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The Health4Life e- health intervention for modifying 
lifestyle risk behaviours of adolescents: secondary 
outcomes of a cluster randomised controlled trial
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Physical inactivity, poor diet, poor sleep, excessive 
recreational screen time, and alcohol and tobacco use are 
critical risk factors for chronic disease, including type 2 

diabetes, cancer, cardiovascular disease, obesity, and mental 
health disorders.1- 3 These risk factors, the “big 6”, typically 
develop and are highly prevalent during adolescence;4 once 
established, they are likely to persist into adulthood.5,6 Multiple 
health behaviour change interventions aim to cost- effectively 
and efficiently promote healthy lifestyles during adolescence.7

The Health4Life intervention, co- designed with public health 
experts, researchers, educators, and young people, aims to 
prevent development of the six major risk behaviours during 
adolescence; it is based on models of self- determination, social 
cognition, and social influence.8,9 The intervention comprises 
six internet- based lessons delivered during health education 
classes in the first year of secondary school (age, 11–14 years), 
complemented by a smartphone app.8

We have recently reported our evaluation of the Health4Life trial 
primary outcomes.9 Although we found that knowledge of the 
six major risk behaviours increased in the intervention group, the 
Health4Life program was not more effective than usual health 
education for modifying these behaviours. Nevertheless, the 
vast majority of students and teachers regarded the intervention 
and the app favourably; students enjoyed the learning style, and 
teachers felt the intervention held student attention.9 Possible 
reasons for its ineffectiveness include inadequate duration and 
delivery of the intervention, low use of the app,10 and the fact that 
we introduced the app and undertook follow- up assessments 
during the coronavirus disease 2019 (COVID- 19) pandemic.9

Abstract
Objectives: To investigate the effectiveness of a school- based 
multiple health behaviour change e- health intervention for 
modifying risk factors for chronic disease (secondary outcomes).
Study design: Cluster randomised controlled trial.
Setting, participants: Students (at baseline [2019]: year 7, 11–14 
years old) at 71 Australian public, independent, and Catholic schools.
Intervention: Health4Life: an e- health school- based multiple 
health behaviour change intervention for reducing increases in 
the six major behavioural risk factors for chronic disease: physical 
inactivity, poor diet, excessive recreational screen time, poor 
sleep, and use of alcohol and tobacco. It comprises six online video 
modules during health education class and a smartphone app.
Main outcome measures: Comparison of Health4Life and usual 
health education with respect to their impact on changes in 
twelve secondary outcomes related to the six behavioural risk 
factors, assessed in surveys at baseline, immediately after the 
intervention, and 12 and 24 months after the intervention: binge 
drinking, discretionary food consumption risk, inadequate fruit and 
vegetable intake, difficulty falling asleep, and light physical activity 
frequency (categorical); tobacco smoking frequency, alcohol 
drinking frequency, alcohol- related harm, daytime sleepiness, 
and time spent watching television and using electronic devices 
(continuous).
Results: A total of 6640 year 7 students completed the baseline 
survey (Health4Life: 3610; control: 3030); 6454 (97.2%) completed 
at least one follow- up survey, 5698 (85.8%) two or more follow- up 
surveys. Health4Life was not statistically more effective than usual 
school health education for influencing changes in any of the twelve 
outcomes over 24 months; for example: fruit intake inadequate: 
odds ratio [OR], 1.08 (95% confidence interval [CI], 0.57–2.05); 
vegetable intake inadequate: OR, 0.97 (95% CI, 0.64–1.47); increased 
light physical activity: OR, 1.00 (95% CI, 0.72–1.38); tobacco use 
frequency: relative difference, 0.03 (95% CI, –0.58 to 0.64) days per 
30 days; alcohol use frequency: relative difference, –0.34 (95% CI, 
–1.16 to 0.49) days per 30 days; device use time: relative difference, 
–0.07 (95% CI, –0.29 to 0.16) hours per day.
Conclusions: Health4Life was not more effective than usual school 
year 7 health education for modifying adolescent risk factors for 
chronic disease. Future e- health multiple health behaviour change 
intervention research should examine the timing and length of 
the intervention, as well as increasing the number of engagement 
strategies (eg, goal setting) during the intervention.
Trial registration: Australian New Zealand Clinical Trials Registry: 
ACTRN12619000431123 (prospective).

