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ABSTRACT 

Aira, Tuula 
Physical activity patterns from adolescence to young adulthood: Their 
characteristics and relationship with cardiometabolic health  
Jyväskylä: University of Jyväskylä, 2024, 115 p. 
(JYU Dissertations 
ISSN 2489-9003; 790) 
ISBN 978-952-86-0178-4 

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

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

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

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

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



TIIVISTELMÄ (ABSTRACT IN FINNISH) 

Aira, Tuula 
Liikkumisen muutos ja pysyvyys nuoruudesta nuoreen aikuisuuteen: selittävät 
tekijät ja yhteydet kardiometabolisiin riskitekijöihin 
Jyväskylä: Jyväskylän yliopisto, 2024, 115 s.  
(JYU Dissertations 
ISSN 2489-9003; 790) 
ISBN 978-952-86-0178-4 

Fyysinen aktiivisuus vähenee nuoruuden ja nuoren aikuisuuden välillä. 
Kaikkien liikkuminen ei kuitenkaan vähene, vaan osa nuorista säilyttää 
aktiivisuustasonsa ennallaan ja osa lisää liikkumistaan. Liikkumisen muutosta ja 
pysyvyyttä selittävät tekijät voivat olla erilaisia. Liikkumisen muutos saattaa 
heijastua myös sydän- ja verisuonisairauksien sekä tyypin 2 diabeteksen 
riskitekijöihin. Tutkimuksessa selvitettiin, miten terveyskäyttäytyminen, 
demografiset ja psykososiaaliset tekijät, liikkumisen muodot ja paikallaanolo 
ovat yhteydessä liikkumiskäyttäytymisen muutokseen (liikkumisen 
muutosryhmään kuulumiseen) ikävuosien 15 ja 19 välillä. Lisäksi tutkittiin 
kardiometabolisten riskitekijöiden kehittymistä liikkumisen muutosryhmissä. 

Tutkimuksen aineisto muodostui 254 suomalaisen nuoren liikemittaustie-
doista, kyselylomakevastauksista sekä laboratoriomittauksista, jotka kerättiin 
osana seurantatutkimusta nuorten ollessa 15 ja 19 vuoden ikäisiä. Liikkumisen 
muutosryhmät muodostettiin aineistolähtöisesti. 

Aineistosta muodostui kaksi vähenevän aktiivisuuden ryhmää ja aiemman 
aktiivisuustasonsa säilyttävien ryhmät (aktiivisuuden säilyttäjät ja läpi nuoruu-
den vähän liikkuvat) sekä pieni liikkumista lisäävien joukko. Liikuntaseuraosal-
listuminen oli yhteydessä aktiivisuuden säilymiseen, kun taas passiivisesti kul-
jetut koulu-, opiskelu- ja työmatkat sekä nuorena että nuorena aikuisena olivat 
yleisempiä vähän liikkuvilla. Keskusteluvaikeudet isän kanssa sekä vähäisempi 
vihannesten ja hedelmien käyttö olivat yhteydessä vähäisenä säilyvään liikkumi-
seen sekä liikkumisen vähenemiseen alhaiselle tasolle. Jälkimmäisessä ryhmässä 
myös tupakointi nuorena aikuisena oli tyypillisempää. Liikkumisen lisääjien ve-
renpaine laski seurannan aikana, kun taas painoindeksi, insuliini-, glukoosi- ja 
HDL-kolesterolipitoisuudet kehittyivät epäedulliseen suuntaan liikkumista vä-
hentävissä ryhmissä. 

Liikkumisen väheneminen on yhteydessä epäedullisiin muutoksiin kardio-
metabolisissa riskitekijöissä jo nuorena. Liikuntaseuraosallistuminen tukee aktii-
visuuden säilymistä. Terveyden edistäminen, joka ei suoraan liity liikkumiseen, 
kuten isien ja nuorten vuorovaikutuksen tukeminen, tulisi nähdä mahdollisuu-
tena edistää liikkumista. 

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

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

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

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

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

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

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

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

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

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

  
 

 

FIGURE 1  Commonly used age ranges and terms for childhood, adolescence and adult-
hood (Sawyer et al., 2018) 

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

 
 

 
1  Although by law individuals become adults at age 18, the Finnish Youth Act (Nuoriso-

laki 1285/2016) defines adolescents as persons under age 29. 
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2.2 Physical activity from adolescence to young adulthood 

2.2.1 The concept of physical activity  

Physical activity is widely recognized as a health-promoting behaviour. It was 
commonly defined (Caspersen et al., 1985) as any bodily movement produced by 
skeletal muscles that results in increased energy expenditure. Later, physical ac-
tivity was defined more precisely as involving activities exceeding 1.5 metabolic 
equivalents (METs)2; this was in contrast with sedentary behaviour (any waking 
behaviour characterized by energy expenditure ≤ 1.5 METs, while in a sitting, 
lying or reclining posture), and sleep (~ 1 MET) (Tremblay et al., 2017). This ap-
proach takes into account movement and non-movement behaviours during a 
24-hour period. Exercise is seen as one form of physical activity, as it is defined 
as planned, structured and repetitive form of physical activity, done for a specific 
purpose, e.g., to improve one’s health or physical function (Caspersen et al., 1985). 

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

 
  

 
2  ‘The metabolic equivalent of task, or simply metabolic equivalent, is a physiological measure ex-

pressing the intensity of physical activities. One MET is the energy equivalent expended by an 
individual while seated at rest, usually expressed as mLO2/kg/min.’ (Bull et al., 2020)  
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TABLE 1  Examples of characteristics of physical activity with the guidelines on physi-
cal activity 

Characteristics of physical activity 

Domains (Sallis 
et al., 2006, mod-
ified) 

Active  
leisure 

Active  
commuting 

Household  
activities 

Occupational 
and/or educational 
activities 

Types Endurance 
(aerobic) 

Resistance/ 
strength 

Balance Flexibility 

Aerobic inten-
sity (Ainsworth 
et al., 2023; Bull 
et al., 2020) 

Sleep 
~1 meta-
bolic equiv-
alent (MET) 
 

Sedentary  
behaviour  
≤1.5 METs 

Physical activity >1.5 METs 

Low,  
>1,5–2.9 
METs (slow 
walking, 
light effort 
household 
tasks) 

Moderate, 
3–5.9 METs 
(brisk walk, 
vigorous 
effort 
household 
tasks) 

Vigorous, 
≥6 METs 
(running, 
playing 
basketball) 

Guidelines 
For children and adolescents (7–17 yrs) 

Finnish recom-
mendation (Min-
istry of Educa-
tion and Culture, 
2021) 

All children and adolescents aged 7 to 17 years are recommended to be 
physically active in a versatile, brisk and strenuous manner for at least 60 
minutes a day in a way that suits the individual, considering their age. Ex-
cessive and extended sedentary activity should be avoided. 

WHO’s guide-
line (Bull et al., 
2020) 

Children and adolescents should do at least an average of 60 minutes per 
day of moderate- to vigorous-intensity, mostly aerobic, physical activity, 
across the week. Vigorous-intensity aerobic activities, as well as those that 
strengthen muscle and bone, should be incorporated at least 3 days a 
week.  

For adults 
Finnish recom-
mendation for 
18–65-year-olds 

(Vähä-Ypyä et 
al., 2022) 

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

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

All adults should undertake regular physical activity; 
► Adults should do at least 150–300 min of moderate-intensity aerobic 
physical activity, or at least 75–150 min of vigorous-intensity aerobic 
physical activity, or an equivalent combination of moderate-intensity and 
vigorous-intensity activity throughout the week for substantial health 
benefits. 
► Adults should also do muscle-strengthening activities at moderate or 
greater intensity that involve all major muscle groups on 2 or more days a 
week, as these provide additional health benefits. 
► Adults may increase moderate-intensity aerobic physical activity 
to >300 min, or do >150 min of vigorous-intensity aerobic physical activ-
ity, or an equivalent combination of moderate-intensity and vigorous-in-
tensity activity throughout the week for additional health benefits (when 
not contraindicated for those with chronic conditions). 

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

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

2.2.2 Key physical activity settings and domains in Finland 

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

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

 
3  If one considers both aerobic and muscle-strengthening activities, adherence to the 

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

After basic education, just over half of adolescents continue to general up-
per secondary education, while around 40% of adolescents proceed to vocational 
education and training (Finnish National Agency for Education, 2019, pp. 15–16)4. 
The typical duration of secondary education is three years (from age 15/16 to age 
18/19). During upper secondary education, there are two compulsory courses (2 
* 38 hours) and three voluntary specialization courses (3 * 38 hours) of physical 
education (Finnish National Agency for Education, 2020). In vocational educa-
tion and training, physical education is embedded in a 2 credits compulsory 
course related to the maintenance of worksite wellbeing (Finnish National 
Agency for Education, 2024). In some fields of vocational education and training, 
physical activity is an essential part of the studies (e.g. when one is aiming to 
become a physical-education instructor). 

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

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

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

 
4  Since 1.8.2021, compulsory education has been extended to the age of 18 (Oppivelvol-

lisuuslaki 1214/2020), whereas previously only basic education was compulsory. 
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of military service is at least half a year (165 days), but can also be 255 or 347 days 
(Finnish Defence Forces, 2023).  

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

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

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

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

2.2.3 Correlates and determinants of physical activity  

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



 
 

24 

and support for activity in the whole school and in physical education classes in 
particular (van Sluijs et al., 2021). 

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

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

2.2.3.1 The ecological framework 

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

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

The ecological framework can be used also in combination with other be-
havioural theories or models. The ecological models do not necessarily specify 
the factors or processes at each level that might influence behaviour, and other 
models might thus be beneficial (Sallis & Owen, 2015). For example, at an indi-
vidual level, the Health Belief Model (Hochbaum, 1958) concentrates on the per-
sonal expectancy and value of a given behaviour, whereas Social Cognitive Theory 
(Bandura, 1986) considers also the interpersonal level, focusing, for example, on 
social support, normative beliefs, and observational learning. Furthermore, there are 
other frameworks, such as the Behaviour Change Wheel (Michie et al., 2011), that 
take the ecological framework to the level of behavioural change (van Kasteren 
et al., 2020).
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FIGURE 2  Adapted ecological model of the determinants of physical activity (Bauman et al., 2012)  
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2.2.3.2 The life course approach  

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

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

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

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

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

2.2.3.3 Other contextual considerations 

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

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

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

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

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

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

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

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

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

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

The previously studied possible correlates and determinants for young peo-
ple’s physical activity patterns have been related to factors classifiable as follows: 
1) individual (involving e.g. the physical self-concept (Zook et al., 2014) and, BMI 
(Rangul et al., 2011; Zook et al., 2014), 2) interindividual (involving social support 
(Kwon et al., 2016; Zook et al., 2014), and 3) environmental (distance to nearest 
park (Zook et al., 2014). Overall, the research base is limited, and apart from fam-
ily and peer support for physical activity, the psychosocial factors associated 
with physical activity patterns have received little attention. Moreover, for the 
most part, only a single health behaviour has been studied in relation to longitu-
dinal physical activity patterns. The behaviours have included sleep duration 
(Zook et al., 2014) and smoking/alcohol consumption (Rangul et al., 2011), but 
there would be reason to examine the possible accumulation of behavioural risk 
and/or protective factors. Similarly, many domains of physical activity have not 
been explored comprehensively and simultaneously, although the associations 
between organized sports participation and physical activity patterns have been 
examined (Kwon et al., 2015b; Rangul et al., 2011). 
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TABLE 2  Studies reporting correlates or determinants (covariates) for physical activity patterns from adolescence to young adulthood, in 
which the identification of patterns was based on moderate-to-vigorous physical activity assessed by an accelerometer 

Ref. Measurement 
ages; baseline 
year(s); country 

N Accelerometer; 
pattern identifi-
cation 

Method (pos-
sible refer-
ence) 

Studied correlates / deter-
minants 

Main findings 

Zook 
et al., 
2014 

Only females: 
14, 17 (8th and 
11th grades); 
2005-2006; 
Washington, 
DC/Baltimore 
area, USA 

561 ActiGraph; sub-
jective, limit for 
grouping 30 min 
MVPA/day 

Multivariable 
logistic re-
gression (ref. 
all the other 
participants?) 

Incl.: race; employment 
status; BMI; age at menses; 
sleep duration; previous 
organized PA; PA self-effi-
cacy; perceived body fat; 
friend and family support 
for PA; frequency of PA 
with friends score; dis-
tance to nearest park; dis-
tance to school 

Adopters: higher physical self-concept; lower odds for 
overweight 
Active maintainers: higher physical self-concept; 
higher social support for PA from friends and family; 
shorter distance to nearest park 
Inactive maintainers: higher odds for overweight; ear-
lier menses; lower self-concept and lower perceived 
body fat; lower friend support for PA; less PA with 
friends; greater distance to school 
Relapsers: no predictors 

Kwon 
et al., 
2015b 

5, 8, 11, 13, 15, 
17, 19;  
1998–2000;  
Iowa, USA 

537 ActiGraph; 
group-based tra-
jectory analysis 
(STATA TRAJ 
procedure) for 
MVPA 

Dual trajec-
tory analysis 

Television viewing trajec-
tory groups; organized 
sports participation trajec-
tory groups 

None of the consistently actives were categorized in 
the no sports participation group. The healthiest TV 
viewing pattern (decreasing low TV viewing) was asso-
ciated with the consistently active pattern. 

Kwon 
et al., 
2016 

5, 8, 11, 13, 15, 
17, 19;  
1998–2002;  
Iowa, USA 

365 See: Kwon et al., 
2015b 

Multinomial 
logistic re-
gression (ref. 
consistently 
active) 

Sex; family SES and PA en-
gagement in high school 
and adulthood by father 
and/or mother; family 
support for PA and sports 

Lower family support; female sex; lower family SES 
& no regular PA in high school by parents; low fam-
ily SES & regular PA in high school by father associ-
ated with decreasing from moderate MVPA; Higher 
family support; lower family SES & no regular PA in 
high school by parents; lower family SES & regular 
PA in high school by father associated with substan-
tially decreasing from high MVPA. 

