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Abstract 

Objective  The primary aim of this study was to identify clusters of lifestyle and health behaviours and explore their 
associations with health outcomes in a nationally representative sample of Australian adolescents.

Methods  The study participants were 3127 adolescents aged 14–15 years who participated in the eighth wave of 
the birth cohort of the Longitudinal Study of Australian Children (LSAC). A latent class analysis (LCA) was performed 
to identify clusters based on the behaviours of physical activity, alcohol consumption, smoking, diet, eating disorders, 
sleep problems and weight consciousness. Multinomial logistic regression models were fitted to the following health 
outcome variables: obesity, self-rated general health and pediatric health-related quality of life, to investigate their 
associations with LCA clusters.

Results  Based on the prevalence of health behaviour related characteristics, LCA identified gender based distinct clus-
ters of adolescents with certain outward characteristics. There were five clusters for male and four clusters for female 
participants which are named as: healthy lifestyle, temperate, mixed lifestyle, multiple risk factors, and physically inac-
tive (male only). Adolescents in the healthy lifestyle and temperate clusters reported low and moderately active health 
risk behaviours, for example, low physical activity, inadequate sleep and so on, while these behaviours were prevailing 
higher among adolescents of other clusters. Compared to adolescents of healthy lifestyle clusters, male members of 
physically inactive (OR = 3.87, 95% CI: 1.12 – 13.33) or mixed lifestyle (OR = 5.57, 95% CI: 3.15 – 9.84) clusters were over 
three to five times more likely to have obesity; while for female adolescents, members of only multiple risk factors 
clusters (OR = 3.61, 95% CI: 2.00 – 6.51) were over three time more likely to have obesity compared to their counterpart 
of healthy lifestyle clusters. Adolescents of physically inactive (b = -9.00 for male only), mixed lifestyle (b = -2.77 for male; 
b = -6.72 for female) or multiple risk factors clusters (b = -6.49 for male; b = -6.59 for female) had a stronger negative 
association with health-related quality of life scores compared to adolescents of healthy lifestyle clusters.

Conclusion  The study offers novel insights into latent class classification through the utilisation of different lifestyles 
and health-related behaviours of adolescents to identify characteristics of vulnerable groups concerning obesity, 
general health status and quality of life. This classification strategy may help health policy makers to target vulnerable 
groups and develop appropriate interventions.
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Background
Overweight and obesity affect 25% of Australian chil-
dren and adolescents, causing excess weight-related 
health and wellbeing problems and higher health care 
costs [1]. While many studies have linked children’s 
suboptimal health behaviours and lifestyle (for exam-
ple, physical activity, smoking, alcohol consumption, 
diet and nutrition) to the development of chronic dis-
eases [2–4], few have focused on patterns of health-
related behaviours with respect to how risk behaviours 
cluster among the individuals and impact health [5–7]. 
For example, children who eat more and are physically 
inactive are more likely to become adults with obesity 
[8]. Adolescence is the transition stage from childhood 
to adulthood, as well as a critical developmental period, 
during which many health practices emerge or are dis-
carded, which in turn influence subsequent behavioural 
and health trajectories [9, 10]. For instance, a large 
proportion of adolescents do not engage in the recom-
mended levels of physical activity, while they lead a 
sedentary lifestyle for longer than recommended [11], 
get insufficient sleep, or engage in smoking or alcohol 
consumption [12]. Hence, exploring distinct clusters of 
health-related behaviours is vital to assess how these 
might affect adolescents’ long-term health [13].

Overweight and obesity in childhood are complex 
conditions [3, 14, 15]. Body mass index (BMI), as a 
stand-alone indicator, cannot adequately capture the 
nature of obesity and may not serve as a sufficient basis 
to develop appropriate interventions [14, 15]. In paedi-
atrics, the Edmonton Obesity Staging System classifies 
the functional limitations of obesity by four domains: 
metabolic, mechanical and mental health and social 
milieu [16, 17]. Further, problem behaviour theory and 
health lifestyle theory suggest specific potential indi-
cators (physical activity, sedentary behaviours, smok-
ing, alcohol consumption, diet, eating disorders from 
stress, sleep and weight-control behaviours), which 
can be gauged through social surveys, to predict health 
conditions [18–20]. Both theories predict that a range 
of negative and risky behaviours would cluster to a set 
of choices if these behaviours result from an underly-
ing tendency towards deviant behaviour [19]. If this is 
the case, many adolescents’ lifestyles and psychosocial 
behaviours are interrelated rather than having sepa-
rate effects [12]. Hence, investigation should be carried 
out targeting the behaviours of physical activity, alco-
hol consumption, smoking, diet, eating disorders, sleep 
problems and weight consciousness, rather than a par-
ticular behaviour in isolation [9]. However, to the best 
of our knowledge, limited studies have explored the co-
occurrence of these psychosocial and lifestyle factors as 
a whole.

