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Abstract

Objectives: To identify typologies of activity-related behaviours and demographic characteristics
of these typologies among Australian adolescents.

Design: Cross-sectional study of 473 Secondary School students (41.4% boys, mean age
14.95+1.61 years) conducted in 2014-15.

Method: Active travel to school, sport participation, leisure-time sedentary and demographic
variables were self-reported in a survey. Duration of sedentary time and moderate-to-vigorous
physical activity (mins/day) were accelerometer-derived. Latent class analysis (LCA) was
conducted to identify typologies of activity-related health behaviours. One-way ANOVAS and chi-
square tests were used to explore differences by demographic characteristics.

Results: Three typologies were identified: 1) “Physically inactive, highly sedentary” (44%); 2)
“Moderately active, high screen-time” (42%); and 3) “Highly active, low sedentary” (14%).
Differences between typologies were evident for age, sex, body mass index (BMI), cultural
identity, employment status and socioeconomic position (SEP). Those in typology 3 (optimal
behaviour pattern) tended to be younger, of higher SEP and lower BMI.

Conclusions: This study found that older adolescents have less active, more sedentary profiles
than younger adolescents. The findings support the need for targeted interventions to improve
adolescent activity-related behaviour engagement.
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Introduction

The health of adolescents worldwide is of growing concern, with increases in lifestyle
related diseases that can be attributed to unhealthy patterns of living!: 2. Physical activities
such as leisure time physical activity, active travel, and organised sport are considered to be
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key modifiable factors contributing to overall health and wellbeing?: 2. Conversely, sedentary
behaviours such as TV viewing, computer and video gaming, and homework time are known
to be associated with poor health outcomes?2. Several countries (including Australia, the UK,
USA and Canada) have established public health guidelines for adolescents’ physical
activity and sedentary behaviour. Currently, only 20% of adolescents in Australia meet both
physical activity and sedentary behaviour recommendations3. While the overall picture
suggests low physical activity and high sedentary behaviour, this does not necessarily reflect
all adolescents. It is possible that physical activity and sedentary behaviours (herein referred
to in combination as activity-related behaviours) cluster together differently in different
groups of adolescents 4. Development of strategies to improve adolescents’ activity
behaviours needs to take into account that they do not occur in isolation®. Therefore,
understanding how these behaviours cluster is important for developing approaches to
promote health and well-being that focus on multiple behaviours.

Researchers have begun to use a variety of data driven grouping methods to identify unique
typologies or groups of people that distinguish distinct behavioural patterns 4. However,
many of these studies have identified inconsistent typologies that are unique to each
individual sample, making it difficult to determine consistent groups of behaviours and
establish trends. Many typology studies have included additional lifestyle behaviours such as
work, socialising, extracurricular school-based activities and sleep? in addition to activity-
related behaviours with very few using objective measures of physical activity and sedentary
behaviours among adolescent boys and girls?.

Consistent behavioural typologies have included groups of adolescents engaging in low
levels of physical activity and high sedentary behaviour, high physical activity and high
sedentary behaviour, and low engagement in all activity-related behaviours. These
typologies are consistent among both boys and girls. However, the types of sedentary
pursuits differ between sexes with boys having a higher prevalence of technology-based
sedentary options (‘technoactives’) >~7 while girls tend to be more frequently engaged in
socialising during their sedentary time (“active socialisers’) > ©.

To our knowledge, only two published studies have assessed groups of adolescents based
solely on their participation in activity-related behaviours using a combination of both
subjective and objective measures® °. Dowd et al® used a female only UK sample finding
‘low’, ‘moderate’ and ‘high’ activity profiles with significantly higher adiposity among
those with low activity compared to high activity. Patnode et al® used both self-report and
accelerometer data to identify typologies of US adolescent activity-related behaviours and
conducted their analysis separately by sex. However, among both boys and girls, comparable
typologies were found and were termed ‘active’, ‘sedentary’, and ‘low media/moderate
activity’ (boys)/’low media/functional activity’ (girls)®. Similar to Dowd et al®, both boys
and girls in the “active’ class were significantly less likely to be overweight than those in the
‘sedentary’ class. While these two studies are consistent in their findings, evidence is needed
to determine whether similar patterns are seen among Australian adolescents to enable
targeted and tailored strategies to help increase physical activity and reduce sedentary time.
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Therefore, this study aimed to identify behavioural typologies, sociodemographic
characteristics and weight status of Australian adolescents based on participation in
subjective and objective measures of physical activities and sedentary behaviours.