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

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

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

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

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

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

  

TABLE 3 Commonly used levels indicating a higher risk for cardiometabolic diseases, 
age 15 upwards 

Glucose ≥5.6 mmol/L (Alberti et al., 2006; Zimmet et al., 2007) 
 

Insulin Age 15 (11 to 15): ≥20.8 mU/L  
Age 19 (16 to 23): ≥16.5 mU/L (Hammel et al., 2023) 
 

Cholesterol ≥5.0 mmol/L (Piepoli et al., 2016) 
 

Low density lipoprotein 
(LDL) cholesterol  

≥3.0 mmol/L (Piepoli et al., 2016) 
 

 
High density lipoprotein 
(HDL) cholesterol  

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

Triglycerides  ≥1.7 mmol/L (Piepoli et al., 2016; Zimmet et al., 2007) 
 

Body mass index Age 15:  
males >23.3 kg/m2  
females >23.9 kg/m2 (Cole et al., 2000, 2007) 
Age 18 and older: ≥25 kg/m2 (World Health Organization, 2000) 
  

Blood pressure (sys-
tolic/diastolic) 

>130/85 mm Hg (Alberti et al., 2006; Zimmet et al., 2007)5  

 
 

2.3.1 Cardiometabolic health benefits of physical activity 

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

 
5  Or ≥120/80 mm Hg (Flynn et al., 2017; Whelton et al., 2018) 
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The evidence from randomized controlled trials shows, that physical activ-
ity (exercise training) improves lipid profiles and glucose metabolism. More pre-
cisely, lower levels of triglycerides and higher levels of HDL cholesterol and 
apolipoprotein A1, as well as lower levels of fasting insulin and HOMA-IR, have 
been found in exercise groups as compared to controls (Lin et al., 2015). Accord-
ing to the review by Lin et al. (2015), physical activity also lowered total choles-
terol and LDL cholesterol among participants who had some pre-existing medi-
cal condition such as type 2 diabetes, hypertension, or metabolic syndrome. Fur-
thermore, physical activity lowers blood pressure (both systolic and diastolic) 
(Cornelissen & Smart, 2013) and reduces body adiposity (Armstrong et al., 2022). 

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

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

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

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

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

No corresponding studies have explored the association between physical 
activity patterns and blood biomarkers. Nevertheless, blood biomarkers have 
been analysed in some studies using self-reported leisure-time physical activity, 
with classification of physical activity patterns according to pre-determined lev-
els (Raitakari et al., 1994; Rangul et al., 2012). In one study, activity maintainers 
had better HDL cholesterol levels in young adulthood (adjusted for age and gen-
der) than inactive maintainers (Rangul et al., 2012). In another study, young 
women and men maintaining high physical activity had lower serum triglyceride 
values, and among men, also a lower concentration of insulin and a higher HDL 
cholesterol/total cholesterol ratio in young adulthood, as compared to study par-
ticipants who maintained an inactive lifestyle (Raitakari et al., 1994). However, 
the latter results involved rough comparisons without adjustments, for example, 
without adjustment for age in the analysis. In addition to blood biomarkers, stud-
ies have indicated that lower diastolic blood pressure, body adiposity (BMI and 
waist circumference) (Rangul et al., 2012), and subscapular skinfolds (Raitakari 
et al., 1994) are related to sustaining high leisure-time physical activity from ad-
olescence to young adulthood. 
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TABLE 4  Studies reporting associations of physical activity patterns with cardiometabolic health outcomes, in which physical activity was 
measured via an accelerometer and patterns identified by a data-driven method 

Ref. Measurement 
ages; baseline 
year(s); country 

N Accelerometer; pattern 
identification 

Method  Studied cardiometa-
bolic health out-
comes 

Main findings 

Kwon et 
al., 2015a 

5, 8, 11, 13, 15, 
17, 19;  
1998–2000  
Iowa, USA 

433 ActiGraph; Group-based 
trajectory analysis 
(STATA TRAJ procedure) 
for moderate-to-vigorous 
physical activity (MVPA) 

Multivariable 
logistic re-
gression 
model  

Becoming obese 
(based on dual-en-
ergy X-ray absorp-
tiometry (DXA) 
measurement of per-
centages of body 
mass) 

As compared to consistently active partici-
pants (maintaining approximately 45 min. of 
daily MVPA), participants with decreasing ac-
tivity had higher odds for becoming obese. 
Models were adjusted by sex, mother’s educa-
tion, somatic maturation, and energy intake.  

 
Oh et al., 
2021 

15, 17, 19, 21, 23; 
2007;  
Midwest, USA 

297 ActiGraph; Latent trajec-
tory analysis  
(SAS TRAJ procedure) 
for MVPA 

Multivariable 
linear regres-
sion  

Fat mass index 
(FMI); visceral adi-
pose tissue mass in-
dex (VAT) 

Consistently active participants (maintaining 
high MVPA) had a lower FMI z-score at age 
23, independent of FMI at age 15 years, as 
compared to participants who decreased their 
activity from a moderate level. There was no 
significant association between the MVPA tra-
jectory group and the VAT mass index. 
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3 AIMS OF THE STUDY 

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

 
I What kinds of longitudinal physical activity patterns can be identi-

fied among young people in Finland from adolescence to young 
adulthood (ages 15 to 19) and what are the demographic character-
istics of the subgroups (including residence circumstances and edu-
cation/occupation status) representing these patterns?  
 
How are changes in different domains of physical activity (sports 
club participation, active commuting) and in sedentary time associ-
ated with physical activity patterns? 
 

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

III How are physical activity patterns associated with evolution in car-
diometabolic risk factors (blood lipids, glucose metabolism, blood 
pressure, and BMI) from adolescence (age 15) to young adulthood 
(age 19)? 
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FIGURE 3  The components of the thesis: characteristics of the physical activity patterns, 
and relationship with cardiometabolic health 
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4.1 Study design and participants 

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

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

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

4 MATERIALS AND METHODS 

https://doi.org/10.17011/jyx/dataset/92452
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asthma prevalence (population 8% vs. athletes 15%) (Kokko et al., 2015; Toivo, 
2021).  

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

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

 

 

FIGURE 4  Flow chart of the data collection and study samples  
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4.2 Ethics 

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

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

4.3 Measures 

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

4.3.1 Physical activity and sedentary time 

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

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

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

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

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

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

4.3.2 Domains of physical activity  

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

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

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

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

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

4.3.3 Health behaviours and psychosocial characteristics 

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

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

Variable Study Classification Reference 

Alcohol consumption II 
 
 
III 

1 = at least once a month  
0 = less frequently or no consump-
tion  
1 = weekly 
0 = less than weekly or not at all 

SHP  

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

HBSC  

Snuff use II 1 = less frequently to every day 
0 = non-users 

HBSC  

Smoking II 

 
III 

1 = daily to less than weekly 
0 = non-smokers 
1 = weekly 
0 = less than weekly to not at all 

HBSC 
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Variable Study Classification Reference 

Smoking or snuff use III 1 = at least weekly 
0 = less frequently to never 

 

Toothbrushing II 1 = twice daily 
0 = less than twice daily 

HBSC, SHP 

Breakfast eating on week-
days 

II 1 = 5 days per week 
0 = 4 days or less per week 

HBSC  

School meals eating II 1 = 5 days per week 
0 = 4 days or less per week 

created for 
this study 

Energy drink consumption II 1 = at least weekly 
0 = never or less than weekly 

HBSC  

Fruit consumption II 1 = daily 
0 = never or less than daily 

HBSC  

Fruit and vegetable index II, III from 0 = no fruit and vegetable 
consumption to 14 = consumption 
of both at least once a day 

HBSC, Ve-
reecken et 
al., 2008 

Sweets and sugared soft 
drinks index 

II from 0 = consuming both sweets 
and sugared soft drinks at least 
once a day to 14 = never eating 
sweets and sugared soft drinks 

HBSC, Ve-
reecken et 
al., 2008
  

Sleep duration on week-
days 

II hours on average  created for 
this study 

Feeling loneliness II 1 = very often or often 
0 = sometimes or never 

HBSC  

Weight satisfaction  II 1 = yes 
0 = no 

created for 
this study 

Ease in talking to mother 
about things that really 
bother one (also: father/ 
stepfather; at least one par-
ent) 

II 1 = very easy or easy 
0 = difficult or very difficult 

HBSC  

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

II 1 = sometimes to very often 
0 = never to occasionally  

created for 
this study 

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

 

4.3.4 Other self-reported information 

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

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

Variable Study Categorization  Reference 

Living area I, II, III 1 = urban 
0 = rural 

HBSC 

Education / em-
ployment status 

I, II, III 1 = studying 
2 = working 
3 = other 

created for 
this study 

Study place I, II, III 1 = general upper secondary school 
2 = vocational school 
3 = higher education institution 

created for 
this study 

Living arrangement I, II, III 1 = living with parents 
0 = living in any other way  

created for 
this study 

Self-reported school 
grade average 

I, II, III 1 = grades 8–10 (good to excellent) 

0 = grades <6.5–7.9 (poor to satisfactory) 

created for 
this study 

Self-rated health I 1 = excellent to good 
0 = fair to poor 

HBSC 

Onset of menstrua-
tion 

I, III 1 = started 
0 = has not started 

created for 
this study 

HBSC = Health Behaviour in School-aged Children study 

 

4.3.5 Clinical examination 

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

Venous blood samples were taken after participants had fasted for at least ten 
hours. Serum and plasma were separated by centrifugation (2000 x g for 10 
minutes) and stored at −75˚C prior to analysis. Concentrations of fasting plasma 
glucose, triglyceride, serum total cholesterol, HDL, and LDL cholesterol were an-
alysed using standard enzymatic methods on a Cobas c702 clinical chemistry an-
alyser (Roche Diagnostics, Basel, Switzerland). Serum insulin concentrations 
were determined using electrochemiluminescence technology on Cobas e801, ac-
cording to the instructions of the manufacturer (Roche Diagnostics). All meas-
urements were carried out in an SFS-EN ISO 15189:2013 accredited laboratory. 
Afterwards, the HOMA-IR was assessed via the formula: fasting serum insulin 
(mU/L) * fasting plasma glucose (mmol/L)/22.5 (Matthews et al., 1985). 

4.4 Statistical analyses 

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

4.4.1 Identifying longitudinal physical activity patterns  

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

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

4.4.2 Analysing the descriptives 

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

4.4.3 Modelling the correlates and determinants 

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

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

Multinomial logistic regressions were conducted in Study II to analyse the 
associations of health behaviours, psychosocial factors, and physical activity do-
mains with physical activity patterns. Separate analyses were conducted for (i) 
baseline (measured at mean age 15) and for (ii) follow-up (measured at mean age 
19) explanatory variables. Thus, determinants and longitudinal correlates, re-
spectively, were searched for. The combined group of activity maintainers and 
increasers was set as the reference in the analyses. The models were adjusted for 
the measurement interval (age at the 2nd measurement minus age at the 1st meas-
urement) and for the change in device wear-time. 



 
 

48 

In all the models, the explanatory variables were added via a forced entry 
method. The variable selection was based on univariable analysis, e.g. difference 
(p <0.1) between the physical activity patterns in cross-tabulations. Multiple dif-
ferent models (with different numbers of classes in categorical variables and dif-
ferent combination of explanatory variables) were tested and compared to find 
the best solution. The best solution was the one in which the number of zero cells 
was acceptable, and in which the test statistics were superior to other solutions 
(e.g. R² Nagelkerke, 2 log-likelihood). 

4.4.4 Exploring the health outcomes  

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

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

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

The study sample was 60% female, and at baseline (mean age 15) almost two 
thirds (62%) of the participants lived in families with high affluence6. At follow-
up (mean age 19), most of the participants (69%) were still living with their 
parents. Half of the sample (49%) were studying in upper secondary education, 
while 13% of the participants were studying in higher education, and 21% were 
working (without simultaneous studying) during the follow-up measurement. 
Males, and those who reported lower school achievement, were more likely to 
not participate in the follow-up measurement (p <0.001).  

The proportion of participants reporting distance of over 5 km between 
home and school (or to place of study or work at follow-up) increased over time 
(baseline 31%; follow-up 46%) (Table 7). Similarly, the proportion of participants 
commuting passively by use of a motor vehicle increased from baseline (43%) to 
follow-up (64%). At mean age 19, one-third (32%) of the participants drove a car 
to the place of study or work as their main mode of travel. The proportion of 
those reporting the duration of active commuting as ‘none’ increased over time 
(baseline 11%; follow-up 23%).  

 

 

  

 
6  The sample populations consist of exact numbers from Studies I and II (unless otherwise 

stated), while the sample in Study III was slightly smaller due to excluded participants 
with diabetes (n = 4). 

