood. Scand J Med Sci Sports, 19(5), 646—654.
https://doi.org/10.1111/j.1600-0838.2008.00850.x

Kjenniksen, L., Fjertoft, I., & Wold, B. (2009). Attitude to physical education and
participation in organized youth sports during adolescence related to physical activity
in young adulthood: A 10-year longitudinal study. European Physical Education
Review, 15(2), 139-154. https://doi.org/10.1177/1356336X09345231

Kjenniksen, L., Torsheim, T., & Wold, B. (2008). Tracking of leisure-time physical
activity during adolescence and young adulthood: A 10-year longitudinal study.
International Journal of Behavioral Nutrition and Physical Activity, 5(1), 69.
https://doi.org/10.1186/1479-5868-5-69

Kokko, S., Martin, L., Geidne, S., Van Hoye, A., Lane, A., Meganck, J., Scheerder,
J., Seghers, J., Villberg, J., Kudlacek, M., Badura, P., Mononen, K., Blomqvist, M.,
De Clercq, B., & Koski, P. (2018). Does sports club participation contribute to
physical activity among children and adolescents? A comparison across six European
countries. Scandinavian Journal of Public Health, 1403494818786110.
https://doi.org/10.1177/1403494818786110

LeBlanc, A. G. W., & Janssen, 1. (2010). Difference Between Self-Reported and
Accelerometer Measured Moderate-to-Vigorous Physical Activity in Youth.

Pediatric Exercise Science, 22(4), 523-534. https://doi.org/10.1123/pes.22.4.523



66

Lounassalo, I., Hirvensalo, M., Kankaanpai, A., Tolvanen, A., Palomiki, S., Salin,
K., Fogelholm, M., Yang, X., Pahkala, K., Rovio, S., Hutri-K&dhonen, N., Raitakari,
0., & Tammelin, T. H. (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 22.
https://doi.org/10.3390/ijerph16224437

Lounassalo, 1., Salin, K., Kankaanpai, A., Hirvensalo, M., Paloméki, S., Tolvanen,
A., Yang, X., & Tammelin, T. H. (2019). Distinct trajectories of physical activity and
related factors during the life course in the general population: A systematic review.

BMC Public Health, 19(1), 271. https://doi.org/10.1186/s12889-019-6513-y

Mikeld, K., Kokko, S., Kannas, L., Jari Villberg, Tommi Vasankari, J. Olli
Heinonen, Kai Savonen, Lauri Alanko, Raija Korpelainen, Harri Seldnne, & Jari
Parkkari. (2016). Physical Activity, Screen Time and Sleep among Y outh
Participating and Non-Participating in Organized Sports—The Finnish Health
Promoting Sports Club (FHPSC) Study. Adv Phys Educ, 6, 378-388.
https://doi.org/10.4236/ape.2016.64038

Mikeld, S., Aaltonen, S., Korhonen, T., Rose, R. J., & Kaprio, J. (2017). Diversity of
leisure-time sport activities in adolescence as a predictor of leisure-time physical
activity in adulthood. Scandinavian Journal of Medicine & Science in Sports, 27(12),
1902—1912. https://doi.org/10.1111/sms.12837

Marques, A., Ekelund, U., & Sardinha, L. B. (2016). Associations between organized
sports participation and objectively measured physical activity, sedentary time and
weight status in youth. J Sci Med Sport, 19(2), 154-157.
https://doi.org/10.1016/j.jsams.2015.02.007

Mathisen, F. K. S., Kokko, S., Tynjila, J., Torsheim, T., & Wold, B. (2019). Leisure-
time physical activity and participation in organized sports: Changes from 1985 to

2014 in Finland and Norway. Scandinavian Journal of Medicine & Science in Sports,



67

29(8), 1232-1242. https://doi.org/10.1111/sms.13431

Messing, S., Riitten, A., Abu-Omar, K., Ungerer-Réhrich, U., Goodwin, L., Burlacu,
I., & Gediga, G. (2019). How Can Physical Activity Be Promoted Among Children
and Adolescents? A Systematic Review of Reviews Across Settings. Frontiers in

Public Health, 7, 55. https://doi.org/10.3389/fpubh.2019.00055

Muthén, B., & Muthén, L. K. (2000). Integrating Person-Centered and Variable-
Centered Analyses: Growth Mixture Modeling With Latent Trajectory Classes.
Alcohol: Clinical and Experimental Research, 24(6), 882—891.
https://doi.org/10.1111/j.1530-0277.2000.tb02070.x

Muthén, L. K., & Muthén, B. O. (2017). Mplus User’s Guide (Eight Edition). Los
Angeles, CA: Muthén & Muthén.
https://www.statmodel.com/download/usersguide/MplusUserGuideVer 8.pdf

Nagin, D. S. (2014). Group-Based Trajectory Modeling: An Overview. Annals of
Nutrition and Metabolism, 65(2-3), 205-210. https://doi.org/10.1159/000360229

Newman, D. A. (2014). Missing Data: Five Practical Guidelines. Organizational
Research Methods, 17(4), 372—411. https://doi.org/10.1177/1094428114548590

Oura, P., Paananen, M., Niiniméki, J., Tammelin, T., Herrala, S., Auvinen, J.,
Korpelainen, R., Junno, J.-A., & Karppinen, J. (2016). Effects of Leisure-Time
Physical Activity on Vertebral Dimensions in the Northern Finland Birth Cohort
1966. Scientific Reports, 6(1), Article 1. https://doi.org/10.1038/srep27844

Palomaéki, S., Heikinaro-Johansson, P., & Huotari, P. (2015). Cardiorespiratory
performance and physical activity in normal weight and overweight Finnish
adolescents from 2003 to 2010. Journal of Sports Sciences, 33(6), 588—596.
https://doi.org/10.1080/02640414.2014.951874

Pate, R. R., Flynn, J. 1., & Dowda, M. (2016). Policies for promotion of physical
activity and prevention of obesity in adolescence. J Exerc Sci Fit, 14(2), 47-53.
https://doi.org/10.1016/j.jesf.2016.07.003



68

Patton, G. C., Sawyer, S. M., Santelli, J. S., Ross, D. A., Afifi, R., Allen, N. B.,
Arora, M., Azzopardi, P., Baldwin, W., Bonell, C., Kakuma, R., Kennedy, E.,
Mabhon, J., McGovern, T., Mokdad, A. H., Patel, V., Petroni, S., Reavley, N., Taiwo,
K., ... Viner, R. M. (2016). Our future: A Lancet commission on adolescent health
and wellbeing. The Lancet, 387(10036), 2423-2478. https://doi.org/10.1016/S0140-
6736(16)00579-1

Piggin, J. (2020). What Is Physical Activity? A Holistic Definition for Teachers,
Researchers and Policy Makers. Frontiers in Sports and Active Living, 2(72).
https://doi.org/10.3389/fspor.2020.00072

Pinto, A. A., Marques, A. P. C., & Pelegrini, A. (2022). Secular trends in physical
activity in adolescents: A systematic review. Journal of Taibah University Medical

Sciences, 18(2), 207-216. https://doi.org/10.1016/j.jtumed.2022.09.004

Rangul, V., Holmen, T. L., Kurtze, N., Cuypers, K., & Midthjell, K. (2008).
Reliability and validity of two frequently used self-administered physical activity
questionnaires in adolescents. BMC Med Res Methodol, 8(1), 47.
https://doi.org/10.1186/1471-2288-8-47

Reifsteck, E. J., Gill, D. L., & Labban, J. D. (2016). “Athletes” and “exercisers”:
Understanding identity, motivation, and physical activity participation in former
college athletes. Sport, Exercise, and Performance Psychology, 5,25-38.
https://doi.org/10.1037/spy0000046

Rhodes, R. E., & Rebar, A. L. (2017). Conceptualizing and Defining the Intention
Construct for Future Physical Activity Research. Exercise and Sport Sciences

Reviews, 45(4), 209. https://doi.org/10.1249/JES.0000000000000127

Rovio, S. P., Yang, X., Kankaanpdi, A., Aalto, V., Hirvensalo, M., Telama, R.,
Pahkala, K., Hutri-K&honen, 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—1083. https://doi.org/10.1111/sms.12988



69

Rubin, D. B. (1976). Inference and Missing Data. Biometrika, 63(3), 581-592.
https://doi.org/10.2307/2335739

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of

intrinsic motivation, social development, and well-being. Am Psychol, 55(1), 68—78.

Sallis, J. F., Prochaska, J. J., & Taylor, W. C. (2000). A review of correlates of
physical activity of children and adolescents. Med Sci Sport Exerc, 32.
https://doi.org/10.1097/00005768-200005000-00014

Samdal, O., Tynjila, J., Roberts, C., Sallis, J. F., Villberg, J., & Wold, B. (2007).
Trends in vigorous physical activity and TV watching of adolescents from 1986 to
2002 in seven European Countries. The European Journal of Public Health, 17(3),
242-248. https://doi.org/10.1093/eurpub/cki245

Sawka, K. J., McCormack, G. R., Nettel-Aguirre, A., Hawe, P., & Doyle-Baker, P. K.
(2013). Friendship networks and physical activity and sedentary behavior among
youth: A systematized review. International Journal of Behavioral Nutrition and

Physical Activity, 10(1), 130. https://doi.org/10.1186/1479-5868-10-130

Schafer, J. L., & Graham, J. W. (2002). Missing data: Our view of the state of the art.
Psychological Methods, 7, 147-177. https://doi.org/10.1037/1082-989X.7.2.147

Scheerder, J., Taks, M., Vanreusel, B., & Renson, R. (2005). Social changes in youth
sports participation styles 1969-1999: The case of Flanders (Belgium). Sport Educ
Soc, 10(3), 321-341. https://doi.org/10.1080/13573320500255080

Seefeldt, V., Malina, R. M., & Clark, M. A. (2002). Factors Affecting Levels of
Physical Activity in Adults. Sports Medicine, 32(3), 143—168.
https://doi.org/10.2165/00007256-200232030-00001

Seippel, @., Sletten, M. A., & Strandbu, A. (2011). Ungdom og trening: Endring over
tid og sosiale skillelinjer [Youth and training: Changes over time and social lines of
seperation] (Vol. 3/2011). Norsk institutt for forskning om oppvekst, velferd og
aldring.



70

Sluijs, E. M. F. van, Ekelund, U., Crochemore-Silva, 1., Guthold, R., Ha, A., Lubans,
D., Oyeyemi, A. L., Ding, D., & Katzmarzyk, P. T. (2021). Physical activity
behaviours in adolescence: Current evidence and opportunities for intervention. The

Lancet, 398(10298), 429-442. https://doi.org/10.1016/S0140-6736(21)01259-9

Springer, J., Lamborn, S., & Pollard, D. (2013). Maintaining Physical Activity over
Time: The Importance of Basic Psychological Need Satisfaction in Developing the
Physically Active Self. American Journal of Health Promotion, 27(5), 284-293.
https://doi.org/10.4278/ajhp.110211-QUAL-62

Stefansen, K., Smette, 1., & Strandbu, A. (2018). Understanding the increase in
parents’ involvement in organized youth sports. Sport Educ Soc, 23(2), 162—172.
https://doi.org/10.1080/13573322.2016.1150834

Sterdt, E., Liersch, S., & Walter, U. (2014). Correlates of physical activity of children
and adolescents: A systematic review of reviews. Health Education Journal, 73(1),

72-89. https://doi.org/10.1177/0017896912469578

Strandbu, A., & Bakken, A. (2007). Aktiv Oslo-ungdom: En studie av idrett,
minoritetsbakgrunn og kjonn [Active Oslo youth: A study of sports, minority
background and gender] (Vol. 2/07). Norsk institutt for forskning om oppvekst,
velferd og aldring.

Taliaferro, L. A., Rienzo, B. A., & Donovan, K. A. (2010). Relationships Between
Youth Sport Participation and Selected Health Risk Behaviors From 1999 to 2007. J
Sch Health, 80(8), 399-410. https://doi.org/10.1111/j.1746-1561.2010.00520.x

Telama, R. (2009). Tracking of physical activity from childhood to adulthood: A
review. Obes Facts, 2(3), 187-195. https://doi.org/10.1159/000222244

Telama, R., Laakso, L., Heimo Nupponen, Arja Rimpeld, & Lasse Pere. (2009).
Secular Trends in Youth Physical Activity and Parents’ Socioeconomic Status from
1977 to 2005. Pediatr Exerc Sci, 21(4), 462—474.
https://doi.org/10.1123/pes.21.4.462



71

Telama, R., Yang, X. L., Hirvensalo, M., & Raitakari, O. (2006). Participation in
organized youth sport as a predictor of adult physical activity: A 21-year longitudinal
study. Pediatric Exercise Science, 18(1), 76—88. https://doi.org/10.1123/pes.18.1.76

van de Schoot, R., Sijbrandij, M., Winter, S. D., Depaoli, S., & Vermunt, J. K.
(2017). The GRoLTS-Checklist: Guidelines for Reporting on Latent Trajectory
Studies. Structural Equation Modeling: A Multidisciplinary Journal, 24(3), 451-467.
https://doi.org/10.1080/10705511.2016.1247646

van Houten, J. M. A., Kraaykamp, G., & Pelzer, B. J. (2019). The transition to
adulthood: A game changer!? A longitudinal analysis of the impact of five major life
events on sport participation. European Journal for Sport and Society, 16(1), 44—63.
https://doi.org/10.1080/16138171.2019.1603832

Welk, G. J. (1999). The Youth Physical Activity Promotion Model: A Conceptual
Bridge Between Theory and Practice. Quest, 51(1), 5-23.
https://doi.org/10.1080/00336297.1999.10484297

Westerstahl, M., Barnekow-Bergkvist, M., Hedberg, G., & Jansson, E. (2003).
Secular trends in sports: Participation and attitudes among adolescents in Sweden
from 1974 to 1995. Acta Peediatr, 92(5), 602—609. https://doi.org/10.1111/j.1651-
2227.2003.tb02514.x

WHO. (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

Young, A. F., Powers, J. R., & Bell, S. L. (2006). Attrition in longitudinal studies:
Who do you lose? Australian and New Zealand Journal of Public Health, 30(4), 353—
361. https://doi.org/10.1111/j.1467-842X.2006.tb00849.x






Mathisen et al. Int J Behav Nutr Phys Act (2023) 20:27

https://doi.org/10.1186/512966-023-01430-4 International Journal of Behavioral

Nutrition and Physical Activity

Leisure-time physical activity trajectories et

from adolescence to adulthood in relation
to several activity domains: a 27-year
longitudinal study

Frida Kathrine Sofie Mathisen'"®, Torbjgrn Torsheim?, Coral Falco® and Bente Wold'

Abstract

Background Insufficient physical activity (PA) levels among adolescents and adults make promoting PA a public
health priority. Although most people exhibit low or decreasing levels of PA, other groups increase or maintain high
levels of activity. These different groups may engage differently in activity domains during their leisure time. This study
aimed to identify distinct trajectories of leisure-time vigorous physical activity (LVPA) and to explore whether these
trajectories are characterised by differences in four activity domains (participation in organised sports clubs, diversity
in leisure-time activities, outdoor recreation, and peer PA) over the life course.

Methods Data were drawn from the Norwegian Longitudinal Health Behaviour Study. The sample of participants
(n=1103, 45.5% female) was surveyed 10 times from age 13 years in 1990 to age 40 years in 2017. LVPA trajectories
were identified using latent class growth analysis, and mean differences in activity domains were studied using the
one-step BCH approach.

Results Four trajectories were identified: active (9%), increasingly active (12%), decreasingly active (25%), and low
active (54%). Overall, this analysis showed a declining tendency in LVPA from age 13 to 40 years except for the increas-
ingly active trajectory. Belonging to a trajectory with a higher LVPA level was related to higher mean levels of the
included activity domains. Compared with those in the increasing trajectory, people belonging to the decreasing
trajectory reported higher mean participation levels in and age at becoming a member of sports clubs, diversity in
leisure-time activities, and best friend’s activity level during adolescence. However, in young adulthood, people in the
increasingly active trajectory reported significantly higher mean levels for the same variables.

