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Abstract

This study examines longitudinal behaviour change in six key lifestyle behaviours—
sleep, physical activity (PA), sedentary recreational screen time, diet, alcohol use,
and tobacco use—and associations with mental health in a large study of Australian
adolescents. Change between baseline (M,,=12.7, N=6,639) and 3-year follow up
(Mg =15.7, N=4445) was investigated. Generalised linear mixed effects regressions
modelled associations between behaviour change and later psychological distress score
adjusting for baseline behaviours, baseline psychological distress, social determinants,
and school clustering. Changes over time in each of the behaviours were significantly
associated with later psychological distress, whereby health-promoting behaviours
were associated with reduced psychological distress and vice versa. When all behaviour
changes were modelled together, significant effects remained for sleep, PA, vegetable
consumption, junk food and SSB consumption, alcohol, and tobacco use. Results high-
light the potential benefits of behaviour modification to reduce the progression of psy-
chological distress in adolescence.
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Background

Adolescence is a critical developmental period that shapes health outcomes well into adult-
hood (Sawyer et al., 2012). The peak age of onset for mental disorders occurs in adoles-
cence (at age 14.5), and~50% of all mental disorders emerge before the age of 15 (75%
by the age of 25) (Solmi et al., 2022; McGrath et al., 2023). Mental health issues that arise
during adolescence typically track into adulthood (Jones, 2013), and mental disorders are
the 7th highest cause of disease burden worldwide, which is a rise from 13th in 1990 (GBD
2019 Mental Disorders Collaborators, 2022).

Lifestyle risk and protective factors for chronic disease also typically change substan-
tially in adolescence as more autonomy is gained and, similarly to mental disorders, behav-
ioural patterns established in adolescence often influence behaviours in adulthood (Leger
et al., 2012; Telama et al., 2014; Albani et al., 2017; Hayes et al., 2019; Livingston et al.,
2020; Gardner et al., 2024). Six key lifestyle factors—moderate-to-vigorous physical activ-
ity (PA), sleep, sedentary recreational screen time, diet, alcohol use, and tobacco use—
herein referred to as the ‘Big 6’, are among the leading contributors to burden of disease
worldwide (Global Burden of Disease Study, 2023).

A growing body of literature has demonstrated associations between the Big 6 lifestyle
behaviours and mental health in adolescence. Studies suggest that mechanisms include physi-
ological mechanisms (e.g. increases in inflammation associated with poor diet worsen mental
health (Oddy et al., 2018) and decreases in inflammation associated with PA improve men-
tal health (Kandola et al., 2019)), neurological mechanisms (e.g. impacts on the prefrontal
cortex from sleep deprivation (Jamieson et al., 2020) and tobacco use (Jobson et al., 2018)
worsen mental health), and psychosocial mechanisms (e.g. cyberbullying and upward social
comparison during screen time (Bottino et al., 2015; Seabrook et al., 2016) and social harms
from alcohol use (Esmaeelzadeh et al., 2018) worsen mental health). Of the existing research,
most studies examine a single behaviour on its own or a subset of two-to-three behaviours
and associations with mental health outcomes, but evidence indicates that there are interrela-
tionships between the Big 6 behaviours, suggesting they should be examined together (Fakier
& Wild, 2011; Foti et al., 2011; Costigan et al., 2013). There are four recent studies—two
from Canada, (Arbour-Nicitopoulos et al., 2012; Dabravolskaj et al., 2023) one from Korea,
(Yoo & Kim, 2020) and one from Australia (Smout et al., 2023)—that have examined five or
more of the Big 6 within one adolescent cohort. The four studies employed different meth-
odologies and were conducted in cohorts with varying characteristics, limiting comparability
of findings. Nevertheless, sleep, screen time and vegetable consumption were consistently
associated with mental health outcomes, yet findings for PA, fruit consumption, junk food or
SSB consumption, alcohol use, and tobacco use were inconsistent.