5 OVERVIEW OF THE RESULTS 
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TABLE 7 Characteristics related to active commuting to school at baseline and to the 
place of study or work (at follow-up), n (%) 

 Baseline  
(n = 248) 

Follow-up  
(n = 209–210) 

p  

Trip length from home    
≤ 1 km 52 (21) 28 (13) 0.004  

(≤5 km; >5km)  1.1–3 km 77 (31) 48 (23) 
3–5 km 42 (17) 38 (18) 
> 5km 77 (31) 96 (46) 

Duration of active commuting    
No active commuting at all 28 (11) 49 (23) <0.001 

(none; any duration) <20 min /day 111 (45) 75 (36) 
20–39 min/day 86 (35) 55 (26) 
40–59 min/day 15 (6) 24 (11) 
1 hour or more /day 8 (3) 7 (3) 

Mode of commuting    
On foot 62 (25) 30 (14) <0.001 

(by motor vehicle; on 
foot or by bicycle)  

By bicycle 80 (32) 46 (22) 
Parent’s car 20 (8) 12 (6) 
By scooter, moped, or moped car 21 (9) 15 (7) 
By other motor vehicle 65 (26) 40 (19)  
By car that I drive myself  - 66 (32) 

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

5.2 Longitudinal physical activity patterns 

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

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

  
 

FIGURE 5  Longitudinal physical activity (PA) patterns (the data represent the mean 
and standard deviation) 
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FIGURE 6  Scatter plot of the longitudinal physical activity patterns with lines showing 
the one hour per day guideline on aerobic physical activity for children and 
adolescents  
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TABLE 8  Background characteristics of the longitudinal physical activity patterns 

 All  Inactivity 
maintainers 
(A)  

Activity 
maintainers 
(B)  

Decreasers from 
moderate to low 
PA (C) 

Decreasers from 
high to moderate 
PA (D) 

Increasers (E) p 

MVPA mean/day: hr:min (SD)        
baseline 1:22 (0:33) 0:47 (0:12) 1:19 (0:17) 1:25 (0:12) 2:20 (0:24) 1:50 (0:28) b 

follow-up 1:05a (0:34) 0:39 (0:15) 1:25 (0:15) 0:44 (0:11) 1:07 (0:21) 2:25 (0:31) c 

Age, mean years (SD)        
baseline 15.5 (0.6) 15.6 (0.5) 15.5 (0.6) 15.3 (0.5) 15.5 (0.5) 15.4 (0.5) 0.138 
follow-up 19.4 (0.6) 19.4 (0.7) 19.4 (0.7) 19.2 (0.7) 19.5 (0.6) 19.5 (0.5) 0.130 

Gender, females, n (%) 153 (60) 52 (73) 45 (64) 39 (64) 6 (19) 11 (55) <0.001 
High family affluence (baseline), 
n (%) 

154 (62) 38 (56) 44 (64) 38 (62) 22 (73) 12 (60) 0.589 

Living with parents (follow-up), 
n (%) 

174 (69) 50 (70) 48 (69) 39 (64) 23 (72) 14 (74) 0.892 

Education & employment status 
(follow-up), n (%) 

       

Studying 159 (63) 40 (56) 47 (67) 43 (71) 19 (59) 10 (53) 0.743d 
in upper secondary school 100 (40) 23 (33) 29 (41) 28 (46) 13 (41) 7 (37)  
in vocational school 23 (9) 9 (13) 5 (7) 6 (10) 2 (6) 1 (5)  

in higher education  39 (16) 9 (13) 13 (19) 11 (18) 3 (9) 3 (16)  
Working 53 (21) 18 (25) 13 (19) 9 (15) 8 (25) 5 (26)  

Other 41 (16) 13 (18) 10 (14) 9 (15) 5 (16) 4 (21)  

Note: p-values were assessed using the Chi-square test or the Fisher exact test (in cases of sparse data) for categorical variables. The Kruskal-Wallis 
test was used in analysing differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni correc-
tion for multiple tests). MVPA = moderate-to-vigorous physical activity; PA = physical activity; SD = standard deviation 
a Significance over time p < 0.001. At age 15: 1 h 22 min = 9.7% of device wear-time; at age 19: 1 h 5 min = 7.9% of device wear-time 
b A<B-E <0.001; B<D <0.001; B<E 0.004; C<D <0.001 
c A<B,D,E <0.001; B>C <0.001; B<D 0.037; B<E <0.001; C<D,E <0.001;     D<E <0.001 
d The p-value represents the difference between the groups in bold font (studying, working, other) and PA patterns. 
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5.2.1 Characteristics via univariable analyses 

5.2.1.1 Domains of physical activity  

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

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

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

 All  
Inactivity 
maintainers (A)  

Activity main-
tainers (B)  

Decreasers 
from moderate 
to low PA (C) 

Decreasers from 
high to moderate 
PA (D) 

Increasers (E) Sig. 

School physical education at 
baseline, mean minutes (SD)  
(n = 239) 

135 (67) 108 (51) 144 (79) 143 (62) 139 (67) 170 (55) 
A < B,C * 
A < E ***  

Sports club participation, n (%)         
baseline 176 (69) 29 (41) 51 (73) 47 (77) 31 (97) 18 (90) *** 
follow-up 97 (38) 9 (13) 33 (47) 23 (38) 19 (59) 13 (65) *** 
change a never 76 (30) 41 (58) 18 (26) 14 (23) 1 (3) 2 (10) *** 

withdrawal 81 (32) 21 (30) 19 (27) 24 (39) 12 (38) 5 (25) ns 
maintenance 95 (37) 8 (11) 32 (46) 23 (38) 19 (59) 13 (65) *** 
adopt 2 (1) 1 (1) 1 (1) 0 0 0 - 

Active commuting, n (%)        
baseline 142 (57) 32 (47) 40 (58) 35 (57) 20 (67) 15 (75) ns 
follow-up b 76 (30) 17 (24) 25 (36) 20 (33) 6 (19) 8 (42) ns 
change a never 78 (32) 30 (49) 22 (36) 18 (34) 5 (20) 3 (17) * 

withdrawal 94 (38) 21 (31) 22 (32) 23 (38) 19 (63) 9 (47) * 
maintenance 47 (19) 10 (16) 18 (29) 12 (23) 1 (4) 6 (33) * 
adopt 27 (11) 6 (9) 7 (10) 8 (13) 5 (17) 1 (5) ns 

Note: p-values were assessed using the Chi-square test or the Fisher exact test (in cases of sparse data) for categorical variables. The Kruskal-Wallis 

test was used in analysing differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni cor-
rection for multiple tests). * p < 0.05; ** p < 0.01; *** p < 0.001; ns = non-significant; PA = physical activity; SD = standard deviation 
a p-values were calculated comparing the frequency of the individual response category to each of the corresponding response categories for the 
other physical activity patterns (e.g. dropout vs. no dropout (= never+maintenance+adopt)) 
b The percentage distributions include also those not received the question (not working or studying) and thus interpreted as ‘no active commuting 
to study place or work’.  
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5.2.1.2 Psychosocial factors 

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

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

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

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

The prevalence of those satisfied with their weight was lowest among inac-
tivity maintainers (baseline 67%; follow-up 59%). The prevalence differed signifi-
cantly from the increasers and decreasers from high to moderate. 
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TABLE 10  Psychosocial characteristics compared between longitudinal physical activity patterns, n (%) 

 
Mean 
age 

All  
Inactivity 
maintainers 

Activity main-
tainers 

Decreasers 
from moderate 
to low PA 

Decreasers 
from high to 
moderate PA 

Increasers 
p-va-
lue 

Feeling loneliness quite of-
ten/often 

15 15 (6) 6 (9) 4 (6) 2 (3) 2 (7) 1 (5) 0.778 
19 24 (10) 10 (14) 4 (6) 10 (16) 0 0 0.017 

Ease of talking with mother 15 202 (82) 57 (84) 57 (84) 44 (73) 26 (87) 18 (90) 0.390 
19 208 (83) 57 (81) 54 (77) 49 (82) 30 (94) 18 (95) 0.182 

Ease of talking with father 15 163 (68) 38 (57) 49 (77) 33 (55) 26 (90) 17 (85) <0.001 

19 153 (64) 41 (61) 37 (56) 34 (60) 24 (83) 17 (90) 0.012 

Ease of talking with at least one 
parent 

15 209 (85) 58 (85) 61 (88) 46 (77) 26 (87) 18 (90) 0.434 
19 217 (86) 60 (86) 56 (80) 52 (85) 30 (94) 19 (100) 0.139 

Mothera exercises or does sport 
with you at least occasionally 

15 106 (43) 27 (40) 35 (51) 20 (33) 10 (33) 14 (70) 0.020 

19 88 (35) 18 (26) 30 (43) 22 (36) 5 (16) 13 (68) 0.001 

Fatherb exercises or does sport 
with you at least occasionally 

15 120 (48) 21 (31) 38 (55) 25 (41) 17 (57) 19 (95) <0.001 

19 73 (29) 16 (23) 24 (35) 15 (25) 7 (23) 11 (58) 0.024 

At least one parent exercises or 
does sport with you 

15 162 (65) 39 (57) 49 (71) 36 (59) 19 (63) 19 (95) 0.010 

19 119 (47) 30 (43) 40 (57) 29 (48) 7 (23) 13 (68) 0.006 

Satisfied with one’s own weight 15 194 (77) 46 (67) 51 (74) 47 (77) 31 (97) 19 (95) 0.002 

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

Note: p-values were assessed using the Chi-square test or Fisher’s exact test (in cases of sparse data) for categorical variables. The numbers in bold 
indicate significant differences. PA = physical activity  

a Stepmother if mother does not live in primary home. b Stepfather if father does not live in primary home. 
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5.2.1.3 Health behaviours  

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

 
Mean 
age 

All 
Inactivity main-
tainers (A) 

Activity main-
tainers (B) 

Decreasers from 
moderate to 
low PA (C) 

Decreasers from 
high to moderate 
PA (D) 

Increasers (E) p-value 

Smoking, n (%) 
15 14 (6) 6 (9) 3 (4) 5(8) 0 0 0.333 
19 34 (13) 14 (20) 6 (9) 12 (20) 2 (6) 0 0.036 

Snuff use, n (%) 
15 8 (3) 4 (6) 1 (1) 2 (3) 0 1 (5) 0.469 
19 25 (10) 6 (9) 4 (6) 7 (12) 7 (22) 1 (5) 0.155 

Alcohol consumption at least 
once a month, n (%) 

15 21 (9) 9 (13) 6 (9) 4 (7) 2 (7) 0 0.453 
19 167 (66) 45 (63) 49 (70) 36 (59) 24 (75) 13 (68) 0.533 

Have been drunk at least twice, n 
(%) 

15 25 (10) 11 (16) 8 (12) 3 (5) 2 (7) 1 (5) 0.268 
19 166 (66) 47 (66) 42 (60) 39 (64) 26 (81) 12 (63) 0.333 

Eating a school meal every 
school day, n (%) 

15  204 (82) 58 (85) 56 (81) 51 (84) 22 (73) 17 (85) 0.694 

Eating breakfast every weekday 
morning, n (%) 

15 165 (67) 42 (62) 48 (70) 40 (66) 21 (70) 14 (70) 0.866 
19 209 (83) 53 (76) 57 (81) 51 (84) 30 (94) 18 (95) 0.134 

Daily consumption of fruits 
or/and vegetables, n (%) 

15 110 (44) 26 (38) 36 (52) 23 (38) 15 (50) 10 (50) 0.348 
19 108 (43) 23 (32) 37 (53) 21 (34) 18 (56) 9 (47) 0.035 

Fruit and vegetable consumption 
index, mean (SD) 

15 9.1 (4.3) 8.0 (4.6) 9.9 (3.9) 8.5 (4.4) 10.6 (3.7) 10.0 (4.2) ns 
19 9.3 (4.0) 7.7 (4.2) 10.6 (3.6) 8.7 (4.1) 10.8 (3.0) 10.0 (4.0) A<B,D** 

Sweets and sugared soft drinks 
consumption index, mean (SD) 

15 6.0 (3.5) 5.9 (3.6) 6.1 (3.5) 6.6 (3.2) 4.9 (3.4) 5.9 (3.5) 0.240 
19 7.2 (3.4) 7.1 (3.4) 7.2 (3.6) 7.3 (3.0) 7.7 (3.7) 6.7 (3.5) 0.915 

At least weekly energy drink 
consumption, n (%) 

15 20 (8) 8 (12) 4 (6) 4 (7) 2 (7) 2 (10) 0.721 
19 27 (11) 5 (7) 7 (10) 4 (7) 8 (25) 3 (16) 0.065 

Brushing teeth two times per 
day, n (%) 

15 158 (64) 44 (65) 45 (65) 40 (66) 19 (63) 10 (50) 0.769 
19 174 (69) 48 (68) 49 (70) 40 (66) 24 (75) 13 (68) 0.915 

Sleep duration on weekdays, 
mean hours (SD) 

15 8.2 (0.8) 8.0 (0.8) 8.3 (0.7) 8.3 (0.8) 8.5 (0.6) 8.6 (0.8) A<D,E* 

19 7.8 (0.9) 7.7 (0.9) 7.7 (1.0) 7.8 (0.9) 7.8 (0.8) 7.9 (0.6) ns 

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

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

5.2.2.1 Change in domains of physical activity and sedentary time 

The results showing the associations of change in physical activity domains and 
sedentary time with physical activity patterns are presented in Table 12. With-
drawal from a sports club (OR 0.3, 95% CI 0.2–0.6) and maintained or adopted sports 
club participation (OR 0.1, 95% CI 0.02–0.2) – as opposed to ‘never’7 participating 
in a sports club – were related to lower odds of belonging to the inactivity main-
tainers as compared to the other physical activity patterns (Table 12). Correspond-
ingly, maintained/adopted sports club participation – as opposed to ‘never’ partici-
pating in a sports club (OR 3.6, 95% CI 1.8–7.4) – was associated with higher odds 
of belonging to the combined group of increasers and activity maintainers, as com-
pared to the other physical activity patterns. Moreover, withdrawal from a sports 
club (OR 10.9, 95% CI 1.3–90.7) and maintenance/adoption of sports club participation 
(OR 11.2, 95% CI 1.4–90.0) – as opposed to ‘never’ participating in a sports club – 
were significant predictors for belonging to decreasers from high to moderate physi-
cal activity. 

Maintained/adopted active commuting (OR 0.3, 95% CI 0.1–0.7) – as opposed to 
no such commuting either at baseline or at follow-up (i.e. ‘never’ commuting ac-
tively) – was associated with lower odds of being an inactivity maintainer. Male 
gender was associated with increased odds of being a decreaser from high to moder-
ate physical activity (OR 7.4, 95% CI 2.6–21.3). 

