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Abstract
Background: Adolescence presents a window of opportunity to establish good nutrition and physical activity
behaviours to carry throughout the life course. Adolescents are at risk of developing cardiovascular and other chronic
diseases due to poor the complex interplay of physical and mental health lifestyle risk factors. Text messaging is
adolescents main form of everyday communication and text message programs offer a potential solution for support
and improvement of lifestyle health behaviours. The primary aim of this study is to determine effectiveness of the
Health4Me text message program to improve adolescent’s physical activity or nutrition behaviours among adolescents over 6-months, compared to usual care.
Methods: Health4Me is a virtual, two-arm, single-blind randomised controlled trial, delivering a 6-month healthy lifestyle text message program with optional health counselling. Recruitment will be through digital advertising and primary care services. In total, 330 adolescents will be randomised 1:1 to intervention or control (usual care) groups. The
intervention group will receive 4–5 text messages per week for 6-months. All text messages have been co-designed
with adolescents. Messages promote a healthy lifestyle by providing practical information, health tips, motivation and
support for behaviour change for physical activity, nutrition, mental health, body image, popular digital media and climate and planetary health. Virtual assessments will occur at baseline and 6-months assessing physical health (physical
activity, nutrition, body mass index, sleep), mental health (quality of life, self-efficacy, psychological distress, anxiety,
depression, eating disorder risk) and lifestyle outcomes (food insecurity and eHealth literacy).
Discussion: This study will determine the effectiveness of a 6-month healthy lifestyle text message intervention to
improve physical activity and nutrition outcomes in adolescents.
Trial registration: Australia New Zealand Clinical Trials Registry (ANZCTR) ACTRN12622000949785, Date registered:
05/07/2022.
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Introduction
Adolescence presents a window of opportunity to establish good nutrition and physical activity behaviours,
which are the pillars of overall future physical and mental health [1]. However, the current picture of adolescent
physical and mental health worldwide is concerning.
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Research has established associations between several
lifestyle risk factors, including physical activity, nutrition,
sedentary behaviour and sleep that are contributing to
the declining physical and mental health status of adolescents [2, 3]. Adolescents in high income countries, like
Australia are not meeting national guidelines for these
risk factors. National Australian data from 2017 to 18 and
2011–12 found 96% of adolescents do not meet national
guidelines for fruit and vegetable intake [4], and 41% of
their total energy intake came from discretionary foods
[5], respectively. Globally more than 80% of adolescents
are not engaged in sufficient physical activity [6]. Reducing sedentary behaviour is important for both physical
and mental health. However, Australian data from 2017
to 18 found only 7.9% of 13–17-year olds met the physical activity guideline, and only 20% met the sedentary
screen-based behaviour guideline [7]. Short sleep duration amongst adolescents is also prevalent. For example,
in a sample of American students, 6 out of 10 middle
school students and 7 out of 10 high school students
were not sleeping for the recommended 8–10 hours per
night [8]. The COVID-19 pandemic negatively impacted
the lifestyle behaviours Australian adolescents. Crosssectional data from a sample of 983 adolescents indicated increases of excessive recreational screen time (86
to 94%) and insufficient fruit intake (20 to 30%). As well,
this data indicated proportions of adolescents engaging
in insufficient physical activity (82%) and vegetable intake
(84%) remained concerning [3]. The intersection of risk
factors for both obesity and mental health demonstrates
the need for holistic programs which provide support to
improve lifestyle risk factors.
Systematic reviews have shown that poor nutrition,
physical inactivity, sedentary behaviour and sleep are
all linked to poor mental health [9–11] and to obesity
[12, 13]. Globally, the presence of overweight and obesity among children and adolescents 5–19 years has risen
from 4% in 1975 to over 18% in 2016 [14]. By 2030 it is
predicted there will be 254 million children and adolescents with obesity [15]. National Australian data
from 2017 to 18 found 25% of children and adolescents
2–17 years have overweight or obesity [16]. Similarly, the
period of adolescence is the highest risk developmental
stage for the onset of mental illness [17]. In adolescents it
has been shown that there is a bi-directional association
between overweight and obesity and poor mental health
[18, 19]. Overweight and obesity during adolescence has
immediate impacts on quality of life [20], which if not
addressed may have long term consequences on wellbeing [21]. Research has also demonstrated significant
links of unhealthy diets to mental health in adolescence
[9, 22]. Adolescent mental health is of growing concern
with 14% of 10–19-year-olds globally experiencing a
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mental disorder with depression, anxiety and behavioural disorders among the leading causes of illness
and disability [1]. In Australia, 20% of adolescents aged
12–17 had high or very high levels of psychological distress and 14% experienced a mental disorder [23]. The
COVID-19 pandemic has also significantly disrupted the
lives of Australian adolescents, with research showing a
worsening in mental health [24], with the potential for
long-term impacts [25]. Failing to address mental health
conditions in adolescence can harm physical and mental health and hinder leading a fulfilling life in adulthood
[1], displaying a growing need for action in these areas.
The current approach to improving the health behaviours of adolescents needs to be aligned with best practice recommendations [26]. Programs that target mental
health often do not focus on nutrition and physical activity behaviours [27] and programs with an obesity prevention or management lens can be stigmatizing [28]. There
is a need to develop accessible and scalable programs
which focus on prevention through management of lifestyle health behaviours and mindful of impacts on mental
health. This is in line with the Australian National Obesity Strategy 2022–32 where young people recognised the
need for holistic approaches to support a healthy lifestyle
[29]. Recent research has shown that the primary care
health setting in Australia is appropriate for delivering
preventive care to adolescents [30]. However, the barriers
to primary care services are bi-directional, adolescents
cite barries including cost of visits, opening hours, transport to and from services, concerns about confidentiality
and feeling embarrassed [31]. General practitioners (GPs)
have indicated that time is a major barrier as adolescents
often need longer consultations to build strong relationships and overcome communication barriers to deliver
lifestyle health information [30]. Therefore, for prevention programs to be effective, these barriers must also be
addressed so that adolescents are empowered to improve
their lifestyle health behaviours.
The ubiquitous nature of mobile health (mHealth) programs offers a potential solution to address these risks.
There is strong evidence supporting the efficacy of text
messaging in adults for facilitating positive behaviour
change for physical activity [32], nutrition [33], mental
health [34] and management of cardiovascular disease
risk [35]. A systematic review assessing text messaging as
an intervention for adolescent physical activity and sedentary behaviour found that there was high heterogeneity
of study design which prevented conclusions as to which
intervention elements were linked to increased effectiveness, and therefore concluded that further research is
needed with text messaging as the focus of the intervention to demonstrate the effect of text messages on these
lifestyle health behaviours [36]. Text messaging is well
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suited to adolescents as 94% of adolescents in Australia
own a mobile phone [37], text messaging is their main
form of communication and direct communication can
be made with participants for minimal cost. Text messaging also improves accessibility to programs from those in
rural, remote, and disadvantaged populations who have
inequitable access to healthcare and where the COVID19 pandemic has only increased these inequities [38].
There is a need for simple and accessible solutions that
focus on prevention, specifically targeting physical and
mental health among adolescents.
The primary aim of this study is to determine, in a single blind randomized controlled trial (RCT), whether a
semi-personalised text message healthy lifestyle program
(Health4Me) compared to usual care will improve adolescents’ physical activity (moderate to vigorous physical
activity [MVPA] minutes per day) or nutrition (vegetable
intake > 3 serves per day) behaviours among adolescents
over 6-months. Further, to determine if the text message program can improve or maintain other physical
and mental health and lifestyle outcome, to explore the
acceptability, utility and engagement with Health4Me
among youth and inform implementation into primary
health care services in Australia.