Data for this study were part of The NEighbourhood Activity in Youth (NEArbY) study. The
study was approved by Deakin University’s Human Ethics Advisory Group (Health)
(HEAG-H 152_2013) and relevant education authorities prior to commencement of the
project. Administrative units (Statistical Area Level 1 (SA1), areas of approximately 400
persons on averagel®) in Melbourne, Australia, were classified as high walkable/high
income; high walkable/low income; low walkable/high income; and low walkable/low
income, based on median split of walkability and area-level income. The walkability score
was created using geographical information system (GIS) and included street connectivity,
dwelling density and land use mix, an established index of walkability used in many
studies!®. Area-level income was obtained from 2011 Census data 12. Schools located in
SA1s within each of the four walkability/income classifications were approached to
participate in the study. Once school principal consent was obtained (n=18 schools), a 15-
minute presentation was given to all students (12—-18 years of age) in classes selected by the
schools. Plain language statements and consent forms were distributed to all interested
students and 528 provided both written student assent and parent consent to participate. Due
to participant withdrawal or absence from school on the day of data collection (n=55), the
final sample included 473 participants with survey or ActiGraph data.

To objectively measure physical activity levels, participants were asked to wear an
ActiGraph (model GT3X+) accelerometer on an elastic belt around their waist during
waking hours for eight consecutive days. The ActiGraph accelerometer is a valid and
reliable 13 small matchboxsized device used to measure time spent engaging in different
intensities of activity. Data were excluded if non-wear time consisted of 60 minutes of
consecutive zeroes. Additionally, participants were required to wear their monitors for a
minimum of 8 hours on at least 3 out of 5 weekdays, and 7 hours on at least 1 weekend day
to be considered validl* (n=372). Average minutes per day in sedentary time (SED; defined
as minutes spent between 0-100 accelerometer counts per minute), and in moderate-to-
vigorous physical activity (MVPA, defined as =4METS) were calculated based on age-
specific cut-points4. Freedson adult cutpoints® were applied if aged =18 years (n=2). These
variables were dichotomized based on median values, with ‘0’ indicating lower and ‘1’
indicating equal to or higher than the median value (see Table 1).

Participants were asked to complete an online survey about activity-related behaviours using
iPads during school class time. Participants self-reported their physical activity and
sedentary behaviours using reliable survey items adapted from the Active Where Survey2.
Participants reported the:

1) number of sport teams or physical activities that they had participated in out of
school hours during the previous year (ICC = 0.37416);
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2) frequency of active travel (e.g., walking and cycling) to and from school in a
typical week (ICC = 0.51-0.8416): and

3) time spent engaging in sedentary behaviours in a typical week (e.g. watching
TV/DVDslvideos, playing video games and using electronic media, and
completing homework) were reported separately for weekdays and weekends
(ICC = 0.45-0.7116),

Six dichotomous subjective activity-related behaviour measures were created from these
items, as detailed in Table 1.

Participants self-reported socio-demographic characteristics that may be associated with
activity-related behaviour engagement; e.g., birth date (to compute age), sex (male, female),
cultural identity (from a list of 12 different cultures, and an ‘other’ option), school grade
average (Mostly A, B, C, D, E, or F’s), dog ownership (yes, no) and employment status (yes,
no). Arealevel socio-economic position (SEP) was assigned based on residential postcode
using the 2011 ABS SEIFA advantage score 17. Height and weight were assessed by trained
research staff to measure body mass index (BMI). BMI was collapsed into acceptable weight
vs overweight or obese based on internationally accepted BMI cut-points for youth18,

