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Abstract

Background: Distinct typologies of physical activity and screen-based sedentary behaviors are common during
adolescence, but it is unknown how these change over time. This longitudinal study examined the stability of activity-
related behavioral typologies over the transition out of secondary school.

Methods: Year 11 students (penultimate school year) completed a self-report survey (baseline), which was repeated
2 years later (follow-up) (75% female, mean baseline age: 16.9+ 0.4 years). Latent transition analysis identified typolo-

(n =803).

adolescents leave secondary school.

gies of physical activity and screen time behaviors and explored changes in typology membership between base-
line and follow-up among those with complete data and who were not attending secondary school at follow-up

Results: Three unique typologies were identified and labelled as: 1) Sedentary gamers (baseline: 17%; follow-up: 15%:
high levels of screen behaviors, particularly video gaming); 2) Inactives (baseline: 46%; follow-up: 48%: low physical
activities, average levels of screen behaviors); and 3) Actives (baseline: 37%; follow-up: 37%: high physical activities,
low screen behaviors). Most participants remained in the same typology (83.2%), 8.5% transitioned to a typology with
a more health-enhancing profile and 8.3% transitioned to a typology with a more detrimental behavioral profile.

Conclusions: The high proportion within the ‘inactive’typology and the stability of typologies over the transition
period suggests that public health interventions are required to improve activity-related behavior typologies before
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Background

During the transition following secondary school educa-
tion, young people are faced with expectations to become
independent by gaining employment, enrolling in fur-
ther study (e.g., tertiary education) and/or moving out
of the family home. Evidence from longitudinal stud-
ies has demonstrated how our rapidly changing world is
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impacting on young people’s life patterns, particularly
regarding an increased need for higher education and
insecure employment conditions [1, 2]. Navigating this
often complex and challenging transition period, and the
loss of the structure of school life, may mean that physi-
cal activity becomes less of a priority and young people
are exposed to more opportunities to engage in sedentary
behavior.

A meta-analysis of 49 longitudinal studies showed
evidence of modest declines in physical activity from
adolescence to young adulthood, with a weighted mean
difference (WMD) of —5.2minutes/day (95% CI: —7.3
to —3.1) over an average of approximately 3years [3].
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Additionally, a systematic review of 16 studies found evi-
dence of low-to-moderate tracking in both the frequency
and duration of physical activity during the transition
period from adolescence to young adulthood [4]. To date,
few studies have examined changes in, or tracking of,
sedentary behavior over this transition period [4]. How-
ever, evidence from a meta-analysis of 130 studies found
that children and adolescents (5-18 years) spend an aver-
age of 3.6 (range: 1.3-7.9) hours/day engaging in screen-
based sedentary behavior [5], and data from a large-scale
study of European adults reported a median sitting time
of 5hours/day in a large sample of 18—24year-olds [6].

It is widely understood that physical activity provides
health benefits, while engaging in excessive recreational
screen time can be detrimental to health during adoles-
cence [7, 8] and adulthood [9, 10]. This is particularly
concerning given the aforementioned evidence that
young people tend to engage in less physical activity and
more sedentary behavior with increasing age, and that
targeting an increase in physical activity does not neces-
sarily result in reduced time spent in sedentary behavior
[11]. Therefore, there is a need to examine physical activ-
ity and sedentary behavior (activity-related behaviors)
simultaneously using a more holistic approach, rather
than treating each behavior as distinct from one another.
Using data-driven ‘clustering’ techniques, a growing body
of research shows that distinct groups of adolescents
can be identified based on shared patterns of behavior,
termed typologies or profiles of behavior [11]. However,
little research has examined changes in these typologies
over time.