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

 
7 Meaning neither at baseline nor at the follow-up measurement. 
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TABLE 12  Associations of gender, changes in sports club participation, active commuting, and sedentary time with physical activity patterns 

 Inactivity maintainers  
Activity maintainers + 
increasers 

Decreasers from mod-
erate to low PA 

Decreasers from high to 
moderate PA 

 OR (95% CI)  p OR (95% CI)  p OR (95% CI)  p OR (95% CI)  p 

Gender         
Male 0.5 (0.2–1.01) 0.055 0.8 (0.4–1.4) 0.376 0.8 (0.4–1.5) 0.400 7.4 (2.6–21.3) < 0.001 

Female 1.0  1.0  1.0  1.0  
Sports club participation         

Maintained or adopted 0.1 (0.02–0.2) < 0.001 3.6 (1.8–7.4) < 0.001 1.5 (0.7–3.3) 0.339 11.2 (1.4–90.0) 0.023 

Withdrawal 0.3 (0.2–0.6) 0.001 1.2 (0.6–2.5) 0.625 1.9 (0.9–4.3) 0.097 10.9 (1.3–90.7) 0.027 

Nevera 1.0  1.0  1.0  1.0  
Active commuting         

Maintenance or adopt 0.3 (0.1–0.7) 0.004 1.7 (0.8–3.4) 0.165 1.5 (0.7–3.2) 0.343 1.3 (0.3–4.7) 0.744 
Withdrawal 0.5 (0.2–1.03) 0.061 1.0 (0.5–2.0) 0.989 1.2 (0.5–2.5) 0.708 2.3 (0.8–7.3) 0.144 
Nevera 1.0  1.0  1.0  1.0  

Change in % of device wear-
time by sedentary time 

0.99 (0.96–1.02) 0.359 0.96 (0.93–0.98) 0.001 1.05 (1.01–1.07) 0.004 1.04 (1.001–1.083) 0.046 

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

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

 
 

 

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

FIGURE 7  Logistic regression analysis based on exposure variables at baseline (mean 
age 15)  
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Odds ratios (log-scale) with their 95% confidence intervals, calculated via a multinomial lo-
gistic regression analysis determining correlates for belonging to longitudinal physical ac-
tivity (PA) patterns. Comparisons of inactivity maintainers and decreaser groups with the 
combined group of activity maintainers and increasers. Adjusted for the measurement inter-
val and the change in device wear-time between baseline and follow-up. 

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

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

Female gender (OR 2.4, 95% CI 1.03–5.4), lower fruit and vegetable consumption 
(OR 0.8, 95% CI 0.7–0.9), and non-participation in a sports club at age 19 (OR 6.4, 95% 
CI 2.6–14.7) were associated with increased odds of being an inactivity maintainer 
as compared to belonging to the combined group of activity maintainers and in-
creasers. A lower fruit and vegetable consumption index at age 19 (OR 0.9, 95% 
CI 0.8–0.97) was also related to being a decreaser from moderate to low physical ac-
tivity. The same was true of smoking (OR 3.0, 95% CI 1.005–8.8). 

5.2.3 Associations with cardiometabolic outcomes 

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

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

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

After adjusting the analyses for BMI, the results were generally similar to 
the original models. However, some associations no longer reached statistical 
significance, i.e. those pertaining to insulin and HOMA-IR at baseline among the 
decreasers from high to moderate physical activity, and the rate of change in insulin 
among the decreasers from moderate to low physical activity (see details from the 
original publication III). Adjustment for the measurement season did not alter 
the initial results (see details from the original publication III). 
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TABLE 13  Cardiometabolic risk factors at baseline and follow-up across physical activity patterns (mean (SD)) 

 All (women  
n = 144–150;  
men n = 95–100) 

Inactivity main-
tainers (A) 

Activity main-
tainers (B) 

Decreasers from 
moderate to low 
PA (C) 

Decreasers from 
high to moderate 
PA (D) 

Increasers (E) 

 baseline follow-up baseline follow-up baseline follow-up baseline follow-up baseline follow-up baseline follow-up 

Glucose  
mmol/L 

4.94 
(0.33) 

4.77*** 
(0.38) 

4.95 
(0.28) 

4.68*** 
(0.33) 

4.93 
(0.40) 

4.78* 
(0.40) 

4.93 
(0.32) 

4.79* 
(0.38) 

4.95 
(0.29) 

4.87 
(0.40) 

4.97 
(0.25) 

4.78 
(0.36) 

Insulin,  
mU/L 

11.42 
(5.31) 

9.72*** 
(4.48) 

13.33 
(6.55) 

10.56*** 
(5.23) 

11.42 
(5.37) 

9.57* 
(5.23) 

10.73 
(4.00) 

10.50 
(4.98) 

9.63 
(3.66) 

7.82** 
(2.38) 

9.70 
(4.01) 

8.21 
(4.40) 

HOMA-IR 2.53 
(1.25) 

2.08*** 
(1.02) 

2.95 
(1.53) 

2.22*** 
(1.15) 

2.53 
(1.28) 

2.05** 
(0.84) 

2.37 
(0.95) 

2.27 
(1.23) 

2.12 
(0.82) 

1.69** 
(0.52) 

2.17 
(0.98) 

1.75 
(0.93) 

Cholesterol 
mmol/L 

3.83 
(0.67) 

3.87 
(0.79) 

3.86 
(0.70) 

3.88 
(0.76) 

3.95 
(0.76) 

3.97 
(0.83) 

3.82 
(0.58) 

3.98 
(0.82) 

3.57 
(0.59) 

3.49 
(0.73) 

3.72 
(0.53) 

3.77 
(0.58) 

LDL cholesterol 
mmol/L 

1.98 
(0.58) 

1.95 
(0.64) 

1.99 
(0.62) 

1.91 
(0.61) 

2.09 
(0.64) 

2.03 
(0.64) 

1.94 
(0.54) 

2.03 
(0.71) 

1.84 
(0.51) 

1.81 
(0.65) 

1.86 
(0.41) 

1.84 
(0.50) 

HDL cholesterol 
mmol/L 

1.46 
(0.30) 

1.50 
(0.35) 

1.46 
(0.38) 

1.53 
(0.38) 

1.46 
(0.32) 

1.54 
(0.36) 

1.49 
(0.28) 

1.50 
(0.33) 

1.41 
(0.26) 

1.31** 
(0.29) 

1.47 
(0.33) 

1.59 
(0.32) 

Triglycerides 
mmol/L 

0.85 
(0.40) 

0.92* 
(0.45) 

0.92 
(0.44) 

0.98 
(0.45) 

0.87 
(0.40) 

0.89 
(0.51) 

0.79 
(0.31) 

0.99** 
(0.44) 

0.72 
(0.26) 

0.82 
(0.82) 

0.87 
(0.87) 

0.77 
(0.31) 

Systolic BP  
mm Hg 

117.1 
(10.89) 

121.2*** 
(11.89) 

116.4 
(11.50) 

121.3*** 
(12.48) 

116.6 
(10.19) 

118.5 
(11.31) 

116.0 
(10.69) 

121.9*** 
(11.78) 

120.3 
(11.31) 

127.4** 
(10.65) 

119.4 
(10.80) 

118.4 
(11.01) 

Diastolic BP  
mm Hg 

67.4 
(7.12) 

72.6*** 
(7.94) 

68.8 
(6.17) 

74.4*** 
(8.60) 

67.5 
(7.12) 

71.9*** 
(7.09) 

66.3 
(6.77) 

73.7*** 
(7.45) 

66.2 
(9.09) 

72.9*** 
(8.34) 

66.7 
(7.54) 

65.7 
(5.43) 

Body mass index  21.1 
(2.82) 

23.2*** 
(3.32) 

21.8 
(3.05) 

23.6*** 
(3.91) 

21.5 
(2.90) 

23.4*** 
(3.41) 

20.4 
(2.83) 

23.1*** 
(3.32) 

20.8 
(2.08) 

23.0*** 
(1.86) 

20.5 
(2.06) 

22.1*** 
(2.37) 

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

 
 Glucose 

(mmol/L) 
Insulin 
(mU/L)† 

HOMA-
IR† 

Cholesterol 
(mmol/L) 

LDL chole-
sterol 
(mmol/L) 

HDL chole-
sterol 
(mmol/L) 

Triglyceri-
des 
(mmol/l)† 

Systolic BP 
(mm Hg) 

Diastolic 
BP  
(mm Hg) 

Body mass 
index 

  β β β β β β β β β β 

B
as

el
in

e 
le

v
el

 Intercept  5.22*** 16.07*** 1.48*** 3.77*** 2.10*** 1.23*** 0.89*** 124.13*** 71.28*** 21.39*** 
PA pattern B -0.12 -0.21 -0.19 0.10 0.09 0.01 0.005 1.82 0.06 -0.36 
PA pattern C -0.15 -0.33** -0.25** -0.14 -0.12 0.10 -0.12  -2.38 -3.71 -2.13** 
PA pattern D -0.31* -0.29* -0.24* 0.05 -0.08 0.24* -0.10 -4.20 -3.00 -1.39 
PA pattern E -0.14 -0.29 -0.18 -0.19 -0.22 -0.02 0.04 6.71 4.55 -0.76 
Sex (female) -0.23*** 0.04 -0.01 0.33*** 0.13  0.22*** 0.01 -12.02*** -1.21 -0.23 
Age (15 y) -0.04 -0.003 -0.002 0.06 0.03 0.01 0.02 1.55  2.03** 0.54* 

R
at

e 
o

f 
ch

an
g

e 

Time -0.09 -0.20 -0.18 -0.19 -0.17 0.04 -0.05 -0.85 -2.14 -0.22 
Time by PA 
pattern B 

0.10 0.11 0.11 -0.001 0.02 0.002 -0.03 -2.91 -1.05 0.14 

Time by PA 
pattern C 

0.11 0.23* 0.18* 0.13 0.13 -0.06 0.07 0.81 1.77 0.90* 

Time by PA 
pattern D 

0.18* 0.09 0.10 -0.15 0.03 -0.18** 0.01 1.59 0.60 0.31 

Time by PA 
pattern E 

0.13 0.08 0.03 0.08 0.09 0.06 -0.07 -6.43* -6.72** -0.38 

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

 

FIGURE 9  Development over time of glucose, insulin, HOMA-IR, and HDL cholesterol 
across longitudinal physical activity patterns 
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Development over time of cardiometabolic risk factors across longitudinal physical activity 
patterns among non-smoking/non-snuff-using men with no fruit/vegetable consumption. 
Estimated using the parameters of the linear growth curve models after adjusting for the 
change in the device wear-time. The symbol * represents a statistically significant difference 
in the baseline level (intercept). The symbol × represents a statistically significant change 
over time (slope) as compared to the reference (inactivity maintainers). PA = physical activity 

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



 
 

69 

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

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

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

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

6 DISCUSSION 
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characteristics (for example, the size and number of measurement points). The 
group of increasers detected in any study was small, with a prevalence varying 
between 7% and 12% (Rangul et al., 2011; Young et al., 2018; Zook et al., 2014). 
This finding is consistent with the findings of the present study. 

6.2 The determinants and correlates of physical activity patterns  

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

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

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

 
8  It should be noted that most young people are unaware of the current physical activity 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

6.4 Methodological considerations 

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

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

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

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

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

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

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

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

6.5 Perspectives on health promotion 

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

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

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

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

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

Young people face multiple life events and changes during their path to-
wards young adulthood, and in the transitions from one setting to another. 
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Hence, this life stage deserves special attention. To support the maintenance of 
physical activity or the adoption of activities, the settings young people face in 
their everyday life should be viewed as opportunities for physical activities (see 
also Kokko & Baybutt, 2022; World Health Organization, 1986). The questions to 
be asked include the following:  

1. Are educational organizations – before and during further education – up 
to date in terms of physical activity?  

2. Are the impacts on physical activity through active travel taken into ac-
count when cuts are planned in the school network?  

3. Are sports clubs willing to enable organized activities for young adults and 
for those who are adopting new exercise or sport disciplines?  

4. Are there possibilities for commercial operators whose activities would 
promote physical activity for young adults?  

5. What means do workplaces have to ensure the wellbeing and physical ac-
tivity of young workers?  

6. How does urban planning support forms of active travel to higher educa-
tion, hobbies, and work? 

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

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

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

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

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

6.6 Suggestions for future research 

The possible correlates and determinants of longitudinal physical activity 
patterns could be related to any of the levels of the ecological model, i.e. 
intrapersonal, interpersonal, organizational, community, and public policy levels 
(see also Craggs et al., 2011). Thus, the correlates and determinants of physical 
activity change and stability during adolescence can be numerous, and they 
should be identified broadly, with attention also to the potential variation over 
time in the correlates (see also Biddle et al., 2023; Parker et al., 2021). Furthermore, 
the rarely studied level of public policy should be subject to intensive research. 
Researchers need to inquire into the consequences of political decisions as they 
affect physical activity over time. As noted in the Finnish two-year pre-primary 
education experiment (Sarvimäki et al., 2023)9 , it is possible to examine the 
consequences of experiments before making national decisions. Adding 
compulsory physical activity lesson to the secondary education curricula, or 
offering exercise vouchers to university students, are examples of experiments 
that could be conducted to examine the effects of such measures on young 
people’s physical activity. Here it is worth noting that in vocational education, 
physical education currently does not exist as a separate subject. 

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

 
9  As stated in Sarvimäki et al. (2023): ‘The two-year preschool experiment is being implemented 

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

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

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

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

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

From a methodological point of view, the data-driven trajectories of physi-
cal activity should be used in research also in the future, with different options 
compared to identify patterns. Going beyond this, to ensure sufficient statistical 
power, there is a need to apply other methods to investigate the development of 
physical activity over time with regards to health outcomes and determinants. 
When one uses continuous variables as a measure of physical activity over time, 
the comparison with other studies is easier than it is with group-based investiga-
tions based on heterogeneous groups. Of course, one then loses the advantages 
of group-based investigations, and behaviours that remain unchanged, for exam-
ple maintained activity, are easily hidden. 
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1. Despite an average decline in physical activity from adolescence to young 
adulthood, large individual variation exists in the development of physical 
activity over time. Five patterns were identified: inactivity maintainers (28%), 
activity maintainers (28%), decreasers from moderate to low physical activity (24%), 
decreasers from high to moderate physical activity (13%), and increasers (8%). 

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

 
2. The study identified the following characteristics pertaining to the physical 

activity patterns: 

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

 
Young people who maintain low physical activity throughout adolescence 
would benefit most from efforts aimed at increasing activity. There seems 
to be room for active commuting, but also for other physical activity do-
mains. Organized physical activities should be arranged in a way that is 
suitable also for young people with little previous experience. Moreover, 
all the environments that young people face in their everyday lives – from 
routes available for active commuting to educational and occupational set-
tings – should be seen as possibilities to accumulate physical activity. Fam-
ilies might benefit from actions that support open communication between 
adolescents and fathers, but further research is needed on this topic.  

7 MAIN FINDINGS AND CONCLUSIONS  
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• Belonging to the decreasers from moderate to low physical activity was as-
sociated with increased sedentary time. Young people in this pattern were 
characterized by eating fewer fruits and vegetables. They were more likely to 
smoke as young adults, and to have more communication difficulties with 
their father at adolescence as compared to those who maintained or increased 
physical activity.  