From the perspective of comprehensive approach, as 
suggested by the World Health Organisation, it is neces-
sary to consider how all possible patterns of risk behav-
iours, for example, patterns of eating, stress-related 
eating, trajectories of smoking or drinking and physi-
cal fitness risk behaviours, might affect an individual’s 
health [9, 21–23]. Latent Class Analysis (LCA) is an 
innovative statistical approach that utilises person-cen-
tred characteristics of categorical and cross-sectional 
indicators to identify distinct subpopulations. By exam-
ining varying response pattern assemblages, LCA yields 
unobserved (latent) classes of individuals to ascertain 
the most parsimonious and interpretable set of classes 
– representing groups of homogeneous individuals 
within the class, however, heterogeneous across differ-
ent classes [24]. Recent literature shows that LCA has 
been used increasingly to identify latent subgroups of 
related characteristics of various morbidities including 
asthma and obesity [25, 26]. However, existing studies 
have mostly been conducted in European and North 
American settings and among adults, and available 
studies among children to identify patterns of health 
behaviours related to obesity have primarily used a sub-
set of health behaviours [4, 25, 27–29].

In some countries, identifying specific clusters of the 
national population across age and gender groups has 
helped identify homogeneous groups that can be tar-
geted for specific public health interventions or preven-
tion strategies [4, 25, 27–29]. A cluster analysis study 
among Finnish adolescents (n = 6792) divided them into 
distinct subgroups based on health-related behaviors and 
psychosocial symptoms, and these subgroups tended to 
have persistent unhealthy lifestyle habits like low levels 
of physical activity, high BMI, and smoking [12]. Gen-
der differences were also observed in two studies of ado-
lescents and preschool children in the US and France, 
respectively, which were classified by gender, age, lifestyle 
and socioeconomic positions [30, 31]. A study conducted 
in the Netherlands (n = 4395) investigated the clusters 
of health-compromising and delinquent behaviours in 
adolescents and adults. The results revealed two relevant 
clusters (alcohol and delinquency) for young adolescents 
[32]. In most of these studies, relationships of the identi-
fied clusters with obesity, self-rated health and quality of 
life remain unclear [33]. Moreover, limited studies have 
been conducted in the Australian context [31].

Therefore, the primary aim of this study was to identify 
the clusters of health behaviours in a nationally repre-
sentative sample of Australian adolescents and to explore 
the association of defined clusters of lifestyles and health 
behaviours with obesity, self-rated health and quality 
of life. Adolescents’ lifestyle characteristics and health 
behaviours include physical activity, diet, sedentary 
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behaviour, smoking, alcohol consumption, sleep prob-
lems, eating disorders and concerns regarding weight 
gain. Given the previous findings of gender-related differ-
ences in the aforementioned variables [11, 12] and based 
on the findings that the model fit statistics are better 
suited for gender-based analyses, LCA models were ana-
lysed separately for male and female participants.

Methods
Study design and participants
This cross-sectional study utilised data of 3127 ado-
lescents aged 14–15  years that was obtained from the 
eighth wave of the birth cohort of the Longitudinal Study 
of Australian Children (LSAC). The LSAC is a repre-
sentative household survey of Australian children and 
adolescents, launched in 2004, that biennially collects 
information on the health (physical and socio-emo-
tional) and learning development of Australian children 
from their birth based on the context of the bio-ecolog-
ical framework of human development [20]. Adolescents 
who participated in this wave provided data on a variety 
of dimensions concerning lifestyles and health-related 
behaviours: physical activity, sedentary behaviours, alco-
hol consumption and smoking, sleep, eating disorders, 
concerns on weight gain, obesity status, self-rated general 
health and quality of life. A multistage sampling tech-
nique was used to select the LSAC respondents at wave 1 
and then they were followed up at wave 8. Household was 
the primary sampling unit, and information was acquired 
from the children themselves. Details of the LSAC survey 
are available elsewhere [20].

LCA variables
The LCA was performed using variables related to life-
style and health-related behaviours of the adolescents. 
Based on the bio-ecological framework followed in the 
LSAC study, variables that are risk factors for obesity, 
self-rated health and quality of life [20] were selected. 
These variables were measured by the LSAC survey 
team using the LSAC questionnaire in the eighth wave 
survey, among which Branch Eating Disorder Test data 
were obtained using a validated questionnaire. All the 
responses of these variables were provided by the adoles-
cents. Details of these variables are described ahead.

Physical activity
The LSAC collects data on the number of days the ado-
lescents performed at least one hour of moderate-to-
vigorous physical activity per week. From these data, we 
summed the total number of exercise hours per week. 
Existing literature recommends at least two hours of 
physical activity per week [33–35]. Based on this cut-
off point, we categorised participants into the following 

groups: ‘less than two hours of physical activity per week’, 
‘two to three hours of physical activity per week’ and 
‘more than three hours of physical activity per week’.

Sedentary behaviour
Sedentary behaviour was measured based on two activi-
ties: the number of hours spent per week (including both 
weekdays and weekends) on electronic games (does not 
play, up to 3 h, more than three hours) and the frequency 
of sharing or posting content on social media (frequently 
or daily, weekly/monthly, never). The categories were 
defined based on the extent of hours spent on screen 
games or the level of engagement in social media. More 
frequent engagement in games or social media activity 
indicated higher sedentary behaviours.

Alcohol consumption
Data on alcohol consumption data were self-reported by 
the participants. The participants were classified into two 
categories based on their responses to alcohol consump-
tion in the last four weeks: no (non-drinkers) and yes 
(drinkers).

Smoking
Participants were asked if they had smoked in the last 
four weeks; they were dichotomised as smokers or non-
smokers based on whether they smoked cigarettes during 
the time period (yes = smoker; no = non-smokers).