Methods
Study design

The Health4Me study is a virtual, randomised, controlled,
single-blind trial, which delivers a 6-month text message
healthy lifestyle program with optional health counselling
to 330 healthy adolescents (12–18 years old inclusive)
(Fig. 1).
Randomization and blinding

Participants will be randomly allocated to either the
intervention or control group. The control group will
receive usual care (no intervention). Participants will
view digital advertisements for the study on social media,
after clicking on a link it will take them to the participant information sheet which they can read and provide
informed e-consent. After obtaining electronic consent from adolescents (and their parents or guardians if
< 14 years old) and completing the baseline assessment on
a secure web-based database, a member of the research
team will randomize the participant via a centralized,
computerized randomisation program in a uniform 1:1
allocation ratio (intervention: control). Randomization is
based on both permuted blocks with randomized block
sizes and stratification, where the strata are age and gender. A randomization list will be generated by an independent statistician. Members of the research team who

Fig. 1 Flow chart of study design for Health4Me study

enrol and conduct follow-ups with participants will be
blinded to group allocation.
For each participant, the randomization program
automatically produces a study identification number.
On the following Monday after the baseline assessment,
the computer system automatically sends the assigned
text message program to the participant. Therefore,
the random allocation sequence will be concealed from
study personnel at baseline and at 6-months. Participants will be encouraged not to discuss whether they
are or are not receiving the text messages until the end
of the 6-month follow-up.
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Study population

As the study is virtual, there are no physical sites for
recruitment. Rather, participants will be recruited
through digital advertisements. GPs will also be informed
of the study via email and encouraged to advertise this to
their adolescent patients. A log of all recruitment strategies will be kept. Participants will be eligible to take part
if they are: (1) 12–18 years old inclusive; (2) own a mobile
phone capable of sending and receiving text messages; (3)
have sufficient English to read text messages pitched at a
7th grade reading level; and (4) provide electronic consent (or from their parents or guardians if < 14 years old).
Participants will be excluded if they: (1) have a diagnosis of type 1 or type 2 diabetes mellitus; (2) have a previous or current diagnosis of an eating disorder or are at
high risk for an eating disorder as assessed in screening;
(3) weight < 25th centile for age; (4) have had recent rapid
weight loss; (5) have a medical condition which would
preclude providing informed consent or ability to comply
with the study protocol; (6) are enrolled in an alternative
randomised lifestyle management program; (7) are pregnant or planning to become pregnant during the 6-month
intervention; and (8) are unable to read English at a 7th
grade reading level. Screening will occur for eating disorders at baseline, 2, 4 and 6-months and any participant
who scores above the pre-determined threshold will trigger the study team to refer appropriately. Both screening
and recruitment logs will be kept by the research team
for those participants who are ineligible or decline to participate, including reasons for non-participation.
Control group