Conclusions The development of LVPA from adolescence to adulthood is heterogeneous, suggesting the need for
targeted health promotion initiatives. The largest trajectory group included more than 50 percent and was character-
ized by low levels of LVPA, less engagement in PA domains and fewer active friends. There seems to be little carry-over
effect of engagement in organised sports in adolescence regarding level of LVPA later in life. Changes in social sur-
roundings throughout the life span, such as having friends who are more or less engaged in PA, may assist or hinder
health enhancing engagement in LVPA.
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Background

Physical activity (PA) is well established as a predictor of
lifetime health and is essential to the inclusion of health
promotion in global health policies and local interven-
tions. Nevertheless, global estimates show that 27.5%
of adults [1] and 81% of adolescents [2] do not meet the
global recommendations for aerobic exercise, which is
at least 150—-300 min of moderate-to-vigorous intensity,
or at least 75-150 min of vigorous intensity, or a com-
bination of those throughout the week [3]. As pointed
out by the recommendations, there seems to be an addi-
tional health benefit related to vigorous physical activity,
and it has been shown that for the same amount of total
PA, higher proportions of PA with vigorous intensity are
related to lower mortality [4]. Research related to the
mechanisms that promote lifelong PA and decrease inac-
tivity is needed, especially research based on longitudinal
data. Longitudinal data allow researchers to examine the
life-course patterns of PA over time and across various
life events and transitions [5].

To understand further these changes over time and dif-
ferences between individuals, four approaches have been
suggested by Telama [6]: the carry-over value hypothesis,
ability and readiness hypothesis, habit-formation hypoth-
esis, and self-selection hypothesis. The carry-over value
hypothesis suggests that adults continue to engage in
activities they participated in at a young age. The ability
and readiness hypothesis suggests that earlier experience
and the basic skills connected to this experience contrib-
ute to the maintenance of or re-engagement in PA despite
participation in different types of activity. The habit-for-
mation hypothesis suggests that behaviour is repeated
because it is a habit and that this behaviour is based not
only on planned behaviour but is automatic and per-
formed with less awareness. The self-selection hypoth-
esis acknowledges a hereditary disposition to fitness and
motor performance in some people, which makes them
engage in PA more often in adolescence and adulthood.
These hypotheses can be used individually to explain the
possible paths of lifelong patterns of PA or they can be
applied in a cumulative way through the combination of
more than one hypothesis to explain the establishment of
an active lifestyle.

A growing body of research has used finite mixture
modelling to investigate the development of PA from
a life-course perspective. The literature was recently
summarised in a systematic review [7]. The number
of previous studies looking at the development of PA

from childhood or adolescence to adulthood is limited,
and only four studies, based on only two different data
materials, both population-based studies from Finland,
were identified in the systematic review. These studies
identified three or five latent leisure-time PA trajecto-
ries and that the most significant proportion of people
follow a stable moderate or persistently low level of PA.
One study identified two additional trajectories in addi-
tion to the three prevalent trajectories (steady high,
moderate, or low level of leisure-time PA) that com-
prised an increasingly active or a decreasingly active
trajectory [8].

Emerging research interest in the domains related to
PA (i.e., the context in which PA occurs) has also con-
tributed to the knowledge about lifelong engagement in
leisure-time PA [9]. Diverse patterns of engagement in
PA, both organised and non-organised, in team sports
or individual sports, and in a wide variety of activities
during adolescence are related to the activity level in
adulthood (e.g., [10-15]).

Organised sport provides structures for social inter-
action and skill development, which are thought to
contribute to the development of lifelong PA by estab-
lishing habits, abilities, and continued participation.
A previous study [16] indicated that participation in
sports clubs is associated with a sustained or increased
PA pattern and, correspondingly, drop out from organ-
ised sport with a decrease in PA from a high level.
Kjonniksen and colleagues [12] found that diversity in
leisure-time activities (the number of activities par-
ticipated in) at age 15 years was more strongly related
to later activity level at age 23 years than was engage-
ment in specific activities. Earlier experiences with PA
and sports make it easy to maintain or re-engage in PA,
especially if the newer form of PA differs from the ear-
lier activity [6]. Previous research also indicates that
broad and varied experiences during adolescence affect
PA habits later in life [11], a finding that is consistent
with the ability and readiness hypothesis [6].

Another domain related to PA, and possibly relevant
to the Nordic context, is the concept of nature-related
outdoor recreation, friluftsliv, which is considered a
core social and cultural value in Norway [17]. Different
forms of outdoor activities may support PA throughout
the entire life course. Participation in outdoor PA influ-
ences positive attitudes towards PA and contributes to
positive activity habits [18]. PA during childhood and
adolescence is usually performed with peers, and peers



Mathisen et al. Int J Behav Nutr Phys Act (2023) 20:27

appear to influence the individual's PA level signifi-
cantly through behavioural modelling, peer pressure,
group norms, and co-participation [19]. When enter-
ing adulthood, friends and partners may act as critical
agents for activity and inactivity.

There is an evidence gap in the research literature
needed to develop a more nuanced understanding of PA
development from adolescence into adulthood [7, 9]. This
study aimed to identify distinct trajectories of leisure-
time vigorous physical activity (LVPA) and to explore
whether these trajectories are characterised by differ-
ences related to activity domains over the life course. The
activity domains included were participation in organised
sports, diversity in leisure-time activities, outdoor recre-
ation, and active peers.

Methods

Study sample

Data were drawn from the Norwegian Longitudinal
Health Behaviour Study. The study involved participants
from 22 randomly selected schools in Hordaland in
Western Norway. The sample was geographically limited
to this region, which allowed the researchers to maintain
close contact with the participants at the beginning of
the project to establish a good foundation for this cohort
study. A total of 924 students (414 girls, 44.8%) partici-
pated in the first survey in 1990. This was 78% of the ini-
tial sample of 1195 students, and the average age was
13.3 years. During the two subsequent data collections in
school, any new student in any randomly selected school
was invited to participate. This meant that a total of 1105
people participated in the survey at least once over the
27 years (89% of the total invited sample of 1242). Writ-
ten consent was given by parents before participation in
the survey. Participants were surveyed 10 times (1990,
1991, 1992, 1993, 1995, 1996, 1998, 2000, 2007, and
2017). For the first three times, the survey was conducted
during school hours and the students completed the self-
completed questionnaires in class. After that, the ques-
tionnaire was distributed by post. Participants were also
given an option to respond online for the last two sur-
veys. The questionnaire was distributed during October,
with greater variation in time of completion when the
survey was sent by post. More information about the
sample is found in Additional file 1.

Of the total sample of 1105 participants, only partici-
pants having at least one measure of LVPA over the 10
measurement points were included in the analyses, which
gave a sample of 1103 participants (45.5% female).

Outcome measure
The outcome measure was LVPA. To assess the partici-
pants’ level of LVPA, a previously used item from The
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Health Behaviour in School-aged Children (HBSC)
Study: WHO Collaborative Cross-national Study was
included in the questionnaire [20]. The question reads,
“Outside school hours, how often do you do sports or
exercise to the extent that you become out of breath or
sweat?” The following response categories are offered
(coding in parenthesis): Every day (7), 4—6 times a week
(5), 2-3 times a week (2.5), Once a week (1), Once a
month (0.25), Less than once a month (0), and Never
(0). In 1993, the first part of the question was changed
to “Outside school hours/work” This question was
included at all 10 measurement points and has previ-
ously been identified as having acceptable to good reli-
ability in an Australian sample [21] and overall good
reliability in a Norwegian sample aged 13—18 years [22].
Validity has been found to be fair when correlated with
maximal oxygen uptake, especially among girls [22].

Auxiliary variables

Membership in sports clubs The participants’ member-
ship status in organised sports was assessed using the
question, “Are you a member of a sports club or sports
association?” The following response categories were
offered: Yes (1), No, but I have been a member before (0),
and No, I have never been a member of a sports club (0).
This item was included eight times and was excluded at
ages 19 and 21 years.

Age at becoming a member of a sports club The par-
ticipants were asked retrospectively four times from
1990-1993 the question, “When did you become a
member of a sports club?”’ The response categories
were | have never been a member of a sports club or
sports association (0) and I became a member when I
was about .... years old, with response options of 1-13,
14, 15 or 16 years. Data from these four measurements
were recoded into one where the most initial response
was preferred.

Diversity in leisure-time activities A list of alternative
types of sport or exercise was provided to respondents at
the ages of 15 years (33 alternatives), 23 years (33 alter-
natives, exercise in a fitness centre was added and orien-
teering was removed), and 40 years (20 alternatives). See
complete list of all activities in Additional file 2. Partici-
pants recorded the frequency level for all activities using
four response categories: Several times a week, Once a
week, Less than once a week, and Never. A count variable
was computed to measure diversity in leisure-time activi-
ties. Performance of a sport or exercise at any frequency
was counted in.
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Outdoor recreation The questions about outdoor rec-
reational activity were, “How often do you usually do out-
door activity in summer? Outdoor recreation in summer
can include hiking, swimming, cycling, or fishing” and
“How often do you usually do outdoor activity in winter?
Outdoor recreation in winter can include hiking, fishing
or cross-country skiing” The following response catego-
ries were offered: Four times a week or more often (4),
2-3 times a week (3), Once a week (2), Less than once
a week (1), and Never (0). These items were included at
ages 13, 14, 15, 16, 23, 30, and 40 years.

Active friends Peer PA was assessed using two ques-
tionnaire items. The first related to the number of friends
participating in sports and included the question, “How
many of your friends do sports or exercise?”. The response
categories were Almost all (4), More than half (3), About
half (2), Less than half (1), and None (0). This item was
measured at ages 13, 15, and 18 years.

The second peer item related to the level of sports and
exercise performed by the participant’s best friend and
read, “Does your best friend do sports and exercise?” The
responses options were Four times a week or more (4),
2-3 times a week (3), Once a week (2), Less than once a
week (1), Never (0), and I do not have a best friend (miss-
ing). This item was measured at ages 13, 15, and 23 years.

Gender (binary, measured at baseline), having chil-
dren (yes/no, measured at ages 21, 23, 30 and 40 years),
income (gross income in intervals of 100 000 NOK,
measured at ages 23, 30 and 40 years), and body mass
index (BMI, measured at ages 15, 23 and 40 years), which
was calculated based on self-reported height and weight,
were included to describe the characteristics of the dif-
ferent trajectory classes because previous research has
found them to be related to the development of lifetime
PA [7, 8, 16, 23-28].

Statistical analysis

The data were managed, and descriptive statistics were
calculated using IBM SPSS (version 27.0). The data were
converted to Mplus (version 8.7 [29]) for the latent class
growth analysis (LCGA). The level of statistical signifi-
cance was 0.05.

Prior to the LCGA, the data on LVPA from all 10
measurement points were modelled in a latent growth
model to explore what number of growth parameters
suited the data best. Three models were tested, with two
(intercept and slope factor), three (intercept, slope, and
quadratic slope factor) and four (intercept, slope, quad-
ratic, and cubic slope factor) growth parameters. The
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best fit, determined by the highest comparative fit index
(CFI=0.911) and the lowest root mean square error of
approximation (RMSEA =0.05) was obtained when the
model included four growth parameters. The LCGA was
then fitted using the same growth parameters.

Latent class growth analysis

Trajectories for LVPA were identified using LCGA, a type
of group-based trajectory model, which makes it possi-
ble to identify latent classes of individuals based on their
joint growth trajectories over time [30]. The LVPA vari-
able was treated as continuous in the analysis.

Missing data were assumed to be missing at random
(MAR) and addressed using full information maximum
likelihood estimation (FIML). The model parameters
were estimated using the maximum likelihood estima-
tor with robust standard errors (MLR). The number of
classes was determined by testing the model fit for two,
three, four, five, six, and seven latent trajectory classes.

Akaike information criterion (AIC), Bayesian infor-
mation criterion (BIC), entropy, average posterior
probability>0.70 for within-group membership, the
Vuong—Lo—Mendell-Rubin test (VLMR), and the boot-
strap likelihood ratio test (BLRT) were used to assess the
fit and interpretability of the model and number of latent
trajectory classes [31].

When assessing the class enumeration, we did not find
that the AIC and BIC values reached a low point and
started to increase. The VLMR test was significant only
for the two-class and four-class models (p <0.05). How-
ever, the proposed more reliable BLRT was significant
for all models. The enumeration was therefore based on
entropy and the posterior probability of class member-
ship. Theoretical and empiric support for the four-class
solution was also used [31]. The qualitative assessment
of the three-class model and five-class model vs the four-
class model supported the decision because the three-
class solution provided fewer nuances and the five-class
solution had two similar and (almost) parallel classes.
Figures showing plots of the two- to seven-class models
are presented in Additional file 3.

Distal outcome model using the Block-Croon-Hagenaars
(BCH) approach

The mean differences in the above-mentioned vari-
ables related to activity domains (e.g., membership in
sports clubs, diversity in leisure-time activity, peer PA)
measured in adolescence, young adulthood, and adult-
hood were studied across the trajectory classes. To do
this, we used the one-step automatic BCH approach.
Using this approach to estimate a distal outcome model
allowed us to avoid shift of the latent class trajectories
so that they were no longer measured only by the LVPA
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indicator. Instead, the BCH method avoids a shift in the
latent classes (i.e., LVPA trajectories) by using a weighted
multiple group analysis in the final stage [32]. In the
BCH approach, the auxiliary variables are treated as
continuous.

Quality assessment

The Guidelines for Reporting on Latent Trajectory Stud-
ies (GRoOLTS) [31] checklist was used to ensure the qual-
ity of the analysis (see Additional file 4).

Results

Drop out analysis

Drop out analysis were undertaken by comparing base-
line values of LVPA, membership in sports club, age at
becoming a member of a sport club, outdoor recreation,
number of active friends and best friend’s activity level to
examine whether there was a difference between those
who dropped out of the study before age 40 and the 455
respondents who did not. Independent sample t-tests
showed no statistically significant differences between
these two groups (p>0.05).

Participants and descriptive statistics

Among the total sample, 17% of the participants com-
pleted all 10 repeated measurements of LVPA; 15% com-
pleted nine measurements, 11% eight, 9% seven, 10% six,
9% five, 11% four, 10% three, 5% two, and 4% one. Table 1
shows the descriptive statistics for all included variables
at all 10 measurement points from 1990 to 2017.

LVPA trajectories
Four LVPA trajectories were identified from adolescence
to adulthood (Fig. 1). Based on their development, the
trajectories were named (ranked from smallest to larg-
est and with the percentage given in parentheses): active
(9%), increasingly active (12%), decreasingly active (25%),
and low active (54%). The final number of trajectories was
selected based on the described fit statistics (Table 2).
The active and decreasingly active trajectories started
with the highest LVPA level at the baseline. From here,
the active trajectory continued to exhibit higher levels
of LVPA than the three other trajectories. The decreas-
ingly active trajectory showed a continuous decrease in
activity level from adolescence to young adulthood but
exhibited a more stable pattern after age 23 years. The
low active trajectory had the lowest mean LVPA at age
13 years and showed a decreasing level of LVPA until
the age of 18 years. From here, this trajectory contin-
ued at about the same low level until the age of 40 years.
The increasing trajectory started with about the same
estimated mean LVPA level as the low active trajectory.
However, it ended at about the same LVPA level as the
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active trajectory at age 40 years and was the only trajec-
tory in which the mean LVPA level increased from age 13
to age 40 years.

Characteristics related to activity domains across the LVPA
trajectories

The mean and standard error of all included auxiliary
variables across all four trajectories and indications of
significant differences between each trajectory are shown
in Table 3. The development within the four trajectories
is illustrated in Fig. 2.

Organised sports

At the baseline, the active and decreasingly active tra-
jectories showed significantly higher membership levels
in organised sports clubs compared with the other two
trajectories (p<0.01). From age 13 to 30 years, all tra-
jectories showed a decrease in membership. However,
the level of membership in sports clubs increased in the
increasingly active trajectory from 0.67 at age 13 years to
0.76 at age 14 years and then decreased as for the other
trajectory classes. From age 30 to 40 years, the mean level
of membership in sports clubs increased among all four
trajectories.