Diet
Diet was assessed by the frequency of consumption of 
fruits and vegetables, skim/low/no-fat milk, high-fat 
food, full-cream milk products and high-sugar drinks. 
Following the observance of different dietary approaches, 
participants were categorised according to their dietary 
intake. Intake of fruits and vegetables and high-fat foods 
was categorised as ‘none’, ‘1–2 times a day’, ‘3–4 times a 
day’, ‘ ≥ 5 times a day’. Meanwhile, consumption of full-
cream milk products, skim/low/no-fat milk and high-
sugar drinks was categorised as ‘none’, ‘once a day’, ‘twice 
a day’, ‘thrice or more a day’. These categories were taken 
from the preferred classification of the LSAC based on 
the frequency of consumption per day.

Eating disorders
Stress-related eating or eating disorders are linked to an 
increased risk of obesity [23]. Hence, this study sought to 
consider these variables in the analysis. In wave 8 of the 
LSAC, the birth cohort children completed the Branched 
Eating Disorders Test questionnaire, which can identify 
partial syndrome eating disorders. The tool has high 
validity and reliability, which were originally validated in 
a community sample of adolescents and demonstrated 
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high sensitivity and specificity for identifying eating 
disorder cases [36, 37]. This tool, meeting at least two 
of the three diagnostic criteria for anorexia nervosa or 
bulimia nervosa included in the Diagnostic and Statisti-
cal Manual – III R [37, 38], indicates the presence of a 
partial syndrome eating disorder. Based on this assess-
ment, the LSAC survey determined whether the child 
has partial syndrome anorexia and/or bulimia. Further, to 
assess binge eating, the following question was asked in 
the LSAC survey: ‘How often did the child lose control of 
eating?’ Possible responses included ‘none’, ‘around once 
a week’ and ‘two or more days a week’.

Sleep
The LSAC measured sleep duration and sleep quality by 
asking the following questions: ‘On average, how much 
sleep do you get per night?’ and ‘During the last month, 
how well do you feel you have slept in general?’ Sleep 
quality was grouped as ‘very well’, ‘well’ and ‘not well’, and 
sleep duration was categorised as ‘less than 8  h’, ‘8–9  h’ 
and ‘greater than 9 h’.

Weight‑control behaviours
Adolescents’ dieting behaviour and exercising to con-
trol weight were also measured in wave 8. The following 
questions were asked to the participants: how would you 
feel if you gained one or two kilos of weight (‘no concern’, 
‘a little concerned’ and ‘would worry/upset me’). Partici-
pants were also asked about the frequency of having gone 
all day without eating to control weight (‘never’, ‘one day 
a week’ and ‘two or more days a week’) and the frequency 
of exercise to control weight (‘none’, ‘one to three days a 
week’ and ‘four or more days a week’).

Health status‑related outcome variables
Several health-related variables were measured in this 
study to compare the defined clusters of health status 
among adolescents. These variables are obesity, self-rated 
general health and health-related paediatric quality of life 
(PedsQL), among which PedsQL is a validated question-
naire used by the LSAC team [39]. All the responses of 
the variables, except the BMI measurements, were pro-
vided by the adolescents.

Obesity
Obesity was measured using the BMI score of the ado-
lescents. Interviewers measured the respondent’s weight 
using Tanita body fat scales and height using laser stadi-
ometer, as described in the data user manual [40]. These 
measurements were used to calculate the BMI. Then, the 
LSAC team categorised participants’ BMI scores based 
on the cut-offs suggested by Cole et  al. (2000, 2007) 
for adolescents by age and sex as follows: underweight, 

normal weight, overweight and obesity. In this study, 
obesity was one of the key outcome variables.

Self‑rated general health
Adolescents were asked to rate their general health on an 
ordinal scale as follows: ‘excellent’, ‘very good’, ‘good’, ‘fair’ 
and ‘poor’. These categories were then regrouped into two 
categories for this study as follows: excellent/very good as 
good health and good/fair/poor health as poor health for 
the regression analysis.

Health‑related quality of life (HRQoL)
In the LSAC, adolescents’ physical, emotional, school 
and Social Functioning were measured using the vali-
dated questionnaire of Pediatric Quality of Life (PedsQL) 
inventory [39]. This study used these subscales of HRQoL 
as the outcome variable as it is a reliable and responsive 
measure of health outcomes of adolescents, details are 
described by Varni et al. [39]. The following subscales of 
the PedsQL were used in this study: (i) Physical Func-
tioning, (ii) Emotional Functioning, (iii) School Function-
ing, (iv) Social Functioning and (v) Psychosocial Health 
Summary [41].

The Physical Functioning subscale assesses partici-
pants’ physical development. Parents were asked about 
how often their children experienced the following prob-
lems in the past month: a) difficulty walking more than 
one block, b) difficulty in running, c) difficulties in sport 
or exercise, d) difficulty lifting something heavy, e) dif-
ficulty taking a bath or showering by themselves, f ) dif-
ficulty doing chores in the house, g) having aches or 
pains and h) having low energy levels. The Emotional 
Functioning subscale measures the frequency of nega-
tive emotional states such as sadness and anxiety dis-
played by the children. Parents were asked how often the 
study children experienced the following problems in the 
past month: a) feeling afraid or scared, b) feeling sad or 
blue, c) feeling angry, d) trouble sleeping and e) worrying 
about what will happen to them. The School Functioning 
subscale assesses school adjustment and performance of 
the children. Parents were asked how often the children 
experienced the following problems in the past month: 
a) difficulty paying attention in class, b) forgetting things, 
c) difficulty keeping up with school activities, d) miss-
ing school because of not feeling well, e) missing school 
to go to the doctor or hospital. The Social Functioning 
subscale measures children’s relationships with their 
peers. Parents were asked to rate how frequently children 
experienced the following problems in the past month: 
a) difficulty getting along with other children, b) other 
kids not wanting to be their friends, c) getting teased by 
other children, d) not being able to do things that other 
children their age can do, e) difficulty keeping up when 
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playing with other children. The Psychosocial Health 
Summary subscale involved combining the scores on the 
Emotional Functioning and Social Functioning subscales.