There are several key limitations with these studies. Firstly, all except the Australian
study only modelled behaviours individually, missing the opportunity to examine how
associations may be impacted by adjusting for the remaining behaviours. Secondly, all four
studies examined behaviours at a single timepoint; all were cross-sectional except one of
Canadian studies, which still only considered baseline behaviours (Arbour-Nicitopoulos
et al., 2012; Yoo & Kim, 2020; Dabravolskaj et al., 2023; Smout et al., 2023). This pre-
cludes conclusions about the role of behaviour change; we cannot discern how improve-
ments in the Big 6 may be associated with mental health outcomes, only how behavioural
levels (e.g. serves of vegetables) at one timepoint are associated with mental health at
either the same or a later timepoint. In addition, all except the Australian study treated
the behaviours categorically, either as meeting/not meeting national guidelines or engaging
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in high/moderate/low levels of the behaviours. This precludes realistic, strengths-based
conclusions as findings are centred around guidelines or behavioural thresholds that the
vast majority of adolescents do not meet (Beal et al., 2019; Guthold et al., 2020; Khan
et al., 2021). Finally, there was limited consideration of the social determinants of health
across the studies, despite evidence that factors such as gender diversity, relative affluence,
and cultural and linguistic diversity can be associated with lifestyle behaviours (Currie
et al., 2009; Bishop et al., 2020; Champion et al., 2021) or mental health outcomes (Lund
et al., 2018). While some studies did adjust for social determinants including age and sex
as covariates, only the Australian study directly examined the associations between social
determinants and lifestyle behaviours, and this study was limited by cross-sectional design.
To address these gaps, the present study has three key research questions: (1) What
are the patterns of behaviour change in a general population sample of adolescents over
3 years? (2) What relationships do these behaviour changes have with key social deter-
minants? (3) What are the associations between behaviour change and mental health out-
comes? To investigate these questions, this study uses a large, longitudinal dataset of Aus-
tralian adolescents and examines the following: (1) the prevalence and mean changes in the
Big 6 between baseline and 3-year follow-up, spanning the first 4 years of secondary school
in Australia (year 7 (age ~ 12—13) to year 10 (age ~ 15-16)), (2) associations between social
determinants (gender, cultural and linguistic diversity, and family affluence) and behaviour
change, and (3) associations between changes in the Big 6 and psychological distress (a
general indicator of mental illness), both individually and in a multi-behavioural model,
while adjusting for baseline behaviour, baseline psychological distress, and social deter-
minants. Based on the relationships between the Big 6 and mental health observed in the
aforementioned studies (Arbour-Nicitopoulos et al., 2012; Bottino et al., 2015; Seabrook
et al., 2016; Esmaeelzadeh et al., 2018; Jobson et al., 2018; Oddy et al., 2018; Kandola
et al., 2019; Jamieson et al., 2020; Yoo & Kim, 2020; Dabravolskaj et al., 2023; Smout
et al., 2023), we hypothesise that an increase in health promoting behaviours will be asso-
ciated with decreased symptoms of psychological distress, and an increase in health risk
behaviours will be associated with increased symptoms of psychological distress.

Methods
Study Design and Procedure

This study uses baseline and 3-year follow-up survey data from the Health4Life cluster ran-
domised controlled trial (RCT), which evaluated the efficacy of an eHealth intervention tar-
geting the Big 6 among Australian secondary school students (Teesson et al., 2020). The trial
was pre-registered (ACTRN12619000431123) and had ethical approval (University of Syd-
ney HREC2018/882, University of Queensland 2019000037, Curtin University HRE2019-
0083, NSW Department of Education SERAP 2019006, and several Catholic Diocese com-
mittees). The published protocol and main outcomes study contain further details on sample
size calculations, recruitment procedures and consent procedures (Teesson et al., 2020;
Champion et al., 2023). Briefly, 519 independent, public (government-funded), or Catholic
schools across New South Wales (NSW), Queensland (QLD), and Western Australia (WA)
were approached, with school type based on relevant ethics approval in each State. Schools
were identified via the publicly available database My School, with those that had fewer than
30 year 7 students excluded. 85 schools were recruited but 14 schools (distributed between
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the states) withdrew, mainly due to lack of time. Seventy-one schools across NSW, QLD,
and WA participated in the trial. All year 7 students at participating schools were eligible,
but active student consent and either active or passive parental consent (depending on ethics
board) was required. Students completed the baseline questionnaire in year 7 in 2019 and
3-year follow up in year 10 in 2022. In Australia, students are aged 12—13 in year 7 and
15-16 in year 10, equivalent in age to grades 7 to 10 in the USA and Canada, and years 8
to 11 in the UK and New Zealand. As reported elsewhere, the Health4Life intervention was
found to be no more effective than an active control condition in achieving behaviour change
for the Big 6 (Champion et al., 2023; O’Dean et al., 2024). Between-group differences were
found immediately post-intervention (7-week follow-up) for psychological distress, (Smout
et al., 2024) however effects did not hold beyond this timepoint. As the present study includes
only baseline and 3-year follow-up, both the control and intervention group are included to
maximise sample size. However, intervention allocation and school cluster are adjusted for in
all models (see statistical analysis section).

Measures

Behaviour Change

Physical Activity Change Moderate-to-vigorous PA was measured using a measure rec-
ommended by the Active Healthy Kids Australia Research Working Group (Tomkinson
et al., 2016). The measure was chosen to facilitate comparison with Australian PA guide-
lines. Participants are presented with an explanation of moderate-to-vigorous PA (‘activity
that increases your heart rate and makes you get out of breath some of the time’) and are
asked to consider a ‘typical/usual’ week and report how many days (0-7) they engage in
at least 60 min of moderate-to-vigorous PA. Change was determined by subtracting year
10 days from year 7 days, resulting in a variable ranging—7 to 7.

Sleep Change Average nightly sleep duration was measured using the Modified Sleep
Habits Survey (Short et al., 2013). Students reported (separately for week nights and week-
end nights) the time they usually (1) went to bed (12-h time—am/pm), (2) attempted sleep
(12-h time), (3) took to fall asleep (h, min), (4) were awake during the night (h, min), and
(5) woke up in the morning (12-h time—am/pm). These items were then used to calculate
average hours’ sleep per night in the past week (weighted to reflect weeknights and week-
end nights). The Sleep Habits Survey has high correlation with sleep journal and actig-
raphy measurements among adolescents (Wolfson et al., 2003) and studies have demon-
strated the validity and accuracy of adolescent self-report bedtime, wake time and sleep
duration (Nascimento-Ferreira et al., 2016). Sleep change was determined by subtracting
year 10 average hours’ sleep from year 7 average hours.