Latent Class Analysis (LCA) was conducted in Mplus statistical software (version 7.31) to
identify groups of adolescents who share similar activity-related behaviour patterns. The
LCA was originally conducted using the continuous accelerometer and self-reported data
because dichotomising activity-related behaviours can lead to loss in richness of the data.
However, this resulted in classes that were too small (<5 people) to be interpretable, so the
dichotomised variables were used instead. LCA conducted in Mplus handles missing data
using maximum likelihood estimation. Given the high number of participants without valid
accelerometer data, the LCA was repeated with the complete accelerometer case sample
(n=372). The two LCA solutions were descriptively comparable and there was high
agreement in class membership between the two solutions (kappa=0.91; 94% agreement).
Therefore, the LCA based on the full sample was used for all further analyses. The optimal
number of classes were identified by analysing 2-class through to 5-class models of the
dichotomous variable inputs. The LoMendell-Rubin likelihood ratio test, Bayesian
Information Criteria, Akaike Information Criteria, Entropy and class size were then assessed
for each to determine the model of best fit (i.e. LCA statistical indicators).

The resulting classes were imported in STATA (version 14) to analyse associations with
sociodemographic attributes and weight status. One-way ANOVAs were conducted to
determine whether there were any differences in age, SEP, MVPA and sedentary time across
the classes. Differences according to sex, cultural identity, school grade average, dog
ownership, weight status and employment status, as well as differences in self-reported
activity-related behaviours, were assessed using chi-square tests. Significance was assessed
at the level of p<0.05.
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The socio-demographic characteristics of the final sample (n=473) are presented in Table 2.
On average, there were more girls, and most participants were of a healthy weight, and lived
in neighbourhoods of average SEP. Over three-quarters of the adolescents identified as being
of Australian cultural identity, half self-reported school grades consisting of mostly As and
Bs, just under half owned a dog, and one-third were employed in regular paid work. As
measured by the accelerometers, the average time spent per day in MVPA was less than
three quarters of an hour, and time spent sedentary was over nine hours per day.

Across each of the LCA models (ie., 2 to 5 classes), the Lo-Mendell-Rubin test was only
significant for the three class solution (p=0.03). The AIC value was lowest for the four class
solution (4575.42), however only marginally so compared to three classes (4575.56). The
two class solution was found to have the lowest BIC value (4673.31), again only slightly
lower than for three classes (4683.69). The three class solution (ie., three typologies) was
chosen as the optimal LCA solution based on these considerations, as well as for ease of
class interpretability. Figure 1 shows the item-response probability plot as a visual
representation of each activity-related behaviour contributing towards each of the three
classes.

The typologies characterised as being physically inactive and highly sedentary (Typology 1,
as shown in Figure 1, 44%) and as being moderately active and high screen-time (Typology
2, 42%) comprised the majority of adolescents in this sample. The smallest proportion
(14%) were characterised as engaging in the most optimal combination of activity-related
behaviours — highly active and low sedentary (Typology 3).

Table 2 compares socio-demographic characteristics between the three typologies.
Adolescents in Typology 2 (low levels of all physical activities and high overall sedentary
time) were significantly older than the other typologies and had a higher proportion of girls
than Typology 1 (moderate levels of activity and high screen time). Typology 2 also had a
larger proportion in paid employment and lower proportion who identify as Australian
compared to Typology 3, and lived in neighbourhoods of lower SEP when compared to both
the other typologies. Adolescents classed within Typology 3 were significantly younger, and
a lower proportion were overweight or obese or in paid employment compared to both other
typologies.

Discussion

This study identified adolescent typologies of activity-related behaviours based on both self-
reported and objective measures. Three typologies were identified which included a
“moderately active, high screen-time” group, a “physically inactive, highly sedentary”
group, and a “highly active, low sedentary” group. Differences between the typologies were
seen in age, sex, weight status, cultural identity, employment status and SEP. These findings
are generally consistent with previous research?.

We found an even distribution of males and females in two typologies defined by “moderate
activity, high screen-time”, and “high activity, low sedentary time”. Yet previous research
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has consistently identified sporty/active classes®, and those defined by high levels of gaming
and technology based sedentary behaviour to be predominantly male dominated®. Moreover,
in this sample, the typology “physically inactive, highly sedentary” had a larger proportion
of females (66.5%) than males. Previous studies that have identified typologies defined
predominantly by low to moderate involvement in both physical activity and sedentary
behaviours were largely dominated by females also 1921, with few exceptions 22 23,
Previous research suggests that females are more social in their sedentary time than males
5.6, This might explain why these adolescents self-reported low to moderate levels of all
sedentary behaviours (TV viewing, video gaming, electronic media and homework) even
though their accelerometer data reflect high levels of overall sedentary time. Future research
should further explore social forms of sedentary behaviour and the factors that influence
these.