To calculate the scale scores, children’s primary car-
egivers (in most cases, their mothers) were asked to rate 
each item on a five-point scale: Never (1), Almost never 
(2), Sometimes (3), Often (4), and Almost always (5). 
Items were reverse-scored and transformed to a 0–100 
scale (1 = 100, 2 = 75, 3 = 50, 4 = 25, 5 = 0), where higher 
scores indicated a higher level of functioning. Average 
scores were then calculated to obtain scores on the Physi-
cal, Emotional, School and Social Functioning subscales 
and Psychosocial Health Summary subscale. Details of 
the questionnaire and the validity and reliability of the 
PedsQL inventory are described elsewhere [39, 41].

Statistical analysis
Clusters of health-related behaviours were identified for 
3127 adolescent male and female adolescents using LCA, 
a subcategory of structural equation modelling. This 
unsupervised machine learning algorithm is designed 
to handle large datasets and categorical variables, and it 
has features to determine the optimal number of clus-
ters from a set of observed variables [42]. An advantage 
of using the LCA method in this study is that in contrast 
to the traditional approach of describing the variability 

of a single health behaviour, it provides a framework for 
describing heterogeneity among adolescents in terms of 
health behavioural indicators [24]. Thus, LCA was used 
to identify unobserved (latent) classes based on cate-
gorical indicators of lifestyles and health-related behav-
iours. This method designates each participant a ‘best’ 
class assignment based on their maximum likelihood 
of belonging to an identified distinct class. Participants 
within the same class are regarded as homogeneous 
based on the indicator variables [3, 43]. This distinction 
is a person-centred approach, as opposed to more tradi-
tional variable-centred approaches such as multiple logis-
tic regression analysis [24]. Analyses were performed 
using the LCA procedure in STATA (version 16.0) soft-
ware. Based on previous studies [24, 25], models with 
one to eight classes were tested to determine the optimal 
number of classes. No covariates were included in this 
procedure. To determine the optimal number of classes, 
Bayesian Information Criteria (BIC), Akaike Informa-
tion Criteria (AIC) and the likelihood functions L2 (devi-
ance statistics) values for each model were compared. 
The model with the lowest AIC, BIC and likelihood-ratio 
values and highest log-likelihood value was the best fit. 
LCAs found better model fits for identifying distinct 
clusters among male and female participants separately, 
rather than all adolescents. The study identified five 

Table 1  Model fit statistics for the LCA models

a Based on the model fit characteristics, five class and four class LCA classifications were adopted for male and female participants, respectively

Abbreviations: df degrees of freedom, AIC Akaike Information Criterion, BIC Bayesian information criterion

Model N Log likelihood df AIC BIC L2 % 
reduction 
in L2

For male participants
  One class 1606 -24527.86 38 49131.72 49336.22 25426.43 -

  Two class 1606 -24041.07 74 48230.14 48628.37 24452.85 3.8

  Three class 1606 -23755.00 98 47706.00 48233.39 23880.71 6.1

  Four class 1606 -23568.01 138 47412.02 48154.67 23503.99 7.6

  Five classa 1606 -23403.70 175 47157.40 48099.16 23178.11 8.8
  Six class 1606 -23336.56 210 47093.12 48223.24 23043.83 9.4

  Seven class 1606 -23225.17 249 46948.34 48288.33 22821.05 10.2

  Eight class 1606 -23151.64 278 46859.28 48355.33 22673.98 10.8

For female participants
  One class 1521 -23868.59 38 47813.18 48015.61 25574.27 -

  Two class 1521 -23472.68 75 47095.36 47494.89 24782.45 3.1

  Three class 1521 -22745.39 115 45720.78 46333.4 23327.87 8.8

  Four classa 1521 -22475.41 133 45216.82 45925.33 22787.91 10.9
  Five class 1521 -22311.89 190 45003.77 46015.93 22460.87 12.2

  Six class 1521 -22214.14 207 44842.28 45944.99 22265.37 12.9

  Seven class 1521 -22135.76 244 44759.52 46059.33 22108.61 13.6

  Eight class 1521 -22042.32 277 44638.64 46114.26 21921.73 14.3
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significant clusters for male participants and four clusters 
for female participants, as shown in Table 1. The distri-
butions of the item response probabilities were evaluated, 
and the identified classes were named based on charac-
teristics that were more likely to reflect the members of 
the class. Participants were assigned to classes in which 
they had the highest probability of membership; that is, 
they exhibited the traits that are representative of that 
class.