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

 

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

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

 

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

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

 
3. Participation in a sports club and active commuting to school is common 

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

 
4. The changes in physical activity are associated with cardiometabolic risk fac-

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

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

Liikkumisen muutos ja pysyvyys nuoruudesta nuoreen aikuisuuteen: selittä-
vät tekijät ja yhteydet kardiometabolisiin riskitekijöihin 

 
Fyysinen aktiivisuus (liikkuminen) keskimäärin vähenee nuoruudessa. Kaikkien 
nuorten liikkuminen ei kuitenkaan kehity samansuuntaisesti, sillä aktiivisuut-
taan vähentävien lisäksi osa nuorista säilyttää entisen aktiivisuustasonsa, ja osa 
lisää liikkumistaan. Liikkumisen muutosta ja pysyvyyttä selittävät tekijät voivat 
olla erilaisia, mutta tutkittua tietoa niistä on toistaiseksi vähän. Myöskään liikku-
misen muutosten yhteyttä elintapasairauksien riskitekijöihin ei tunneta kovin 
hyvin nuorilla. Tämän tutkimuksen tarkoituksena oli selvittää, miten terveys-
käyttäytyminen, demografiset ja psykososiaaliset tekijät, liikkumisen muodot 
sekä paikallaanolo ovat yhteydessä eri suuntaisiin liikkumisen muutosryhmiin 
kuulumiseen 15 ja 19 ikävuoden välillä. Lisäksi tutkimuksen tavoitteena oli tut-
kia elintapasairauksien kehittymistä liikkumisen muutosryhmien välillä. 

Tutkimuksen aineisto on osa Liikkumisen ja urheilun erilaiset polut – Ter-
veyttä edistävä liikuntaseura (TELS) -seurantatutkimusta. Nuorten (n = 254) liik-
kumista mitattiin lantiolle kiinnitettävällä kiihtyvyysanturilla keskimäärin 15 ja 
19 vuoden iässä, minkä lisäksi tutkittavat osallistuivat molemmilla mittausker-
roilla paastoverikokeen sisältävään terveystarkastukseen ja vastasivat kyselyihin. 
Tutkittavat rekrytoitiin tutkimuksen alussa 156 liikuntaseuran ja 100 koulun 
kautta kuudesta kaupungista ja niiden lähikunnista eri puolilta Suomea. Liikku-
misen muutosryhmät muodostettiin aineistolähtöisesti pitkittäisaineistojen K-
means-klusterointimenetelmällä, ja ryhmien tyypillisiä piirteitä tarkasteltiin lo-
gistisen regressioanalyysin avulla (binäärinen ja multinomiaalinen). Elintapasai-
rauksien riskitekijöiden kehittymistä tutkittiin lineaarisella kasvukäyrämallin-
nuksella vakioiden sukupuoli, ikä, mittarinpitoajan muutos sekä tutkittavien ky-
selyvastauksiin perustuva hedelmien ja vihannesten käyttö sekä tupakointi ja 
nuuskankäyttö. 

Tulokset osoittivat, että liikkumisessa on paljon yksilöllistä vaihtelua nuo-
ruudessa. Aineistosta muodostui viisi ryhmää: 1) aktiivisuuden säilyttäjät (28 %), 
2) läpi nuoruuden vähän liikkuvat (28 %), 3) liikkumista keskitasolta alhaiselle 
tasolle vähentävät (24 %), 4) liikkumista korkealta tasolta keskitasolle vähentävät 
(13 %) ja 5) liikkumisen lisääjät (8 %). Liikuntaseuraharrastaminen oli vielä 15-
vuotiaana varsin yleistä kaikissa liikkumisen muutosryhmissä (41–97 %), samoin 
koulumatkojen kulkeminen kävellen tai pyörällä (47–75 %). Nuoreen aikuisuu-
teen (19 v) mennessä moni lopetti liikuntaseuraharrastuksen (lopettajia keski-
määrin 32 %) ja aktiivisen kulkemisen (31–63 % riippuen liikkumisen muutos-
ryhmästä). Liikuntaseuraosallistuminen oli yhteydessä aktiivisuuden säilymi-
seen, kun taas passiivisesti sekä 15- että 19-vuotiaana kuljetut koulumatkat olivat 
yleisempiä läpi nuoruuden vähän liikkuvilla.  

Keskusteluvaikeudet isän kanssa 15-vuotiaana ennustivat kuulumista sekä 
vähän läpi nuoruuden liikkuviin että liikkumista keskitasolta alhaiselle tasolle 
vähentäviin. Näissä liikkumisen muutosryhmissä myös hedelmien ja 
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vihannesten käyttö 19-vuotiaana oli vähäisempää. Lisäksi liikkumista keskita-
solta alhaiselle tasolle vähentävät tupakoivat tyypillisemmin 19-vuotiaana. Liik-
kumisen muutosryhmät eivät eronneet tutkittujen elämäntapahtumien, eli opis-
keluun tai työelämään siirtymisen tai kotoa muuton suhteen. Paikallaanolo li-
sääntyi liikkumista vähentävissä ryhmissä ja vastaavasti väheni aktiivisuuden 
säilyttäjien ja liikkumisen lisääjien yhdistetyssä joukossa.  

Liikkumisen lisääjien verenpaine laski, kun taas kehon painoindeksi, insu-
liini-, glukoosi- ja HDL-kolesterolipitoisuudet kehittyivät epäedulliseen suun-
taan liikkumista vähentävissä ryhmissä (eri tavoin riippuen lähtötasosta ja liik-
kumisen muutoksen suuruudesta). Tulokset osoittavat, että fyysisen aktiivisuu-
den väheneminen on yhteydessä kardiometabolisissa riskitekijöissä tapahtuviin 
epäsuotuisiin muutoksiin jo alle 20 vuoden iässä. Samalla tulos perustelee liik-
kumisen tärkeyttä terveydelle jo nuorella iällä.  

Koska liikkumisessa sekä liikkumisen muutosta ja pysyvyyttä selittävissä 
tekijöissä on paljon vaihtelua, tarvitaan kohdennettua terveyden edistämistä. Lii-
kuntaseuraosallistuminen tukee aktiivisuuden säilymistä siirtymävaiheessa 
nuoreen aikuisuuteen, ja ansaitsee siksi tukea yhteiskunnalta. Olisi toivottavaa, 
että liikuntaharrastuksen aloittaminen seurassa olisi mahdollista myös myöhem-
min nuoruudessa tai nuorena aikuisena ja että kilpaurheiluun tähtäävien vaihto-
ehtojen lisäksi tarjolla olisi ohjattua liikuntaa ilman suurempia tavoitteita. Kaikki 
arkiset elinympäristöt kävely- ja pyöräilyreiteistä opiskelu- ja työympäristöihin 
tulisi nähdä mahdollisuuksina edistää liikkumista ja kerryttää askelia ja muuta 
aktiivisuutta päivään. Laaja-alaisella terveyden edistämisellä, kuten isien ja 
nuorten vuorovaikutuksen tukemisella, saattaisi olla potentiaalia ehkäistä liikku-
misen vähenemistä ja tukea aktiivisuuden säilymistä nuoruudessa. Fyysistä ak-
tiivisuutta voidaan edistää myös toimenpiteillä, jotka eivät suoraan liity liikun-
nan tukemiseen tai tyypillisiin liikuntapoliittisen sektorin toimiin. 
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Appendix 1. Survey questions used in the study 
 

Theme Topic Question Response categories; Further information Source; further 
information 

Demographics 
and other 
descriptive 
information 

Family 
Affluence 
Scale (FAS) 
 

1) Does your family own a car, van or 
truck? 
2) Do you have your own bedroom 
for yourself? 
3) During the past 12 months, how 
many times did you travel away on 
holiday with your family? 
4) How many computers does your 
family own? 

1) No (=0); Yes, one (=1); Yes, two or more (=2) 
2) No (=0); Yes (=1) 
3) Not at all (=0); Once (=1); Twice (=2); More than 
twice (=3) 
4) None (=0); One (=1); Two (=2); More than two 
(=3) 
A composite FAS score was calculated for each 
young person based on their responses to these four 
items. The two highest response categories (‘2’ and 
‘3 or more’) of the last two items (holidays and 
computers) were combined. Scores 6 or 7 indicated 
high family affluence 

HBSC 
(mandatory 
question) 
 

Living area What kind of place do you live in? City, in the centre; City, outside the centre; 
Countryside, in the village centre; Countryside, 
outside the village centre 

HBSC (country 
specific 
question) 

Education 
/employment 
status 

Follow-up 
What is your main activity at the 
moment? 

Studying; At work or entrepreneur; Laid off or 
unemployed; Military or non-military service; 
Maternity or parental leave; Other, what? 

- 

Study place Follow-up: only for those reported 
studying  
Are you currently studying at an 
educational institution? (if several, 
select the main educational 
establishment) 

In a general upper secondary school; In a vocational 
institution (upper secondary school); At university 
of applied sciences; At university; In labour or 
employment training; In apprenticeship training; At 
open university or open university of applied 
sciences; Somewhere else, where?_______ 
 
 

- 
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Theme Topic Question Response categories; Further information Source; further 
information 

Living 
arrangement 

Follow-up 
How do you currently live? 

Alone; With my parents or a parent; With a 
roommate/in a cellular accomodation; With a 
married or cohabiting partner;  
With a married or cohabiting partner and a child or 
children together; Single parent with a child or 
children 

- 

School grade 
average 

Baseline:  
What was your school grade average 
(all subjects) in your last certificate? 

<6.5; 6.5–6.9; 7.0–7.4; 7.5–7.9;  
8.0–8.4; 8.5–8.9;  
9.0–9.4; 9.5–10 

- 

Self-rated 
health 

Would you say your health is … ? Excellent; Good; Fair; Poor HBSC 
(mandatory 
question) 

Onset of 
menstruation 

At what age did your menstruation 
begin? 

____ years of age; 
____ My menstruation hasn’t started yet. 

- 

Active 
commuting 

Distance to 
school  

Baseline: 
How long is your distance to 
school? 
Follow-up  
…to place of study? (for those reporting 
studying)  
…to place of work? (for those reporting 
working) 

less than 500 m;  
500 m–1 km;  
1.1–2 km;  
2.1–3 km; 
3.1–5 km;  
more than 5 km 

Finnish Schools 
on the move  
(modified) 

Mode  How do you commute on your way 
to and from school at this time of 
year? (select the single most common 
option) 

Walking; Cycling; By parent’s car; By scooter, 
moped, or moped car; By other motorized vehicle 
Follow-up:  
in addition to the previous By car, I drive myself 
 
 

Finnish Schools 
on the move 
(modified)  
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Theme Topic Question Response categories; Further information Source; further 
information 

Duration Baseline: 
How long do you walk, cycle, or 
commute in other ways that require 
physical activity on school trips?  
Follow-up: …during study or work 
trips?  

No active commuting at all; <20 min/day; 
20–39 min/day; 40–59 min/day; 
1 hour or more /day 

Finnish Schools 
on the move, 
(modified)  

Sports club 
participation 

Sport club 
participation 

In the health behaviour survey: 
Are you a member of a sports club?  

Baseline: 
No; Yes, and I train in a sports club; 
Yes, but I don’t participate in training 
Follow-up:  
No; Yes, and I participate in training; 
Yes, but I don’t participate in training; Yes, I act as a 
coach or other club official; Yes, and I participate in 
training and act as a coach or other club official 

HBSC (country 
specific 
question) 

 In the sports injury and musculosceletal 
health survey: 
Are you involved in sports club 
activities? 

Yes; No - 

School 
physical 
education 

Amount  Baseline: How many minutes of school 
physical education do you have in a 
week? (calculate class physical 
education plus any optional physical 
education you do at school) 

Only numbers accepted - 

Psychosocial 
factors 

Loneliness Do you ever feel lonely? Very often; Often; Sometimes; Never HBSC 
(mandatory 
question) 

Satisfaction 
with one’s 
own current 
weight 

Are you satisfied with your current 
weight? 

Yes; 
No 

- 
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Theme Topic Question Response categories; Further information Source; further 
information 

Ease of talking 
to parents 

How easy it is for you to talk to the 
following persons about things that 
really bother you? Mark one option at 
each point. 

• Father 

• Stepfather (or mother’s boyfriend) 

• Mother 

• Stepmother (or father’s girlfriend) 

Very easy; Easy; Difficult; Very difficult;  
I don’t have or see this person 

HBSC 
(mandatory 
question) 

Exercising 
together with 
a parent 

During a typical week: How often 
does your mother (or your 
stepmother if your mother does not 
live in your primary home)* … 
Exercise or do sport with you? 
*father (stepfather) (asked separately) 
 

Never; 
Seldom; 
Occasionally; 
Often; 
Very often 
 

- 

Health 
Behaviours 

Frequency of 
alcohol 
consumption 

On the whole, how often do you 
consume alcohol, for example a half-
bottle of beer or more? 

Once a week or more often;  
A couple of times a month; 
About once a month; 
Less frequently; 
I don’t drink alcoholic beverages 

Finnish School 
Health 
Promotion 
(SHP) study 

Lifetime 
drunkenness 

Have you ever had so much alcohol 
that you were really drunk? 

No, never; Yes, once; Yes, 2–3 times; Yes, 4–10 
times; Yes, more than 10 times 

HBSC 
(mandatory 
question) 

Snuff use How often do you use snus at 
present? 

Every day; Every week, but not every day; Less 
than once a week; I do not use snus 

HBSC (country 
specific 
question) 

Smoking 
frequency 

How often do you smoke tobacco at 
present? 

Every day; At least once a week, but not every day; 
Less than once a week; I don’t smoke 

HBSC 
(mandatory 
question) 
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Theme Topic Question Response categories; Further information Source; further 
information 

Toothbrushing 
frequency 

How often do you brush your teeth? More than once a day; Once a day; At least once a 
week but not daily; Less than once a week; Never 

HBSC 
(mandatory 
question) 

Frequency of 
eating 
breakfast on 
weekdays 

How often do you usually have 
breakfast (more than a glass of milk 
or fruit juice)? Weekdays 

I never have breakfast during the week; One day; 
Two days; Three days; Four days; Five days 

HBSC 
(mandatory 
question) 

Frequency of 
eating school 
meals 

Baseline 
How often do you usually skip school 
meals during a normal school week? 