The active and low active trajectories differed sig-
nificantly at all measurement points (p<0.05). The
decreasingly and increasingly active trajectories differed
significantly (p<0.05) at ages 13 and 14 years, when the
decreasingly active trajectory showed higher participa-
tion levels. These trajectories did not differ at ages 15 to
18 years, but at age 23 years, the level of membership in
sports clubs decreased more in the decreasingly active
trajectory, which made the level in the increasingly active
trajectory significantly higher (p<0.01). At age 40 years,
the membership level in organised sports was signifi-
cantly higher in the active and increasingly active trajec-
tories compared with the low active trajectory (» <0.05).

Those inthe increasingly active trajectory reported
the highest mean age at first participation in organised
sports. However, the number of times reported being a
member was not significantly lower than the active and
the decreasingly active trajectories, whose mean age
when becoming a member was younger.

Diversity in leisure-time activities

At age 15 years, the mean level of self-reported diversity
in leisure-time activities was significantly higher in the
active and decreasingly active trajectories than in the
low active and increasingly active trajectories (p<0.05).
At age 30 years, the active and increasingly active tra-
jectories exhibited greater diversity than the low active
and decreasingly active trajectories. From the age of 30
to 40 years, diversity decreased in all trajectories, and
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Table 1 Descriptive statistics of included variables by measurement point
Year 1990 1991 1992 1993 1995 1996 1998 2000 2007 2017
Respondent age 13 14 15 16 18 19 21 23 30 40
N 924 958 936 789 779 643 634 630 536 455
Coding of time in LCGA -10 -9 -8 -7 -5 -4 -2 0 7 17
LVPA (0-7)
n 912 952 945 708 777 639 583 628 533 447
Mean 318 31 3.00 2.55 2.24 211 202 1.88 1.70 1.99
SE 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.07 0.08
Membership in sports clubs (No [0], Yes [1])
n 913 953 940 708 776 628 533 447
Percentage member 654 624 585 522 388 268 23.1 30.5
Diversity in leisure-time activities
n 927 627 452
Mean 13.57 9.02 757
SE 0.21 0.18 0.16
Qutdoor recreation, summer (0-4)
n 917 949 946 703 628 533 446
mean 330 312 330 299 284 292 3.01
SE 0.03 0.03 0.03 0.04 0.04 0.04 0.04
Qutdoor recreation, winter (0-4)
n 915 949 945 704 628 534 443
mean 294 2.55 2.55 223 203 223 232
SE 0.03 0.03 0.04 0.04 0.04 0.04 0.05
Number of active friends (0-4)
n 904 934 772
Mean 3.16 2.75 2.15
SE 0.04 0.04 0.05
Best friend's activity level (0-4)
n 878 934 626
Mean 265 2.58 193
SE 0.04 0.04 0.05
Gender (Boy [0], Girl [1])
n? 1103
Percentage of girls 456
BMI
n 886 606 443
Mean 20.18 23.28 25.52
SE 0.08 0.15 0.18
Having children (No [0], Yes [1])
n 585 628 536 449
Percentage having children 7.0 164 55.0 853
Income (2000: 1-6, 2007: 1-8; 2017: 1-10)
n 626 534 446
Mean 1.66 378 6.45
SE 0.04 0.07 0.10

The range for the measure of diversity in leisure-time activity was in 1992 0 to 33; in 2000 0-27; and in 2017 0-20. The range for the measure of BMI was in 1992

13.72-33.91;in 2000 14.69-53.98; in 2017 18.36-41.40

LCGA Latent class growth analysis, LVPA Leisure-time vigorous physical activity, BMI Body mass index

2The n is based on data from all measurement points
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Fig. 1 Leisure-time vigorous physical activity trajectories (n=1103)

Table 2 Latent Class Growth Analysis (LCGA) based on the total sample

No. of classes AIC BIC BLRT VLMR Entropy AveragelatentClass  Sample Size Per Class The Number of Random
Probabilities for Most ~ Based on Most Likely Class ~ Start Values and Final
Likely Latent Class Membership Iterations
Membership (%)

1 2990146 2997154 — — — 100 1103 200, 20

2 2852017 2861528 p<.05 p<.05 0773 92/94 324/779 200, 20

3 2824855 2836869 p<.05 p=.07 0.690 89/77/85 612/342/149 200, 20

4 28,090.97 28,236.14 p<.05 p<.05 0.703 84/78/87/75 102/276/597/128 200, 20

5 2799788 2816808 p<.05 p=.20 0.664 77/72/71/82/87 122/292/169/471/49 200, 20

6 2792851 2812374 p<.05 p=.61 0664 81/85/70/71/72/86 483/46/268/121/141/44 200, 20

7 2787138 2809164 p<.05 p=.11 0653 87/84/78/74/72/71/62  41/34/432/166/62/190/178 200, 20

AIC Akaike information criterion, BIC Bayesian information criterion, BLRT Bootstrap likelihood ratio test, VLMR Vuong-Lo-Mendell-Rubin test
The class solution considered optimal is presented in bold

the mean diversity in leisure-time activities did not differ ~ Outdoor recreation

significantly between the active, decreasingly active, and  People in the low active trajectory reported significantly
increasingly active trajectories. However, all three dif- lower (p<0.05) mean levels of outdoor recreation than
fered significantly from the low active trajectory. those following the active trajectory at all measurement
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leisure-time vigorous physical activity trajectories

points, except during summer at age 13 years. The mean
level also differed significantly between the low active
and decreasingly active trajectory at most of the meas-
urement points during adolescence. However, from age
23 years, the mean levels did not differ between these
two trajectories except for outdoor recreation during the
winter at age 40 years, when the low active class reported
significantly lower mean levels. The low active trajectory
class reported significantly lower outdoor recreation lev-
els than those in the increasingly active trajectory class
except at age 13 and in winter at age 15 years.

At age 23, we also found significantly lower (p<0.05)
mean levels of outdoor recreation during both summer
and winter for the decreasingly active trajectory than for
the active trajectory, and during winter compared to the
increasingly active trajectory. At age 30, both the active
and the increasingly active trajectories showed signifi-
cantly higher (» <0.05) mean levels of outdoor recreation
than the decreasingly active trajectory. At age 40 years,
there was a significant (p <0.05) lower mean level of out-
door recreation during winter in the decreasingly active
trajectory compared with the active trajectory.

Active peers
The number of active friends decreased in all classes
from age 13 to 23 years. The number of active friends was

significantly higher (p<0.01) at all three measurement
points in the active, decreasingly active, and increasingly
active trajectories than in the low active trajectory. At
age 15 years, the difference was also significant (p <0.05)
between the active and increasingly active trajectories. At
age 18 years, the active and the decreasingly active trajec-
tories differed significantly (p<0.01).

At ages 13 and 15 years, those in the active trajectory
reported significantly higher (p <0.001) mean level of best
friend’s PA compared with the low active and increasingly
active trajectories. At age 13 years, the reported level of
best friend’s PA differed significantly (p <0.05) between the
low active and increasingly active trajectories compared
with the decreasingly active trajectory. At age 15 years,
best friend’s PA differed significantly (p<0.05) between
all trajectories. However, at age 23 years, the active and
increasingly active trajectories reported the same mean
best friend’s PA, which was significantly higher (»<0.01)
than that reported for the other two trajectories.

Related demographic variables

Mean BMI did not differ significantly between the
four trajectories. Having children was more frequently
reported in the low active trajectory at age 21 years,
when this frequency differed significantly (p <0.01) from
those of the active and increasingly active trajectories. At
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age 23 years, the frequency of having children differed
(p<0.05) only between the low active and increasingly
active trajectories. At age 40 years, the frequency of hav-
ing children differed significantly (»<0.05) between the
decreasingly active and the low active and increasingly
active trajectories. Income at age 23 years did not differ
significantly between the four trajectories, although the
mean income at age 30 years was significantly higher
(p<0.01) in the active trajectory than in the other tra-
jectories. At age 40 years, the low active trajectory had a
significantly lower (p <0.05) mean income than the other
trajectories.

Discussion

In this study, we aimed to identify developmental pat-
terns of LVPA in a Norwegian sample with a follow-up
of 27 years. We identified four LVPA trajectory classes
from early adolescence to middle adulthood; these results
partly support the findings of two cohort studies from
Finland (7, 33].

The largest trajectory identified was the low active
trajectory, which included slightly more than half of the
sample (54%). Previous studies have also found a propor-
tionally larger trajectory class with a persistently low PA
level [8, 33-35]. Those following the low active trajectory
reported the lowest mean LVPA level at all measurement
points and showed considerable stability in their devel-
opment. These results support the findings of a system-
atic review that showed that the low active trajectories
appear to be more stable than more active trajectories [7]
and a previous study showing that inactivity tracks better
than activity [6].

The active trajectory appears at the other end of the
spectrum and had the highest average level of LVPA at all
measurement points, although it represented only 9% of
the sample. A larger decreasingly active trajectory (25% of
the sample) was identified at about the same high level of
weekly LVPA as the active trajectory at age 13 years. From
the age of 13 to 23 years, the weekly LVPA level decreased
markedly in this trajectory. However, the LVPA level did not
decline to the level of the low active trajectory, a finding that
is consistent with previous research [7]. It is possible that
high LVPA levels during adolescence may have contributed
to a later decline in PA and prevented an earlier onset of
lower activity. An increasingly active trajectory, represent-
ing 12% of the sample, was identified that exhibited a slightly
different development from the other trajectory classes
because the weekly LVPA increased from age 13 to 40 years.

Attention has focused on establishing habits when pro-
moting lifelong engagement in PA. As indicated in the
habit-formation hypothesis [6], repetition and routine are
needed to form lasting habits. People in the active trajec-
tory class are highly engaged in all activity domains from
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adolescence to adulthood. This consistency in engage-
ment probably entails repeated PA behaviour over time,
which increases the potential for establishing long-lasting
PA habits.

The respondents following the decreasing trajec-
tory may be labelled “early bloomers” They had a high
engagement in various PA domains in early adolescence,
much like those in the active trajectory. However, their
engagement and LVPA level declined from adolescence
to young adulthood. The transition from adolescence to
early adulthood reflects changes in the types of activities
that are available and other critical life transitions such
as moving away from home or starting higher education.
As indicated in the carry-over value hypothesis, such
changes can make continuing PA difficult if the possi-
bility of engaging in the same type of activity as before
is reduced [6]. It seems that people in the decreasingly
active trajectory continue to engage in various activities
during adolescence, which suggests some habitual behav-
iour but of lower intensity.

The findings of the current study also suggest that the
people in the increasing trajectory were “late bloomers’,
with a higher LVPA level during young adulthood and
adulthood than in adolescence. However, the late onset
does not seem to have hindered the positive development
of a physically active lifestyle. The increasingly active tra-
jectory was the only trajectory whose activity level con-
tinued to increase in young adulthood. The ability and
readiness hypothesis suggests that experiences in PA and
sports, such as organized sports, and the related basic
skills, make it easier to continue with PA or to re-engage
after a break. Thus, previous experience is valuable even
though the type of activities and domains may differ at a
later stage [6], for instance, PA at fitness centres or organ-
ised sports clubs for students.

Activity domains in relation to trajectories

Membership in organised sports clubs

The active trajectory was characterised by higher par-
ticipation in organised sports. However, at age 13 years,
almost half the respondents in the low active trajectory
also reported membership in organised sports, which
suggests that membership alone does not necessarily
guarantee higher levels of LVPA among adolescents. Sim-
ilar results based on objectively measured PA have been
reported in a youth sample from Finland [16]. There are
several possible reasons why membership in organised
sports did not ensure higher levels of LVPA for those in
the low active trajectory in our study. One reason is the
nature of the measurement used in this study, which did
not include the frequency, duration, or intensity of PA
related to the respondents’ engagement in sports clubs.
The respondents may be members of an organised sports
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club but may participate seldom or have low engagement.
Negative experiences (e.g., low motivation or mastery,
conflict with coaches or peers) may also explain why
those in the low active trajectory did not continue to
participate in organised sports for extended periods, as
indicated by the low average frequency of reported club
membership. Therefore, their experiences with organised
sports may have been too brief to make a lasting impact
on their PA during the life course.

Respondents following the decreasingly active tra-
jectory also reported high levels of membership in
sports clubs, becoming a member of a sports club at
an early age, and being a member at multiple measure-
ment points. However, there did not seem to be a carry-
over effect of these prior experiences, as shown by their
decreasing activity level from age 13 to 23 years. This
might be related to factors outside of sports clubs, such
as injury, new interests and priorities, or different expe-
riences with sports clubs or activities. Therefore, it is
important to acknowledge that the same activity domain
can contribute to both positive and negative experiences,
which may influence the development of LVPA over time
in different directions.

Active peers

As supported by a previous study [19], peers can affect
PA behaviour across, and in addition to, other domains.
The peers’ activity levels may contribute to an increase
or decrease in a person’s LVPA level. For example, the
periods of adolescence and transition into young adult-
hood carry multiple opportunities to establish new
relationships. We found an increase in the best friend’s
activity level during the transition from adolescence to
young adulthood among those in the increasingly active
trajectory but a decrease among those in the decreas-
ingly active trajectory. These findings emphasise the
importance of peers to the development of LVPA and
highlight how health promotion interventions should
consider including peer relationships in initiatives to
promote PA [19].

Diversity in leisure-time activities

Consistent with the ability and readiness hypothesis [6],
we found that respondents in the trajectories exhibiting
a stable engagement in a diversity of leisure-time activi-
ties either increased or maintained their relatively high
LVPA level. By contrast, respondents in the decreasingly
active trajectory showed a greater decrease in diversity in
leisure-time activities from adolescence to young adult-
hood. Engagement in multiple sports and PAs during
adolescence may provide an important base for develop-
ing motor skills and promoting long-lasting engagement
in higher LVPA level later in life. This association has
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been shown in longitudinal studies [11, 12, 36]. Continu-
ing to participate in several different sports or activities
throughout adolescence and into adulthood may have
contributed to the maintenance of a higher LVPA level,
even though the number of activities the respondents
participated in at age 40 years did not differ between
the active, increasingly active, and decreasingly active
trajectories.

Outdoor recreation

All trajectories showed relatively high levels of outdoor
recreation during both summer and winter during adoles-
cence. Engagement in outdoor recreation is closely linked
to cultural characteristics in Norway, and it is common to
spend leisure time outdoors, especially during weekends
and holidays [12]. We found significant differences indicat-
ing that respondents in the low active trajectory engaged
less in these activities than the other trajectories. However,
our findings do not allow us to determine how outdoor rec-
reation contributed to the LVPA level. By being accessible
to all and not requiring membership or special equipment,
outdoor recreation may contribute to LVPA throughout
the life course more broadly than organised sports or PA
at fitness centres. In our study, respondents following the
low active trajectory seemed to be less active in outdoor
recreation during winter compared with the other trajec-
tories. Outdoor recreation in winter can be challenging in
a Nordic country like Norway. Such seasonal changes may
be important to consider when planning initiatives to pro-
mote activity, at least for outdoor recreation during winter
among those in the low active trajectory.

Demographic and socio-economic status across the LVPA
trajectories

The active and decreasingly active trajectories were more
prevalent among males than females, which is consist-
ent with earlier reports [7, 16, 25]. In contrast to previous
research on the relationship between BMI and PA develop-
ment [23, 26, 27], our study did not find differences in these
parameters between the four trajectories. At age 21 years,
the low active trajectory was characterised by more
respondents having children compared with the two tra-
jectories with the highest LVPA level at that time. Previous
research has found that having a child is negatively associ-
ated with overall PA [24], that having children increases the
odds of belonging to the decreasingly active trajectory [8],
and that, among women, having children has a strong nega-
tive effect on the number of sports practised [28]. At age
40 years, a large proportion of the respondents reported
having children. In Norway, most organised sports clubs
rely on parental engagement and voluntary work, which
may explain the increase in sports club membership at age
40 years among the respondents in our study. Our findings
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of significant differences in income between the active and
low active trajectories are consistent with those of studies
analysed in a recent systematic review [7] and suggest that
mean income is higher in the active trajectory.