The known: Poor diet, alcohol use, smoking, physical inactivity, 
poor sleep, and excessive screen time are lifestyle risk factors for 
chronic disease; they often emerge in adolescence and typically 
persist into adulthood.
The new: Health4Life, a school- based multiple health behaviour 
change intervention, was no more effective than normal school 
health education for modifying changes in six major risk factors for 
chronic disease in young adolescents over 24 months.
The implications: School- based e- health multiple health 
behaviour change interventions need effective engagement 
strategies to maximise their effectiveness.
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In this article, we report our evaluation of the secondary 
outcomes of the Health4Life trial: alcohol drinking frequency, 
binge drinking, alcohol- related harms, tobacco smoking 
frequency, discretionary food consumption risk, risk of not 
meeting fruit and vegetable intake guidelines, light physical 
activity, time spent watching television and using electronic 
devices, difficulty in falling asleep, and daytime sleepiness. 
These twelve secondary outcomes, a broader range of behavi-
ours than the primary outcomes, facilitated more comprehensive 
evaluation of the effectiveness of the Health4Life intervention.

Methods

The Health4Life trial was a cluster randomised controlled trial 
in 71 Australian secondary schools during 1 January 2019 –  
31 December 2022; the assessments described in this article 
were undertaken during 19 July 2019 – 31 December 2021. We 
report our trial, prospectively registered with the Australian 
New Zealand Clinical Trials Registry (ACTRN12619000431123; 
18 March 2019; secondary outcome details updated 11 February 
2021), according to the Consolidated Standards of Reporting 
Trials (CONSORT) guidelines.11

Participants

We invited five hundred and nineteen public, independent, 
and Catholic diocese schools in New South Wales (Greater 
Sydney, Newcastle, Wollongong), Queensland (within 100 km 
of Brisbane), and Western Australia (within 600 km of Perth) to 
participate. Each school had previously expressed interest in the 
trial or were identified in the MySch ool. com database, had at 
least 30 enrolled year 7 students, and relevant ethics approvals 
were available. Eighty- five schools agreed to participate; 42 were 
initially randomised to the intervention arm, 43 to the control arm 
of the study. Five of the intervention arm schools withdrew before 
baseline assessments, and one after the baseline assessment; 36 
schools participated in all assessments and were included in 
the analysis. Seven of the control arm schools withdrew before 
baseline assessments, and one after the baseline assessment; 35 
schools participated in all assessments and were included in the 
analysis.

All year 7 students at the participating schools who spoke 
English fluently were eligible for participation if they provided 
active consent and their parents provided passive (opt- out) or 
active (opt- in) consent, according to the requirements of their 
school ethics board. Consent processes and the characteristics 
of the participants have been reported previously,9,12 as have 
sample size calculations.8

Procedure

The randomisation and masking procedures have been 
described previously.8 In short, we applied the Heo–Leon 
power calculations method for longitudinal cluster randomised 
controlled trials.13 We assumed that 70% of initial participating 
students would remain in the trial until the twenty- four month 
follow- up. The participating schools were randomised, stratified 
by location and school gender composition, by a biostatistician 
not involved in participant recruitment, using the blockrand 
function14 in R 4.2.2. As is usual practice for school- based cluster 
randomised controlled trials, the schools, participants, and 
researchers were not blinded to their allocation. Participating 
year 7 students completed surveys in class at baseline (2019), 

immediately after the intervention (2019), and twelve months 
(2020) and 24 months after the intervention (2021). The survey 
texts are available on justified application to the corresponding 
author of this article.

The Health4Life intervention

Participating students in the intervention group schools 
received the Health4Life intervention, an e- health multiple 
health behaviour change program that provides simultaneous 
education about the six major lifestyle behaviours and their 
relationships with each other. It uses a staged prevention 
model with universal and selective components. The 
universal components are six 20- minute online cartoon 
modules delivered during health education class, ideally over 
six weeks, supplemented by internet- based feedback and 
optional teacher- facilitated activities, as well as an optional 
companion smartphone app, provided during the first lesson, 
for use outside class. The school- based program was designed 
to provide evidence- based information about the six major 
lifestyle behaviours, develop resistance and self- regulatory 
skills, modify perceptions of norms, and increase autonomous 
motivation. The app was designed to encourage behavioural 
change through behaviour tracking and goal- setting activities. 
Students identified as being at risk of chronic disease (ie, for 
whom two of the target behaviours were identified at baseline) 
were offered the selective Health4Life + intervention, which 
provided additional education about the six behaviours, as 
well as cognitive behavioural and app- based motivation 
enhancement techniques that support behavioural change.8 
Four hundred and seven intervention group students (11%) 
used the Health4Life app during the entire trial period; five 
students (0.1%) used the supplementary Health4Life + booster 
content.9,10

