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Abstract

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

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

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

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

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

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

Accelerometer

Background

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

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

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

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

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

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

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

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

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

Methods

Study sample

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

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

Measures

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

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

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

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

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

Statistical analysis

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

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

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

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

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

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

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

Patterns of PA

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

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

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

physical activity, PA = physical activity

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

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

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

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

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

Domains of PA by PA patterns

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

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

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

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

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

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

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

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

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

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

Activity maintainers +

Decreasers from Decreasers from high PA

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

Gender

Female 1.0 1.0 1.0 1.0

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

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

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

Never 1.0 1.0 1.0 1.0
Active commuting

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

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

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

R Nagelkerke 0.324 0.179 0.113 0.347

R” Cox&Snell 0223 0.131 0.076 0.182

Hosmer&Lemeshow 0.148 0.631 0.241 0.998

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

together. PA = physical activity

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

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

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

Sociodemographic characteristics and self-rated health
among PA patterns

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

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

Discussion

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

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

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

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

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

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

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

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

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

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

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

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

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