Limitations

This study has some limitations. Self-reporting might
lead to over- or under-reporting [37]. We used a sin-
gle item regarding frequency to measure LVPA, which
may have oversimplified this phenomenon with many
different dimensions, such as type of activity or dura-
tion. However, use of this single-item question has been
shown to have acceptable reliability and validity [21, 38].
Further validation studies are needed [39], including val-
idation across the life course. Adding a measure of mod-
erate physical activity or sedentary behaviour could have
enriched our analysis, however these types of measure-
ments were not available in the data material.

We assessed participation in organised sports using a
single item related to sport club membership. Member-
ship does not necessarily indicate active participation,
and having more items related to sports participation,
such as frequency and level of activity, may have strength-
ened our analysis. This is also relevant to many of the
other items related to activity domains. For example, to
assess the diversity in leisure-time activities, we created
a sum score based on more detailed information related
to the types of activities and frequencies. Excluding this
sum score and analysing specific details may have added
valuable information about the degree of active partici-
pation in different activities across the four trajectories.
However, for some activities, the number of respondents
was too low, and we would not have been able to include
the whole range of different activities in the analyses.

The analyses did not control for any variables, and the
differences between the classes on the auxiliary variables
may reflect an effect of confounders. We did not assess
the strength of the associations or compare them with
each other but examined only the different characteris-
tics of the four latent trajectory classes grouped accord-
ing to LVPA. Lastly, to summarise data, a reduction is
sometimes needed. In group-based models, one reduces
by approximation and by grouping, and comparing indi-
viduals who are not entirely homogenous [30]. Therefore,
it is essential to recognise that trajectory group mem-
bership is not definite because the LCGA gives only the
probability of following a trajectory. Further, our results
are not necessarily generalisable to other populations as
the studied sample represents a population from western
Norway. However, the baseline mean of LVPA at age 13
in this sample (collected in October/November 1990) was
almost identical to that of the nationally representative
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HBSC study sample of 13-year-olds (n=1616) collected
in November 1989, suggesting that the study sample from
western Norway at baseline was representative of Nor-
wegian youth in the relevant age group [12]. The main
strength of the present study is its longitudinal design
and long-time follow-up with many measurement points,
relatively large sample size, and comprehensive use of
self-reported measures of LVPA and engagement in dif-
ferent activity domains. In addition, using finite mixture
modelling of longitudinal data provides new information
about the complexity of PA behaviour over that provided
by population-based mean levels.

Conclusions

Four life-course trajectories of LVPA were identified
in this 27-year longitudinal study in Norway. Primar-
ily, the findings suggest heterogeneity in the develop-
ment of LVPA across different life periods. Secondly,
the largest trajectory group included more than half of
the respondents and was characterised by a low LVPA
level and low engagement in the four activity domains,
calling for increased recruitment into different activ-
ity domains for children and adolescents at high risk
of falling into this trajectory. Thirdly, engagement in
organised sports in adolescence does not seem to have
a sustainable carry-over effect on the level of LVPA
later in life. For organised sports clubs to contribute
to life-long PA, there needs to be more awareness on
drop-out and retention. Lastly, those belonging to the
more active trajectories reported having more active
peers, indicating that the social impact of friends influ-
ences the activity level. In the development of PA,
changing social surroundings during life may assist or
hinder health enhancing engagement in LVPA. This and
the heterogeneity in LVPA development from adoles-
cence to adulthood highlights the need for targeted and
age group specific health promotion initiatives.

Abbreviations

AIC Akaike information criterion

BCH Block-Croon-Hagenaars

BIC Bayesian information criterion

BLRT Bootstrap likelihood ratio test

BMI Body mass index

CFI Comparative fit index

FIML Full information maximum likelihood

GRoLTS Guidelines for Reporting on Latent Trajectory Studies

HBSC The Health Behaviour in School-aged Children (HBSC) Study, WHO
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LCGA Latent class growth analysis

LVPA Leisure-time vigorous physical activity

MAR Missing at random

MLR Maximum likelihood estimator with robust standard error

PA Physical activity

RMSEA Root mean square error of approximation

VLMR Vuong-Lo-Mendell-Rubin test
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Additional information about the sample

The NLHB study follows the same participants from age 13 in 1990 to age 40 in 2017, in all
ten times. See Table 1 below for the number of participants and age at each data collection.
The sample was drawn from 22 randomly selected schools (54 classes), picked systematically
from an alphabetical list of all schools in the region. To allow close contact with the
participating students in the important early phase of the project the sample was limited
geographically to the county of Hordaland on the west coast of Norway. At the first data
collection in 1990, nine hundred and twenty-four students participated. This was 77% of the
1195 students who were initially invited to take part. Excluded from this sample were those
whose parents did not give their consent for participating or who failed to return the consent
form (n=222); those who did not wish to participate (n=46); and those who provided unusable
responses (n=3).

Any new student in the included schools in 1991 and 1992 were invited to participate,
increasing the total number of students invited by 47, resulting in a total sample of 1242.
Twenty nine of these did not participated in 1990,1991 or 1992, but participated at least once

during the data collections between 1993 and 2017.

Table 1. Measurement years, age and total number of participants per measurement year.
1990 1991 1992 1993 1995 1996 1998 2000 2007 2017

Age 13 14 15 16 18 19 21 23 30 40
N 924 958 963 789 779 643 634 627 536 455

For the present data analysis, participants with at least one measurement of LVPA over the
ten measurement points were included. This reduced the included sample to 1103 participants.
Missing data were assumed to be missing at random (MAR) and addressed using full

information maximum likelihood estimation (FIML).



Included in questionnaire

Type of leisure-time activity 1992 2000 2017
Walking/hiking X X X
Walking fast > 10 minutes X X X
Hard work (house, garden, etc.) X X X
Cycling to school/work/etc. > 10 minutes X X X
Jogging alone X X X
Jogging with others X X X
Aerobics X X X
Dancing X X X
Weight or power lifting X X X
Martial arts X X

Body building X X

Judo, karate X X

Soccer X X X
Basket, volley, handball X X X
Diving X X X
Cycling X X X
Gymnastics X X

Track running X X

Track & field X X

Table tennis X X
Badminton, tennis, squash X X X
Horse riding X X

Archery, golf, bowling X X

Rowing, canoeing X X
Orienteering (in summer) X

Windsurfing, sailing (in summer) X X X
Diving (in summer) X X

Jet ski (in summer) X X
Hang-gliding, air sport (in summer) X X

Skating, ice hockey, bandy (in winter) X X X
Downhill, ski jumping (in winter) X X X
Cross-country skiing, biathlon (in winter) X X X
Fitness centre X X
Other X X X
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Additional file 1
Filled out checklist for guidelines for reporting on latent trajectory studies (GRoLTS)*.

Checklist Item Reported?

1. Is the metric of time used in the statistical model reported? Yes

2. Is information presented about the mean and variance of time withina | No
wave?

3a. | Is the missing data mechanism reported? Yes

3b. | Is a description provided of what variables are related to No
attrition/missing data?

3c. | Is a description provided of how missing data in the analyses were dealt | Yes
with?

4. Is information about the distribution of the observed variables included? | Yes

5. Is the software mentioned? Yes

6a. | Are alternative specifications of within-class heterogeneity considered | No
(e.g., LGCA vs. LGMM) and clearly documented? If not, was sufficient
justification provided as to eliminate certain specifications from
consideration?

6b. | Are alternative specifications of the between-class differences in No
variance-covariance matrix structure considered and clearly
documented? If not, was sufficient justification provided as to eliminate
certain specifications from consideration?

7. Are alternative shape/functional forms of the trajectories described? Yes

8. If covariates have been used, can analyses still be replicated? Not used

9 Is information reported about the number of random start values and Yes
final iterations included?

10. | Are the model comparison (and selection) tools described from a Yes
statistical perspective?

11. | Are the total number of fitted models reported, including a one-class Yes
solution?

12. | Are the number of cases per class reported for each model (absolute Yes
sample size, or proportion)?

13. | If classification of cases in a trajectory is the goal, is entropy reported? | Yes

14a. | Is a plot included with the estimated mean trajectories of the final Yes
solution?

14b. | Are plots included with the estimated mean trajectories for each model? | Yes, sample

mean

14c. | Is a plot included of the combination of estimated means of the final No
model and the observed individual trajectories split out for each latent
class?

15. | Are characteristics of the final class solution numerically described No
(i.e., means, SD/SE, n, CI, etc.)?

16. | Are the syntax files available (either in the appendix, supplementary Yes, from
materials, or from the authors)? the authors

*Rens van de Schoot, Marit Sijbrandij, Sonja D. Winter, Sarah Depaoli & Jeroen K. Vermunt
(2017) The GRoLTS-Checklist: Guidelines for Reporting on Latent Trajectory Studies,

Structural Equation Modeling: A Multidisciplinary Journal, 24:3, 451-467, DOI:

10.1080/10705511.2016.1247646




STROBE Statement—checklist of items that should be included in reports of observational studies

Item Page Relevant text from
No. No. ipt
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was ~ 1-2
found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3-5
Objectives 3 State specific objectives, including any prespecified hypott
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, 5
follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of 5 See also additional file on
participants. Describe methods of follow-up sample
Case-control study—Give the eligibility criteria, and the sources and methods of case
ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of
participants
(b) Cohort study—For matched studies, give matching criteria and number of exposed and
unexposed
Case-control study—TFor matched studies, give matching criteria and the number of controls per
case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. 6-8
Give diagnostic criteria, if applicable
Data sources/ 8% For each variable of interest, give sources of data and details of methods of assessment 6-8
measurement (measurement). Describe bility of methods if there is more than one group
Bias Describe any efforts to address potential sources of bias 8
Study size 10 Explain how the study size was arrived at 6
Continued on next page
1
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which 8-10
variables groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for confounding 8-10
methods (b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed 9
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Ce rol study—If applicable, explain how hing of cases and controls was addressed
Cross i study—If applicable, describe analytical methods taking account of sampling
strategy
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined Additional file 3
for eligibility, confirmed eligible, included in the study, 1 follow-up, and analysed
(b) Give reasons for non-particij at each stage
(c) Consider use of a flow diagram
Descriptive data ~ 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information on
exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest Table 1
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary
Main results 16 (a) Give djusted and, if applicable, confounder-adjusted and their p n/a
(eg. 95% confidence interval). Make clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were categorized n/a
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time n/a

period

Continued on next page



Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses n/a

Di

Key results 18 Summarise key results with reference to study objectives 16

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 21-22
both direction and de of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 16-23

analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 24
original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is at www.strob org.
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Adolescent determinants of life-course =
leisure-time vigorous physical activity
trajectories: a 27-Year longitudinal study
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Abstract

Background Adolescence is regarded as formative years for building the foundations for life-long health and well-
being, and adolescent determinants of physical activity (PA) development is particularly interesting. Novel approaches
for the study of PA development, such as group-based trajectory modelling, opens for the possibility of identifying
different patterns in the relationship among several known determinants of PA. This study aimed to explore how
demographic, psychological and social factors in early adolescence determine membership in four distinct leisure-
time vigorous physical activity (LVPA) trajectories from 13 to 40 years.

Methods This study is based on data from the Norwegian Longitudinal Health Behaviour Study, following a cohort
born in 1977 from Western Norway. Four trajectories identified using latent class growth analysis, based on self-
reposted LVPA (n=1103, 45.5% women) measured ten times from age 13 to age 40 and 17 different adolescent
determinants, were used in a multivariate multinomial logistic regression.

Results We found that gender (male), VPA intentions the next year and athletic identity associated with belonging
to the two trajectories reporting the highest levels of LVPA in adolescence, while VPA intentions in ten years were
associated with belonging to the active trajectory compared to the decreasingly active and low active trajectories
Enjoyment increased the odds of belonging to the increasingly and decreasingly active trajectories compared to

the low active trajectory. In addition, two of the social determinants, mother’s PA and emotional support from father,
were associated with belonging to the increasingly active trajectory when compared to the low active trajectory.
Higher family income increased the odds of belonging to the increasingly active compared to the decreasingly active
trajectory.

Conclusions Both demographic, psychological, and social factors were identified as determinants of LVPA trajectory
membership, and the findings support previous research related to the importance of intentions, but also indicate
that enjoyment, role modelling and emotional support in PA can be of great importance to LVPA promotion among
adolescents.

Keywords Physical activity, Adolescence, Adulthood, Cohort study, Latent class growth analysis, Trajectory,
Determinant
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Background

The positive outcomes of physical activity (PA) on mental
and physical health are well recognised [1, 2]. However,
globally, more than a quarter of all adults are not suffi-
ciently physically active [3], calling for knowledge-based
strategies to increase PA. Traditionally, PA has been
defined as “any bodily movement produced by skeletal
muscles that result in energy expenditure”(4, p. 126). This
definition sets PA as a mechanical act. New perspec-
tives on PA, acknowledging the complex nature of PA
and the need for ecological perspectives, call for a new
definition where PA is defined as involving “people mov-
ing, acting and performing within cultural specific spaces
and contexts, and influenced by a unique array of inter-
ests, emotions, ideas, instructions and relationships” (5,
p- 5). This definition emphasises the importance of the
context and different modes of PA. Leisure-time is the
mode, or domain, of PA contributing most to the total PA
in high-income countries [6]. Further, PA can be defined
in relation to frequency, duration, type, and intensity. For
example, activity with an intensity that makes one sweat
or get out of breath is often defined as vigorous physical
activity (VPA). PA at this level of intensity is thought to
have specific benefits related to all-cause mortality [7].

Identifying leisure-time vigorous physical activity
(LVPA) trajectories at different phases in life and examin-
ing factors related to the trajectories is essential for devel-
oping well-targeted PA promotion [8]. While the number
of studies identifying trajectories in heterogeneous popu-
lations has increased, few have explored determinants of
trajectory membership from adolescence to adulthood.
Only two studies have been identified, focusing on demo-
graphic and socioeconomic factors [9, 10]. In the present
study, we aim to expand this approach by also examin-
ing psychological and social determinants of life course
LVPA trajectories from adolescence to adulthood, span-
ning over 27 years.

According to a review by Lounassalo et al. [8], three
and five LVPA trajectories were identified in two previous
studies. The majority of participants in those studies were
either in a trajectory of persistently moderate or a trajec-
tory of persistently low levels of PA, with a smaller pro-
portion of participants displaying persistently higher PA
levels. One study identified two additional trajectories:
an increasingly active or a decreasingly active trajectory.
Mathiesen et al. [11] identified four LVPA trajectories.
These trajectories were: (a) active (n=102, 9%), charac-
terised by a higher level of self-reported LVPA at all mea-
surement points compared to the other three trajectories,
(b) decreasingly active (n=276, 25%), characterised by
starting at a high level at age 13, then decreasing the
level of activity in adolescence and having a lower level
of activity in adulthood, (c) increasingly active (n=128,
12%), persons starting at a low level of LVPA and then
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increasing their activity level in adolescence and end-
ing up at the same level as the active trajectory at age
40, and lastly, (d) low active (n=597, 54%), consisting
of more than half of the participants, characterised by a
low level of LVPA in early adolescence and a consistently
low level until age 40 years. In addition to identifying the
four trajectories, their relation to four activity domains
(membership in sports clubs, diversity in leisure-time
physical activities, peer PA and outdoor recreation) were
explored. Persons in the persistently active trajectory
were more involved in all activity domains compared to
those in the trajectory of low activity from adolescence
to adulthood. Changes in sports club membership, PA
among peers, outdoor recreation, and diversity in leisure-
time physical activities were related to both an increase
or a decrease in the level of LVPA from ages 13 to 40 [11].
The present article is a follow up of these findings, apply-
ing data from the same longitudinal study to examine the
determinants of the four trajectories.