Emerging research has begun to use multi-level per-
son-centered modelling techniques to explore whether
changes in activity-related behaviors occur homoge-
neously among sub-groups of the population [12]. For
example, Jago et al. explored latent transitions of device-
measured physical activity and sedentary time typolo-
gies among young children aged 6-9years [13]. Findings
demonstrated considerable movement between typolo-
gies with the largest shifts seen among children transi-
tioning towards typologies with less physical activity.
Conversely, Dakin et al. explored latent transitions of
eating behavior, physical activity and sedentary time
typologies among adolescents with very little movement
between typologies seen over 2 years [14]. However, to
the authors’ knowledge, no studies have explored stabil-
ity in typologies of physical activity and screen-based
sedentary behaviors during the transition out of second-
ary school. Understanding how typologies change over
this transition can inform efforts to ensure resilience to
detrimental changes in behavior during a period of sig-
nificant adaptation to new circumstances. This study
therefore aimed to: 1) identify distinct latent typologies
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of activity-related behaviors during secondary school and
2 years later; 2) explore the stability of these typologies
over the 2 years; and 3) explore differences in the stability
of typologies according to whether participants engaged
in further studies, had full-time employment, or had
moved out of home 2 years later.

Methods

Data were drawn from the first and last wave of Projec-
tADAPT, a longitudinal study of Year 11 students sur-
veyed annually for 2 years. The study was approved by
the Deakin University Human Research Ethics Advisory
Group — Health (HEAG-H 159_2012) and relevant edu-
cation authorities.

Sample

Participants were recruited via schools (July 2013 to
September 2014) or paid social media advertising (Sep-
tember—November 2014 and April-May 2015), as previ-
ously described [15]. A total of 232 public, Catholic and
independent secondary schools in the state of Victoria,
Australia with >50Year 11 students (second last year of
school) were approached to participate in the study, and
47 agreed. Participant information was distributed to
Year 11 students and 411 completed consent forms were
returned (response rate=4.5%). To complement school
recruitment, advertisements restricted to 16-—17-year-
olds from Victoria were placed on Facebook. Clicking on
the advertisement directed students to a webpage with
brief information about the study where individuals could
register interest to receive further information and con-
firm eligibility (completing Year 11 and living in Victo-
ria, Australia). There were 2770 registrations of interest,
from which 665 completed consent forms were returned
(response rate=24%). The total number of consents
received via these two approaches was 1076. Participants
recruited in 2013 completed the surveys via telephone.
Those recruited from 2014 to 15 could opt to complete all
surveys via telephone or online. The baseline survey was
completed by 1022 participants (76 by telephone) and the
2-year follow-up survey by 852 participants (39 by tel-
ephone), with a retention rate of 83%. Each participant
maintained the same mode of data collection (telephone
or online) through the study.

Measures

Participants self-reported their age and gender at base-
line, and their post-school circumstances/situation at the
two-year follow-up, including whether or not they were
engaged in further studies, in full-time employment, and
their living arrangements (kind of residence they live in
and who they live with compared to previous surveys,
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which was used to determine if they had moved out of
home).

Physical activity

The transport and leisure modules of the long-form,
usual week version of the International Physical Activ-
ity Questionnaire (IPAQ) were repeated at baseline and
follow-up [16]. Average total daily time spent engaging
in active travel (by walking and cycling), leisure-time
walking, leisure-time moderate-intensity physical activ-
ity (MPA), and leisure-time vigorous-intensity physical
activity (VPA) were determined by multiplying the num-
ber of days on which they participated by duration per
day and dividing by 7. Each variable was dichotomized
according to whether participants recorded engaging
in each activity for at least 10 minutes, due to the distri-
bution of data for each of the four variables. Test-retest
reliability was examined in a separate sample of Year 11
students (m =82) who completed the survey approxi-
mately 2 weeks apart (mean 15.8days); percent agree-
ment between the two administrations ranged between
73 and 80% for each of these dichotomized variables
(n =81-82).