Screen Time Change Recreational screen time was measured using the International Sedentary
Assessment Tool (Prince et al., 2017). Participants reflect on a ‘typical’ week day and ‘typical
weekend day’ and separately report their average daily time spent sitting or lying down while
watching television/videos (examples included Netflix and online videos) or using an electronic
device (examples included laptop gaming consoles, smartphone). Participants were instructed
to only consider free time (i.e. not at school) and not to double count time; if they were watching
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videos and scrolling on their phone, they allocated time to one or the other. Both weekend and
weekday times were then combined with a weighted average to compute average daily time
across the week in hours. Change was determined by subtracting year 10 h from year 7 hours.

Diet Change Four key components of diet—fruit, vegetable, sugar-sweetened beverage
(SSB), and discretionary food (‘junk food’) consumption—were measured using items from
the Student Physical Activity and Nutrition Survey (SPANS). For fruit and vegetable intake,
participants were presented with visual cues of serving sizes (reflecting National guidelines
on fruit and vegetable serving sizes) and asked to report the number of servings they ‘usu-
ally’ have per day. Continuous variables ranging 0—7 were used with O representing less than
one serve per day and 7 indicating 7 +serves per day. Change was determined by subtracting
year 10 average daily serves from year 7 serves, resulting in a variable ranging from—7 to
7. To report their SSB consumption, students were presented with visual cues on how many
cups are contained in typical packaging sizes of beverages and asked to how many cups they
consume in a typical week (Supplementary Table 1). Junk food measurement consisted of six
variables with different categories of discretionary foods (e.g. ‘Confectionary, such as lollies
or chocolate’, ‘Hot chips, French fries, wedges or fried potatoes’, etc.), against which students
reported how frequently they ‘usually’ consumed those foods each week (Supplementary
Table 2). SSB and junk food have been combined for the present study, with detailed infor-
mation on how this was operationalised provided in Supplementary Note 1. Briefly, the six
junk food variables each had four frequency categories, so the scale was summed to a total
score out of 24. The SSB variable was converted to four frequency categories, a total score
out of 4. The junk and SSB total scores were summed to a combined ‘Junk and SSB score’
out of 28 and the change score was calculated by subtracting year 10 score from year 7 score.

Alcohol and Tobacco Change Binary variables were utilised to capture alcohol and tobacco
use. Binary measures were chosen due to the low prevalence of alcohol and tobacco use
among year 7 students (12-13 years) (Champion et al., 2021). For alcohol, participants
reported whether they had consumed a full standard alcoholic drink in the past 6 months. To
help students discern a full standard drink, they were shown a chart that indicated the number
of standard drinks in a range of different alcohol types and sizes. Tobacco measurement used
an item from the Youth Risk Behavior Survey (YRBS), whereby participants reported whether
they had smoked a cigarette (‘even one or two puffs’) in the last 6 months (Brener et al., 2013).
Change variables were determined by comparing year 7 response to year 10 response and were
categorised as (1) no change, (2) ‘yes’ in year 7 but ‘no’ in year 10, and (3) ‘yes’ in year 10
but ‘no’ in year 7. Those who reported no change were not split into categories of yes at both
timepoints or no at both timepoints, despite likely differences in year 10 mental health between
these groups, as our research question was interested in behaviour change.

Psychological Distress

The Kessler 6-item scale (K6) is a measure of psychological distress with predictive ability to
identify common mental disorders among adolescents, including major depressive disorder,
generalised anxiety disorder, and bipolar disorder (Ferro, 2019). The K6 measured prior-four-
week psychological distress symptoms such as nervousness, hopelessness, restlessness, and
worthlessness and asked students to report the portion of time they experienced these symp-
toms from ‘all of the time’ to ‘none of the time’ (Kessler et al., 2002). This K6 is scored out
of a possible range of 0-24, with scores> 13 indicating high psychological distress (Kessler
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et al., 2011; Mewton et al., 2016). High psychological distress on the K6 is not disorder-spe-
cific, instead indicating a ‘probable serious mental illness’ (Kessler et al., 2011). The K6 is
widely used and has demonstrated good internal consistency and predictive validity in adoles-
cents (Kessler et al., 2011; Mewton et al., 2016; Ferro, 2019).

Social Determinants

Gender The two-step approach to categorising gender was used, whereby gender iden-
tity and sex assigned at birth are combined to recognise transgender and gender diverse
participants whose gender identity does not match their sex assigned at birth (Kidd et al.,
2022). Students reported their gender identity, with four options: ‘male’, ‘female’, ‘non-
binary/gender fluid’, ‘different identity’, and ‘prefer not to say’ (ACON, 2021). Sex at
birth options were ‘male’, ‘female’, and ‘prefer not to say’. After performing the two-step
method, the final gender variable consisted of four categories: (1) cisgender male (male-
identifying and assigned male sex at birth), (2) cisgender female (female-identifying and
assigned female at birth), (3) transgender/non-binary/gender diverse (different gender
identity to sex assigned at birth), and (4) prefer not to say (prefer not to say indicated for
either identity or sex assigned at birth). Year 10 (3-year follow-up) gender was the covari-
ate used.