Further, descriptive analyses of the responses for each 
of the 17 latent class variables of health-related behav-
iours were performed and presented by sex and cluster 
groups. The associations between the identified latent 
classes and BMI categories or general health status were 
evaluated using multinomial and binomial logistic regres-
sion adjusted for child age. Further, association between 
the identified latent classes and the HRQoL scores were 
also projected utilising linear regression models. The 
adjusted odds ratios (ORs) and 95% confidence intervals 
were reported. All analyses were performed stratified by 
sex. Data were analysed in STATA (version 16.0).

Results
Sample characteristics
Of the 3127 participants, 49% were female. Regarding 
health risk behaviours, approximately 2.37% of adoles-
cents smoked cigarettes, whereas alcohol consumption 
was prevalent among 6.75% of adolescents. Male partici-
pants spent more time on exercise (> 3 h/week: 41.53%) 
and playing electronic games on weekdays (up to 3  h: 
57.38%) and weekends (> 3 h/week: 58.78%). In contrast, 
female participants spent more time on social media on 
a daily (34.19%) or weekly/monthly basis (52.99%). How-
ever, consumption of fatty foods and high-sugar drinks 
was lower among girls. Meanwhile, girls were more likely 
to engage in weight control through exercises and skip-
ping meals and to be more concerned about weight gain 
(see Table 2).

Cluster profiles
The cluster analysis revealed a five-class model for male 
participants and a four-class model for female partici-
pants based on lowest BIC and lower AIC, likelihood-
ratio (L2) and log-likelihood values compared to other 
models. The prevalence of 18 indicators across seven 
thematic areas, based on response probabilities of the 
defined clusters, is illustrated in Table  3. The clus-
ters were named according to the indicators with high 
response probabilities as follows for male adolescents: 
i) temperate (27.4%), ii) physically inactive (4.6%), iii) 
mixed lifestyle (21.6%), iv) multiple risk factors (7.6%), 
and v) healthy lifestyle (38.9%); and for female adoles-
cents: i) temperate (36.7%), ii) healthy lifestyle (43.3%, 

iii) multiple risk factors (15.8%) and iv) mixed lifestyle 
(4.2%). The healthy lifestyle cluster was the largest cluster 
for both boys and girls and was considered as the refer-
ence category while multinomial regression models were 
developed. Figure 1 shows that among different clusters, 
the proportion of adolescents with normal BMI was the 
highest (over 70%) among the healthy lifestyle clusters of 
both male and female participants. A higher number of 
adolescents in the mixed lifestyle and multiple risk fac-
tors clusters were with overweight (17–34%) or obesity 
(9–14%) compared to other clusters. Figure 2 shows the 
sex-based distribution of self-rated general health sta-
tus across clusters, which reveals that poor health status 
(poor/fair/good) was less prevalent among adolescents 
in the healthy lifestyle cluster (26% or less) compared to 
adolescents in other clusters (27%–46%). Figure 3 shows 
the average scores on the five dimensions of the PedsQL 
among the clusters of male and female participants. Ado-
lescents in the healthy lifestyle cluster obtained higher 
scores on all five dimensions compared to adolescents in 
other clusters.

Table 4 presents the associations between cluster mem-
bership and obesity or general health status. Table 5 pre-
sents the association between cluster membership and 
pediatric quality of life (PedsQL) outcome scores. Based 
on the descriptive statistics and the results shown in 
Tables 4 and 5, specific findings are presented ahead.

For male participants, healthy lifestyle, temperate, 
physically inactive, mixed lifestyle and multiple risk fac-
tors clusters were identified.

i)	 Male participants in the healthy lifestyle cluster 
(n = 624, 38.9%) reported the lowest levels of health 
risk behaviours (no smoking and almost no alcohol 
consumption), higher physical activity (> 3  h/week: 
57.4%), low sedentary behaviour (33.7% adolescents 
did not play e-games and 66.4% played e-games less 
than 3 h in a week), high sleep duration (> 9 h: 60.6%), 
healthy diet practices (78.7% adolescents ate fruits 
and vegetables more than three times a day), almost 
no eating disorders (see Table 3).

ii)	 Male participants in the temperate cluster (n = 440, 
27.4%) reported moderate levels of health risk behav-
iours (6.6% consumed alcohol and 1.6% smoked ciga-
rettes), physical activity (< 2  h exercise/week: 41.4% 
adolescents), sleep (< 8  h sleep: 19.8% adolescents), 
diet (only 30.4% adolescents consumed vegetables/
fruits three or more times per day), eating disorder 
(12.7% adolescents reported losing control of eat-
ing one or more days per week) and being conscious 
of weight gain (32.1% of adolescents reported being 
concerned about weight gain); however, adolescents 
in this cluster reported higher levels of sedentary 
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behaviour during weekends (96.1% adolescents spend 
more than three hours on e-games). Compared to the 
healthy lifestyle cluster, male participants in this clus-
ter were two times (OR = 2.37, 95% CI: 1.32 – 4.23) 
more likely to be with obesity. Further, male par-
ticipants in this cluster were three times (OR = 2.99, 
95% CI: 2.21 – 4.05) more likely to be in poor general 
health, compared to those of healthy lifestyle cluster 
(see Table 4). In the case of the paediatric quality of 
life, male participants in this cluster were more likely 

to obtain lower scores (b =—6.93 for the Physical 
Health Summary score, b = -5.80 for the Psychosocial 
Health Summary score and b = -6.30 for Social Func-
tioning score) compared to the healthy lifestyle clus-
ter (see Table 5).