Not at all; I usually eat school meals; One day; Two 
days; Three days; Four days; Five days 
 

- 

Food/drink 
consumption 
frequency 

How many times a week do you 
usually eat or drink…? 
Fruits 
Vegetables 
Sweets (candy or chocolate) 
Coke or other soft drinks that contain 
sugar 
Energy drinks 
… 
(the list continues) 

Never; Less than once a week;  
Once a week;  
2–4 days a week;  
5–6 days a week;  
Once a day, every day;  
Every day, more than once 
 

HBSC 
(mandatory 
question) 

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

_______ hours - 

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

  All  
Inactivity 
maintainers 

Activity main-
tainers 

Decreasers 
from moderate 
to low PA 

Decreasers 
from high to 
moderate PA 

Increasers p-value 

Trip length from home more 
than 5km 

baseline 77 (31) 22 (32) 22 (32) 19 (31) 8 (27) 6 (30) 0.986 
follow-up 96 (46) 29 (51) 25 (42) 22 (42) 15 (56) 5 (33) 0.548 

Motor vehicle the most com-
mon mode of transport:  

baseline 106 (43) 36 (53) 29 (42) 26 (43) 10 (33) 5 (25) 0.161 
follow-up 133 (64) 40 (70) 35 (58) 31 (61) 21 (78) 6 (43) 0.141 

Duration of active commut-
ing: not at all 

baseline 28 (11) 12 (18) 8 (12) 6 (10) 2 (7) 0 (0) 0.227 
follow-up 49 (23) 14 (25) 18 (30) 8 (16) 7 (26) 2 (13) 0.402 

Note: p-values were assessed using the Chi-square test or Fisher’s exact test (in cases of sparse data). PA = physical activity
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Physical activity from adolescence to young
adulthood: patterns of change, and their
associations with activity domains and
sedentary time
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Abstract

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

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

Results: Five PA patterns were identified: inactivity maintainers (n = 71), activity maintainers (n = 70), decreasers from
moderate (to low) PA (n = 61), decreasers from high (to moderate) PA (n = 32), and increasers (n = 20).
At age 15, participation in sports clubs (SC, 41–97%) and active commuting (AC, 47–75%) was common in all the
patterns. By age 19, clear dropout from these activities was prevalent (SC participation mean 32%, AC 31–63%).
Inactivity maintainers reported the lowest amount of weekly school physical education.
Dropout from SC – in contrast to non-participation in SC – was associated with higher odds of being a decreaser
from high PA, and with lower odds of being an inactivity maintainer. Maintained SC participation was associated
with higher odds of belonging to the decreasers from high PA, and to the combined group of activity maintainers
and increasers; also with lower odds of being an inactivity maintainer. Maintenance/adoption of AC was associated
with decreased odds of being an inactivity maintainer. Self-reported health at age 19 was associated with the
patterns of maintained activity and inactivity.
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Conclusions: PA patterns diverge over the transition to adulthood. Changes in SC participation and AC show
different associations with diverging PA patterns. Hence, tailored PA promotion is recommended.

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

Background
Longitudinal studies have shown that physical activity
(PA) declines from adolescence to young adulthood [1].
These results, which are based on population-level aver-
ages, mask individual variation, with some subgroups of
young people increasing or decreasing PA, and others
maintaining (in)activity. In recent years, it has thus be-
come more common to identify distinct PA patterns1 in
efforts to gain more specific information on PA evolu-
tion over time [2, 11, 12]. For example, using accelero-
metry to measure moderate-to-vigorous PA (MVPA) at
ages 5–19, Kwon et al. [13] identified four trajectories,
namely consistently inactive (15%), consistently active
(18%), decreasing moderate PA (53%), and substantially
decreasing high PA (14%). In some studies, a subgroup
of PA increasers has been further identified, with a
prevalence varying between 7 and 14% [2, 3, 7].
It is important to identify PA development over time

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

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

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

maintenance during the transition to young adulthood
on the basis of measured PA rather than self-reported
PA [1, 11]. The aims of this longitudinal study were:

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

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

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

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

net surveys on health behaviour and on musculoskeletal
health. Pre-participation screening was then conducted on
randomly selected respondents based on power calcula-
tions (described in [20]). The screening, which was done

1The terminology in the field is inconsistent. PA change/maintenance
has been presented via patterns [2, 3], trajectories (especially in studies
using trajectory modelling [4–6], but also in studies using other
methods [7, 8]), profiles [6], groups [2, 9], subgroups [10], and clusters
[2], all referring to the same population distributions on the basis of
their PA change or maintenance over time.
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in one of the six national Sports and Exercise Medicine
Centres of Excellence, included screening by a physician,
and a fasting blood sample [20]. Instruction was also given
on the use of a hip-worn accelerometer, including guid-
ance on wearing the device during waking hours for seven
consecutive days, except during shower or water activities.
Two-thirds (65%) of those participating in the baseline
pre-participation screening at age 15 (n = 590) participated
also in the follow-up screening at age 19 (n = 371). After
excluding swimmers (as they were unable to use the accel-
erometer during their swimming training), 254 adoles-
cents provided valid accelerometer data and written
consent for both measurement points.

Measures
The PA and sedentary time of the study participants
were measured via a Hookie accelerometer (AM20 Ac-
tivity Meter, Hookie Technologies Ltd., Helsinki,
Finland), which has been shown to be a valid measure-
ment tool among both young persons [21] and adults
[22, 23]. The accelerometer collected and stored tri-axial
data as actual g-units with a 100 Hz sampling frequency.
The data were analysed in units of 6 s’ duration. The PA
analysis was based on mean amplitude deviation analyses
(MAD), calculated from a resultant tri-axial raw acceler-
ation signal, and converted to metabolic equivalents
(METs) [22, 23]. The accuracy of the energy consump-
tion estimation for the MAD method is about 1.2 MET
for bipedal locomotion over a wide range of speed. Light
PA was defined as an MET value higher than or equal to
1.5, and less than 3.0 (with an MAD value of 22.5–91.5
mg), moderate PA as an MET value higher than or equal
to 3.0 and less than 6.0 (91.5 mg–414 mg), and vigorous
PA as an MET value higher than or equal to 3.0 (MAD
over 414mg) [23]. In further analyses, the values for
moderate and vigorous activity were combined to form
an MVPA group. Further details of the device measure-
ments are presented in Additional file 2.
In line with the definition of sedentary behaviour [24],

separate analyses were conducted on activity without
movement under 1.5 MET while (i) seated or in a reclin-
ing/lying posture, and (ii) while standing. Determination
of the body posture was based on two facts, namely that
the earth’s gravity vector is constant and that the body
posture during walking is upright. The accelerometer
orientation (in terms of the gravity vector during walk-
ing) was taken as the reference, and the angle for pos-
ture estimation (APE) was determined from the incident
accelerometer orientation in relation to the reference
vector [21]. If the total accelerometer wear-time
exceeded 18 h per day, hours in excess of 18 were de-
creased from the sedentary time, as this indicated that
the individual was wearing the device during sleep (1.3%
of the measurement days).

The PA and sedentary time variables are reported as
proportions of valid accelerometer wear-time, and
MVPA as mean daily hours and minutes. In addition, we
formulated a variable denoting change in percentage of
sedentary time between baseline and follow-up measure-
ments (based on the difference between baseline and
follow-up in the percentage of device wear-time in sed-
entary positions, denoting either increasing or decreas-
ing sedentary time).
Participation in SC was confirmed by questions in

three separate surveys (e.g. ‘Are you participating in SC
activities?’ with response options ‘Yes’ and ‘No’, and
‘How many times during a normal week do you partici-
pate in coach-led training?’) together with a training
diary. Based on the categorization of SC participants and
non-participants at baseline and follow-up, the change in
SC participation was formed via a variable comprising
four groups: (i) never participated in SC; (ii) dropped out
of SC; (iii) adopted SC participation; and (iv) maintained
SC participation. Because of the small number of cases
in (iii) adopted SC participation (n = 2), categories (iii)
and (iv) were combined into a single category, i.e. main-
tained or adopted SC participation.
AC to school (since the subjects were 15-year-olds)

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

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

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

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

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

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

with self-rated health and sociodemographic factors as
explanatory variables. Furthermore, linear regression
analysis was carried out to illustrate the correlates and
determinants for the PA change in the entire sample. In
addition to the change in device wear-time and in the

season applied in the first measurement, the linear regres-
sion analysis was adjusted for baseline MVPA (because
the aim was to examine whether explanatory variables
could be detected independently of baseline PA levels).
Data analysis was performed using SPSS version 24,

except when identifying PA patterns with R package
KmL (R software version 3.6.0). The significance level
was p < 0.05 in all the statistical tests.

Results
Characteristics of the study sample
The study sample was 60% female (Table 1), and at
baseline 65% of the participants lived in families with
high affluence [see Additional file 3]. At post-
measurement (age 19) most of the participants (69%)
were still living with their parents. Half of the sample
(49%) were studying in upper secondary education, while
15% of the participants were studying in higher educa-
tion, and 21% had started work at post-measurement.
There were no differences in baseline MVPA, per-

ceived health, family affluence, or self-reported PA be-
tween the study participants and those lost to follow-up
[see Additional file 4]. Males and those who reported
lower school achievement (p < .001), were more likely
not to participate in the post-measurement.

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

Distribution of different intensities of PA and sedentary
behaviour among the PA patterns
Figure 2 illustrates the distribution of different inten-
sities of PA among the PA change patterns. Inactivity
maintainers spent a higher proportion of their waking
hours in sedentary behaviour at age 15 (63.5%) as com-
pared to the other PA patterns (51.6–57.8%), and at age
19 (60.7%), as compared to (at age 19) activity main-
tainers (53.4%) and increasers (45.0%) (Fig. 2). Standing
still encompassed 10–13% of waking hours among all
the patterns, and no changes over time were observed.
The time spent in light PA increased over time among

inactivity and activity maintainers, and also among in-
creasers (Fig. 2). Hence, total PA slightly increased
among inactivity maintainers (p = .009), even if the cor-
responding proportion of MVPA decreased at the same
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time. However, the proportion of total PA among in-
activity maintainers at age 19 (28%) remained lower as
compared to activity maintainers (35%), decreasers from
high PA (33%), and increasers (45%).

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

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

education per week (mean 108min), as compared to ac-
tivity maintainers (144min), decreasers from moderate
PA (143 min), and increasers (170 min) (Table 1).

Table 1 MVPA and changes in self-reported domains of PA by PA patterns

Total PA patterns pa

A B C D E

N (%) 254 (100) 71 (28) 70 (28) 61 (24) 32 (13) 20 (8)

Males, n (%) 101 (40) 19 (27) 25 (36) 22 (36) 26 (81) 9 (45) < 0.001

MVPA mean per day: hours and minutes (SD)

age 15 1:22 (0:33) 0:47 (0:12) 1:19 (0:17) 1:25 (0:12) 2:20 (0:24) 1:50 (0:28) A < B-E < 0.001
B < D < 0.001
B < E 0.004
C < D < 0.001

age 19 1:05b (0:34) 0:39 (0:15) 1:25 (0:15) 0:44 (0:11) 1:07 (0:21) 2:25 (0:31) A < B,D,E < 0.001
B > C < 0.001
B < D 0.037
B < E < 0.001
C < D,E < 0.001
D < E < 0.001

Sports club participation

age 15, n (%) 176 (69) 29 (41) 51 (73) 47 (77) 31 (97) 18 (90) < 0.001

age 19, n (%) 97 (38) 9 (13) 33 (47) 23 (38) 19 (59) 13 (65) < 0.001

p for sig. Over time < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.062

changea

n (%)
never 76 (30) 41 (58) 18 (26) 14 (23) 1 (3) 2 (10) < 0.001

dropout 81 (32) 21 (30) 19 (27) 24 (39) 12 (38) 5 (25) 0.499

maintenance 95 (37) 8 (11) 32 (46) 23 (38) 19 (59) 13 (65) < 0.001

adopt 2 (1) 1 (1) 1 (1) 0 (0) 0 (0) 0 (0) –

Active commuting

age 15, n (%) 142 (57) 32 (47) 40 (58) 35 (57) 20 (67) 15 (75) 0.161

age 19, n (%) 76 (30) 17 (24) 25 (36) 20 (33) 6 (19) 8 (42) 0.228

p for sig. Over time < 0.001 0.009 0.009 0.012 0.008 0.039

changea

n (%)
never 78 (32) 30 (49) 22 (36) 18 (34) 5 (20) 3 (17) 0.036

dropout 94 (38) 21 (31) 22 (32) 23 (38) 19 (63) 9 (47) 0.024

maintenance 47 (19) 10 (16) 18 (29) 12 (23) 1 (4) 6 (33) 0.042

adopt 27 (11) 6 (9) 7 (10) 8 (13) 5 (17) 1 (5) 0.732

School physical education at age 15, mean minutes (n) 135 (239) 108 (66) 144 (66) 143 (59) 139 (28) 170 (20) A < B 0.022
A < C 0.017
A < E 0.001

A = Inactivity maintainers, B = Activity maintainers, C = Decreasers from moderate PA, D = Decreasers from high PA, E = Increasers, MVPA =moderate-to-vigorous
physical activity, PA = physical activity
a p-values have been calculated comparing the frequency of the individual response category to each of the corresponding response categories for the other PA
patterns (e.g. dropout vs. no dropout (= never+maintenance+adopt))
b Significance over time p < 0.001. At age 15: 1 h 22 min = 9.7% of device wear-time; at age 19: 1 h 5min = 7.9% of device wear-time
Note: p-values have been assessed using the Chi-square test or Fisher exact test (in cases of sparse data) for categorical variables. The Kruskal-Wallis test was used
in analysing differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni correction for multiple tests); the
McNemar test and the Wilcoxon Signed Rank test were used to analyse differences over time
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Simultaneous associations of changes in SC participation,
AC, and sedentary time with PA patterns
Dropping out of SC (OR= 0.3, CI = 0.2–0.6) and main-
tained/adopted SC participation (OR= 0.1, CI = 0.02–0.2) –
as opposed to ‘never’ participation in SC – were associated