Cultural and Linguistic Diversity (CALD) CALD participants were those who reported
being born in a non-English speaking country and/or indicated primarily speaking a lan-
guage other than English at home, as recommended in a recent review (Pham et al., 2021).

Socioeconomic Status As parent or carers’ income, education and other socioeconomic
indicators are often unknown by children and adolescents, the Family Affluence Scale III
(FASIII) was used to identify relative family affluence (Torsheim et al., 2016 Sep 1). The
FASIII asks students to report against indicators of familial wealth that young people are
likely to know (e.g. number of computers, number of bathrooms in home) as a proxy for
familial socioeconomic status. It has demonstrated good test-retest reliability (r=0.9) and
strong correlation with parental report (Torsheim et al., 2016). A ridit transformation is
then applied to the summed score, which converts the sample scores to a normal distri-
bution, representing a participant’s relative family affluence position within the overall
sample. This ridit score is then recoded into low relative affluence (0-0.2), middle relative
affluence (0.2-0.8), and high relative affluence (0.8—1) categories. Year 7 family affluence
categories are used in descriptive statistics and models.

Australian National Guidelines

Some results are compared to Australian national health guidelines, which are summarised
in Table 1.

Statistical Analysis
All analyses were conducted in R Studio version 2022.12.0+353. Descriptive analy-

ses determined the sample characteristics and mean scores and prevalence of the Big
6 behaviours and psychological distress, as well as mean change at the overall sample
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Table 1 Australian national health guidelines

Behaviour Australian national health guideline

Moderate-to-vigorous PA At least 60 min each day of moderate to vigorous physical activity (Australian
Government Department of Health and Aged Care, 2021).

Sleep Children aged 5 to 13 years should get 9 to 11 h of uninterrupted sleep (Austral-
ian Government Department of Health and Aged Care, 2021).
Young people aged 14 to 17 years should get 8 to 10 h of uninterrupted sleep
(Australian Government Department of Health and Aged Care, 2021).

Screen time No more than 2 h of sedentary recreational screen time per day (Australian
Government Department of Health and Aged Care, 2021).

Fruit consumption At least 2 servings of vegetables per day (National Health and Medical
Research Council, 2013).

Vegetable consumption At least 5 servings of vegetables per day (National Health and Medical
Research Council, 2013).

Junk food and SSB intake Limit intake of foods and drinks containing saturated fat, added salt, and added
sugars (National Health and Medical Research Council, 2013).

Alcohol use Children and people under 18 years of age should not drink alcohol (National
Health and Medical Research Council, 2020).

Tobacco use No health guideline but purchasing cigarettes is illegal for anyone under the age
of 18

level and in subgroups for each of the three social determinant covariates. The social
determinant subgroup differences in mean change scores were examined with t-tests (for
CALD status) and one-way ANOVAs (for gender and family affluence), while the dif-
ferences on categorical measures (alcohol and tobacco) were examined with chi-square
tests. The ‘tableone’ package was used for all descriptive analyses and subgroup tests
(Yoshida et al., 2020).

Mixed effects regressions were used to model the association between change in each
of the behaviours and psychological distress. Models adjusted for baseline behaviour and
baseline psychological distress to determine the role of behaviour change, over-and-above
the influence of participants’ starting point for health behaviours or psychological dis-
tress. Models also adjusted for gender, affluence and CALD status and included a random
effect of school, to account for the clustered nature of the dataset. Four types of mixed
effects regressions were tested; linear mixed effects regressions, and—as the K6 symp-
tom score variable is essentially a count of symptoms and their frequency and has a left
skewed distribution—three generalised linear mixed effects approaches (Poisson, negative
binomial type I, and negative binomial type II) (Green, 2021). Model fit statistics (AIC
and BIC) were compared to guide model selection. Negative binomial type I regressions
offered superior fit for all models. These were performed using the R package ‘glmmTMB’
(Brooks et al., 2017). First, single behaviours and their relationship with psychological dis-
tress were modelled. Next, a multi-behavioural model was analysed, which included all
health behaviours to identify any unique associations with psychological distress, over-and-
above the other behaviours. The multi-behavioural model was checked for multi-colline-
arity using the variable inflation factor (VIF) from the ‘performance’ package (Liidecke
et al., 2021). A VIF<S5 indicates a low correlation of that predictor with other predictors
(Liidecke et al., 2021). Attrition analysis examined baseline characteristics by follow-up
status, using a t-test for continuous variables (psychological distress, moderate-to-vigorous
PA, sleep, screen time, fruit, vegetable, and junk food/SSB) and a binomial logistic regres-
sion for alcohol and tobacco use.
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Table 2 Characteristics of the sample

Year 7 (baseline) Year 10 (36-month
follow-up)