The control group will receive usual care. For this study,
usual care is defined as accessing available information
and health services to maintain a healthy lifestyle. Participants in the control group receive an initial text message welcoming them to the study, and one text message
at 2, 4 and 6 months respectively. The messages at 2 and
4 months will have a link to complete the eating disorder
screening and the message at 6 months will direct them
to complete all follow-up assessments. Participants in the
control group will be offered the text message intervention after the 6-month follow-up assessments are complete at no cost. However, they will not be able to receive
health counselling.
Intervention group

The intervention group will receive usual care, plus a
6-month text message support program with text messages focussed over six key priority areas for improving
physical and mental health, namely nutrition, physical
activity, mental health, body image, climate and planetary health and popular digital media (e.g., social media),
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as well as the option to speak with a university-trained
health counsellor.
Message content

Message program content was developed according to a
previously published model [39]. Briefly, an established
youth advisory group (comprised of 16 adolescents aged
13 to 18 years old inclusive) identified current top health
issues for young people [40] and assisted in drafting relevant and practical content, informed by national physical
activity, dietary and sedentary screen-based behaviour
guidelines, behaviour change theories and lived experience of being a young person in today’s world. Furthermore, text messages will also include information on
how the primary care system works and how to connect
with primary care services, including GPs. Included in
the bank of text messages is one welcome message and
one final text message. Each message will have a unique
signature as the study name to ensure that participants
know these messages are from the research study and
participants at enrolment will be told how to unsubscribe
if required.
Message frequency and sequence

Each intervention participant will receive a semipersonalized and customized set of text messages, sent on
four random days per week and at random times. If the
participant is attending high school, the weekday text
messages will only be sent before or after school hours
(8.00 AM to 9.00 AM or 3.30 PM to 7.30 PM). Each text
message is unique and will only be sent once throughout
the 6-month program. The messages are semipersonalized by including the participants name and selecting
content relevant to their age and dietary behaviours (e.g.,
vegetarian). Participants can also update their key information, (e.g., change in dietary behaviours) through the
course of the study and this will be reflected in the ongoing text messages they receive. Messages are sent at no
cost to the participants and a bulk-rate cost to the study.
However, if participants reply to the study team, these
will be paid for by the participant at standard short message service (SMS) rates. The intervention will encourage
two-way communication; however, it is for the participant to decide how much they engage with the study. All
replies and responses are monitored by the health counsellor and responses given in 72 hours when required.
Health counsellor

Once a month (6 in total), intervention participants will
be sent a text message encouraging them to call the university qualified health counsellor to ask questions or
request additional information. The personalised health
counselling calls will last 10–15 minutes and will be
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delivered according to standardized protocol. The university qualified health counsellor (allied health or public
health professional) will monitor and respond to participants’ request for a call each month either via text message or phone call within 3 working days. Participants are
allowed 6 health counselling calls in total over 6-months.
The health counselling calls will allow participants to set
behavioural goals, discuss barriers and enablers to behaviour change, and their overall progress. This part of the
intervention is based on the evidence based TEXTBITES
Study for obesity prevention in adolescents [41].
Text message management system

The text message management system has been used
successfully in two randomised controlled trials (TEXTBITES and EMPOWER-SMS) [42, 43]. Pre-specified
algorithms are put in place to ensure that the intervention group are the only ones who receive the Health4Me
message program. Each week, messages are randomly
selected from the text message bank by the software system such that a variety of messages are delivered each
week from the four key priority areas. Both groups are
sent a welcome message at the beginning of the study and
a concluding message after 6-months. Participants are
instructed in the welcome message to save the dedicated
number that the text messages come from, so that they
are not seen as spam. They are also given details on how
to unsubscribe from the messages if required. All participants receive information on safe and acceptable times to

read text messages (e.g. not to read messages while driving) and contact details of the research team in case of
any issues. A member of the research team will manage a
study mobile phone, and a record is kept of all incoming
messages from participants and outgoing messages from
the health counsellor. Analysis of incoming and outgoing messages will be performed at the end of the study, as
part of the process evaluation. If a participant from either
group wishes to withdraw from the study, they can at any
time by replying ‘STOP’ to any of the messages or contacting the research team. If a reason for withdrawal is
provided, it will be recorded in the enrolment log.
Data collection and study outcomes

Data will be collected from participants at baseline and
6-months online. In addition, for safety the eating disorder screening will be conducted at 2-months and
4-months for all participants. The co-primary outcomes,
secondary outcomes and their assessments are provided
below in Table 1. Multiple endpoints have been selected
such that a significant effect against either one may be
taken as evidence of efficacy. The co-primary outcomes
are change in moderate-to-vigorous minutes of physical
activity (MVPA) minutes per day and change in the proportion of participants meeting vegetable intake guidelines (> 3 serves per day). MVPA will be measured by
ActivInsights Geneactiv wrist-worn accelerometers [46].
After enrolment and at the 6-month assessment, participants will be mailed an accelerometer to wear for 7 days

Table 1 Description of Health4Me study outcomes and assessments
Outcome

Assessment

Dual Primary Outcomes
Vegetable intake

Australian Child and Adolescent Eating Survey [ACAES] [44, 45]

Moderate-vigorous physical activity (MVPA) min/day

Geneactiv activity and sleep unit worn for 7 days [46]