iii)	Male participants in the physically inactive cluster 
(n = 73, 4.6%) had the lowest level of physical activ-
ity (89% of adolescents engaging in < 2 h of exercise/
week) and inadequate sleep quality (65.8% adoles-
cents reported not getting good sleep). Adolescents 

Fig. 1  Percentage of BMI categories by clusters among male and female participants

Fig. 2  Percentage of general health categories by clusters among male and female participants
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in this cluster also engaged in less healthy dietary 
practices (almost none of the participants consumed 
fruits or vegetables any day) and were less conscious 
of weight gain (almost none of the participants 
engaged in restrained eating or exercises to control 
weight). Compared to the healthy lifestyle cluster, 
adolescents in this cluster were four times (OR = 3.87, 
95% CI: 1.12 – 13.33) more likely to be with obesity. 
Moreover, adolescents in this cluster were three 
times (OR = 2.97, 95% CI: 1.29—6.83) more likely to 

be in poor general health (see Table  4). In the case 
of the paediatric quality of life, male participants in 
this cluster were more likely to have lower scores 
(b = -9.00 for Physical Health Summary score, 
b = -9.81 for Psychosocial Health Summary score and 
b = -9.66 for Social Functioning score) compared to 
those of healthy lifestyle cluster (see Table 5).

iv)	Male participants in the mixed lifestyle (n = 347, 
21.6%) cluster reported a miscellaneous routine 
regarding physical activity, health risk behaviour, 

Fig. 3  Pediatric quality of life average scores by clusters among male and female participants. Note: Abbreviations: PHS score, Physical Health 
Summary score; PSYHS Score, Psychosocial Health Summary score; EMOF Score, Emotional Functioning score; SCHF Score, School Functioning 
score; SOCF Score, Social Functioning score

Table 4  Associations between cluster membership and obesity or general health status

* For the binomial model, the outcome of poor health was determined when the adolescents were with good/fair/poor health, considering the very good/excellent 
health as reference

Multinomial Model: Obesity Status Binomial Model: General Health 
Status*

Cluster name Overweight Obesity Poor health

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

Models for male participants’ clusters
  Class 1 Temperate 1.34 0.93—1.93 0.121 2.37 1.32—4.23 0.004 2.99 2.21 – 4.05  < 0.001
  Class 2 Physically inactive 1.66 0.60 – 4.62 0.328 3.87 1.12 – 13.33 0.032 2.97 1.29 – 6.83 0.010
  Class 3 Mixed lifestyle 3.88 2.75 – 5.49  < 0.001 5.57 3.15 – 9.84  < 0.001 1.85 1.32 – 2.60 0.025
  Class 4 Multiple risk factors 1.37 0.79—2.39 0.257 1.93 0.84 – 4.42 0.118 2.19 1.38 – 3.47 0.001
  Class 5 Healthy lifestyle (ref.)

Models for female participants’ clusters
  Class 1 Temperate 1.18 0.89—1.58 0.234 1.79 1.03—3.12 0.040 1.17 0.90 – 1.52 0.229

  Class 2 Healthy lifestyle (ref.)

  Class 3 Multiple risk factors 1.48 1.03- 2.12 0.032 3.61 2.00 – 6.51  < 0.001 2.16 1.57 – 2.98  < 0.001
  Class 4 Mixed lifestyle 1.21 0.36- 4.14 0.750 1.68 0.27 – 10.59 0.578 2.18 0.63 – 7.56 0.219
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sedentary behaviour, high-quality sleep, healthy diet 
and weight-gain consciousness. For example, though 
a majority of adolescents in this cluster engaged in 
2 h (43.8%) or more (38.3%) of physical exercise per 
week, 10.1% of adolescents consumed alcohol and 
2.9% smoked cigarettes, accounting for the second-
highest prevalence among all the clusters. Further-
more, though around half of the adolescents slept 
8–9 h and consumed fruits or vegetables 3–4 times 
per day, over 80% of adolescents consumed high-fat 
food at least once per day (up to 4 times/day). On the 
contrary, over 80% of adolescents were concerned 
about weight gain, and over half of the adolescents 
engaged in exercise one to three days per week to 
control weight. However, around 60% of adolescents 
lost control of eating at least once a week, and a few 
adolescents (7.2%) had partial syndrome anorexia 
and/or bulimia. Male participants in this cluster were 
more likely to be either overweight (OR = 3.88, 95% 
CI: 2.75 – 5.49) or obese (OR = 5.57, 95% CI: 3.15 
– 9.84) and were more likely to have poor general 
health (OR = 1.85, 95% CI: 1.32 – 2.60) compared 
to those in the healthy lifestyle cluster (see Table 4). 
Further, members of this cluster more likely to obtain 
lower HRQoL scores (b = -2.77 for Social Function-
ing score) compared to those in the healthy lifestyle 
cluster (see Table 5).

v)	 Male participants in the multiple risk factors 
(n = 122, 7.6%) cluster had the highest percent-
age of smokers (6.6%) and alcohol drinkers (15.6%) 
compared to those in other clusters. Male partici-
pants in this cluster had high levels of sedentary 
behaviour: over 80% played e-games 3  h or more 
on weekdays, and over 90% played e-games 3  h or 
more on weekends (see Table 3). They also engaged 
in social media more frequently and were indiffer-
ent about weight gain. Members of this cluster were 
more likely to have poor general health (OR = 2.19, 
95% CI: 1.38 – 3.47) and more likely to obtain lower 
HRQoL scores (b = -6.49 for Social Functioning 
score) compared to those in the healthy lifestyle 
cluster (see Table 4 and 5).