Participant, N 6639 4445
Age mean (SD) 12.65 (0.50) 15.71 (0.64)
Gender, N (%)

Cisgender male 3271 (49.5) 2109 (47.9)

Cisgender female 3185 (48.2) 2035 (46.2)

Transgender/non-binary/gender diverse 51 (0.8) 142 (3.2)

Prefer not to say 105 (1.6) 119 (2.7)
Relative family affluence, N (%)

Low 909 (15.1) 571 (14.0)

Middle 3510 (58.4) 2426 (59.3)

High 1595 (26.5) 1092 (26.7)
Cultural and linguistically diverse, N (%)

Non-CALD 5809 (87.8) 3907 (88.2)

CALD 808 (12.2) 525 (11.8)
Results

Participant Characteristics

As summarised in Table 2, 6639 participants completed baseline in year 7 (M,,=12.7,
49.5% male, 48.2% female, 0.8% gender-diverse) and 4,445 completed 3-year follow-up in
Year 10 (M, =15.7, 47.9% male, 46.2% female, 3.2% gender-diverse). Attrition analysis
(Supplementary Table 3) showed that, compared to those who completed follow-up in year
10, those who only completed the baseline questionnaire had significantly higher baseline
psychological distress, higher baseline PA, lower baseline sleep, higher baseline screen
time, and higher baseline junk food/SSB. There were no significant differences by baseline
fruit and vegetable consumption. Those who reported drinking alcohol or smoking a ciga-
rette at baseline were less likely to complete follow-up.

Table 3 presents descriptive statistics for the Big 6 behaviours. By year 10, the sample
averaged 11% less moderate-to-vigorous PA, 8% less sleep, 10% more screen time, 17%
less fruit consumption, 4% less vegetable consumption, and 2% more junk food/SSB con-
sumption. In year 10, 29.9% of participants had consumed a full standard drink and 7.9% of
participants had smoked a cigarette in the past 6 months, compared to year 7 prevalence of
2.9% and 1.5%, respectively. Mean psychological distress scores increased over time, with
23.8% of participants meeting the threshold for probable mental illness in year 10, compared
to 14.1% in year 7. The portion of the sample adhering to National guidelines decreased
between years 7 and 10 for all behaviours aside from sleep, likely due to the sleep guidelines
changing from 9 to 11 h per night for 12—13-year-olds to 8—10 h for 14—17-year-olds.

Table 4 shows the descriptive statistics for mean change in behaviours between year
7 and year 10, overall and by social determinant subgroups, in addition to tests of sig-
nificance for each social determinant. Cisgender females and gender diverse participants
had significantly larger decreases in physical activity than cisgender males. There were
no significant differences in sleep changes by gender. Gender diverse participants had
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significantly larger increases in screen time than their cisgender peers. Cisgender females
and gender diverse participants had significantly larger decreases in fruit and vegetable
consumption but there were no significant gender differences in changes in junk food and
SSB consumption. Changes in alcohol and tobacco use were both significantly associated
with gender; 28.6% of cisgender males changed from not drinking to drinking, compared
to 32.2% of females and 30.1% of gender diverse participants. Of cisgender males, 6.7%
changed from not smoking to smoking, compared to 7.3% of females and 14.9% of gender
diverse participants.

CALD status was significantly associated with junk food and SSB score, alcohol use
and tobacco use but none of the other variables (Table 4). CALD participants had less
harmful changes across these categories—their junk food score rose by less than non-
CALD participants, a lower proportion of CALD participants went from not drinking to
drinking, and a lower proportion of CALD participants went from not smoking to smoking,
compared to non-CALD participants.

There were no significant differences between relative family affluence groups for any
of the variables except alcohol use (Table 4). The low affluence group had the lowest pro-
portion of participants who changed from not drinking to drinking, followed by middle
affluence, then high affluence.

Associations Between Behaviour Change and Psychological Distress
Table 5 presents the results from single behaviour models exploring each Big 6 behav-

iour change (change from year 7 to year 10) and year 10 psychological distress score, after
adjusting for social determinants and year 7 behaviour and year 7 psychological distress.

Table 5 Main output from single and multi-behavioural models

Model Multi-behavioural model—
negative binomial type I model

main output

Single behaviour models—negative
binomial type I models main output

Moderate-to-vigorous PA change
Sleep change
Screen time change
Fruit change
Vegetables change
Junk and SSB change
Alcohol change