Secondary Outcomes
 BMIa z-score

Units BMI is above or below average for the age- and sex-specific reference
values, using participant self-reported weight and height [47]

Waist-to-height ratio

Mid measure between the iliac crest and lowest rib and height, using participant self-reported waist circumference and height [47]

Dietary quality

Australian Child and Adolescent Eating Survey [ACAES] [44, 45]

Sleep quality

Pittsburgh Sleep Quality Index Short [PSQI-Short] [48, 49]

Health-related quality of life

Child Health Utility instrument [CHU9D] [50]

Self-efficacy

Self-efficacy for Healthy Eating and Physical Activity [SE-HEPA] [51]

Anxiety

General Anxiety Disorder-7 [GAD-7] [52]

Depression

Centre for Epidemiological Studies Depression Scale Revised-10 [CESDR-10] [53]

Psychological distress

Kessler Psychological Distress Scale [K6] [54]

Eating disorder risk

InsideOut Institute screening tool [IOI-S] [55]

Food insecurity

USDAb 6-item food security module [56]

eHealth literacy

eHEALS eHealth Literacy Scale [57]

a

BMI Body mass index

b

USDA United States Department of Agriculture
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and then return by pre-paid post to the research team.
Vegetable intake will be measured using data from the
Australian Child and Adolescent Eating Survey (ACAES),
developed by the University of Newcastle [44].
Weight, height and waist circumference will be selfreported by participants according to a standardised
digital protocol [47]. Participants will be shown how to
correctly measure weight, height and waist circumference by videos put together by the research team and
embedded into the data collection form. Self-reported
height and weight has been validated amongst young
adults in an Australian population [58–60]. Weight,
height and waist circumference measurements will be
used to calculate BMI z-score (using age and sex specific
reference values) and waist-to-height ratio.
The following questionnaire-based assessments have
demonstrated reliability and validity in adolescent populations and will be completed online at baseline and follow-up assessments. Sleep quality will be measured using
the Pittsburgh Sleep Quality Index-Short [48, 49]. Health
related quality of life and self-efficacy will be measured
by the Child Health Utility Instrument (CHU9D) [50]
and Self Efficacy for Healthy Eating and Physical Activity (SE-HEPA) [51] respectively. Anxiety, Depression and
Psychological Distress will be measured by the General
Anxiety Disorder-7 (GAD-7) [52], Centre for Epidemiological Studies Depression Scale Revised-10 (CESDR10) [53] and the Kessler Psychological Distress Scale
(K6) [54]. Eating disorder risk will be measured using
the InsideOut Institute screening tool (IOI-S) [55]. Food
insecurity will be measured with the USDA 6-item food
security module [56] and eHealth literacy with eHEALS
eHealth Literacy Scale [57]. A schedule of enrolment,
interventions and assessments is presented in Table 2.
All data will be entered electronically into Research Electronic Data Capture (REDCap), hosted on secure servers
by the University of Sydney. Electronic data will be monitored by the research team through monthly reports to
ensure quality and completeness of the data.
Process measures

The acceptability, utility and engagement with the
Health4Me Program will be measured through quantitative and qualitative measures. Firstly, text message
data will be extracted from the software system to assess
engagement by the number of messages sent, number of
responses received, and number of messages ‘bounced’
and undelivered. Secondly, a study-specific user feedback
and satisfaction questionnaire will be administered to all
participants. It will contain questions on a 5-point Likert scale from strongly agree to strongly disagree regarding acceptability and utility of the program. It will also
include open ended questions regarding most and least
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Table 2 Health4Me
assessments

study

schedule

Assessments

Pre-baseline

Enrolment

✓

Eligibility screen
Informed consent

✓

Randomisation
Assessments
Demographics
Physical activity
Dietary intake
 BMIa z-score
Waist-to-height ratio
Sleep quality
Quality of life
Self-efficacy
Anxiety
Depression
Psychological distress
Eating disorder risk
Food insecurity
eHealth literacy
Process evaluation
a

of

enrolment

Baseline

and

6-month
follow-up

✓
✓
✓
✓

✓
✓

✓

✓

✓

✓

✓
✓
✓
✓
✓
✓
✓
✓
✓

✓
✓
✓
✓
✓
✓
✓
✓
✓
✓

BMI Body mass index

useful program components and suggestions for program
improvement. These responses will be coded thematically, and emerging themes identified. The questionnaire
will also ask questions about whether participants used
or accessed any other digital health tools to help manage their lifestyle health behaviours during the study.
Intervention participants will be invited by text message, email, or phone call to join focus groups after the
6-month follow-up. A minimum of five focus groups will
be conducted consecutively until thematic saturation is
reached. The focus groups will be conducted via Zoom
teleconference and last approximately 45 minutes. Participants will be purposively selected to ensure a mix in
terms of age, ethnicity and location are represented to
encompass different viewpoints.
Statistical considerations