Previous research on the correlates and determinants
of PA calls for a multidimensional approach to under-
standing PA development. While correlates point to
factors that are related to the behaviour in question,
determinants indicate some form of causal relationship
and are best explored using longitudinal designs [12].
However hard to confirm, some level of causal determi-
nation in the relationship between the included factors
and LVPA trajectory membership is assumed. Adolescent
determinants related to PA development are particularly
interesting as adolescence is considered formative years,
as individuals gain physical, cognitive, emotional, social,
and economic resources to build the foundation for later
life health and well-being [13].

Several theories and models include psychological
and social determinants of PA. Most prominent are the
theory of planned behaviour (TPB) [14], social cognitive
theory (SCT) [15] and self-determination theory (SDT)
[16]. Cortis et al. [17] recommend integrating these theo-
ries to more fully understand the mechanisms underlying
PA behaviour. To do so, the differences in the predictive
value of the determinants of PA seem to be most infor-
mative. The intention to perform PA, as suggested by
TPB, has been identified as a major cognitive determi-
nant [17]. In line with SDT, enjoyment is the most impor-
tant emotional determinant, while intrinsic motivation,
identified regulation, and competence are associated
with higher PA in all ages [17]. Among the more domain-
specific determinants derived from SCT, self-efficacy
shows a convincing positive association with overall PA.
Athletic identity may also constitute an important psy-
chological determinant of lifelong LVPA because identity
plays a significant role in regulating behaviour, as out-
lined by SDT [18]. Seeing oneself as a PA-oriented person
is related to a greater capacity for self-regulation of PA.
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Continued PA behaviour can lead to the incorporation
of PA as a defining element of participants’ self-identity,
which then serves as a motivator for continuing to be
active [18]. Several studies suggest that those who favour
an athletic component of self-concept are more likely to
be physically active than those who do not [19].

Different conditions in the immediate social environ-
ment affect intentions to engage in PA, enjoyment and
value of PA, and perceived competence in PA. Parents
serve as primary agents responsible for initiating their
children’s participation in PA and sports and maintain a
vital role in supporting those sports experiences [2, 20].
Social support works in four different ways; evaluative,
informative, emotional and instrumental [21]. Paren-
tal support in leisure activities such as youth sports
and other physical activities may imply that the partici-
pant is evaluated and receives feedback on what he/she
does, as well as information and knowledge about why
such activity is important and how it can best be carried
out. Emotional support includes, among other things,
encouragement to engage in PA. Instrumental support
is provided by the participant getting help to do things,
for example, by parents standing up in connection with
training and matches. Such support contributes to meet-
ing young people’s need for competence and belonging-
ness and strengthens intentions, perceived competence,
and enjoyment in PA, which contributes to PA adher-
ence among adolescents [2]. Parents may also affect their
children’s PA involvement through their PA behaviour,
as suggested by the principle of observational learning in
SCT. Several studies show that adolescent PA is linked to
parental PA, which suggests that parents are effective role
models [2, 20].

By utilising more advanced analytic approaches, such
as group-based trajectory modelling, one can detect
latent classes and reveal different patterns of relationships
among several known determinants of PA. The research
literature in this area is very limited, but demographic,
socioeconomic or behavioural determinants were investi-
gated in two studies [9, 10]. Both studies found that being
male increased the odds of belonging to a persistently
active trajectory compared to an inactive or low active
trajectory. Higher grade point averages [10], higher level
of education and higher household income [9] were asso-
ciated with being in the more active trajectories. Rovio
et al. [10] found that parents’ PA at age 12 increased
the odds of belonging to a decreasingly active trajectory
compared to a persistently low active trajectory.

Gender, socioeconomic status and body mass index
(BMI) have been found to relate to PA trajectory mem-
bership [8] and should therefore be included as possible
demographic determinants for trajectory membership.

Consequently, this study aims to examine how demo-
graphic (gender, family income, BMI), psychological
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(intentions, enjoyment, self-efficacy, self-determination,
competence, importance of competence, athletic iden-
tity) and social (parental physical activity, support, and
encouragement) factors in early adolescence can predict
membership in four distinct LVPA trajectories from 13 to
40 years.

Methods

Study population

The Norwegian Longitudinal Health Behaviour Study is
two-generational, surveying the same group of respon-
dents ten times (1990-2017) from age 13 to 40, and in
addition, their parents three times (in 1990, 1993 and
1996). The sample was drawn from a county on the west
coast of Norway and comprised students from 22 ran-
domly selected schools (54 classes) systematically picked
from an alphabetic list of schools in the region. Of the
initial sample of 1195 students, 924 (78%) participated
in 1990, comprising 510 boys (55%), with an average age
of 13.3 years. As expected, the number of respondents
decreased over the 27 years of follow-up; however, it was
acceptable also at the last follow-up in 2017 with 455
respondents.

Before the first measurement point in 1990, all levels
of the formal school system were contacted by mail and
informed about the study, whereby they accepted the
study’s goals and agreed to participate. Informed consent
from parents or caregivers and approval from the local
ethics committee and the Norwegian Data Inspectorate
were obtained. The respondents filled in a questionnaire
given during school hours at the first three measurement
points, after which it was sent to the respondents through
the mail. For the data collections in 2007 and 2017, the
respondents were also able to fill out the survey online.

The present analysis was based on data from 1103
respondents who participated and reported on the pri-
mary outcome variable LVPA at least once over the ten
measurement points. Among these 1103 respondents,
17% completed all 10 repeated measurements of LVPA;
15% nine, 11% eight, 9% seven, 10% six, 9% five, 11% four,
10% three, 5% two, and 4% completed only one measure-
ment. Dropout analysis showed no significant differences
on baseline values of LVPA or activity domains between
those who dropped out of the study before age 40 and the
455 respondents who did not [11].

Leisure-time vigorous physical activity

This was measured using a previously used item from
the Health Behaviour in School-aged Children (HBSC)
Study: WHO Collaborative Cross-national Study [22],
which was included in the questionnaire at all ten mea-
surement points. The question is related to PA outside
school/work hours, with vigorous intensity, and maps the
frequency of such activity. The question reads, «Outside
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school hours, how often do you do sports or exercise to
the extent that you become out of breath or sweaty?»
with the following response categories (coding in paren-
thesis): Every day (7), 4—6 times a week (5), 2—3 times a
week (2.5), Once a week (1), Once a month (0.25), Less
than once a month (0), and Never (0).

There are challenges related to using a single item for
mapping a complex behaviour such as LVPA; however,
the measure has been found to have acceptable to good
reliability in an Australian sample [23] and overall good
reliability in an adolescent youth sample in Norway [24].
In terms of validity, the single-item self-reported measure
has been found to correlate fairly well with maximal oxy-
gen uptake [24].

Adolescent determinants of LVPA trajectory membership
A total of 17 different adolescent determinants were
included in the analysis. All included determinants were
collected at baseline in 1990 (age 13), except the informa-
tion on family income, which was assessed in the ques-
tionnaire sent to parents in 1996. The wording of each
question, response categories, and coding can be found
in an additional file [see Additional file 1].

Three demographic determinants were included,
namely gender (binary), BMI (calculated based on self-
reported height and weight), and parental reported fam-
ily income in 1995 (gross household income in intervals
of 100 000 NOK).

Five single-item questions related to psycho-
logical determinants were used, namely intentions,
perceived competence, perceived importance of com-
petence, athletic identity, enjoyment, self-efficacy and
self-determination.

Intention for future VPA was measured using two sin-
gle-item questions related to intentions for performing
VPA at different levels in one year or ten years respec-
tively. Perceived competence in PA was measured as
the respondents’ assessment of their skills in relation to
peers, and the perceived importance of competence item
was related to how much it mattered to them if they were
good or bad in PA. Athletic identity was measured by
asking if the respondent thought of themselves as an ath-
lete. Enjoyment was related to affective judgement, while
self-efficacy was measured concerning one’s perceived
ability to execute regular PA (task-specific efficacy). Self-
determination was measured by asking the respondent to
which degree they could decide how much they partici-
pated in sports.

Social determinants related to parents were included,
specifically, the respondents’ perception of the moth-
er’s and father’s level of sport or exercise, whether the
respondents engaged in sports and exercise with their
parents, and instrumental or emotional support from
parents.
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Analytical Plan

Latent class growth analysis (LCGA) was used to identify
LVPA trajectories. The trajectory classes used in the cur-
rent study have previously been identified and are pre-
sented in Fig. 1. Details about the statistical modelling
can be found in an additional file [see Additional file 2]
and the previously published paper [11]. We performed
several multivariate multinomial regression models to
investigate which characteristics were significantly pre-
dictive of trajectory group membership. First, using the
‘savedata’ command in Mplus, we created a new variable
based on the likelihood of belonging to the four different
latent classes. Second, demographic, psychological, and
social factors were included as determinants of the latent
class belonging variable. Lastly, we repeated the mul-
tivariate multinomial regression until each latent class
had served as a reference group. All latent class growth
curve analyses and multinomial regression models were
carried out in Mplus version 8.0 [25], using a number
of auxiliary variables collected several times during the
27-year follow-up in the LCGA [11], assuming the data
to be missing at random (MAR) and addressed using full
information maximum likelihood (FIML) estimation to
handle potential construct-level missingness [26]. The
model parameters were estimated using the maximum
likelihood estimator with robust standard errors (MLR).

Results

Descriptive statistics

The demographic, psychological, and social characteris-
tics of the four physical trajectory groups at age 13 are
presented in Table 1. The mean level and percentages fol-
lowed a systematic pattern across the trajectory groups.
A higher level in all variables was observed in the consis-
tently active trajectory group, followed by lower overall
means in decreasingly active, increasingly active, and low
active groups consecutively.

Adolescent determinants of trajectory class membership
The odds ratio results of the multivariate multinomial
regression models are presented in Table 2.

Demographic factors
Women were found to have decreased odds of being
active compared to increasingly active (OR=0.42, 95%
CI=0.22, 0.81) and low active (OR=0.36, 95% CI=0.20,
0.63). Additionally, women had lower odds of being
decreasingly active than increasingly active (OR=0.57,
95% CI=0.34, 0.94) or low active (OR=0.48, 95%
CI=0.33,0.71).

Higher parental reported family income lowered the
odds of being decreasingly active compared to increas-
ingly active (OR=0.78, 95% CI=0.62, 0.98).
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Sample mean leisure-time vigorous physical activity, times per week

13 14 15 16 18 19 21 23

30 40

Time (age in years)

—@==Active (9%) === Decreasingly active (25%)

Low active (54%) Increasingly active (12%)

Fig. 1 Leisure-time vigorous physical activity trajectories (n=1103) from a latent class growth analysis showing sample mean of leisure-time vigorous
physical activity (times per week) from age 13 to age 40. Reproduced from Mathisen et al. [11]. The figure is part of an open access article distributed under
the terms of the Creative Commons CC BY license, and copyright permissions was not required

Psychological factors

Intentions of higher levels of VPA in one year at age 13
increased the odds of being active rather than increas-
ingly active (OR=3.94, 95% CI=1.92, 8.09) or low active
(OR=3.24, 95% CI=1.68, 6.25). Those with intentions
of higher levels of VPA in adolescence also had higher
odds of being decreasingly active than increasingly active
(OR=4.67, 95% CI=3.08, 7.07) or low active (OR=3.84,
95% CI1=2.78, 5.31).

Youth with higher intentions of VPA in ten years had
lower odds of being decreasingly active than active
(OR=0.65, 95% CI=0.47, 0.90) and also had higher odds
of being active compared to low active (OR=1.62 95%
CI=1.15,2.28).

People with higher perceived competence were less
likely to be increasingly active than low active (OR=0.65,
95% CI=0.44, 0.97). Participants with higher perceived
importance of competence had lower odds of belonging
to the decreasingly active compared to the low active tra-
jectory (OR=0.70, 95% CI=0.52, 0.93).

People who identified as an athlete had higher odds
of being active than increasingly active (OR=3.68, 95%
CI=1.37, 9.92) or low active (OR=4.09, 95% CI=1.70,

9.83). Additionally, they had higher odds of being
decreasingly active than low active (OR=2.55, 95%
CI=1.54, 4.23) and increasingly active (OR=2.30, 95%
CI=1.16, 4.58).

Participants who enjoyed sports had higher odds of
being increasingly active than low active (OR=2.52, 95%
CI=1.72, 3.68). They were also more likely to be decreas-
ingly active than low active (OR=1.59, 95% CI=1.09,
2.33).

Social factors

People with a physically active mother had higher odds of
being in the increasingly active trajectory class than the
low active trajectory class (OR=1.24, 95% CI=1.01, 1.53).
Participants who experienced emotional support from
their father had higher odds of being increasingly active
than low active (OR=1.29, 95% CI=1.00, 1.67).

Discussion

In this Norwegian cohort, we identified adolescent deter-
minants for membership in four distinct LVPA trajecto-
ries from adolescence to adulthood. Intentions for future
VPA in young adulthood were associated with belonging
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to the active trajectory compared to the decreasingly
active or low active trajectories, while higher levels
of enjoyment increased the odds of belonging to the
increasingly or decreasingly active trajectories compared
to the low active trajectory. In addition, two of the social
determinants, mother’s PA and emotional support from
father, were associated with belonging to the increasingly
active trajectory when compared to the low active trajec-
tory.Lastly, women were less likely to follow the active
and decreasingly active trajectories.

Those in the active and decreasingly active trajectories
reported similar mean levels on all the determinants.
The increasingly active and low activity trajectories also
reported similar levels, but consistently lower than those
in the active or decreasingly active trajectory groups.
This finding may reflect their position at the start of
each trajectory, as the LVPA level at age 13 was higher
(about 5 times per week) among those in the active and
decreasingly active trajectories than in the other two
trajectories (about 2.3 times per week) [11]. Thus, they
had more familiarity with LVPA and therefore had more
opportunities for experiencing enjoyment, self-efficacy,
self-determination, competence, perceived importance
of competence, athletic identity, and developing inten-
tions, explaining the higher mean levels on almost all the
included determinants.

The main distinction between the active versus the
decreasingly active trajectories seems to be that those
in the former trajectory were more likely to report a
higher intention of being physically active in the future,
i.e. in young adulthood. This finding is corroborated by
the conclusions in a review of determinants of PA [17]
and supports the TPB [14]. Those in the active trajectory
seem to have experienced a sufficient degree of actual
control over engagement in PA over the years, as they
have been able to carry out their PA intentions over 27
years.

Among the two trajectory groups starting at the lower
end of the scale, those belonging to the increasingly
active trajectory reported slightly higher mean levels on
all the included determinants than those in the low active
trajectory. Higher levels of enjoyment increased the odds
of belonging to the increasingly active trajectory. In line
with SDT, enjoyment increases the motivation to per-
form PA because it is intrinsically rewarding.

Enjoyment can be affected by the immediate social
environment, where parents are important role models
and primary agents for contributing to children’s par-
ticipation in PA and sports. In addition to the increased
odds related to enjoyment, we also found that higher
levels of mother’s PA and emotional support from father
increased the odds for belonging to the increasingly
active trajectory compared to the low active trajectory.
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Exposure to active role models can make the indi-
vidual more aware of opportunities to engage in LVPA.
Increased attention can lead to more positive attitudes
towards the activity, which in turn can affect the indi-
vidual’s motivation to initiate and maintain LVPA. Mul-
tiple studies on the connection between parental and
adolescent PA support that this might be important for
PA development [2, 20]. The influence of parental PA on
LVPA trajectory membership can, in addition to model-
ling, also be related to support and encouragement as
suggested by previous studies [27] [28].

The results showed a small decrease in the odds of
belonging to the increasingly active vs. low active trajec-
tory in relation to higher perceived competence. Due to
the documented effect of perceived competence on PA
behaviour [17, 29], this unexpected finding may be inter-
preted carefully due to the small difference in means and
large differences in group size between the two trajectory
groups. However, the measure of perceived competence
was directed at comparing their competence to others,
as opposed to other determinants, such as enjoyment,
which was internally directed. This might have contrib-
uted to the results, as the intrinsic motivation determi-
nants were contributing more to positive development in
LVPA. Similarly, we found that higher perceived impor-
tance of competence in PA associated with belonging to
the low active trajectory compared to the decreasingly
active trajectory. We hypothesise that this might also be
related to the measure, as the question is related to which
degree you care whether you are eighter good or bad in
sports. It is also possible that this item is not as related
to the level of LVPA as other factors such as intentions or
enjoyment, because the perceived importance of compe-
tence in sports can be related to other more external fac-
tors, such as social comparison or cultural importance,
rather than the individual’s competence, motivation for
or engagement in sports.