No change

Drink to no drink

No drink to drink
Tobacco change

No change

Smoke to no smoke

No smoke to smoke

expP 0.97(0.96, 0.98), p < 0.001
expB 0.91(0.90, 0.93), p <0.001
expB 1.02(1.02, 1.03), p<0.001
expB 0.96(0.94, 0.98), p <0.001
expP 0.96(0.94, 0.98), p < 0.001
expp 1.02(1.02, 1.03), p<0.001

expB 0.98(0.71, 1.37), p 0.92
expp 1.17(1.11, 1.23), p <0.001

expB 0.79(0.52, 1.21), p 0.28
expP 1.36(1.26, 1.47), p<0.001

expp 1.01(1.01, 1.02), p<0.001
expp 0.96(0.95, 0.98), p <0.001
expp 1.01(1.00, 1.02), p <0.001
expp 0.98(0.96, 0.99), p 0.008
expp 1(0.98, 1.02), p 0.84

expp 0.99(0.98, 1.00), p 0.029

expp 1.1(0.77, 1.57), p 0.6
expp 1.13(1.07, 1.20), p<0.001

expP 0.95(0.64, 1.40), p 0.8
expp 1.26(1.14, 1.39), p<0.001

All models adjust for baseline psychological distress and baseline behaviour level as well as gender, relative
affluence, CALD status. Models have a random effect of school. Full model output for each model available

in Supplementary Tables 4-11
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The full model outputs are available in Supplementary Tables 4—10. For each increase of
one day per week in moderate-to-vigorous PA between year 7 and year 10, year 10 K6
score decreased by 3% (expp 0.97 [0.96,0.98], p<0.001). For each added hour of sleep,
year 10 K6 score decreased by 9% (expp 0.91 [0.90,0.93], p <0.001). For each added hour
of screen time, year 10 K6 score increased by 2% (expp 1.02 [1.02,1.03], p<0.001). For
each added daily serve of fruit, year 10 K6 score decreased by 4% (expp 0.96 [0.94,0.98],
p<0.001). For each added daily serve of vegetables, year 10 K6 score decreased by 4%
(expP 0.96 [0.94,0.98], p<0.001). For each one unit increase in junk food, year 10 K6
score increased by 2% (expp 1.02 [1.02,1.03], p<0.001). Uptake of alcohol use between
year 7 and year 10 was associated with a 17% increase in K6 score (expp 1.17 [1.11,1.23],
p<0.001). Changing from non-smoking in year 7 to smoking in year 10 was associated
with a 36% increase in K6 score (expp 1.36 [1.26,1.47], p <0.001). To illustrate these find-
ings further, model-predicted year 10 K6 scores based on levels of behaviour change are
presented in Supplementary Table 13.

The multi-behavioural model (see Table 5), includes all behaviour change variables,
meaning that change in each behaviour adjusts for changes in the other behaviours. Changes
in moderate-to-vigorous PA and fruit consumption were no longer statistically significant
predictors of psychological distress in this model and the remaining effects decreased in
magnitude compared to the single behaviour models. An hour increase in sleep was asso-
ciated with 4% lower psychological distress (expp 0.96 [0.95,0.98], p<0.001), while an
hour increase in screen time was associated with a 1% increase in psychological distress
(expp 1.01 [1.01,1.02], p<0.001). An increase of one vegetable serve per day was asso-
ciated with 2% lower psychological distress (expp 0.98 [0.96,0.99], p 0.008), and a one
unit increase in junk food/SSB was associated with a 1% increase in psychological distress
(expp 1.01 [1.00,1.02], p<0.001). Uptake of drinking between year 7 and year 10 was
associated with a 13% increase in K6 score (expf 1.13 [1.07,1.20], p<0.001). Changing
from non-smoking in year 7 to smoking in year 10 (even a puff, in the prior 6 months) was
associated with a 26% increase in K6 score (expf 1.26 [1.14,1.39], p<0.001). There was
low collinearity between the variables in the full model (Supplementary Table 12).

Discussion

This study analysed a large dataset of Australian adolescents to examine the patterns of
behaviour change across six key lifestyle behaviours (moderate-to-vigorous PA, sleep, sed-
entary recreational screen time, diet (fruit, vegetables, junk food and SSB), alcohol use,
and tobacco use), and associations with psychological distress over a 3-year period. To our
knowledge, this is the first study to examine the relationship between lifestyle behaviours
and adolescent mental health with inclusion of all Big 6 behaviours and a focus on behav-
iour change as the predictor, rather than behavioural levels at a single timepoint (Fakier &
Wild, 2011; Foti et al., 2011; Costigan et al., 2013). Change was measured between year
7 (mean age 12.7) to year 10 (mean age 15.7); the first four years of secondary school in
Australia.