For the outcome of MVPA (minutes per day), 312 (156
per group) participants are needed to achieve 90% power
to observe the mean difference of 14.8 (control: 42.55
and intervention: 57.36) with standard deviations (SD) of
21.45 for control and 37.79 for intervention and accounting for 30% dropout. A two-sided two-sample unequal-variance t-test was used. The Bonferroni adjusted
significance level of 0.025 was used to account for two
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primary outcomes. To detect a difference in vegetable
intake at 6-months, 390 (195 per group) participants will
achieve 90% power to detect 13.37% difference in the
proportion of appropriate vegetable consumption (control: 4.85% and intervention: 18.22%) and accounting for
30% dropout [61]. The two-sided Z-Test with unpooled
variance was used with the significance level of the test
is 0.025. Therefore, a sample size of 390 will allow the
detection of the change in MVPA or vegetable intake.
All statistical analyses will follow a pre-specified statistical analysis plan guided by our team statistician.
Analyses of the primary and secondary outcomes will be
conducted according to the intention-to-treat principle.
Continuous outcomes at 6-months will be analysed using
analysis of covariance (ANCOVA), and categorical outcomes at 6-months will be analysed using log-binomial
regression, adjusting for the outcome values at baseline.
Planned subgroup analyses will investigate interactions
between treatment and subgroups, including categories
of age, socioeconomic status and ethnicity, to explore
trends for scale up. All tests will be two-sided with a
significance level of 0.05. Analyses of the two primary
outcomes will be controlled for the family-wise error
rate using Holm correction [62]. No multiplicity adjustments will be performed for secondary outcomes as they
are exploratory analyses. The analyses will be performed
using SAS (V9.4 SAS Institute Inc. Cary NC, USA).
Ethics approval and consent

Primary ethics approval has been received from the
University of Sydney Human Research Ethics Committee (2022/402). Any modifications to the protocol will
be submitted to the ethics committee. E-consent will
be collected from all participants (and their parents or
guardians if < 14-years-old). The sponsor for the study
is the University of Sydney and they have no role in the
study design, collection, management, analysis and
interpretation of data, the writing of findings or submission of findings for publication. The design and conduct
and dissemination of the study will be overseen by the
Health4Me steering committee (named authors and the
Health4Me Team).

Discussion
Current obesity prevention approaches are ineffective
and there are limited programs beyond the school setting available which suit the needs of adolescents, coupled with an escalating mental health crisis for young
people in Australia. Positively framed prevention programs which focus on good nutrition and physical activity behaviours can address both critical issues and these
programs must be accessible for adolescents. This study
aims to provide information and support for lifestyle risk
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factors by developing and testing a 6-month text message
primary prevention program for adolescents in an RCT.
It is expected that the results will include improvements
or maintenance in primary and secondary outcomes.
If effective, this study will inform future translational
research to improve the physical and mental health
of adolescents and prevent the future development of
chronic diseases in adulthood and implementing such a
program into healthcare services throughout Australia.
Results from the process measures will identify barriers
and enablers of widespread implementation of the text
message program, with the goal of providing accessible
and accurate lifestyle health information and support to
adolescents to establish lifelong healthy behaviours.

Conclusion
This study will test the effectiveness of a 6-month text
message intervention to improve and support the physical and mental health outcomes of all adolescents. This
study will also provide information on the barriers and
enablers of the text message program and ways in which
it can be improved. If effective, the results will provide
high quality evidence to inform future translational
research to scale up the program and embed it within
healthcare systems throughout Australia.
Abbreviations
ANCOVA: Analysis of covariance; BMI: Body Mass Index; COVID-19: Coronavirus
disease of 2019; GPs: General Practitioners; MVPA: Moderate to Vigorous Physical Activity; RCT: Randomized Controlled Trial; SD: Standard Deviation; SMS:
Short Message Service.
Acknowledgments
A special acknowledgement to the Health Advisory Panel for Youth at the
University of Sydney 2021/22 (HAPYUS 2021/22), without whom this research
would not be possible (Radhika Valanju, Meera Barani, Dominik Mautner,
Imeelya Al Hadaya, Alexi Cross, Melani Gunawardana, Ava Lambie, Emily
McMahon, Arnav Narula, Bowen Ren, Dominique R, Aviral Sharda, Alexander
Sinnett, Azman Tanvir and Fulin Yan).
An acknowledgement to Ms. Emma Bryant from the InsideOut Institute for her
assistance in developing the dedicated eating disorder screening pathways
and cut off points for this study.
Health4Me Team comprises the following investigators: Maree L Hackett,
Gemma Figtree, Robyn Gallagher, Kyra A Sim, Tim Usherwood, Charlotte
Hepse, John Skinner, Katrina E Champion, Lauren A Gardner, Kathryn Williams
and Danielle Castles. The entire Health4Me Team plus named authors comprises the Steering Committee.
Sponsor
Trial Sponsor: The University of Sydney.
Contact Name: Clinical Trials Support Office (CTSO).
Address: Level 3, F23 Administration Building, Corner of Eastern Avenue and
City Road, The University of Sydney 2006.
Telephone + 61 28,627 8164.
Email: clinical-trials.research@sydney.edu.au
Authors’ contributions
Conceptualisation: RR and SP; methodology: RR, KS (1), SM (1) and SP; writing
– original draft preparation: RR; writing – reviewing and editing: all authors. All
authors have read and agreed to the final version of this manuscript.