For female participants, healthy lifestyle, temper-
ate, mixed lifestyle and multiple risk factors clusters 
were identified.

i)	 Female participants in the healthy lifestyle cluster 
(n = 659, 43.3%) reported the lowest levels of health 
risk behaviours (no smoking and almost no alcohol 
consumption), higher physical activity (around 80% 
of adolescents exercising 2 h or more per week), low 

levels of sedentary behaviour (almost no adolescents 
playing e-games in the weekdays, and 89.8% did not 
play e-games on weekends), long sleep duration (90% 
adolescents slept 8  h or more per night) with good 
quality sleep, healthy diet practices (over 97% adoles-
cents ate fruits and vegetables regularly) and almost 
no eating disorders (see Table 3).

ii)	 Female participants in the temperate cluster (n = 558, 
36.7%) had moderately active health behaviours, 
physical activity (around 67% of adolescents engaged 
in 2 h or more exercise per week), moderate hours of 
sleep (39% of adolescents sleep 8–9 h and 52% of ado-
lescents slept more than 9 h), healthy diet (65% ado-
lescents ate fruit and vegetables 3 times or more per 
day), less eating disorders, moderate consciousness 
of weight gain and low levels of sedentary behaviour 
on weekends. Female participants were more likely 
to be with obesity (OR = 1.79, 95% CI: 1.03 – 3.12) in 
this cluster compared to those in the healthy lifestyle 
cluster (see Table 4).

iii)	Female participants in the mixed lifestyle (n = 63, 
4.2%) reported no smoking or alcohol consumption 
but engaged in less physical activity (90.5% of ado-
lescents with less than 2 h of physical activity/week). 
The majority of adolescents in this cluster never used 
social media, and although their sleep duration was 
good, their sleep quality was not good. Further, they 
had a lower intake of inappropriate diet and low eat-
ing disorders and weight-gain consciousness. There 
were no significant associations between member-
ship of the participants to this cluster and obesity or 
poor general health (see Table 4). Regarding the pae-
diatric quality of life, female participants in the mixed 
lifestyle cluster were more likely to obtain lower 
HRQoL scores (b = -6.12 for the Physical Health 
Summary score, b = -6.46 for Psychosocial Health 
Summary score and b = -6.72 for Social Functioning 
score) compared to those in the healthy lifestyle clus-
ter (see Table 5).

iv)	Female participants in the multiple risk factors 
(n = 241, 15.8%) cluster reported multiple risks in 
various indicators, including physical activity or 
exercise (42.3% engaged in more than 2  h of physi-
cal activity but less than 3  h/week). Adolescents in 
this cluster had high sedentary behaviour, engaged 
in social media several times a day and had the low-
est sleep quality and reported more eating disorders. 
Adolescents in this cluster were around four times 
more likely to be with obesity (OR = 3.61, 95% CI: 
2.00 – 6.51) compared to those in the healthy life-
style cluster. Further, they were two times (OR = 2.16, 
95% CI: 1.57—2.98) more likely to have poor general 
health (see Table 4). Regarding the paediatric quality 
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of life, female participants in this cluster were more 
likely to obtain lower HRQoL scores (b = -4.15 for the 
Physical Health Summary score, b = -8.09 for Psycho-
social Health Summary score and b = -6.59 for Social 
Functioning score) compared to those in the healthy 
lifestyle cluster (see Table 5).

Discussion
This study revealed a distinct pattern of health behav-
iours among Australian adolescents and identified 
them in different clusters. These clusters were signifi-
cantly associated with obesity, general health status 
and HRQoL. Both male and female participants in the 
healthy lifestyle clusters reported lower health risk 
behaviours and hence its members were less likely to 
have obesity, to have poor general health or to obtain 
lower HRQoL scores. On the contrary, the temperate 
cluster reported moderate levels of physical activity, 
sleep time, diet, eating disorder and weight-gain con-
sciousness. However, adolescents in the unhealthy clus-
ters (physically inactive, mixed lifestyle and multiple risk 
factors) reported the lowest levels of physical activity, 
high sedentary behaviour on weekdays, poor sleep qual-
ity, less healthy diet, low levels of consciousness regard-
ing weight management and higher smoking and alcohol 
consumption rates. Clustering the distinct patterns of 
health-related behaviours is crucial since these behav-
iours affect both health and life expectancy [44].

This study identified specific clusters by gender con-
cerning obesity, self-perceived general health status and 
pediatric HRQoL. Boys from the temperate, physically 
inactive and mixed lifestyle clusters and girls from the 
mixed lifestyle and multiple risk factors clusters were 
more likely to be with obesity than their counterparts in 
the healthy lifestyle clusters. Previous studies shown that 
unhealthy health behaviours are associated with higher 
BMI [21, 33, 45–47], but there were no cluster wise iden-
tification of health risks. However, some cross-sectional 
studies indicated an unexplained inverse relationship [48, 
49] or no association [50] of higher BMI with unhealthy 
energy balance-related or nutritional behaviours. The 
possible reasons for this inconsistency may be the nature 
and quality of data, as well as any geographical, behav-
ioural or methodological differences.