There was a gender difference among the trajectories,
and being a woman reduced the odds of belonging to
the active and the decreasingly active trajectories. Thus,
there were more men in the active and decreasingly
active LVPA trajectories, which is consistent with earlier
reports [10, 30], and studies showing a larger decrease in
PA among boys than girls during adolescence [31].

Lastly, we found that higher levels of parental reported
family income gave a slight increase in the odds of
belonging to the increasingly active compared to the
decreasingly active trajectory. Higher family income may
be related to having more time and resources to support
and encourage those in the increasingly active trajectory
to engage and maintain their LVPA involvement through-
out the adolescent years.
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Limitations

One limitation of this study might be the single-item
measurements of the adolescent determinants and fre-
quency of LVPA. Using a single item to measure LVPA
may have oversimplified a phenomenon with many
dimensions, such as type of activity or duration. Single
indicators have decreased levels of detail, unknown reli-
ability, and might not capture complex psychological
constructs [32]. Thus, because self-efficacy and self-deter-
mination are commonly measured as latent constructs,
we advise caution in interpreting the results pertaining to
the predictive power of these factors. However, the other
determinants measured in this study are not assumed to
be complex constructs but rather one-dimensional, clear,
and simple questions pertaining to personal enjoyment,
intentions, and beliefs of sports participation, as well as
the availability of environmental resources. As Bowling
[33] notes: if one question works, why ask several? If sin-
gle items appropriately measure what they are meant to
assess, multiple indicator scales might not necessarily be
favourable over single indicators [32]. We argue that the
indicators in this study have strong face validity. Indeed,
items are worded similarly to indicators in scales, such
as the Athletic identity measurement scale (AIMS) [34]
and the Physical Activity Enjoyment Scale (PACES) [35].
Furthermore, single-item measures are vastly more cost-
effective and parsimonious regarding efficiency and util-
ity [32], which are crucial aspects in longitudinal studies
spanning 27 years or more.

The usage of self-reported data in this study might be
considered another limitation. For one, people might
under or overreport due to social desirability [36, 37],
which can lead to a misrepresentation of the data. How-
ever, the indicators in this study were designed to be as
neutral as possible [38], except for the perceived com-
petence indicator, wherein participants are to compare
themselves to peers regarding sports proficiency. The
survey and administration were designed to be non-
threatening and self-administered [38]. Participants were
given random numbers for their identification instead
of their names and put the completed surveys in sealed
envelopes. Secondly, common method bias (e.g., [39])
might pose a threat to the discriminative validity of the
measurements in the data. For instance, it is possible that
the variance in the adolescent determinants measured in
this study is explained by one single latent construct. To
examine this possibility, we performed a post hoc Har-
man’s single-factor test [40], which included all determi-
nants in the study. The results clearly showed that several
latent factors were extracted, indicating that common
method variance does not pose a large threat to the dis-
criminative validity of the variables in this study.

Another limitation of the study might be that the sam-
ple is not representative of the Norwegian population.
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However, because the study is of such magnitude in
terms of duration and resource expenditure, it would be
near impossible to follow up on a more extensive sample
size over 27 years. Further, the baseline mean of LVPA
collected in October/November 1990 was almost identi-
cal to the nationally representative HBSC study sample
of Norwegian 13-year-olds (n=1616) in November 1989.
Hence the sample from western Norway at baseline was
representative of the relevant age group in Norway [41].

Following the same group of individuals over 27 years
entails challenges related to wave nonresponse. The level
of missing data was high. However, dropout analyses
were conducted [11] and the missing data were assumed
to be MAR and handled using FIML with several auxil-
iary variables in the analysis, which has been shown to
reduce the chance of inadvertently omitting an important
cause of missingness, and also increases efficiency and
reduces bias [42]. Lastly, group-based modelling reduces
by approximation to summarise data, comparing indi-
viduals that are not entirely homogenous. It is important
to recognise that the analysis gives only the probability of
following a trajectory.

Conclusions

Demographic, psychological, and social determinants for
membership in LVPA trajectories were identified in this
longitudinal study with a 27-year follow-up. Men, those
with a stronger athletic identity and with intentions of
higher levels of VPA the next year were more likely to
belong to the two trajectories starting with the highest
levels of LVPA at age 13. Comparing these two trajecto-
ries, higher intentions for VPA in ten years increased the
odds of belonging to the active compared to the decreas-
ingly active trajectory. Enjoyment increased the odds of
belonging to the increasingly active trajectory compared
to the low active. Supporting the development of inten-
tions for and the experience of enjoyment in PA during
adolescence may promote persistence in or increase such
health-promoting behaviour during the crucial and for-
mative years of behavioural development.

We argue that the findings provide valuable informa-
tion on how determinants at a young age might impact
physical activity behaviour in a life course perspective.
For example, the implications of the findings in this study
might be relevant to the field of PA and health promo-
tion practitioners aiming to increase physical activity
across the lifespan. However, as our results are related to
leisure-time and VPA only, future research should also
study the relationship between trajectories for moderate
or total PA and adolescent determinants.
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Additional file 1

Questionnaire items
A list of all questionnaire items used to measure the included determinants, providing the wording all items,
response categories and coding used in the analysis.

Questionnaire Item Response categories Coding
Demographic

Are you a boy or a girl? Boy 0
Girl

Height cm

Weight kg

What was your household’s total income in 1995  Less than 100.000 0

(gross)? 100-199.000 or more 1
200-299.000 2
300-399.000 3
400-499.000 4
500.000 or more 5

Psychological

Think about yourself in one year. How many times Every day 7

per week do you think you will do sports or 4-6 times a week

E);E:t:;firt_c;/tvhez;xtent that you become out of 7.3 times a week 25
Once a week
Once a month 0,25
Less than once a month 0
Never 0

Think about yourself in ten years. How many Every day 7

times per week do you think you will do sportsor  4_g times a week 5

E):g;:;}si:c;\ilf:;éxtent that you become out of 7.3 times a week 25
Once a week 1
Once a month 0,25
Less than once a month 0
Never 0

Think about many different sports outside school. Better than peers 4

How good are you normally in sports? Slightly better than peers 3
As peers 2
Slightly worse than peers 1
Worse than peers 0

How much does it matter to you whether you are It means a lot 3

good or bad at sports? It means some 2
It means little 1
It doesn’t mean anything 0

Do you think of yourself as a sports girl/boy? Yes 1
No 0




How do you enjoy doing sports?

Very much

Enjoy it

Neither good nor bad
Bad

Very bad

How easy would it be for you to engage in sports
or exercise, should you wish to do so?

Very easy

Easy

Neither easy nor difficult
Difficult

Very difficult

Do you feel that you can decide for yourself how
much you are going to participate in sports?

| decide for myself a great deal

| can decide for myself a lot

| can decide for myself to some degree

| can decide for myself a little

| cannot decide for myself much

O P N W MO P N W MO PP N W DM

Social

Do your mother/father do sports or exercise?

4 times per week or more
2-3 times a week

Once a week

Less than once a week
Never

| don’t have a mother/father

O r N W b

Missing

Do you happen to do sports or exercise together
with your mother or father?

4 times per week or more
2-3 times a week

Once a week

Less than once a week

Never

Does it happen that your parents help you do
sports? (It can be such things as driving or picking
you up, timing, keeping scores or similar.)

4 times per week or more
2-3 times a week

Once a week

Less than once a week

Never

How often do your mother/father encourage you
to do sports or exercise to keep fit?

4 times per week or more
2-3 times a week

Once a week

Less than once a week

Never

O P N W MO RPN W MO KL NN W M




Additional file 2

Latent class growth analysis

Before performing the latent class growth analysis (LCGA) in Mplus, version 8.7, data on
leisure-time vigorous physical activity (LVPA) collected at all ten measurement points were
modelled in latent growth models to test what number of growth parameters best fitted the data.
The three models ranged from two to four growth parameters, where the best fit was obtained
when the model included four growth parameters (intercept, slope, quadratic, and cubic slope
factor). This was determined by the highest comparative fit index (CFI=0.911) and the lowest
root mean square error of approximation (RMSEA=0.05). The same data and number of growth
parameters were used in the LCGA.

LCGA is a type of group-based trajectory model, making it possible to identify classes of
individuals based on their joint growth over time (1). The LCGA was performed by treating the
ten measures of LVPA as continuous and together with several auxiliary variables related to
activity domains (e.g., membership in sports clubs, diversity in leisure-time activity, peer PA)
collected in adolescence, young adulthood and adulthood.

Data were assumed to be missing at random (MAR) and handled using full information
maximum likelihood estimation (FIML). The maximum likelihood estimator with robust standard
errors (MLR) was used when estimating the model parameters. To determine the fit and
interpretability of the model and number of latent trajectory classes the Akaike information
criteria (AIC), Bayesian information criteria (BIC), entropy, average posterior probability >0.70
for within-group membership, the Vuong-Lo—Mendell-Rubin test (VLMR), and the bootstrap
likelihood ratio test (BLRT) were used (2). The model fit for two, three, four, five, six and seven
latent trajectory classes were assessed. The final class enumeration was based on entropy and
posterior probability of class membership, along with theoretical and empirical support for the

four-class solution.
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mendations. Changes in modern society, including increased car ownership and use
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Email: frida. mathisen @uib.no pears to have changed in the same direction in the two Nordic countries. The propor-
tion of 11-year-olds reporting to be participants in organized sports clubs increased
from 1985/1986 to 2014. There was an overall increase in self-reported LVPA. The
association between participation in sports clubs and LVPA was stronger in 2014
than in 1985/1986. The findings indicated subgroup differences, in particular with
regard to a steeper increase in LVPA and participation in sports clubs among Finnish
girls. We suggest that attention should be given to the role of organized sports to bet-

ter understand secular changes in PA.

KEYWORDS
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appears to follow a dose-response relationship.2 The global
recommendation for health-enhancing physical activity for
children and adolescents is 60 minutes of moderate to vig-
orous physical activity (MVPA) a day. Vigorous physical
activity (VPA) is recommended at least three times per
week.” VPA is a subdomain of physical activity and con-
nected to young people's recreational hobbies and sports
outside school.®

1 | INTRODUCTION

Increased car ownership and the use of electronic media
and technology have raised concerns about increases in
sedentary behavior leading to a decrease in health-pro-
moting physical activity among children and adolescents.'
Physical activity (PA) is associated with numerous health
benefits in school-aged children and adolescents and

This is an open ac article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.
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Recent reviews on temporal trends in PA levels among
children and adolescents have documented inconsistent
trends in different contexts of PA,4’5 although the evidence
for a decline in activity in clearly defined contexts, such as
active transport, is more consistent. The variation in meth-
odology and measurements makes it difficult to present a
coherent picture of the development in PA. A recent report
from the Health Behaviour in School-aged Children (HBSC)
study3 found an increase from 2002 to 2014 in prevalence
of self-reported leisure-time VPA (LVPA) among 11-, 13-,
and 15-year-olds in several countries, including Norway. In
Finland however, there was a decrease in LVPA among boys
over this time period. Others have found, based on objective
measures, a decrease in overall PA among Norwegian chil-
dren and adolescents over a similar time period.® Trends in
young people's PA can be linked to macro-environmental and
demographic changes, typical of developed countries, such
as less space for play in urban contexts, increased concerns
about safety, changes in the roles of significant others,’” and
innovations within the sports and exercise domain.

In a modern lifestyle, time after school has an important
potential for physical activity in the lives of children and ad-
olescents. Structured leisure-time activities might contribute
to higher levels of intrinsic motivation and positive youth de-
velopment8 and are associated with better physical and men-
tal health among adolescents.’ In contrast to other Western
countries, like the United States and UK, organized sports
in northern Europe and the Nordic countries in particular is
strongly related to time after school, and there has been little
or no collaboration between school and sports clubs.'® It is
estimated that 88% in Finland'' and 70%-80% of all children
in Norway12 at some point during their childhood or adoles-
cence are members of a sports club or team. Organized sports
provide structures for play, social interaction, and the devel-
opment of skills. More than other forms of leisure-time PA
for children and adolescents, participation in organized sports
clubs is associated with improved psychological and social
health,13 increased likelihood of meeting PA recommenda-
tions,m'](’ and higher levels of VPA.'018 Furthermore, mem-
bership in sports clubs during adolescence predicts higher
levels of leisure-time PA in adulthood.'**’

Previous trend studies in four different European countries
showed an increase in organized sports participation among
children and adolescents.'**12 Participation in sports clubs
has increased in Finland over the last ten and twenty years, as
the proportion of participants was 48% for boys and 44% for
girls in 2010, and 46% for boys and 34% for girls in 1990.>
In Norway, studies have found relatively stable numbers of
membership in organized sports clubs from 1992 to 2010.%
In 1987, the Norwegian Provisions on Children's Sports was
passed, stating that children's sports, up to the age of 13,
should be based on versatility and play.26 This included limit-
ing early specialization, only allowing children under the age

WILEY-2

of 10 to participate in competitions in their local sports club
or local community and banning schedules and lists of results
for children under the age of 12.121n 2007, the provision was
revised, with a new section focusing on children's rights in
sports and a simplified langu'clge.26

However, participation in organized sports decreased
from 1992 to 2010 among older adolescents in Norway.25
The decrease in participation among older adolescents may
relate to an increased focus on specialization and pressure
both within organized sports and from school.”” A Swedish
study found that from 1974 to 1995, adolescents participated
less in traditional team sports activities, while interest and
participation in keep-fit activities outside traditional sports
clubs increased. The authors suggest that this could partly be
explained by a larger range of activities offered in 1995 com-
pared to 1974 and by increased body and health awareness.”

New, informal sports, such as keep-fit activities, jog-
ging, strength training, cross fit, hiking, and skateboarding,
have gained increasing popularity among adolescents. "
Informal sports do not require adolescents to be part of or-
ganized official sports clubs,”® but may involve high levels
of LVPA. Thus, the introduction of new types of physical
activities may contribute to a change in the importance of
participating in organized sports clubs for adolescents’ LVPA
levels. This may be even more relevant for older adolescents,
as they may be more likely to choose these new types of ac-
tivities than younger adolescents may, the latter being more
constrained by parents and caretakers in their choice of lei-
sure-time activities. Previously, the importance of participa-
tion in organized sports for level of overall PA and LVPA
has been documented in cross-sectional studies,m’”’29 and
changes over time have not been identified.'® To this end,
Ekelund et al® called for repeated cross-sectional surveys of
population-representative samples in order to properly exam-
ine the magnitude and direction of recent changes in PA lev-
els and sports participation of adolescents.’

The aim of this study was to examine changes from 1985
to 2014 in self-reported participation in organized sports
clubs and LVPA among Finnish and Norwegian children and
adolescents and to what extent the association between self-
reports of participation in organized sports clubs and ado-
lescents” LVPA levels has changed over this time in the two
countries.

2 | METHODS

2.1 | Procedures

This study uses data from the Finnish and Norwegian con-
tributions to the repeated cross-sectional study, Health
Behaviour in School-aged Children (HBSC), a WHO cross-
national survey. This international study is carried out in
collaboration with WHO/EURO every 4 years on nationally
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representative samples of 11-, 13-, and 15-year-olds.30 The
present paper presents data collected at two time points in
1985/1986 (November-December 1985 in Norway and
February-March 1986 in Finland) and 2013/2014 (March-
May 2014 in Finland and March 2014-January 2015 in
Norway).Other time points or HBSC countries were not in-
cluded in the analysis as the item on participation in organ-
ized sports clubs was not present in any of the other national
HBSC surveys in both 1985 and 2014.