Overall, the sample reported a decrease in health-promoting behaviours (moderate-to-
vigorous PA, sleep, fruit, and vegetables) and an increase in health risk behaviours (screen
time, junk food and SSB, alcohol use and tobacco use) over the three years. This is consist-
ent with other epidemiological studies that demonstrate a decline throughout adolescence
in physical activity, (Telama et al., 2014) sleep, (Leger et al., 2012) sedentary recreational
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screen time, (Hayes et al., 2019) and diet quality, (Albani et al., 2017) and an increase in
prevalence of alcohol and tobacco use (Keyes et al., 2019; Livingston et al., 2020; Feb;
Gardner et al., 2023). Mean psychological distress score and the prevalence of high psy-
chological distress also increased over the study period, in line with literature suggest-
ing rising mental ill-health and onset of mental disorders in the adolescent period (Solmi
et al., 2022). However, the present study adds significantly to the field with findings that
increases in health-promoting behaviours (moderate-to-vigorous PA, sleep, fruit, and vege-
tables) were each associated with lower psychological distress, and increases in health risk
behaviours (screen time, junk food and SSB, alcohol use, and tobacco use) were each asso-
ciated with higher psychological distress. When modelled together in a multi-behavioural
model, the magnitude of effects reduced slightly but remained statistically significant for
sleep, physical activity, vegetable consumption, junk food and SSB consumption, alco-
hol use, and tobacco use. This suggests that each of these behaviour changes has unique
effects, over-and-above the effects of changes in other behaviours, indicating that there
may be additive mental health benefits of interventions targeting these lifestyle behaviours
simultaneously. While no other studies have examined the association between behaviour
change in the Big 6 and mental health outcomes, four studies have examined the associa-
tion between behavioural levels (in five or more of the Big 6) and mental health outcomes
(Arbour-Nicitopoulos et al., 2012; Yoo & Kim, 2020; Dabravolskaj et al., 2023; Smout
et al., 2023). These studies utilised different methodologies cohorts with varying charac-
teristics so findings regarding the relationship between PA, fruit consumption, junk food or
SSB consumption, alcohol use, and tobacco use and mental health outcomes, were incon-
sistent. However, sleep, screen time and vegetable consumption were consistently found to
be associated with mental health outcomes, congruous with findings from the present study
(Arbour-Nicitopoulos et al., 2012; Yoo & Kim, 2020; Dabravolskaj et al., 2023 Apr 17;
Smout et al., 2023).

Many countries have national health guidelines for physical activity, screen time, fruit
and vegetable consumption, and sleep, including Australia. However, studies show that
many adolescents do not meet these guidelines (Beal et al., 2019; Guthold et al., 2020;
Khan et al., 2021). Indeed, the present study found that the proportion of students meet-
ing guidelines dropped between year 7 and year 10 (with the exception of sleep, due to a
reduction in recommended sleep for older adolescents). By year 10, most participants were
not meeting guidelines for moderate-to-vigorous PA, sleep, screen time, and vegetable
consumption. This low adherence to guidelines, coupled with our findings that even small
positive behaviour changes are associated with incremental improvements in mental health,
suggest that messaging focussing on the benefits of making positive changes (rather than
solely on the benefits of meeting aspirational guidelines) may offer a more strengths-based
and realistic adolescent health promotion approach.

Social Determinants, Behaviour Change, and Mental Health

When examining the relationship between lifestyle behaviours and mental health, it is
essential to consider and adjust for the influence of social determinants that may influ-
ence both lifestyle behaviours and mental health outcomes (Currie et al., 2009; Lund et al.,
2018; Bishop et al., 2020; Champion et al., 2021). Yet, to our knowledge, no other stud-
ies have reported gender, cultural, and socioeconomic differences in behaviour change for
all the Big 6 in the one cohort of adolescents. In the present study, gender was signifi-
cantly associated with change in all behaviours except sleep and junk food consumption.
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Compared to cisgender males, cisgender females and gender diverse participants had larger
decreases in health-promoting behaviours (reductions in fruit consumption, vegetable con-
sumption, and moderate-to-vigorous PA) and larger increases in health risk behaviours
(alcohol and tobacco uptake). Gender diverse young people had a substantially higher
increase in screen time than their cisgender peers. Findings suggest the need to consider
targeting and/or tailoring content in adolescent health behaviour change interventions to
ensure they resonate and are effective for female and gender diverse adolescents (Mar-
mot, 2013). Further, a substantial body of literature has demonstrated a growing gender
gap in adolescent mental health (Campbell et al., 2021). Findings from the present study
suggest that reducing the deterioration in health behaviours among adolescent girls and
gender diverse young people may offer an intervention target to reduce this gap. Indeed,
one study has identified physical activity as a likely mediator between gender and mental
health (Halliday et al., 2019). However, further longitudinal research considering all Big
6 is needed to further investigate their role as contributors to the gender gap in adolescent
mental health.

Cultural and linguistic diversity was associated with behaviour change for junk food, alco-
hol use and tobacco use; CALD participants had substantially lower increases in these health
risk behaviours compared to non-CALD participants. For example, 31% of non-CALD par-
ticipants went from not drinking to drinking compared to only 14% of CALD participants.
This is consistent with findings from another longitudinal Australian study that found lower
rates of alcohol use among adolescents who primarily spoke a language other than English at
home compared to those from English-speaking families, and the authors theorised that par-
enting styles more common in families speaking a language other than English may be protec-
tive (Ghayour-minaie et al., 2019). There are no studies reporting differences in cigarette use
between CALD and non-CALD adolescents in Australia, however rates of smoking in CALD
adults are substantially lower than non-CALD adults (AIHW, 2023). Future research could
further examine the protective mechanisms for health behaviour change among CALD ado-
lescents to investigate whether these behaviour change patterns are protective of mental health
for CALD adolescents.