Screen-based sedentary behavior

At baseline and follow-up, participants reported the
usual amount of time (hours and/or minutes) that they
spent sitting on weekdays and on weekend days to 1)
watch TVs, DVDs or videos, 2) use a computer, laptop
or tablet for entertainment, and 3) play electronic video
games. For each behavior, durations on weekdays and
weekends were summed and divided by seven to identify
average total daily time spent engaging in each behav-
ior for leisure purposes. Each of these items were then
dichotomized as follows: leisure-time TV viewing, >120
mins/day vs <120 mins/day according to the screen-time
recommendations for youth [17]; leisure-time computer
use, >60 mins/day vs <60 mins/day based on previ-
ous research [18, 19]; and leisure-time video gaming,
‘no video gaming’ vs ‘video gaming’ as half of the sam-
ple did not engage in any video gaming. Test-retest reli-
ability (percent agreement) of these three survey items
dichotomized in the same way ranged between 79 to 86%
(n=78-81).

Data analysis

The analytical sample included participants for whom
activity-related behavior data were obtained at base-
line and the two-year follow-up and indicated at fol-
low-up that they were not attending secondary school.
Differences in age, gender and time (mins/day) engag-
ing in activity-related behaviors at baseline among the
analytical sample and the remainder of the baseline
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sample (who did not complete the follow-up survey or
were excluded based on secondary school attendance),
and among those who completed the survey via tele-
phone or online, were determined by chi-square tests and
independent samples t-tests.

MPlus software (version 8) [20] was used to conduct
latent transition analysis to identify activity-related
behavior typologies during Year 11 and change or sta-
bility 2 years later (post-school). Only the dichotomized
physical activity and screen-based sedentary behavior
variables were used to identify the typologies. Latent
transition analysis enables the identification of discrete
subgroups (typologies) within a wider sample and their
transitions over time. MPlus uses maximum likelihood
estimation to handle missing data, thus allowing analyses
to be conducted on the full sample (missing data for the
activity-related behavior variables all <1%). Akaike Infor-
mation Criteria (AIC) [21], Bayesian Information Criteria
(BIC) [22], Entropy [23], class sizes (to ensure they were
sufficient for subsequent analyses) and interpretability
of typologies were compared to determine the optimal
solution.

All further analyses were conducted in STATA (ver-
sion 15.1) to describe each typology and transitions.
One-way ANOVAs with Tukey post-hoc tests were
used to compare time (mins/day) spent in each activity-
related behavior between typologies at each of baseline
and follow-up. Each activity-related behavior (mins/day)
was compared between baseline and follow-up for the
whole sample and for each typology using independent
samples t-tests. Typology transitions were then classified
based on participants’ transitions towards a more health-
enhancing profile (improve), towards a detrimental
behavioral profile (worsen), or remaining stable (stable)
between the two time points. Differences between these
transitions based on post-school situational pathways
were then assessed using chi-square tests. The duration
of each individual activity-related behavior was com-
pared by transition (stable, improved or worsened) using
one-way analysis of variance (ANOVA).

Results

The final analytical sample included 803 participants (75%
female, mean baseline age =16.87 4= 0.43 years). No differ-
ence in age or gender was seen among those who did not
complete follow-up (1 =170) or were excluded (n =49)
compared to the analytical sample, however there were
significant differences in daily time spent engaging in
all activity-related behaviors, except for TV viewing and
computer use. Those in the analytical sample engaged
in less active travel (24.28 +=29.05 vs 31.07 £ 34.64 mins/
day, p =0.004), leisure time walking (11.17£19.22 vs
16.75 +24.44 mins/day, p <0.001), leisure time vigorous
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intensity physical activity (20.57 £30.49 vs 26.49 +33.03
mins/day, p =0.012), leisure time moderate intensity
physical activity (15.64+22.75 vs 19.34+26.96 mins/
day, p =0.040), and video gaming (14.56+50.55 vs
23.20£63.22 mins/day, p =0.035) compared to those
not in the final analytical sample. Those who completed
the survey via telephone (mean=77.71+70.12 mins)
differed in computer use only when compared to those
completing the survey online (mean=116.61+106.57
mins, p =0.030).