Raeside et al. BMC Public Health

(2022) 22:1805

Funding
The Health4Me Study is funded by the Australian Government Department
of Health Medical Research Future Fund Primary Care Grant (2006315). The
funder has no role in the study design, collection, analysis, and interpretation
of data or writing of the manuscript.
RR is supported by a CSANZ Research Scholarship and SOLVE-CHD Supplementary Scholarship. KH is supported by NHMRC Investigator Grant (Emerging
Leadership 1) [APP1196724]. JR is supported by a NHMRC Investigator Grant
Level 2 [GNT2007946]. SRP is supported by a National Health and Medical
Research Council and National Heart Foundation Early Career Fellowship
[APP1157438].

Page 8 of 9

6.
7.
8.
9.
10.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analysed during the current study.
11.

Declarations
Ethics approval and consent to participate
Primary ethics approval has been received from the University of Sydney
Human Research Ethics Committee (2022/402). E-consent will be collected
from all participants (and their parents or guardians if < 14-years-old).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Engagement and Co‑Design Research Hub, School of Health Sciences,
Faculty of Medicine and Health, University of Sydney, Sydney, NSW, Australia.
2
InsideOut Institute, Faculty of Medicine and Health, University of Sydney,
Sydney, NSW, Australia. 3 Sydney Local Health District, Sydney, NSW, Australia.
4
Department of Health Sciences, Faculty of Medicine, Health and Human
Sciences, Macquarie University, Sydney, NSW, Australia. 5 Department
of Adolescent Medicine, The Children’s Hospital at Westmead, Sydney, NSW,
Australia. 6 Specialty of Child and Adolescent Health, Westmead Clinical School,
Faculty of Medicine and Health, University of Sydney, Sydney, NSW, Australia.
7
General Practice Clinical School, Sydney Medical School, Faculty of Medicine
and Health, University of Sydney, Sydney, NSW, Australia. 8 Westmead Applied
Research Centre, Faculty of Medicine and Health, University of Sydney, Sydney,
NSW, Australia. 9 Western Sydney Primary Health Network, Sydney, NSW,
Australia. 10 Department of Cardiology, Concord Repatriation General Hospital,
ANZAC Research Institute, Sydney, NSW, Australia. 11 The George Institute
for Global Health, University of New South Wales, Sydney, NSW, Australia.
12
Prevention Research Collaboration, Faculty of Medicine and Health, University of Sydney, Sydney, NSW, Australia.
Received: 12 September 2022 Accepted: 14 September 2022

12.
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.

References
1. World Health Organization: Adolescent mental health https://www.who.
int/news-room/fact-sheets/detail/adolescent-mental-health Accessed 13
July 2022.
2. Champion KE, Chapman C, Gardner LA, Sunderland M, Newton NC,
Smout S, et al. Lifestyle risks for chronic disease among Australian adolescents: a cross-sectional survey. Med J Aust. 2022;216(3):156–7.
3. Gardner LA, Debenham J, Newton NC, Chapman C, Wylie FE, Osman B,
et al. Lifestyle risk behaviours among adolescents: a two-year longitudinal study of the impact of the COVID-19 pandemic. BMJ Open.
2022;12(6):e060309.
4. ABS. National Health Survey: First Results, 2017–18. In: Australian Bureau
of Statistics; 2018.
5. ABS. Australian health survey: nutrition and physical activity 2011-12. In:
Australian Bureau of Statistics; 2013.

24.

25.
26.

27.

28.