Compared with the other two typologies, adolescents within the “highly active, low
sedentary” typology were the youngest and engaged in the most MVPA, active travel trips to
and from school, and leisure-time sport and physical activity compared with all other
typologies. This group of adolescents also had the lowest proportion of overweight or
obesity and employment, and were from areas of higher than average SEP.

The finding that the “highly active, low sedentary” typology included the lowest proportion
of adolescents who were overweight or obese is as expected and consistent with previous
research® % 21 The lower prevalence of overweight or obesity may reiterate the optimal
nature of this typology and the importance of the combination of these activity-related
behaviours for healthy weight status. For example, Lee2! also found that the adolescent
cluster defined by low physical activity/high screen-time had significantly higher mean BMI
and BMI z-scores than those in the high physical activity/low screen-time cluster 21,
Furthermore, notwithstanding the cross-sectional nature of these data, the similar
proportions of overweight or obese adolescents in both the “physically inactive, highly
sedentary” and “moderate activity, high screen-time” typologies suggests that moderate
levels of physical activity may not be enough to counteract the time spent engaging in
sedentary, particularly screen-based?4, behaviours. However, the differences may in part
reflect age-related differences in the proportion of overweight or obese adolescents aged 12—
15 years compared to 16-17 years in Australia?® or reverse causality, with overweight or
obese adolescents choosing to engage in more screen-based and sedentary behaviours.

Growing older may also reflect transitions into employment and other commitments.
Compared with the “highly active, low sedentary” typology, a significantly higher
proportion of those with low-moderate physical activity and high sedentary time were
employed. This may partly reflect their older age (minimum age requirement for
employment in Australia is 14.9 years). However, their lower levels of physical activity
could also be explained by them being more time-poor due to school and work
commitments. Previous research has reported that older adolescents who have employment
are less likely to engage in sufficient levels of physical activity or sports 26, Future research
should look longitudinally at those defined by high physical activity and low sedentary
behaviour during early adolescent years (such as typology 3) to determine whether future
employment as they reach legal working age impacts on their activity-related behaviours.
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Interventions should focus on strategies to integrate more physical activity into daily life
(e.g. habitual or incidental physical activity) without impacting on or reducing time spent
focusing on homework and/or work. The low-moderate engagement in active travel among
these typologies may indicate a potential target for intervention. Additionally, more
emphasis could be placed on integrating movement into schools and workplaces.

The current study revealed that those who were “highly active, low sedentary” were from
notably higher SEP neighbourhoods and more likely to be of Australian cultural identity
than those who were “physically inactive and highly sedentary”. Few physical activity and
sedentary behaviour typology studies have examined neighbourhood level SEP 27: 28 or
cultural identity 29, with those that have reporting no significant difference between the
typologies. Further research is required to determine whether there are other additional
aspects of the neighbourhood (e.g. built environment) that may also influence typology
membership.

Our findings also re-emphasise that it is important to intervene at a young age to establish
healthy habits early. It is well known that physical activity declines with increasing age 39,
which highlights the need to intervene at an age before the drop off in sport and physical
activity occurs. ldentifying a broad range of individual, social and environmental factors in
addition to socio-demographics associated with this optimal combination of activity-related
behaviours may help to identify ways to help other adolescents achieve an optimal
combination of activity-related behaviours.

This study used LCA to identify adolescent typologies of activity-related behaviours using a
combination of subjective and objective measures. With self-report data being subject to
potential social-desirability and recall bias, the use of accelerometers helps to increase the
validity of the findings. As the study was of cross-sectional design, causal direction cannot
be determined. Future research needs to explore change or stability in typology membership
over time and the factors that can help predict optimal activity-related behaviour
compositions throughout adolescence and into adulthood.