Discrete latent classes at each time point

The comparison of typology solutions at both time
points, interpretation of statistical indicators (AIC, BIC
and entropy), class sizes and overall interpretability
revealed a three-typology solution as optimal (see sup-
plementary Table 1). At both time points, these solu-
tions yielded descriptively similar typologies, which were
subsequently labelled as: 1) Sedentary gamers (baseline:
17%; follow-up: 15%); 2) Inactives (baseline: 46%; follow-
up: 48%); and 3) Actives (baseline: 37%; follow-up: 37%).
Compared to the other typologies, and at both time
points, ‘Sedentary gamers’ were characterized by a high
likelihood of engagement in excessive screen-based sed-
entary behaviors, particularly video gaming, ‘Inactives’
by a low probability of engagement in all physical activi-
ties and average likelihood of excessive screen-based sed-
entary behaviors, and ‘Actives’ by a high probability of
engagement in all physical activities and lower likelihood
of excessive screen-based sedentary behaviors (see Figs. 1
and 2, and Table 1). The ‘sedentary gamers’ typology was
comprised of a greater proportion of males compared to
the ‘Inactives’ and ‘Actives’ typologies at both baseline
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(56% compared to 15 and 22% respectively) and follow-
up (59% compared to 16 and 22% respectively).

Typology transitions from baseline to follow-up

Table 2 and Fig. 3 provide an overview of the nine poten-
tial typology transitions from the latent transition analy-
sis, overall and according to baseline typology. In brief,
most adolescents remained stable in their typology
membership during the transition into young adulthood
(83.2%). Overall, just 8.5% of participants transitioned
towards more health-enhancing activity-related behav-
ior typology (improved), and 8.3% transitioned towards
an activity-related behavior typology that is considered
more detrimental for health (worsened). Very few par-
ticipants transitioned out of the ‘sedentary gamers’ typol-
ogy, and no participants transitioned into this typology.

Characterizing the typology transitions (Table 3)

Average duration (mins/day) of walking, VPA, and MPA
during leisure time differed significantly between all three
typology transitions. No differences between the typol-
ogy transitions were seen for TV viewing, computer use
or video gaming. There were no significant differences
between the typology transitions according to whether
participants were engaged in further studies, full-time
employment, or had moved out of home at follow-up.

Discussion

This study provides a novel exploration of the nature of
clustered activity-related behaviors in late adolescence
and how these change over the transition out of second-
ary school. Within this sample, three unique activity-
related behavior typologies were identified during both

1
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Active Walking Vigorous PA Moderate TV viewing Computer Video
transport PA use gaming
-Sedentary gamers Inactives e Actives
Fig. 1 Baseline item-response probability plot indicating probability of typology membership according to each of the activity-related behaviors.
PA: Physical Activity; Note that all physical activities and screen-based sedentary behaviors were performed during leisure time with the exception
of active transport
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Fig. 2 Two-year follow-up item-response probability plot indicating probability of typology membership according to each of the activity-related
behaviors. PA: Physical Activity; Note that all physical activities and screen-based sedentary behaviors were performed during leisure time with the
exception of active transport

Table 1 Average daily duration (mins/day) in each activity-related behavior at baseline and follow-up according to typology

membership
Whole sample Sedentary gamers Inactives Actives
Mean +S.D. Mean +S.D. Mean +S.D. Mean +S.D.
Baseline (n) 803 129 376 298
Active travel 24.28£29.05 189442334 21.89£27.68 295343201 "*
Leisure-time physical activity
Walking 11.17+£19.22 7.26+£12.84 8.61£1550 161042412 "
Vigorous intensity 20.57£30.49 13.264£22.71 1242£19.71 340443880 "
Moderate intensity 15.64+22.75 1260+21.71 88241203 255242917 "%
Leisure-time screen-based sedentary behavior
TV viewing 9750410164 12854413122 100.514+104.88 794347526 "*
Computer use 114.60£105.07 165.594£126.05 12995410619 844348314 "
Video gaming 14.56 £50.55 57.46+84.30 47343437 83943683
Follow-up (n) 803 121 389 293
Active travel 24.82+£34.97 18.714£26.02 21.27£31.66 319144076 "
Leisure-time physical activity
Walking 10.354£18.67 4.74£10.52 6.68+£14.13 174142363 "*
Vigorous intensity 17.36 + 26.43 13.34+£21.98 10211852 286643258 *
Moderate intensity 1244+ 18.74 1040+£19.55 6.90+12.17 21.00423.16 "
Leisure-time screen-based sedentary behavior
TV viewing 100.46+£95.79 145.20+£134.42 103.53+94.06 " 777146758"*
Computer use 12344+11854 17222415312 13436412316 89.96+86.31 "
Video gaming 15.03+53.36 83.594+103.59 00400" 67443371