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

Fig. 1 Measured PA patterns (formed by the KmL data-driven clustering method [23]) (n = 254)

Fig. 2 Sedentary behaviour and physical activity (PA) as proportions of device wear-time by PA pattern. Sedentary time 15-y.: A > B**, C-E***,
D < B**; 19-y.: E < D*, C, A***, B < C**, A***, change over time: B***, C**, D, E*. Standing still 15-y.: D < C*. Light PA 15-y.: A < B, D*, C**; change
over time: A***, B**, E*. Moderate PA 15-y: A < B-E***, D > B, C***; 19-y.: A < B, D, E***, C < D*, C < B, E***, D < B**, E***; change over time: A, E*, C,
D***. High PA 15-y: A < B-***, B < E**, D***, C < D**; 19-y.: A < B-E***, C < B, E***, D**; change over time: A*, C, D***. p-values determined from the
Kruskal-Wallis test for differences in mean values between PA patterns cross-sectionally (post hoc Dunn’s test adjusted by the Bonferroni
correction for multiple tests) (only significant differences presented) and the significance of the changes over time in mean values by the
Wilcoxon Signed rank test. *p < 0.05, **p < 0.01, ***p < 0.001
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group of activity maintainers and increasers, as compared to
the other PA patterns. Moreover, dropping out of SC (OR=
10.9, CI = 1.3–90.7) and maintenance/adoption of SC partici-
pation (OR= 11.2, CI = 1.4–90.0) – as opposed to ‘never’ par-
ticipation in SC – were significant predictors for belonging
to decreasers from high PA.
Decreased sedentary time (OR = 0.96, CI = 0.93–0.98)

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

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

Sociodemographic characteristics and self-rated health
among PA patterns
The analysis in Additional file 3 shows that no differ-
ences were observed between PA change patterns in any
of the studied sociodemographic variables. However,

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

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

during adolescence [2–4, 7, 11] have varied in the
amount and prevalence of patterns, the characteristics of
the study sample (e.g. size and number of measurement
points), methods for PA measurement, and cluster iden-
tification. Any subgroup of increasers detected has been

Table 2 Logistic regression models for physical activity patterns

Inactivity maintainers Activity maintainers +
increasers

Decreasers from
moderate PA

Decreasers from high PA

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Gender

Female 1.0 1.0 1.0 1.0

Male 0.5 (0.2–1.01) 0.055 0.8 (0.4–1.4) 0.376 0.8 (0.4–1.5) 0.400 7.4 (2.6–21.3) < 0.001

Sports club participation

Maintenance or adopt 0.1 (0.02–0.2) < 0.001 3.6 (1.8–7.4) < 0.001 1.5 (0.7–3.3) 0.339 11.2 (1.4–90.0) 0.023

Withdrawal 0.3 (0.2–0.6) 0.001 1.2 (0.6–2.5) 0.625 1.9 (0.9–4.3) 0.097 10.9 (1.3–90.7) 0.027

Never 1.0 1.0 1.0 1.0

Active commuting

Maintenance or adopt 0.3 (0.1–0.7) 0.004 1.7 (0.8–3.4) 0.165 1.5 (0.7–3.2) 0.343 1.3 (0.3–4.7) 0.744

Withdrawal 0.5 (0.2–1.03) 0.061 1.0 (0.5–2.0) 0.989 1.2 (0.5–2.5) 0.708 2.3 (0.8–7.3) 0.144

Never 1.0 1.0 1.0 1.0

Change in % of device wear-time
by sedentary time

0.99 (0.96–1.02) 0.359 0.96 (.93–.98) 0.001 1.05 (1.01–1.07) 0.004 1.04 (1.001–1.083) 0.046

Model statistics:

R2 Nagelkerke 0.324 0.179 0.113 0.347

R2 Cox&Snell 0.223 0.131 0.076 0.182

Hosmer&Lemeshow 0.148 0.631 0.241 0.998

Note: Adjusted for change in the device wear-time. Statistically significant odds ratios are in bold. Binary analysis: separately for each pattern vs. all the others
together. PA = physical activity
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small, with a prevalence varying between 7 and 12% [2,
3, 7]. This is consistent with the findings of the present
study.
Inactivity maintainers turned out to be a group in

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

in all the groups (with dropout prevalence varying from
31 to 63%), even if the AC change significantly differen-
tiated only the inactivity maintainers from the rest of
the study population. Previous studies have found either
a declining or a stable AC trend among young people on
average [17]. Interestingly, AC maintenance during ado-
lescence has been found to predict later midlife PA [29].
There seems good reason to encourage young people to
maintain or adopt active forms of transport – including
in post-school years – at least when the distances in-
volved make AC feasible.
It is notable that as many as 41% of the inactivity

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

SC participation was associated with a sustained or in-
creased PA pattern, and correspondingly, SC withdrawal
with a PA decrease from a high level. The relationship
between sports participation at adolescence and PA in
later life has been noted in previous studies [3, 33]. Al-
though SC participation showed a range of associations

with PA patterns, dropout from SC was common in all
the patterns (mean 32%). In terms of PA promotion, the
challenges are two-fold: how to prevent dropout from
SC, and how to support compensatory PA as a substitute
for SC activities, in cases where SC participation has
come to an end during young adulthood.
Male participants were more likely to be present in the

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

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

changes in sedentary behaviour, with increased sedentary
time being more likely to occur within the declining PA
patterns. Although the result seems somewhat self-
evident, it emphasizes the importance of seeking possi-
bilities to discourage sedentary behaviour, as a means to
prevent PA decrease. However, among the inactivity
maintainers, light PA increased at the same time as
MVPA slightly decreased – though without any changes
in sedentary time. On this basis, one cannot actually
claim that sedentary time and MVPA directly displace
one another (see also [19]).
Interestingly none of the studied sociodemographic

variables related to PA change patterns. The patterns
did not even differ in terms of family affluence, despite
findings in some previous studies indicating that family
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socioeconomic factors could explain differences between
PA change patterns [3, 16]. Many typical life changes
had not occurred at age 19, given that most of the par-
ticipants were still living with their parents. Only a
minority had started studying in higher education or
embarked on working life. Hence, in future studies, pos-
sible differences in life events and choices between dis-
tinct PA change patterns should be examined.
Furthermore, differences in the health and health behav-
iour of young adults in terms of PA patterns will be an
important research topic in future, bearing in mind that
the results of self-reported health differentiated between
PA patterns.
The following limitations should be noted: the study

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

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

Conclusions
Five distinct PA change and stability patterns could be
identified. Dropout from SC and from AC was prevalent

in all the PA patterns. The study highlights the import-
ance of SC participation in supporting maintenance of
PA, and preventing a decrease in PA. An absence of AC
and of SC participation was associated with sustained in-
activity from adolescence to young adulthood. The
group of inactivity maintainers also reported a lower
level of (optional) school physical education as compared
to the other PA patterns. In tackling sustained inactivity
in the youth population, actions that increase any of the
studied PA domains may be appropriate. Preventing
dropout from organized sports, and supporting substi-
tutes for SC participation, may be appropriate for pre-
venting a decrease in PA. Similarly, to sustain sufficient
activity, young people who up to now have followed
favourable PA patterns may benefit from further sup-
portive actions. However, these assumptions need to be
tested in intervention studies tailored towards particular
PA change and stability patterns. The influence of psy-
chosocial and environmental factors in explaining differ-
ences between PA change patterns remains to be
investigated in future research.
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


 





 





 




 






      

       



  




         



 

      
 


     
       






        
        
  
        

       

      


      
  
       
  
        





       
       

  


  





    
  

    

       


    
       

     
     


  

       
      

      
      

    
 




        


      

  
       

       








      
       
      
       
         




       
       
     
       
      



  

       

       

           
     
       
     
  






       





      

 

      
      



  


        

     

       


      
          
   
     
     
        





      
       

        

       



   
      





     

         
       
        

      

  

           

 



       
     
 

 
         
 
    
  


        
        
  

  
       
        

     



        


 

       

 

         





  

     




   


      



    
  
       


     



 

      


         

         
       





      
 
       




     
       

  

     


       
 
      

    




    
        


      
       
  


 





      
        



        
    
  



   



     




       
       
 





  
     


      
      
        
      

       



 



  



 
       
    
   
        




        




 
        
       
       
 

    



      

       
          
      
       

        

 




     


        
       


 

 



















 





       

       



       

       



       

       



       

       





       

       





       

       



       

       

       

       



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



 





























        

       

        

       





       

       

        

       

        




       

       




       

       





       

       






       

       





       

       

        

       

        


       


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


    

 
     

      
   





 

        
    
   

    
       

       



    
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
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
      

       
    
     


     
      
     

        

      
      
   
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
       
      


       


 



  

       
      
      


       
  
      
     
       

         
      
      



       
      




 
 

        
     


       
        

     
       





      

      

     







     




      

       



       
      




    
          
     
       

        
     



        






   


     

         

       


      



        

     


    



 
 
 
 
 



  



















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
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
 



 

 




 




 




 




 




 



 




 




 



 



 



 




  

 






 



 



 



 




 



 




 





 




 



 






 




 




 




 


 



 



 



 








 


 



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Purpose: To examine the associations between longitudinal physical activity 
(PA) patterns and the development of cardiometabolic risk factors from adoles-
cence to young adulthood.
Methods: This cohort study encompassed 250 participants recruited from 
sports clubs and schools, and examined at mean age 15 and 19. Device-measured 
moderate-to-vigorous PA was grouped into five patterns (via a data-driven 
method, using inactivity maintainers as a reference). The outcomes were: glucose, 
insulin, homeostasis model assessment for insulin resistance (HOMA-IR), total 
cholesterol, HDL and LDL cholesterol, triglycerides, blood pressure, and body mass 
index (BMI). Linear growth curve models were applied with adjustment for sex, 
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1  |  INTRODUCTION

Physical activity (PA) decreases the risk for chronic dis-
eases such as cardiovascular diseases and type 2 diabetes,1,2 
which are among the leading causes of death worldwide.3 
Although the full cardiometabolic benefits of PA appear 
over the course of decades, some health outcomes have 
been observed at childhood and adolescence.4– 7 However, 
the latter observations are based on a limited number of 
studies using heterogeneous methods.4,6

The associations between PA and cardiometabolic 
outcomes in prospective studies are traditionally exam-
ined either by analyzing (i) baseline PA in relation to a 
follow- up cardiometabolic outcome or change in the out-
come, or (ii) the association between a change in PA and 
a change in the cardiometabolic outcome.4,5,8 However, 
neither of these approaches take account of the fact that 
distinct patterns of PA evolution might result in different 
cardiometabolic outcomes, depending on the baseline PA 
level, and also on the magnitude of the change in PA. Thus, 
there is a need to analyze differences in cardiometabolic 
risk between subgroups of adolescents with different PA 
changes over time (also, see Ref.9).

A growing number of studies have identified distinct 
longitudinal PA patterns (or trajectories) during adoles-
cence, identifying, for example, groups maintaining high 
or low activity, and patterns of decreasing and increasing 
activity (as we did in our previous study when we created 
the PA groups used in the current study10).11,12 Only a few 
have gone further and focused on possible differences in 
health outcomes between groups representing different 

PA patterns.13– 18 Some of these studies have used objec-
tive methods for PA assessment15– 17 or applied data- driven 
methods (algorithm-  or model- based) to identify distinct 
PA patterns.14,15,17 PA assessment via accelerometry is 
recommended over self- reported measurements, since it 
enables more reliable determination of e.g. the duration 
and intensity of the PA.19 At the same time, data- driven 
methods are better able to identify genuinely heteroge-
neous PA patterns than are subjective methods (such as 
splitting into quartiles or using pre- determined levels of 
PA). To our knowledge there are no studies on simulta-
neous cardiometabolic risk factors between various PA 
patterns, with PA assessment conducted via accelerome-
try, and with patterns grouped via a data- driven method. 
Existing studies fulfilling the methodological require-
ments mentioned above have examined the association 
of PA patterns with the accumulation of body adiposity17 
and obesity development,15 but blood biomarkers have not 
been studied in a similar manner. It should also be noted 
that the follow- up periods used in previous studies have 
varied: Oh et al.17 followed adolescents between the ages 
15 and 23, while the study of Kwon et al.15 set the baseline 
at childhood (with follow- up from 5 to 19 years).

Our aim was to examine how longitudinal PA patterns 
(based on moderate- to- vigorous PA (MVPA) and exhibited 
by inactivity maintainers, activity maintainers, decreasers 
from moderate to low PA, decreasers from high to moderate 
PA, and increasers)10 were associated with the evolution of 
cardiometabolic risk factors (blood lipids, glucose metab-
olism, blood pressure, and body mass index (BMI)), from 
adolescence (mean age 15) to young adulthood (mean age 

age, fruit/vegetable consumption, cigarette/snuff use, and change in the device 
wear- time.
Results: Insulin and BMI increased among decreasers from moderate to low PA (β 
for insulin 0.23, 95% CI 0.03– 0.46; β for BMI 0.90; CI 0.02– 1.78). The concentra-
tion of HDL cholesterol decreased (β −0.18, CI −0.31 to −0.05) and that of glucose 
increased (β 0.18, CI 0.02– 0.35) among decreasers from high to moderate PA. By 
contrast, among increasers, blood pressure declined (systolic β −6.43, CI −12.16 
to −0.70; diastolic β −6.72, CI −11.03 to −2.41).
Conclusions: Already during the transition to young adulthood, changes in PA 
are associated with changes in cardiometabolic risk factors. Favorable blood pres-
sure changes were found among PA increasers. Unfavorable changes in BMI, in-
sulin, glucose, and HDL cholesterol were found in groups with decreasing PA. 
The changes were dependent on the baseline PA and the magnitude of the PA 
decline.

K E Y W O R D S

accelerometry, adolescent, blood pressure, body mass index, insulin resistance, young adults
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19). The inactivity maintainers group was used as a ref-
erence. We hypothesized that decreasing PA is positively 
and increasing PA inversely associated with cardiovascu-
lar risk factor development, at least in terms of some risk 
factors.