Conclusion

Identification and understanding of unique adolescent activity-related behaviour typologies
is paramount in understanding how combinations of activity-related health behaviours may
have more beneficial or detrimental impacts on health. It is clear that engagement in physical
activities and sedentary behaviours co-exist in daily life and the current study extended on
existing knowledge around the combinations of behaviours that are most common to
different subgroups of adolescents. The low prevalence of the highly active, low sedentary
typology and the high prevalence of overweight and obesity among those in the other two
less active typologies emphasise the need for intervention. While this study identified some
key sociodemographic factors that differ between unique adolescent activity-related
behavioural typologies, it is not clear why adolescents engage in these different
combinations of physical activities and sedentary behaviours. Future research should
identify modifiable correlates of engaging in different combinations of these activity-related
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behaviours, both optimal and suboptimal, to inform feasible and sustainable interventions
that target multiple behaviours.
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Practical Implications

. Interventions should be tailored to suit adolescents with particular
combinations of physical activities and sedentary behaviours

. Older adolescents have less active, more sedentary profiles than younger
adolescents

. Sedentary, screen-based, behaviours appear to have detrimental effects on
BMI regardless of physical activity participation
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Figure 1.
Probability of typology (class membership) according to activity-related behaviours
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Summary of activity-related behaviours

Table 1.

Data source Variables Dichotomisation (0/1) %
Active travel to/from school 1 =2 once/ week 59.15
Leisure-time sport or physical 1 =21 leisure sport 61.91
activity teams/physical activities

Self-report survey Watching TV 1 =22 hours/day 53.62
Electronic media 1 =21 hour/day 69.36
Video games 1==>1 hour/day 38.94
Homework 1 =21 hour/day 77.66
MVPA 1==>37mins 49.33

Accelerometer
SED 1=2>535mins 49.46

MVPA: Moderate-to Vigorous-Physical Activity; SED: Sedentary Time
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Table 2.

Differences between activity-related behaviour typologies

Typoioyy 1 Typoioyy 2
N 2oy 4oy Typology3
whole Whole EPh :%call gMoglratel (14%) P-value
sample rhysically ; ety (Highly active,
sample inactive, highly  active, high low sedentary)
sedentary) screen-time)

Overall (n) 473 209 198 66
Age (mean, sd) 468 1495+1.61 15.33+1.592 1483 +1.60° 14.11+1.342 <0.01
Gender (% female) 452 58.6% 66.5%2 50.5%? 56.9% <0.01
Weight status (% overweight/obese) 309 25.9% 29.9% 27.2% 10.9% <0.01
?,,/‘i'tA”L";'”'gf}gg)ty 457 76.8% 72.3%2 78.0% 87.7%° <0.05
?;hg;’; 52};‘;?/55 9 456 50.9% 52.2% 46.8% 58.5% 0.24
'Z,zgygg”ersmp 455 40.7% 39.7% 38.29% 50.8% 0.19
Employment status (% yes) 452 31.4% 36.0%" 32.6%? 13.9%2P <0.01
Socioeconomic position 1002.51+66 987.42 + 1010.21 + 1027.59 +

472 <0.01
(mean, sa) 22 69.91% 60.942 58.21°
MVPA mins/day 40.52424.6  33.45% 41.28 + 56.65 +

371 <0.01
(mean, sd) 6 27.912 20.392 16.432
SED mins/day 545.97490. 57359 + 545.04 + 477.89 £

372 <0.01
(mean, sd) 65 92,732 88.272 43.292
'(“,,/ffi’le };3;’;'/,/,/) 470 592% 48.19% 62.9%® 83.1%: <001
Leisure-time sport or
physical activity 470 61.9% 51.0%2 60.9%? 100% 2 <0.01
(% > 1 sport)
PALIE 470 536% 13.9%¢ 100% 2 0% <0.01
&dic’lgﬁrrf(;g;;‘) 470 38.9% 23.6%" 60.4% 23.1%" <0.01
E;C;r?’};f/drgﬁ'a 470 69.4% 55.8%" 84.8% 66.2%" <0.01
';y?,”;e}"’/‘;;}‘daw 470 77.7% 66.49%° 92.992 67.7%" <0.01
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Note: Superscript letters denote significant differences between typologies; mvpa: moderate to-vigorous physical activity; SED: sedentary time
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