Informed passive consent, including, voluntary partici-
pation, possibility to withdraw at any time without specific
reason and full anonymity throughout the study, was obtained
from the pupils’ primary guardians and all pupils gave volun-
tary informed consent. In accordance with the international
protocol of the HBSC study, 90% of the sample in each age
group fell between half a year of a mean age of 11.5, 13.5,
and 15.5 years. The respondents anonymously completed the
questionnaires during one lesson period at school with their
teacher following a standard set of instructions. The respon-
dents were informed about the study and that participation
was voluntary. In 1985/1986, the questionnaire was paper
based in both countries, as was the questionnaire in Finland
in 2014, while the schools could choose a paper-based or
a web-based questionnaire in Norway. At both time points,
the Data Protection Official for Research at the Norwegian
Center for Research Data assured that the study complied
with the ethical requirements for privacy and confidential-
ity. The Finnish HBSC study was approved by the Finnish
Teachers Trade Union and the Finnish National Agency for
Education when the survey was collected the first time in
1986 and the procedure has been the same since. Data collec-
tion has followed the existing ethical guidelines with passive
consent procedure.

22 |

A total of 16482 (Table 1) 11-, 13-, and 15-year-olds par-
ticipated in the surveys in 1985/1986 and 2014 (student re-
sponse rates among participating schools were 89% and 85%
in Finland and 91% and 92% in Norway, respectively). In
Finland, the samples were chosen from the Finnish school
register by using a special sampling program. The sample
frame was the number of pupils at each class level. Schools
were selected using a cluster sampling method that took
the size of the schools (PPS, probability proportionate to
size) into account. Inside a selected school, one class was
randomly selected. In Norway, school classes were used as
primary sampling units, with a standard cluster sampling
procedure based on a graphical stratified list and sequential
selection from a randomized starting point. If a school agreed
to participate, all pupils from one class per age group were
selected.

Sample

2.3 | Measures

Two self-reported questions regarding the respondents’
LVPA and participation in organized sports clubs were used
as the basis of our analysis, as these questions were identical
at both time points and included in the questionnaires for all
age groups. LVPA was measured with the item “OUTSIDE
SCHOOL HOURS: How often do you usually exercise in
your free time so much that you get out of breath or sweat?”.
The item had seven response categories (coding given in pa-
renthesis): Every day (7), 4-6 times a week (5), 2-3 times a
week (2.5), Once a week (1), Once a month (0.25), Less than
once a month (0), or Never (0).

TABLE 1 Sample size, mean age, and

1985/1986 2014 standard deviation by country, age group,
n Mean age SD n Mean age SD gender, and survey year
Finland
11-year-old boys 578 11.7 0.29 963 11.8 0.28
11-year-old girls 589 11.6 0.29 1020 11.8 0.27
13-year-old boys 465 13.6 0.30 943 13.8 0.30
13-year-old girls 461 13.6 0.30 944 13.8 0.30
15-year-old boys 543 15.7 0.31 956 15.8 0.31
15-year-old girls 546 15.6 0.29 1009 15.8 0.29
Norway
11-year-old boys 720 11.5 0.30 689 11.6 0.32
11-year-old girls 642 114 0.29 700 11.6 0.31
13-year-old boys 612 13.4 0.30 505 13.6 0.31
13-year-old girls 690 13.4 0.30 540 13.6 0.32
15-year-old boys 667 15.5 0.30 454 15.6 0.29
15-year-old girls 624 15.4 0.30 495 15.5 0.30
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This LVPA item has previously been assessed and been
found to have acceptable to good reliability in an Australian
s.ample31 and overall good reliability in a Norwegian sam-
ple aged 13-18 years (intraclass correlations, 0.59-0.87).* In
terms of validity, the item has shown statistically significant
correlations (r = 0.39) with physical fitness (maximal oxy-
gen uptake)32 and partial validity, showing higher scores on
a 20-m shuttle run test for those who reported higher activity
levels than others.

Participation in organized sports clubs was measured using
a single question: “Are you a member of a sports club?”, with
response categories being No (1), Yes, I train in a sports club
(2), and Yes, but I don't attend training sessions (3). A small
number of respondents indicated that they were members of
a sports club, but did not attend training sessions (Finland:
n=3131in 1985/1986 and n = 183 in 2014, Norway: n = 258
in 1985/1986 and n = 76 in 2014). Analyses performed with
the non-attending participants included in the study showed
only minor, nonsignificant differences from the active par-
ticipant group (results not shown). To interpret the results
more precisely and reflect upon the differences between non-
participants and participants in sports clubs, we excluded
the 830 passive members from further analysis and used a
dichotomized version of the item (No =0, Yes, I train in a
sports club = 1).

2.4 | Analysis

We performed the statistical analysis using IBM SPSS
Statistics version 24. To analyze secular changes and gender

differences in participation in organized sports clubs and
level of LVPA, we used Pearson chi-square and independent
sample 7 test. Cohen's d was calculated to produce effect sizes
by using calculator at www.psychometrica.de.

The primary dependent variable in the current analysis
was LVPA. Five discrete independent factors were included
as follows: country, gender, survey year, participation in orga-
nized sports clubs, and age group. To account for classroom
effects appropriately, all models were specified as two-level
regression models, modeling a random intercept for school
class as the primary sampling unit. A full linear mixed model
including all main and interactive effects was estimated using
restricted maximum likelihood. Omnibus significance test
for each independent factor was assessed by means of type
III F tests using Satterthwaite corrected degrees of freedom.
For the purpose of interpreting findings, estimated marginal
means were estimated, with simple effects of survey year by
country, participation group, gender, and age group.

3 | RESULTS

Table 2 shows the proportion of respondents reporting to
be participants in sports clubs by gender, country, age, and
year. Compared with 1985/1986, more 11-year-old girls and
boys reported participation in organized sports clubs in 2014,
with small to medium effect sizes. The difference was largest
among Finnish 11-year-old girls, with an increase of 20 per-
centage points in participation. With the exception of Finnish
girls, the results showed a tendency for none or reduced

TABLE 2 Percentage of respondents participating in organized sports clubs in 1985/1986 and 2014

Boys Girls
1985/1986 2014 Time difference  Effect size ~ 1985/1986 2014 Time difference  Effect size
n % n % 2 d n % n % 2 d
Finland
11-year-olds 279 53 555 59 5.74%* 0.13 186 35 533 54 52.89%* 0.38
13-year-olds 194 46 414 46 0.01 0.02 143 34 439 48  23.08%* 0.27
15-year-olds 189 39 325 36 1.34 0.06 130 27 364 38  15.15%* 0.21
Norway
1l-year-olds 470 70 425 78  10.39%* 0.19 356 60 425 72 19.01%* 0.26
13-year-olds 360 63 265 66 1.20 0.07 384 59 281 63 2.13 0.09
15-year-olds 374 62 206 55 4.35% 0.13 300 53 196 47 4.10% 0.13

Note. Gender differences in 1985/1986 Finland: 11 y (;(2 =36.46, P <0.001,d=0.38), 13 y (12 =12.11,P=0.001,d=0.24),15y (12= 13.86, P = 0.008, d = 0.24).
Gender differences in 2014 Finland: 11 y ()f =559,P=0.018,d=0.11),13 y (;(2: 1.28,ns), 15y (;f7 = 0.98, ns). Gender differences in 1985/1986 Norway: 11 y
(= 1226, P <0.001,d =0.20), 13y (* = 2.26, ns), 15 y (4* = 8.90, P = 0.003, d = 0.18). Gender differences in 2014 Norway: 11y (4* = 4.66, P = 0.031,

d=0.13), 13y (4 =0.97,ns), 15y (4* = 5.60, P = 0.018,d = 0.17).
;(2, Pearson chi-square.

#P < 0.05,

#4P < 0.001.
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changes in participation rates among older adolescents. The . g 5
gender differences in participation in sport clubs declined ‘% < g
during the period, with a higher proportion of boys than girls g 95 on =g = ) £
in 1985/1986 compared to 2014, especially in Finland. =Y S o o S o o 15
In general, the mean levels of LVPA were higher in 2014 L 8;3
than in 1985/1986 (Table 3). Among girls, the effect sizes g ; 5
were medium to large, amounting to more than one time é"‘» = S
LVPA more per week. Among boys, the differences were 'E Lo *: PREIY ‘;; ;
small to medium, and no statistically significant time differ- = 2SS = 23 =2
ence in LVPA was detected in the two oldest age groups in =l " " % N
Finland. In line with the findings on self-reported participa- =Py = = < B é i
. . . . . . a [ NS I o] QA a < £ o
tion in sports clubs, gender differences in LVPA declined in 7 ISERS RS = = o 2
Finland and were non-existent in the two oldest age groups N N B % E,
in 2014. In Norway, however, boys reported a higher level of X = = I = 5 il %é ;
LVPA than girls at both time points. i © 3
Linear mixed model analysis was performed to establish E] = =1 . e o ol 34
whether LVPA differed according to country, gender, age § &l = =& & €5 3 T §
group, participation in organized sports clubs, and survey E = = - . b ‘ﬁ
year (Table 4). There were significant main effects of all in- 2 2 x g ° ® 2 § 2“
dependent variables. As shown in Table 5, the activity levels i N &
were generally higher in 2014, among boys, and among those E ¢l s SRS A %o ¥ L
in organized sports clubs. Inspection of the means in Table 5 § g N AN < I E’
reveals that the effects of age and country were negligible, al- g 2|9 - - B D olml 5E
though statistically significant. With regard to difference over SZ Sl = 2 ¥ 3 T 388 E % 2
time, there was a two-way interaction (Table 4) between sur- é o § = %
vey year and participation in sports clubs on LVPA, indicat- i) = " § S
ing that the effect of participation in organized sports clubs 5 3 © n o oo o SV §
differed across survey year. Table 5 shows that this differ- E E ~ s S 3 2 22 § ;; T
ence concerns a stronger association between participation in E . J ‘ﬁ ;,»
sports clubs and LVPA in 2014 compared to 1985/1986, that l; § o < tﬁl
is in 2014, participants in sports clubs reported higher levels % g ’E i <
of LVPA compared to non-participants than was the case in S = 5~ oo 505 0% S EQ2
1985/1986. There was a two-way interaction effect of survey g qé S E gl E z §
year and gender. The means depicted in Table 3 suggest that é =l 1B ' § § T
this effect is due to the relatively steeper increase over time in ;‘; - Q9 e S |‘| g ;
LVPA among girls compared to boys. Figure 1 illustrates the 5 7 ISERS AN SRR A cﬁ
significant three-way interaction effect between participation E § § :;_
in organized sports clubs, country, and survey year on LVPA g = i § ﬁ § § § J :_5 a
shown in Table 4. In Finland, the increase in the association - g :é g
between participation and LVPA over time was less pro- 5 E e 5 298 92 ?‘g: o
nounced than in Norway. Figure 2 illustrates the three-way _5 e < " I N g
interaction between gender, country, and survey year. From § - = = ° 92 = : f %
1985/1986 to 2014, the effect of gender on LVPA changed 3 iz o a ol o — o é SI =
more in Finland than in Norway, indicated by a steeper in- g !:E 8
. .. .. . s - o - N~ 0 B Eo
crease in activity among Finnish girls. § § = RS T2 % oY
= = © oo
£ g|8 cge »og B3
4 | DISCUSSION g AlRl= WS A FEE gEg
= g2
v o @9 © @ »n 8=
Overall, participation in organized sports clubs and level of i zé !é zé zé :é !é‘ ;; ; g
LVPA appears to have changed in the same direction in the ﬁ = § i § Z § § § E =2 S
two Nordic countries. The proportion of 11-year-olds report- > é = & E =N ?) g z ‘3
ing to be participants in organized sports clubs increased : = “ RO
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TABLE 4 Univariate analysis of

. L . Variable
variance testing interaction effects of
gender, age group, participation in organized Intercept
sports clubs, and survey year on times per Survey year (Y)
week in leisure-time vigorous physical Gender (G)
activity (N = 14 760) A EEE )

Participation in
organized sports
clubs (P)
Country (C)
Y *G

Y *A

Y *P

NESE

G*A

G*P

G*C

A*P

A*C

ERdE

Y *G*A
NEIGERIE
Y*G*C
Y*A*P
Y*A*C
WP
G*A*P
G*A*C
G*P*C
A*P*C
Y*G*A*P
Y*G*A*C
Y*G*P*C
Y*A*P*C
G*A*P*C
Y*G*A*P*C

from 1985/1986 to 2014. There was an overall increase in
self-reported LVPA. The association between participa-
tion in sports clubs and LVPA was stronger in 2014 than in
1985/1986. The findings indicated subgroup differences, in
particular with regard to a steeper increase in LVPA and par-
ticipation in sports clubs among Finnish girls.

The increase in participation among the 11-year-olds is
consistent with the results in other European studies.'**1 A
Norwegian study has indicated that children in 2006 started
participating in sports at an earlier age than before.'> This
is also a prevalent trend in Finland, as the involvement in

Numerator df Denominator df F P

1 838.19 20623.90 <0.001
1 838.19 187.44 <0.001
1 14599.62 116.55 <0.001
2 866.92 16.42 <0.001
1 14626.74 2588.11 <0.001
1 838.19 7.28 0.007
1 14599.62 24.88 <0.001
2 866.92 2.10 0.123
1 14626.74 27.94 <0.001
1 838.19 2.13 0.145
2 14596.74 1.18 0.307
1 14696.66 5.94 0.015
1 14599.62 3.05 0.081
2 14629.69 49.88 <0.001
2 866.92 6.74 0.001
1 14626.74 10.84 0.001
2 14596.74 0.31 0.733
1 14696.66 2.55 0.110
1 14599.62 14.38 <0.001
2 14629.69 1.41 0.245
2 866.92 0.32 0.725
1 14626.74 13.05 <0.001
2 14696.65 0.83 0.435
2 14596.74 1.99 0.137
1 14696.66 0.15 0.699
2 14629.69 4.16 0.016
2 14696.65 0.83 0.435
2 14596.74 1.41 0.243
1 14696.66 1.88 0.170
2 14629.69 2.17 0.114
2 14696.65 0.88 0.415
2 14696.65 0.08 0.924

organized sports starts younger today, on average at the age
of six. One explanation can be that the strong public debate
concerning low levels of PA among children and adolescents
has made parents regard sports participation as a major solu-
tion for PA promotion among their children."!

Fewer 15-year-olds in Norway reported participating in
organized sports clubs in 2014 compared to 1985/1986. In
another Norwegian study, more respondents dropped out of
organized sports by the age of 15 in 2010 than in 1992.% The
observed change among 11- and 15-year-olds might be based
on earlier recruitment into organized sports, which may result
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TABLE 5 Means, standard error, and univariate tests for the simple effects of survey year on times per week in leisure-time vigorous physical

activity for boys and girls within each age group and country for non-participants and participants in organized sports clubs

1985/1986 2014
Gender M SE M SE
Non-participants in organized sports clubs (n = 7025)
Finland
11-year-olds Boys 223 0.13 2.67 0.11
Girls 1.74 0.12 2.35 0.10
13-year-olds Boys 2.40 0.14 233 0.10
Girls 1.77 0.13 222 0.10
15-year-olds Boys 2.13 0.13 2.55 0.09
Girls 1.53 0.12 2.49 0.09
Norway
11-year-olds Boys 241 0.14 2.67 0.19
Girls 1.90 0.14 2.32 0.16
13-year-olds Boys 2.14 0.14 2.32 0.18
Girls 1.89 0.13 2.20 0.16
15-year-olds Boys 1.92 0.14 2.39 0.16
Girls 1.93 0.13 231 0.14
Participants in organized sports clubs (n = 7735)
Finland
11-year-olds Boys 3.67 0.13 3.93 0.09
Girls 2.92 0.15 3.84 0.09
13-year-olds Boys 4.39 0.15 4.66 0.10
Girls 3.35 0.17 4.36 0.10
15-year-olds Boys 4.82 0.15 4.82 0.12
Girls 3.84 0.18 491 0.11
Norway
11-year-olds Boys 3.62 0.10 4.33 0.10
Girls 2.97 0.11 3.95 0.10
13-year-olds Boys 3.47 0.11 443 0.13
Girls 3.24 0.11 4.05 0.13
15-year-olds Boys 3.84 0.11 4.92 0.15
Girls 3.31 0.12 4.59 0.15

Numerator df Denominator df F P

1 5496.79 6.57 0.010
1 3705.88 16.53 <0.001
1 4354.57 0.15 0.701
1 3802.38 747 0.006
1 3519.73 7.80 0.005
1 2994.47 43.56 <0.001
1 10305.13 1.22 0.269
1 8741.30 4.01 0.045
1 7515.48 0.64 0.423
1 5819.19 2.35 0.126
1 6269.18 5.03 0.025
1 4963.34 4.09 0.043
1 4188.92 2.78 0.095
1 5405.56 26.61 <0.001
1 5111.43 2.12 0.145
1 6062.40 25.61 <0.001
1 6173.68 0.00 0.992
1 7108.10 25.74 <0.001
1 3484.50 24.86 <0.001
1 3993.29 40.83 <0.001
1 3800.69 31.63 <0.001
1 3423.20 23.21 <0.001
1 4410.53 35.24 <0.001
1 4765.40 44.12 <0.001

in earlier dropout. Previous research has described similar
changes, suggesting that involvement in organized sports
has trickled down to the youngest adolescents.”! However,
although the observed changes are statistically significant,
the effect sizes related to these changes are small to medium.