Italicized and underlined follow-up value indicates significant difference between time points based on independent t-tests (p <0.05);

Comparisons between typologies at each time point: "p <0.05, compared with adolescents in the ‘sedentary gamers' typology based on ANOVA; *p <0.05, compared

with adolescents in the ‘inactives’ typology based on ANOVA

baseline and follow-up. Each of the three typologies had
>75% stability suggesting that there was little change in
how the activities clustered (i.e., patterns of behavior)
over the 2 years among this sample. Considering this, and

that the ‘inactive’ typology was the most common of the
three typologies at both time points, public health inter-
ventions may be most important while adolescents are
still at school, prior to Year 11, to improve the combined
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Table 2 Typology transitions
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Typology at baseline Typology at follow-up n Overall transition (%)  Transition within
baseline typology
(%)
Sedentary gamers (n =129) Actives 2 02 16
Sedentary gamers (stable) 121 15.1 93.8
Inactives 6 0.7 4.6
Inactives (n =376) Actives 60 75 16.0
Sedentary gamers 0 0.0 0.0
Inactives (stable) 316 394 84.0
Actives (n =298) Actives (stable) 231 288 77.5
Sedentary gamers 0 0.0 0.0
Inactives 67 83 225
Actives Actives
(n=298) (n=293)
Inactives Inactives
(n=376) (n=389)
Sedentary Sedentary
gamers gamers
(n=129) (n=121)
Fig. 3 Transitions between typologies from baseline to two-year follow-up

range of activity-related behaviors during school. To date,
there is limited evidence of effectiveness of interventions
to increase physical activity or reduce sedentary behav-
iors amongst adolescents, particularly outside of school
hours [24, 25], warranting further research and invest-
ment. The current findings additionally suggest that
strategies should be tailored according to activity-related
behavior patterns.

Transitions between typologies appeared to be mainly
driven by changes in physical activity, and not changes
in screen-time sedentary behavior. These shifts are use-
ful to understand when determining which behaviors
should be targeted in interventions to help adolescents
to avoid adoption of detrimental behavioral patterns after
leaving school. However, to strengthen the development

of tailored strategies, future research should addition-
ally explore the modifiable factors influencing typology
transitions.

Overall, despite the transition out of secondary school
being considered one of great change that can disrupt
behavior patterns as individuals adapt to new circum-
stances [1, 2], individuals generally remained in the
same behavioral typology and typology transitions did
not appear to differ according to post-school pathway or
circumstance. Additional analyses (data not shown) also
showed no differences in all possible typology transitions
according to situational pathways. Cross-sectionally,
past studies have found differences in individual types of
behaviors according to post-school situation. For exam-
ple, university students spend more time sitting than
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n Transitioned to more active/less Stable Transitioned to less
sedentary typology (n =668) active/more sedentary
(n=68) typology
(n=67)
Change in daily minutes (follow-up — baseline; mean £5.D.)
Active travel 798 11.11+£4142 1.25+36.74 —17.06+£39.82"*
Leisure-time physical activity
Walking 793 12.164+30.25 —12242163" —87542074 "%
Vigorous intensity 797 17.97 £24.93 —389+3149" —17.90+£2553 "
Moderate intensity 798 16.58+24.22 —41642543" —1338+1076 *
Leisure-time screen-based sedentary behavior
TV viewing 790 —10.55+99.87 530+£125.09 —6.68+101.83
Computer use 788 —2211£116.12 12.17£129.60 6.63+13547
Video gaming 798 —24742253 1.99456.03 —11.62+3536
Follow-up situational pathways (% yes)
Further study 796 82.1 786 833
Full-time employment 800 134 78 8.9
Moved out of home 803 14.7 20.5 269