2  |  MATERIALS AND METHODS

2.1 | Study design and participants

This observational cohort study was part of the Health 
Promoting Sports Club study, conducted in 2013– 2014 
and 2017– 2018.20 At baseline, the participants (mean age 
15 years) were recruited from sports clubs and schools 
in six large cities and surrounding communities, in dif-
ferent parts of Finland (Figure  1). The sports clubs rep-
resented the 10 most popular team and individual sports 
disciplines: basketball, floorball, ice hockey, soccer, cross- 
country skiing, gymnastics, orienteering, skating, swim-
ming, and track and field (for more details of the study 
protocol see Ref.20,21).

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

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

power calculations, randomly selected participants were 
also invited to participate in pre- participation screening 
in one of the six national Centres of Excellence in Sports 
and Exercise Medicine. The pre- participation screening 
included screening by a physician and a fasting blood 
sample.20 Instructions were also given on a hip- worn ac-
celerometer, which the participants wore for 7 consecutive 
days during waking hours, except when bathing or during 
water activities. Surveys, clinical examinations and PA 
measurements were all conducted during the same sea-
son of the year.

Nearly two- thirds (65% of the eligible participants) of 
the baseline participants (n = 583) also took part in the 
study in 2017– 2018 (n = 371) with similar measurements 
to those at baseline. The mean difference between the 
baseline and follow- up measurements was 3.8 years (SD 
0.4, min 2.8, max. 5.1). In total, 254 participants pro-
vided valid accelerometer data and written consent for 
both measurement points (for more details, see Ref.10). 
Participants who were diagnosed as patients with type 
1 diabetes were excluded (n = 4) as were also swimmers, 
who were not able to use the accelerometer during their 
swimming training (Figure  1). Out of those 250 partici-
pants, 239– 250 at baseline and 242– 250 at follow- up had 
valid data on cardiometabolic risk outcomes.

2.2 | Physical activity

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

F I G U R E  1  Flow chart of the data collection and study sample.
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which collected and stored tri- axial data as actual g- units 
with a 100 Hz sampling frequency. The Hookie acceler-
ometer has been shown to be a valid measurement tool 
for both adolescents22 and adults.23 The data were ana-
lyzed in units of 6 s duration. Continuous quiescent time 
exceeding 30 min was taken to indicate nonwear of the 
device, as recommended also by others.24 The PA analysis 
was based on mean amplitude deviation analyses (MAD), 
calculated from a resultant tri- axial raw acceleration sig-
nal, and converted to metabolic equivalents (METs).23,25 
The epoch- wise MET values were further smoothed by 
calculating the 1 min exponential moving average MET 
value for each epoch time point. Moderate- to- vigorous 
PA (MVPA) was defined as an MET value of 3.0.22 For a 
valid measurement, at least 10 h per day and at least 4 days 
per week were required, as was also informed consent for 
the measurement.

The formulation of the longitudinal PA patterns has 
previously been described in detail.10 Based on two valid 
MVPA measurement periods, a k- means algorithm for 
longitudinal data (KmL)26 was applied to identify homog-
enous subgroups, that is, clusters that were as heteroge-
neous as possible in comparison with each other. The PA 
patterns were: inactivity maintainers, activity maintainers, 
decreasers from moderate (to low) PA, decreasers from high 
(to moderate) PA, increasers (Figure 2).

2.3 | Clinical examination

In the pre- participation screening, trained personnel 
(with a specialization in healthcare) measured the height 
and weight (wearing light clothes without shoes) of the 
participants to the nearest 0.5 cm and 0.1 kg. BMI was cal-
culated as weight (kg)/height (m)2. The participant was 
seated, and after at least 5 min of rest, blood pressure was 
measured via a validated, cuff- style oscillometric (auto-
mated) device.27 A second measurement was taken at an 
interval of 1 min. A third measurement was obtained if 
there was more than 10 mm Hg difference in systolic or 
diastolic pressure between the first and second measure-
ment. The average of two (or three) measurements was 
used in the analyses.

2.4 | Laboratory analyses

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

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

The homeostasis model assessment for insulin resis-
tance (HOMA- IR) was assessed via the formula: (fast-
ing serum insulin (mU/L) × fasting plasma glucose 
(mmol/L))/22.5.28

2.5 | Other variables

Participants reported their smoking, alcohol consump-
tion, snuff use, and eating behavior in the electronic 
survey. Combined information covering at least weekly 
cigarette and/or snuff use was applied in the analysis (yes/
no). Because fruit and vegetable intake is associated with 
a reduced risk for cardiovascular disease29 and reflects 
healthy eating overall, a fruit and vegetable index30 was 
applied in the analyses. The index ranged from 0 to 14, 
where value 0 represented no fruit and vegetable con-
sumption and value 14 consumption of both fruit and veg-
etables at least once a day (for more details, see Ref.30,31). 
The assessment of family affluence was based on a previ-
ously validated Family Affluence Scale score, which was 
calculated from participants' answers to questions on four 
common consumption indicators of material deprivation 
(cars, bedrooms, computers, vacations).32

2.6 | Statistical analyses

To characterize the PA patterns cross- sectionally,33 the 
Kruskal– Wallis test (with post hoc Dunn's test, adjusted by 
the Bonferroni correction for multiple tests) and the Chi- 
square test were used to reveal the differences in mean 
values and in frequencies. The significance of the change 
over time was calculated by the Wilcoxon signed rank test. 
The independent samples t- test and Mann Whitney U test 
were performed in the loss- to- follow up analysis. All the 
descriptive data analyses were conducted using SPSS ver-
sion 26.

To further study the differences between PA patterns 
with regard to cardiometabolic risk factors, linear growth 
curve analyses (nlme package in R Studio; version 4.0.3)34 
were conducted. The baseline level and the slope (rate 
of change over time) of each cardiometabolic risk factor 
were explained by (in addition to the PA pattern) sex, age, 
fruit and vegetable consumption, snuff and/or cigarette 
use, plus the change in the device wear- time between the 

 16000838, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14415 by U
niversity O

f Jyväskylä Library, W
iley O

nline Library on [30/01/2024]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License



   | 1811AIRA et al.

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

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

3  |  RESULTS

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

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

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

3.1 | Growth curve analyses

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

3.2 | Baseline

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

F I G U R E  2  Longitudinal physical activity patterns (the data are mean and standard deviation).10
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the activity maintainers and the reference group, or be-
tween the increasers and the reference group (Table 3).

3.3 | Change over time

The development over time in HOMA- IR and in insulin 
among the decreasers from moderate to low PA differed 
from the corresponding development among the inactivity 
maintainers, hence showing unchanged HOMA- IR (vs. a 
decrease among the inactivity maintainers), and increased 
insulin (vs. a decrease among the inactivity maintainers; 
see Table 3, Figure 3). BMI increased among the decreas-
ers from moderate to low PA, whereas BMI was essentially 
unchanged (stable) among the inactivity maintainers.

The decrease over time in systolic and diastolic blood 
pressure among the increasers differed from the fairly 
stable trend among the inactivity maintainers (Table  3, 
Figure 3). There was no difference in the development of 
the cardiometabolic risk factors over time between the ac-
tivity maintainers and the inactivity maintainers.

3.4 | Adjustment for BMI and the 
measurement season

After adjusting the analyses for BMI, the results mainly 
remained unchanged. However, some associations no 
longer reached statistical significance, namely HOMA- IR 
and insulin at baseline among the decreasers from high 
to moderate PA, and the rate of change in insulin among 
the decreasers from moderate to low PA (see Table  S3). 
Adjustment for the measurement season did not alter the 
main results (Table S4).

4  |  DISCUSSION

This longitudinal cohort study indicated changes in car-
diometabolic risk from adolescence to young adulthood 
(from age 15 to 19) that were associated with changes in 
PA. The results also highlighted the importance of the 
baseline level and of the magnitude of the PA change. 
Unfavorable changes in insulin and BMI occurred among 
decreasers from moderate to low PA, as compared to those 
who maintained a relatively low level of PA over time. 
There were also unfavorable changes in glucose and HDL 
cholesterol among decreasers from high to moderate PA. By 
contrast, among increasers, there were favorable changes 
in systolic and diastolic blood pressure, both of which de-
creased over time.

The changes in cardiometabolic risk factors were 
relatively small, suggesting no immediate cause for 
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F I G U R E  3  Development over time of cardiometabolic risk factors across longitudinal physical activity patterns. Development over 
time of cardiometabolic risk factors across longitudinal physical activity patterns among non- smoking/non- snuff- using men with no fruit/
vegetable consumption. Estimated using the parameters of the linear growth curve models after adjusting for the change in the device wear- 
time. The symbol * represents a statistically significant difference in the baseline level (intercept). The symbol × represents a statistically 
significant change over time (slope) as compared to the reference (inactivity maintainers). HDL, high- density lipoprotein; HOMA- IR, 
homeostasis model assessment for insulin resistance; PA, physical activity.
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cardiometabolic health concerns in the population exhib-
iting a decreasing PA. This was expected given that the 
study sample consisted for the most part of relatively ac-
tive young people. The results do, however, demonstrate 
PA effects on cardiometabolic health from adolescence 
to early adulthood (findings that are independent of sex, 
fruit and vegetable consumption, or cigarette/snuff use). 
One should also take into account the baseline level of 
the outcome. For example, among decreasers from high to 
moderate PA the levels of HDL cholesterol, and glucose 
were more favorable at baseline than those of the refer-
ence group. Hence, the unfavorable changes in these risk 
factors did not result in particularly poor follow- up results.

The transition to young adulthood is one of the most 
fundamental periods of life in terms of PA- related behav-
ior, given that PA may be influenced by e.g. moving out of 
the childhood family, cohabiting, starting further studies 
or entering working life.35,36 During a 30- year follow- up37 
it was found that a low level of MVPA among young adults 
was associated with increased odds of diabetes, a higher 
level of triglycerides, and a lower level of HDL cholesterol 
in later life. The present study adds to this, indicating that 
the risk for cardiometabolic diseases is not just something 
that will occur far in the future, insofar as changes in PA 
were associated with changes in cardiometabolic risk al-
ready at adolescence.

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

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

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

from the maintenance of relatively high PA, but this was 
not indicated in the study. One explanation might be that 
the reference group was not extremely inactive (with 
mean MVPA 47 min/day at age 15), even if it was below 
the PA recommendation for children and adolescents, 
that is, at least 60 min/day of MVPA.38 The population 
in the present study represented young people who were 
more active than the average in Finland, with the mean 
daily MVPA being 8 min more than that found in a previ-
ous population- based study.10,39 Furthermore, 39% of the 
participants in the present study were still participating 
in sports club as young adults. The result demonstrates 
that the consequences of both decreased and increased 
PA can be seen even when the reference group is that of 
young people who maintain a relatively low— but not ex-
tremely low— level of activity from adolescence to young 
adulthood. This can be considered an important and new 
finding.

4.1 | Comparisons with other studies and 
perspectives for future research

A few previous studies on objectively measured PA during 
youth have examined cardiometabolic health outcomes 
between distinct data- based PA patterns15,17; however, no 
studies have so far examined the associations of PA pat-
terns with blood biomarkers. Moreover, the self- reporting 
of PA,14 or the lack of a data- driven method for grouping 
PA patterns16— or both13,18— have lessened comparability 
to the present study. Nevertheless, our finding indicating 
an increase in BMI among decreasers from moderate to low 
PA is consistent with previous studies showing increased 
accumulation of body adiposity17 and obesity develop-
ment15 among groups displaying decreasing activity.

It should be noted that little attention has so far been paid 
to changes in health indicators. Overall, it has been more 
common to examine the level of the health outcome at fol-
low- up, for example in young adults.13,14,17 Undoubtedly, 
comparisons at follow- up are useful; however, going be-
yond these, examination of the change in health indica-
tors over time— via a valid methodology for prospective 
research— can broaden knowledge of the phenomena in 
question. Growth curve modeling (growth mixture mod-
eling), latent profile analysis, and related approaches (as 
used in this article) have been recommended also by other 
researchers in efforts to gain a better understanding of the 
nuances in young people's health.40 Mention has also been 
made of the need for studies on health outcomes beyond 
adiposity (e.g. using blood biomarkers5).

An interesting perspective for future research would be 
analysis of the healthy thresholds of PA, that is, how much 
PA is needed to maintain cardiometabolic health benefits 
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during the transition to young adulthood. In one study, 
88 min of daily MVPA was concluded to be necessary to pre-
vent clustering of risk factors in 15- year- old adolescents.41 
A further research gap has been mentioned regarding PA 
guidelines, which have been criticized changing too rapidly 
as adolescents turn into 18- year- olds.6 In fact, the same PA 
guidelines are still issued for young adults and for older 
people approaching retirement age, in the absence of any 
proper research evidence from young adults. Another un-
solved question is how much of a change in PA is needed to 
modify the cardiometabolic status of growing adolescents.

4.2 | Strengths and limitations

The main strengths of this study are the use of prospec-
tive and diverse data on cardiometabolic risk factors 
from a less- studied period of life (see also Ref.5,6,11), 
data- driven determination of longitudinal PA patterns 
measured via accelerometry, and the research method-
ology that enabled analysis of changes in cardiometa-
bolic outcomes over time. Furthermore, adjustment 
by other health behaviors increased the quality of this 
study.

However, the results of this study should be interpreted 
with caution for several reasons. Females and adolescents 
with higher school achievement were over- represented in 
the study sample, and it encompassed only two measure-
ment points. The number of persons in some of the PA 
patterns was small, which decreased the statistical power. 
On the other hand, the recruitment of participants from 
six different regions of Finland (from 100 schools and 
156 sports clubs) increased the quality of this study, even 
if the results are not directly generalizable to the entire 
Finnish age cohort in question. The study sample was 
also somewhat more active than would be found among 
Finnish young people on average –  although this was also 
a strength, insofar as the data also allowed analysis of PA 
changes from high baseline levels. While accelerometry is 
the state- of- the- art method to assess PA via a device,42 one 
should bear in mind the related challenges; for example, 
the 7- day measurement period might not be representative 
of the habitual behavior of every participant. Moreover, 
use of the device tends to underestimate the vigorous 
PA occurring in certain types of PA, such as skating and 
weight training (see also Ref.21)— even though moderate 
and vigorous PA were combined in our analyses.

5  |  PERSPECTIVES

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

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