The present study found that adolescent boys in the 
temperate, physically inactive and mixed lifestyle clusters 
and girls in the mixed lifestyle and multiple risk factors 
clusters were less likely to report very good or excellent 
general health than their counterparts with a healthy 
lifestyle. However, there are limited studies to corrobo-
rate this finding. A study conducted in Ireland found 
higher odds of negative perceptions about health in the 

unhealthy behaviour cluster than in the healthy clus-
ter [4]. Furthermore, earlier studies have shown that a 
healthy lifestyle ensures very good or excellent general 
health [51–53]. Adolescents with adverse health practices 
may have unhealthy cardiovascular profiles and low peak 
bone masses, consequently deteriorating their general 
health [34].

The present study further revealed that male partici-
pants in the temperate and physically inactive clusters 
and female participants in the mixed and multiple risk 
factors clusters reported lower quality of life than did 
their healthy lifestyle counterparts. Unhealthy clusters, 
including those who engaged in minimal physical activity, 
sedentary habits, restrained diet and had lower dietary 
awareness, reported a reduced quality of life (HRQoL). 
Similar to previous study findings, individuals with unde-
sirable lifestyles had a higher likelihood of poor HRQoL 
[4, 54, 55]. Possible reasons for this include body pain, 
inadequate energy supply to the body and psychosocial 
or emotional breakdown [53, 55]. In addition, clusters 
of unhealthy habits are associated with depression, anxi-
ety, violent behaviours, insufficient social support and 
unpleasant perceptions of society, all of which can lead to 
poor HRQoL [54].

The present study also demonstrated that clusters with 
moderately healthy behaviour had a significant impact 
on male participants but not on female participants. The 
temperate cluster—denoted by moderate health prac-
tices—also showed increased body fat, poor health and 
lower HRQoL among male participants; these findings 
are supported by a study in Ireland setting [4]. Male par-
ticipants were more vulnerable than female participants. 
However, there are limited studies to explain the causal 
relationships in these sex differences, suggesting the 
need for further large-scale investigations to consider 
unhealthy-to-moderate stability of lifestyles patterns 
through sex-stratified analyses.

The above discussed study findings have substantial 
public health implications. Firstly, utilisation of LCA ena-
bled this study to classify the adolescents from the com-
plex characteristics of several domains of health-related 
behaviours. Secondly, the study findings would enable 
the health policy makers to focus on developing and 
implementing interventions based on the lifestyle charac-
teristics among adolescents. For example, policy makers 
may take up a multifaceted intervention approach to tar-
get multiple unhealthy behaviours, assuming this would 
be more effective than targeting a single risk factor at a 
time. Future studies should explore the effects of different 
treatments on these obesity-related clusters. In addition, 
future studies should investigate the impact of biologi-
cal and family factors on health-related behaviour pat-
terns over an extended period using further longitudinal 
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data. The main strength of the present study lies in its 
relatively large sample size, focusing on a range of health 
risk behaviours. This is one of the first studies to cluster 
a variety of health behaviours among adolescents and 
assess their association with three different health out-
comes. Another strength of the study is that it has uti-
lised the eighth wave data of the LSAC to capture the 
health outcomes of adolescents with different healthy and 
unhealthy behaviours. Further advantages of this study 
include the use of validated and well-accepted measures 
to assess the outcome variables. For example, weight 
and height data to calculate participants’ BMIs were col-
lected by trained professionals. Moreover, the LCA is an 
advanced statistical approach that ensures diverse ben-
efits for more precise estimations [3].

The present study has some limitations. First, this 
study provides an overview of adolescents’ health 
behaviours and their association with obesity, self-
rated health and HRQoL using unbalanced longitu-
dinal data. This precludes causal inferences between 
the identified clusters and health outcomes. Second, 
the records of adolescents’ health behaviour pat-
terns and general health status were self-reported by 
them. It might be possible that they failed to recall 
past events, leading to bias or over and underreport-
ing of the results [3, 33]. Third, the weight control 
behaviour related variables might have reverse cau-
sality, especially for being associated with obesity in 
this cross-sectional study. Finally, although LCA is a 
powerful statistical procedure, it has few methodi-
cal limitations. LCA assigns individuals to classes 
based on their probability of being in classes, however, 
proper class assignment is not guaranteed. Eventually, 
while we analyse data based on the classes, the results 
are dependent on the choice of classes (made subjec-
tively based on BIC, AIC and log-likelihood values). If 
a different choice would be made, that would lead to 
slightly different results. Furthermore, the properties 
of the identified classes of this study are complex, and 
they are assigned names based on the judgement of 
most prominent properties. Hence readers should be 
careful of the “naming fallacy” and need to be cautious 
to understand them properly [56].

Conclusions
The current study identified sex-based clusters of obe-
sity-related health risk behaviours among Australian 
adolescents. All unhealthy clusters were associated 
with increased obesity and lower levels of self-rated 
general health; however, the magnitude of the risk of 
poor health outcomes varied by the risk characteristics 
of the clusters. Understanding various lifestyle clusters 
and health-related risk behaviours may be important 

for policy makers when developing obesity preven-
tion interventions. Future studies should investigate 
the effects of various interventions on reducing these 
obesity-related clusters. Identifying the associations of 
these clusters with morbidity and lower quality of life 
scores is important to determine health behaviour pat-
terns in national and international settings, which may 
help with obesity prevention and improving the quality 
of life.
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