World Health Organization: Physical activity. https://www.who.int/news-
room/fact-sheets/detail/physical-activity. Accessed 13 July 2022.
Australian Institute of Health and Welfare. Physical activity across the life
stages. Canberra: AIHW; 2018.
Wheaton AGJS, Cooper AC, Croft JB. Short Sleep Duration Among Middle
School and High School Students — United States, 2015. MMWR Morb
Mortal Wkly Rep. 2018;67:85–90.
O’Neil A, Quirk SE, Housden S, Brennan SL, Williams LJ, Pasco JA, et al.
Relationship between diet and mental health in children and adolescents: a systematic review. Am J Public Health. 2014;104(10):e31–42.
Rodriguez-Ayllon M, Cadenas-Sánchez C, Estévez-López F, Muñoz
NE, Mora-Gonzalez J, Migueles JH, et al. Role of physical activity and
sedentary behavior in the mental health of preschoolers, children
and adolescents: a systematic review and meta-analysis. Sports Med.
2019;49(9):1383–410.
Sampasa-Kanyinga H, Colman I, Goldfield GS, Janssen I, Wang J, Podinic
I, et al. Combinations of physical activity, sedentary time, and sleep duration and their associations with depressive symptoms and other mental
health problems in children and adolescents: a systematic review. Int J
Behav Nutr Phys Act. 2020;17(1):72.
Fatima Y, Doi SAR, Mamun AA. Longitudinal impact of sleep on overweight and obesity in children and adolescents: a systematic review and
bias-adjusted meta-analysis. Obes Rev. 2015;16(2):137–49.
Rey-López JP, Vicente-Rodríguez G, Biosca M, Moreno LA. Sedentary
behaviour and obesity development in children and adolescents. Nutr
Metab Cardiovasc Dis. 2008;18(3):242–51.
World Health Organization: Obesity and overweight. https://www.who.
int/news-room/fact-sheets/detail/obesity-and-overweight. Accessed 13
July 2022.
World Obesity Federation. Atlas of Childhood Obesity. https://www.world
obesity.org/membersarea/global-atlas-on-childhood-obesity. Accessed
13 July 2022.
AIHW. Overweight and obesity among Australian children and adolescents. Canberra: Australian Institute of Health and Welfare; 2020.
Solmi M, Radua J, Olivola M, Croce E, Soardo L, Salazar de Pablo G, et al.
Age at onset of mental disorders worldwide: large-scale meta-analysis of
192 epidemiological studies. Mol Psychiatry. 2022;27(1):281–95.
van Vuuren CL, Wachter GG, Veenstra R, Rijnhart JJM, van der Wal MF, Chinapaw MJM, et al. Associations between overweight and mental health
problems among adolescents, and the mediating role of victimization.
BMC Public Health. 2019;19(1):612.
Kansra AR, Lakkunarajah S, Jay MS. Childhood and Adolescent Obesity: A
Review. Front Pediatr. 2021;8:581461. https://doi.org/10.3389/fped.2020.
581461.
Killedar A, Lung T, Petrou S, Teixeira-Pinto A, Tan EJ, Hayes A. Weight status
and health-related quality of life during childhood and adolescence:
effects of age and socioeconomic position. Int J Obes. 2020;44(3):637–45.
Martinson ML, Vasunilashorn SM. The long-arm of adolescent weight
status on later life depressive symptoms. Age Ageing. 2016;45(3):389–95.
Oddy WH, Robinson M, Ambrosini GL, O’Sullivan TA, de Klerk NH, Beilin LJ,
et al. The association between dietary patterns and mental health in early
adolescence. Prev Med. 2009;49(1):39–44.
Australian Institute of Health and Welfare. Mental illness. Canberra: AIHW;
2021.
Li SH, Beames JR, Newby JM, Maston K, Christensen H, Werner-Seidler
A. The impact of COVID-19 on the lives and mental health of Australian
adolescents. Eur Child Adolesc Psychiatry. 2022;31(9):1465-77. https://doi.
org/10.1007/s00787-021-01790-x.
Australian Institute of Health and Welfare. COVID-19 and the impact on
young people. Canberra: AIHW; 2021.
Partridge SR, Reece L, Sim KA, Todd A, Jia SS, Raeside R, et al. An analysis
of current obesity strategies for adolescents in NSW against best practice
recommendations: implications for researchers, policymakers and practitioners. Health Promot J Austr. 2022; Online ahead of print.
Rosenbaum S, Tiedemann A, Stanton R, Parker A, Waterreus A, Curtis J,
et al. Implementing evidence-based physical activity interventions for
people with mental illness: an Australian perspective. Australas Psychiatry.
2015;24(1):49–54.
Falkner NH, Neumark-Sztainer D, Story M, Jeffery RW, Beuhring T, Resnick
MD. Social, educational, and psychological correlates of weight status in
adolescents. Obes Res. 2001;9(1):32–42.

Raeside et al. BMC Public Health

(2022) 22:1805

29. Department of Health. National Obesity Strategy 2022–2032. Canberra:
Australian Government; 2021.
30. Kang M, Robards F, Luscombe G, Sanci L, Usherwood T. The relationship
between having a regular general practitioner (GP) and the experience of
healthcare barriers: a cross-sectional study among young people in NSW,
Australia, with oversampling from marginalised groups. BMC Fam Pract.
2020;21(1):220.
31. Kang MRF, Sanci L, Steinbeck K, Jan S, Hawke C, Luscombe G, et al. Access
3: young people and the health system in the digital age - final research
report; 2018.
32. Hurling R, Catt M, Boni MD, Fairley BW, Hurst T, Murray P, et al. Using
internet and mobile phone technology to deliver an automated physical activity program: randomized controlled trial. J Med Internet Res.
2007;9(2):e7.
33. Santo K, Hyun K, de Keizer L, Thiagalingam A, Hillis GS, Chalmers J, et al.
The effects of a lifestyle-focused text-messaging intervention on adherence to dietary guideline recommendations in patients with coronary
heart disease: an analysis of the TEXT ME study. Int J Behav Nutr Phys Act.
2018;15(1):45.
34. Cox KL, Allida SM, Hackett ML. Text messages to reduce depressive symptoms: do they work and what makes them effective? A systematic review.
Health Educ J. 2020;80(3):253–71.
35. Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al.
Effect of lifestyle-focused text messaging on risk factor modification in
patients with coronary heart disease: a randomized clinical trial. JAMA.
2015;314(12):1255–63.
36. Ludwig K, Arthur R, Sculthorpe N, Fountain H, Buchan DS. Text messaging
interventions for improvement in physical activity and sedentary behavior in youth: systematic review. JMIR mHealth uHealth. 2018;6(9):e10799.
37. Roy Morgan Research: 9 in 10 Aussie teens now have a mobile . http://
roymorgan.com.au/findings/6929-australian-teenagers-and-their-mobile-
phones-june-2016-201608220922. Accessed 13 July 2022.
38. Sutherland K, Chessman J, Zhao J, Sara G, Shetty A, Smith S, et al. Impact
of COVID-19 on healthcare activity in NSW, Australia. Public Health Res
Pract. 2020;30(4):e3042030.
39. Redfern J, Thiagalingam A, Jan S, Whittaker R, Hackett ML, Mooney J,
et al. Development of a set of mobile phone text messages designed
for prevention of recurrent cardiovascular events. Eur J Prev Cardiol.
2014;21(4):492–9.
40. Valanju R, Barani M, Mautner D, Al Hadaya I, Cross A, Gunawardana M,
et al. Youth perspective on chronic disease prevention. Lancet Child
Adolesc Health. 2022;6(7):456–8.
41. Partridge SR, Raeside R, Singleton AC, Hyun K, Latham Z, Grunseit A,
et al. Text message behavioral intervention for teens on eating, physical
activity and social wellbeing (TEXTBITES): protocol for a randomized
controlled trial. JMIR Res Protocols. 2020;9(2):e16481.
42. Singleton A, Partridge SR, Raeside R, Regimbal M, Hyun KK, Chow CK,
et al. A text message intervention to support women’s physical and mental health after breast cancer treatments (EMPOWER-SMS): a randomised
controlled trial protocol. BMC Cancer. 2019;19(1):660.
43. Singleton AC, Raeside R, Partridge SR, Hyun KK, Tat-Ko J, Sum SCM, et al.
Supporting women’s health outcomes after breast cancer treatment
comparing a text message intervention to usual care: the EMPOWER-SMS
randomised clinical trial. J Cancer Surviv. 2022; Online ahead of print.
44. Watson JF, Collins CE, Sibbritt DW, Dibley MJ, Garg ML. Reproducibility
and comparative validity of a food frequency questionnaire for Australian
children and adolescents. Int J Behav Nutr Phys Act. 2009;6(1):62.
45. Burrows TL, Warren JM, Colyvas K, Garg ML, Collins CE. Validation of overweight children’s fruit and vegetable intake using plasma carotenoids.
Obesity (Silver Spring). 2009;17(1):162–8.
46. Vanl CMT, Okely AD, Batterham MJ, Hinkley T, Ekelund U, Brage S, et al.
Wrist acceleration cut points for moderate-to-vigorous physical activity in
youth. Med Sci Sports Exerc. 2018;50(3):609–16.
47. Lohman TRA, Martorell R. In: Kinetics H, editor. Anthropometric Standardization Reference Manual. Champaign: Human Kinetics Books, Chicago;
1988.
48. de la Vega R, Tomé-Pires C, Solé E, Racine M, Castarlenas E, Jensen MP,
et al. The Pittsburgh sleep quality index: validity and factor structure in
young people. Psychol Assess. 2015;27(4):e22–7.