“p <0.05, compared with adolescents who transitioned to a more active/less sedentary typology; *p < 0.05, compared with adolescents who remained stable in their

typology membership

the general population of young adults and young adults
who live in the family home or their own place are more
physically active than those who live on a campus [6, 26,
27]. Given the mix of behaviors participants engaged in
(typologies) remained stable for over 80%, there was lit-
tle change on average in most behaviors among those
who remained in the same typology, and post-school
pathways did not appear to impact these typologies, this
study indicates that behavioral patterns (defined as a mix
of behaviors) may become ingrained during secondary
school. It is possible, however, that behavioral typology
transitions may differ by other situational changes or
pathways following secondary school that were not con-
sidered here, such as job type, rather than employment as
a whole. Several studies have shown differences in physi-
cal activity and sedentary behavior across different occu-
pations or occupational categories [6, 28].

This study is among the first to use a novel person-
centered statistical technique to explore latent transitions
in typologies of movement behaviors over the transition
period out of secondary school. This is both a strength
and limitation. The use of a person-centered statistical
approach means that results are not directly transferra-
ble to other samples of youth as the typology solutions
are data dependent. Therefore, this study should be rep-
licated in other samples of school leavers. However, the
approach allows for identification of sub-groups of the
population that are unique based on patterning of dif-
ferent activity-related behaviours that would otherwise
be undetected using more traditional, variable-centered

approaches. The study is also unique in examining the
immediate transition out of secondary school; however, it
is possible that insufficient time had elapsed for changes
in behavioral typologies to occur following school. The
lack of change in typology membership could also be
explained through the ‘carry-over hypothesis’ suggest-
ing that physical activity behaviors during younger years
carry over to adulthood, or the ‘habit formation hypoth-
esis” which suggests that participation in physical activity
becomes automatic once it has been repeatedly practiced
over time [29].

While retention of the sample was high, the response
rate from recruitment via schools was low (4.5%) and the
sample comprised of a much higher proportion of girls
than in the population [30]. Additionally, the proportions
of the total sample who were engaged in further study
(79%) and full-time employment (75%) were also higher
than the general Australian population of the same age
group [31, 32]. There is established evidence regarding
an association between employment and education with
activity-related behaviors amongst young adults [6, 33],
therefore potential selection bias is another limitation
that must be taken into consideration when interpreting
the study findings. The reliance on self-report and the
two modes of completion (online or telephone) were fur-
ther limitations that may have also introduced some bias.
However, the IPAQ is an internationally recognized valid
and reliable questionnaire [16] commonly used to assess
physical activity and screen-based sedentary behavior in
large studies, and each participant used the same mode
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of completion for each survey. The physical activity vari-
ables were dichotomized at 10 mins/day. It is possible
that different results may have been found if a higher
value had been chosen. However, the variety of behaviors
(i.e., multiple sedentary behavior indicators) allows for a
deeper insight into the specific movement behaviors that
may be most in need of targeting through public health
interventions to improve overall health of young people
prior to the transition period following secondary school.
Future studies should consider utilizing a combination of
subjective and objective measures of movement behav-
iors to increase validity, while not losing valuable insight
into the individual behaviors that comprise potential
typologies.

Conclusions

Very few adolescents transitioned towards more health-
enhancing or detrimental profiles of activity-related
behaviors during the period following secondary school,
and no differences were seen by post-school situational
pathways. As most young people in this study remained
in a typology defined by high engagement in screen-
based sedentary behaviors or inactivity after leaving sec-
ondary school, the findings from this study suggest that
public health interventions need to target adolescents
before they transition out of secondary school. Future
studies should explore whether activity-related behavior
typologies remain stable over a longer follow-up period.
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