The age-related pattern of increased involvement among
11-year-olds and decreased involvement among 15-year-olds
might also be linked to the introduction of the Provision on
Children's Sports in Norway. The provision might have con-
tributed to a greater recruitment of younger children with its
focus on mastery and play, and not skills. However, from the
age of 13 years, the Norwegian guidelines for youth sports
allow for more competition and increasing specialization,

which can be perceived as undesirable for the adolescents.”
Such negative reactions to increased competitiveness were
observed in a Norwegian study based on self-reported data
from 14-16-year-olds in 2006. The study revealed that the
most common reasons why participants had left sports clubs
were that the demands for improved achievement were too
high.27 In a similar vein, Crane and Temple's33 systematic
review identified participants’ perceptions of their physical
or sport competence as a prominent reason for dropout from
organized sports.

While participation among boys in Finland and Norway
seem to change in a similar way, the highest increase was
among Finnish girls, as reflected in an increase of 20 percentage
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points among 11-year-olds. This finding support similar re-
sults from other studies in Finland on girls’ participation in
sports clubs."** The observed increase may be explained by
the development within sports clubs in Finland. During the
last 20-30 years, a wider variation of different activities that
attract girls more than boys, such as dancing and cheerleading,
have been made available within sports clubs.' Tt is important
to notice that the significant increase in participation among
Finnish girls comes from a low proportion of participants in
1985/1986, thereby having greater potential for an increase.

At both time points, the proportion of participants in
organized sports clubs were higher in Norway compared
to Finland. Previous research has pointed toward favorable
socioeconomic conditions, high availability for sporting fa-
cilities, a well-established voluntary sports club sector, high
levels of parental involvement, and growth in individual and
social prosperity during the 1990s as reasons for the high lev-
els and increases in participation in Norway.**

The present findings suggest that self-reported LVPA among
Finnish and Norwegian children and adolescents increased
from 1985/1986 to 2014. Similar changes in the prevalence
of LVPA from 2002 to 2014 were found among 15-year-olds
in several other countries within the HBSC study.3 Moreover,
these findings are consistent with previous reviews,4’5 and con-
tradict the popular notion that children and adolescents’ level of
physical activity has declined over the past decades.

Participants in organized sports clubs reported higher
level of LVPA compared to non-participants at both time
points. Several other studies have also documented a pos-
itive relationship between sport participation and VPA.'®
1835 The difference in level of LVPA between participants

MEAN LEVEL OF LVPA, TIMES PER WEEK

FIGURE 2 Mean level of weekly
LVPA for boys and girls in 1985 and 2014 »
in Finland (left) and Norway (right)

Participants NO == @= Non-participants NO

FIGURE 1
LVPA for participants and non-participants

Mean level of weekly

in organized sports in 1985 and 2014 in
Finland (left) and Norway (right)

2014

and non-participants was higher in 2014 than in 1985/1986,
shown in Figure 1. Possibly, the larger difference in 2014
points to changes within organized sport as a driving force for
changes in overall LVPA. For all age groups, the level of com-
mitment when participating in organized sports clubs might
have increased, resulting in that more of the LVPA among
children and adolescents is carried out in organized structures
such as sports clubs. Research on secular changes in Norway
from 1992 to 2010 found an increase in the reported num-
ber of times per week adolescents participated in organized
sports.” Increased commitment and frequency might imply
that the importance of participation in organized sports clubs
for higher levels of LVPA has increased from 1985/1986 to
2014. Macro-environmental and demographic changes such
as less space for spontaneous PA and increased preferences
for safe and structured activities might have influenced chil-
dren and adolescents PA behavior. In addition, increased pa-
rental involvement in their children's participation in sports,
which is considered a generational change,37 may have led to
the observed increase in the association between participation
and level of LVPA among children and adolescents as parents
encourage and arrange for participation in sports clubs.

For the 15-year-olds in Norway, the change can be related
to selection as we found a decrease in the proportion of partic-
ipants in organized sports clubs in this age group. Those 15-
year-olds who participate in organized sports clubs might invest
more time and energy in activities related to this sport, result-
ing in a stronger association between participation in organized
sports clubs and LVPA in 2014 compared to 1985/1986.

In Finland, a substantial increase in LVPA was observed
also among non-participating girls, perhaps related to secular

1985/85 2014 1985/85 201

—e—BoysFl == GilsFI —o—Boys NO GirsNO.



2 | \wWiLEy

MATHISEN ET AL.

changes in the engagement in keep-fit activities outside or-
ganized structures or within new arenas, like commercial
fitness centers. Previous research on secular changes from
1974 to 1995 in Sweden found a decrease in participation in
traditional team sports and that activities outside organized
sports clubs had increased in popularity. Increased focus on
a healthy lifestyle and participation in keep-fit activities was
proposed as a possible contribution to increased levels of
physical activity outside organized structures.”> As we do not
measure how much of the self-reported LVPA that is related
to activities within organized sports clubs, it is possible that
the increased focus on a healthy lifestyle, keep-fit activities,
and informal sports23‘28 also contributed to the increase in
LVPA among those who participate in organized sports clubs.

This study is not without limitations. As the study is
cross-sectional, the causal direction of the relationship be-
tween participation in organized sports clubs and frequency
of LVPA cannot be established. Participation in organized
sports clubs can lead to higher levels of LVPA, at the same
time as high levels of LVPA can lead to participation in or-
ganized sports clubs. Further, self-reported activity might be
affected by the respondents’ desire to provide socially desir-
able answers, or by recall bias.*® Several of these biases could
be avoided through objective measures of physical activity.
However, it is difficult to find comparable objective mea-
sures, mainly because our data go back to 1985, a time when
objective measures of physical activity were not commonly
used within this research field. In Norway, the comparability
of the data from 1985/1986 and 2014 might have been af-
fected by seasonal variance, as the data collection in 1985 was
mid-winter, while in 2014 it was done from early spring to
mid-winter. However, we did not find significant differences
between the two subsamples from spring and mid-winter in
2014 (results not shown). A Norwegian study using objective
measurements concluded that seasonal variation influenced
children more than adolescents, as they found no association
between season and PA level among 15-year-olds although
this was the case among 9—year—olds.39 It is worth noticing
that the geographical distribution of the population in Norway
might result in seasonal variances because of the variation in
climate from north to south. The variation in measurement
point would however been more relevant if the measures used
were related to type of activity and not frequency of LVPA.
The main strengths of this study are the relatively large and
population-based samples and the comparable and repeated
measurements from Finland and Norway following the HBSC
protocol both time points.

5 | PERSPECTIVES

Participation in organized sports clubs by children
and adolescents is a common and popular leisure-time

activity. Increased recruitment into organized sports has
the potential to benefit the lives of children and adoles-
cents in terms of positive youth development and both
psychological and social health and gives opportunities
to develop positive health behaviors that endure across
the lifespan.

Our results support positive development of improved
recruitment into organized sports among 11-year-olds in
both countries. However, we suggest that more attention
should be given to the possible negative development of
reduced involvement among older adolescents and to the
increased difference in LVPA between participants and
non-participants in organized sports in Norway. Organized
sports clubs should continue to focus on preventing drop-
out, that is, keeping more adolescents involved in this posi-
tive setting for LVPA. In Finland, the positive development
in both participation in organized sports clubs and level of
LVPA among girls should be further investigated and con-
tinuously promoted.

Results of previous research on secular changes and
trends in PA among children and adolescents has been
inconsistent, and the need for studying specific domains
within PA has been addressed.” The overall levels of LVPA
increased from 1985 to 2014 in this sample of 11 to 15-
year-olds in Finland and Norway. However, the develop-
ment differed between different subgroups. This adds to the
importance of studying the role of participation and gender
differences to better understand secular PA changes in a
modern society.
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ogsa kan fange meg. Korleis erfarer menneske med
psykiske lidingar ei innlegging i psykisk helsevern?
Eit samarbeidsbasert forskingsprosjekt mellom
forskarar og brukarar.
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Self-compassion - Relationship with mindfulness,
emotional stress symptoms and
psychophysiological flexibility

Walking children through a minefield. Qualitative
studies of professionals’ experiences addressing
abuse in child interviews.

Creating Spaces for Formative Feedback in
Lectures. Understanding how use of educational
technology can support formative assessment in
lectures in higher education.

Tidlig intervensjon og recoveryprosesser ved
forsteepisode psykose. En kvalitativ utforsking av
ulike perspektiver.

Atfter the Divorce: Academic Achievement, Mental
Health, and Health Complaints in Adolescence.
Heterogeneous associations by parental education,
family structure, and siblings.

Kliniske tilbakemeldingssystemer i psykisk
helsevern — implementering og praktisering

Bilde og pedagogikk. En empirisk undersgkelse av
ungdoms fortellinger om bilder.

Opioid maintenance treatment and social aspects of
quality of life for first-time enrolled patients. A
quantitative study.

Meeting places in Norwegian community mental
health care: A participatory and community
psychological inquiry

How do immigrants in Norway interpret, view, and
prefer to cope with symptoms of depression? A
mixed method study

Cognitive change in psychosis

Assessment, reward characteristics and parental
mediation of Internet Gaming Disorder

«Helse i alt kommunen gjer? ...» - en undersokelse
av samvariasjoner mellom kommunale faktorer og
norske kommuners bruk av folkehelsekoordinator,
fokus pa levekar og prioritering av fordelingshensyn
blant sosiogkonomiske grupper.

The impact of workplace bullying and repeated
social defeat on health complaints and behavioral
outcomes: A biopsychosocial perspective

Temporal trends in psychological distress and
healthcare utilization among young people

The effect of bright light on sleep in nursing home
patients with dementia

tDCS as treatment in neuro-psychiatric disorders.

The underlying neuronal mechanisms of tDCS
treatment of auditory verbal hallucinations.
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Effects of light interventions for adaptation to night
work: Simulated night work experiments

About psychotic-like experiences and auditory
verbal hallucinations. Transdiagnostic investigations
of neurobiological, cognitive, and emotional aspects
of a continuous phenomenon.

Aktarskap hja norskleerarar i vidaregdande skule —
Ein sosiokulturell intervjustudie

Barriers and facilitators to increasing work
participation among people with moderate to severe
mental illness

Shift work, circadian rhythms, and the brain.
Identifying biological mechanisms underlying the
metabolic and cognitive consequences of work
timing, using a rat model.

Hardiness and mental health in military
organizations. Exploring mechanism and boundary
conditions.

Implementation of indicated anxiety prevention in
schools

The Educational Situation for Roma Pupils in
Norway. Silenced Narratives on Schooling and
Future.

Negotiating parenting culture, identity, and
belonging. The experiences of Southern European
parents raising their children in Norway.

Purposeful Actions in Leadership of Learning
Processes: A Mixed Methods Study of Classroom
Management in Digital Learning Environments

Barn og unge i fattige familier: Selvoppfattet
skolekompetanse, etnisitet og akademisk resiliens.
Hvilke faktorer kan fremme skoleprestasjoner hos
barn og unge i risiko?

Who profits from concentrated exposure treatment
for obsessive-compulsive disorder (OCD)? A quality
assurance project from the OCD-team in Bergen.

Anabolic-Androgenic Steroids and Aggression in
Humans: Experimental Studies, Subgroups, and
Longitudinal Risk

Patients’ experiences with routine outcome monitoring
and clinical feedback systems in psychotherapy

Local drug prevention - From policy to practice:
A qualitative case study of policy makers, outreach
social workers and at-risk youths

«Being the Instrument of Change» Staff Experiences in
Developing Trauma-informed Practice in a Norwegian
Child Welfare Residential Care Unit.

When predictions about the “what”, “where” and “when”
interact with statistical learning, from a behavioural and
neural perspective.
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Seeing and being seen: An investigation of video
guidance processes with vulnerable parents of infants

Clubhouse Members’ Experiences of Being in Recovery
in Light of Salutogenesis

Momentary well-being in dementia: Observational
assessment of psychosocial interventions and music
therapy

Embracing both sides of the same coin. Work-related
psychosocial risks and resources among child welfare
workers.

Mental health encounters between general practitioners
and individuals with a refugee background - Help
seeking and provision in the resettlement context

Service support and quality of life for youth in foster care

Effects of Music Training on Cortical Plasticity: Cognitive
Rehabilitation of Patients with Traumatic Brain Injury

Pathways to Social Inclusion: The Role of Institutions in
the Social Inclusion of Refugees into Higher Education in
Norway. Policies and practices in focus.

Improving the Methodology for Assessing Cognitive
Impairment in People with Schizophrenia Spectrum
Disorders

Work-related risk factors for workplace bullying. The
moderating effect of laissez-faire leadership.

Navigating Prolonged Conflict: Subject positions and
meaning constructions in postdivorce families

Skoleledelse og utdanningspolitikk. Hvordan beskrives
skoleledelse etter 19907

Self-Compassion and Perfectionism

Treating the aftermath of exposure to workplace bullying
and preventing exclusion from working life. The effect of
individual resilience, return to work self-efficacy and
work-focused metacognitive and cognitive treatment.

Transforming gender relations? Men’s involvement in
care for their partners and households at the time of
pregnancy in rural and urban Ghana — A qualitative study

Light exposure and stress in pregnancy: Effects of blue-
blocking glasses on sleep, mood and melatonin

Symptom burden and health-related quality of life in
cancer survivors undergoing hyperbaric oxygen therapy
for pelvic late radiation tissue injuries. A mixed-methods
study.

Virtual Reality Exposure Therapy for Adolescents with
Public Speaking Anxiety

Climate change perceptions across Europe. From

climate change beliefs to climate change mitigation
behaviors.
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Gifted Education in Norway. A mixed-methods study with
teachers and students in Norwegian comprehensive
school.

Exposure and reactions to workplace bullying: The role
of prior victimization from bullying

Operational leadership. Relationship with swift trust,
moral stress, and adaptability.

The effect of bright light on rest-activity rhythms and
behavioural and psychological symptoms of dementia

Aphasia after stroke, from admission to one-year post-
stroke. Lesion location, lesion size, and self-reported
symptoms of anxiety and depression.

Residual cognitive symptoms after depression. Person-
based development and evaluation of an internet-
delivered cognitive enhancement intervention.

Multifamily Group Cognitive Behavioral Therapy for Child
and Adolescent Anxiety Disorders. An investigation into
the effectiveness and role of family accommodation and
parental early life maltreatment.

Structural and functional large-scale brain network
dynamics: Examples from mental disorders

We Want it That Way: The Acculturation of Muslims in
Multicultural and Pluralistic Societies from Minority and
Majority Group Perspectives

The teaching apparatus. Understanding the material
entanglement of practices in the upper secondary
classroom.

Residual cognitive deficits following Major Depression.
Associations to symptoms, course of illness, and
outcomes from Computerized Working Memory Training.

The intraindividual relations between social and

academic self-efficacy, loneliness, academic stress and
psychological distress in adolescence
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