Page 9 of 9

49. Famodu OA, Barr ML, Holásková I, Zhou W, Morrell JS, Colby SE, et al.
Shortening of the Pittsburgh sleep quality index survey using factor
analysis. Sleep Disord. 2018;2018:9643937.
50. Ratcliffe J, Stevens K, Flynn T, Brazier J, Sawyer M. An assessment of the
construct validity of the CHU9D in the Australian adolescent general
population. Qual Life Res. 2012;21(4):717–25.
51. Steele MM, Burns LG, Whitaker BN. Reliability and validity of the
SE-HEPA: examining physical activity– and healthy eating–specific
self-efficacy among a sample of preadolescents. Health Educ Behav.
2013;40(3):355–61.
52. Tiirikainen K, Haravuori H, Ranta K, Kaltiala-Heino R, Marttunen M. Psychometric properties of the 7-item generalized anxiety disorder scale (GAD7) in a large representative sample of Finnish adolescents. Psychiatry Res.
2019;272:30–5.
53. Haroz EE, Ybarra ML, Eaton WW. Psychometric evaluation of a selfreport scale to measure adolescent depression: the CESDR-10 in two
national adolescent samples in the United States. J Affect Disord.
2014;158:154–60.
54. Mewton L, Kessler RC, Slade T, Hobbs MJ, Brownhill L, Birrell L, et al. The
psychometric properties of the Kessler psychological distress scale
(K6) in a general population sample of adolescents. Psychol Assess.
2016;28(10):1232–42.
55. Bryant E, Miskovic-Wheatley J, Touyz SW, Crosby RD, Koreshe E, Maguire S.
Identification of high risk and early stage eating disorders: first validation
of a digital screening tool. J Eat Disord. 2021;9(1):109.
56. Blumberg SJ, Bialostosky K, Hamilton WL, Briefel RR. The effectiveness of
a short form of the household food security scale. Am J Public Health.
1999;89(8):1231–4.
57. Norman CD, Skinner HA. eHEALS: the eHealth literacy scale. J Med Internet Res. 2006;8(4):e27.
58. Davies A, Wellard-Cole L, Rangan A, Allman-Farinelli M. Validity of selfreported weight and height for BMI classification: a cross-sectional study
among young adults. Nutrition (Burbank, Los Angeles County, Calif ).
2020;71:110622.
59. Sarkkola C, Rounge TB, Simola-Ström S, von Kraemer S, Roos E, Weiderpass E. Validity of home-measured height, weight and waist circumference among adolescents. Eur J Pub Health. 2016;26(6):975–7.
60. (CDC) CDCaP: measuring children’s height and weight accurately at
home; 2021.
61. Cullen KW, Thompson D, Boushey C, Konzelmann K, Chen TA. Evaluation of a web-based program promoting healthy eating and physical
activity for adolescents: teen choice: food and fitness. Health Educ Res.
2013;28(4):704–14.
62. Holm S. A simple sequentially rejective multiple test procedure. Scand J
Stat. 1979;6(2):65–70.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