Family socioeconomic affluence was not significantly associated with behaviour change
for any behaviour except alcohol uptake, where lower affluence participants had a lower
prevalence of changing from not drinking in year 7 to drinking in year 10. However, this
is likely attributable to higher prevalence of year 7 alcohol use among lower affluence par-
ticipants (Champion et al., 2021). Research has demonstrated a socioeconomic gradient to
mental health, whereby those experiencing lower affluence generally have poorer mental
health outcomes (Alegria et al., 2018). The absence of evidence in the present study for
a relationship between socioeconomic affluence and behaviour change suggests that other
forces make a more substantial contribution to the socioeconomic discrepancies in mental
health outcomes, however further research in representative samples is needed to examine
this further.

Further Implications and Opportunities for Future Research

All behaviour change models adjusted for participants’ baseline behaviour and psycho-
logical distress score, suggesting that—regardless of where an adolescent starts in terms
of their behaviour or mental health—increasing health-promoting behaviours and reduc-
ing health risk behaviours may make a difference to their levels of psychological distress.
However, further research using causal methodology is needed to confirm this. In addition,
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some studies suggest that health behaviour change and mental health share common pre-
dictors, such as self-efficacy, self-control, and emotion regulation (Paxton et al., 2010;
Aparicio et al., 2016; Gilbert et al., 2022). In our study, observed improvements in psy-
chological distress may be due to the inherent benefits of behaviour changes (for exam-
ple through social, neurological, or biological mechanisms), or due to the shared predic-
tors required to make positive behaviour change and improve mental health. Relatedly, the
observed magnitudes of effect for alcohol and tobacco use were large, especially consider-
ing the thresholds for endorsing use were small (at least one full standard drink or puff of
a cigarette in the prior 6 months). It is unlikely that that these observed associations are
wholly due to direct causal impacts of alcohol or tobacco use on psychological distress
(through social, biological, or neurological mechanisms). Instead, they are likely attribut-
able to a complex interplay of these mechanisms and the impact of shared risk factors for
adolescent substance use and mental ill-health, such as personality factors, (Mackie et al.,
2011) peer factors, and family factors (Barnes et al., 2009). Further, bi-directional rela-
tionships have been demonstrated for many of the Big 6. For example, sleep disturbances
are both a symptom of mental ill-health and a predictor of mental ill-health (Kortesoja
et al., 2020). While we adjusted for baseline behavioural level and psychological distress to
somewhat address this, future research using causal methodologies is needed to determine
the directionality of these relationships.

Strengths and Limitations

This study examines the largest Australian adolescent sample in which the Big 6 and psy-
chological distress have been measured to date. Due to its size, it includes a substantial num-
ber of gender- and culturally diverse participants, enabling the inclusion and comparison
of these groups. It has a closely population-representative gender split and distribution of
participants between the three included States that span the west-to-east coasts of the Aus-
tralian continent. However, the sample is not population-representative and as such, findings
may not be generalisable to all Australian adolescents. In addition, despite thorough follow-
up procedures and strong retention, findings may have been biased by attrition; participants
who did not complete follow-up in year 10 had a higher mean baseline psychological dis-
tress, and significantly different baseline levels of moderate-to-vigorous PA, sleep, screen
time, junk food/ SSB, alcohol use, and tobacco smoking. Measures of the Big 6 and psycho-
logical distress were self-report, introducing the possibility of self-report bias; however, par-
ticipants were assured of the confidentiality of their responses, all measures were externally
developed, and most measures have demonstrated strong psychometric properties. E-ciga-
rette use or ‘vaping’ became more prevalent among Australian adolescents during the study
period, yet was only measured in Year 10, precluding the examination of vaping behav-
iour change in the present study (Gardner et al., 2023). The COVID-19 pandemic may have
influenced the findings of this study. Evidence shows that the pandemic was associated with
changes in adolescent lifestyle behaviours (Gardner et al., 2022) and mental health (Bower
et al., 2023). While data was collected in 2019 and late 2022 (on either side of the lock-
downs and restrictions in Australia), it is possible that pandemic-related impacts outlasted
the removal of restrictions and influenced results, yet we cannot discern this from our study.
Finally, the present study comprises longitudinal analyses examining change in all Big 6,
which adds to extant literature examining a single behaviour or employing cross-sectional
and prospective methodologies. However, the methodology employed cannot determine the
causal relationships between the Big 6 and mental health.
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Conclusion

This study complements existing evidence that throughout adolescence there is a general
decrease in health-promoting behaviours (moderate-to-vigorous PA, sleep, fruit, and vegeta-
bles) and an increase in health risk behaviours (screen time, junk food and SSB, alcohol use,
and tobacco use). We found differences in the magnitude of behaviour change by gender and
cultural and linguistic diversity, highlighting the need for tailoring and targeting of behaviour
change interventions to ensure their acceptability and efficacy for different groups of adoles-
cents. Changes over time in each of the Big 6 were significantly associated with year 10 psy-
chological distress, with health-promoting behaviours associated with reduced psychological
distress and vice versa. When all Big 6 behaviour changes were modelled together, statis-
tically significant effects remained for sleep, physical activity, vegetable consumption, junk
food and SSB consumption, alcohol use, and tobacco use, highlighting the potential benefits
of targeting positive behaviour change across multiple domains simultaneously. Findings
from this study suggest the importance of addressing the Big 6 through research, policy, and
practice, as a potential mechanism to improve adolescent mental health.
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