Participating students in the control group schools received 
the usual health education provided by their school. Teachers 
recorded in logbooks the amount and format of any education 
related to the six lifestyle behaviours. Thirty- two control arm 
schools provided logbooks from a total of 96 teachers, 90 of 
whom reported one or more lessons touching on at least one of 
the target behaviours in 2019.9

Outcomes

The twelve outcomes reported in this article were self- reported 
measures of the secondary outcome risk factors at baseline, 
immediately after the intervention, and twelve and 24 months 
after the intervention: binge drinking, discretionary food 
consumption risk (consumption of more than one discretionary 
food item per day on most days), inadequate fruit and vegetable 
intake,15 difficulty falling asleep, and light physical activity 
frequency (categorical variables); and tobacco smoking frequency, 
alcohol drinking frequency, alcohol- related harms (Abbreviated 
Rutgers Alcohol Problem Index16), daytime sleepiness (Paediatric 
Daytime Sleepiness Scale17), and time spent watching television 
and using electronic devices (continuous variables) (Supporting 
Information, section 1). Mental health and intention to change 
behaviour were also examined, but our findings are not reported 
in this article.

Statistical analysis

For categorical variables, we report frequencies with estimated 
proportions and 95% confidence intervals (CIs) estimated with 
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the Wilson method; for continuous variables, we report means 
with 95% CIs or standard deviations (SDs).

We assessed change over the 24- month follow- up period in 
latent growth models (using Mplus 8.4; http:// www. statm odel. 
com). The models had a structural equation framework in which 
baseline variable values are the reference points and latent 
intercepts and slopes are respectively interpreted as participant 
starting points and change over time. To assess the intervention 
effect, the influence of the intervention group variable on 
the slope latent factor was deemed to provide an estimate of 
between- group differences in change over time. The latent 
growth model type was selected according to the distribution 
of values for an outcome (binary, continuous, or ordinal; further 
details: Supporting Information, section 2). We report odds ratios 
(ORs) with 95% CIs for binary logistic and ordinal variables, 
and mean differences with 95% CIs for continuous variables, 
estimated for each of the four time points using the Mplus model 
constraint command. School was included as a cluster variable in 
all models. As randomisation was stratified by gender and site, 
we controlled for sex at birth and school region in all models. We 
tested different specifications of time scores (linear, quadratic, 
freely estimated) on unconditional latent growth models (ie, no 
covariates) to determine the best fitting time structure and slope 
estimate interpretation for each outcome. Model fit was assessed 
with the Akaike, Bayesian, and sample size- adjusted Bayesian 
information criteria (Supporting Information, section 3).

To assess the effect of attrition on outcomes, we included a 
binary completeness variable (ie, students who participated 
only at baseline or who completed at least one follow- up 
survey). The statistical significance of differences in continuous 
baseline variables between students who did or did not 
participate in follow- up surveys was assessed in t tests; binary 
and multinomial logistic regression were respectively used 
for dichotomous and categorical variables. The latent growth 
models used full information maximum likelihood estimation, 
treating missing data according to intention- to- treat principles 
(ie, including all participants randomised to the study arms). 
Full information maximum likelihood uses all available 
information when estimating parameters; it is considered 
superior to older methods and is widely employed in latent 
growth model analyses.18

Ethics approval

Our study was approved by the human research ethics 
committees of the University of Sydney (2018/882), the 
University of Queensland (2019000037), and Curtin University 
(HRE2019- 0083), and by ethics committees for each participat-
ing school, including the NSW Department of Education 
(SERAP no. 2019006), the Catholic Education Diocese of Bathurst, 
the Catholic Schools Office Diocese of Maitland–Newcastle, 
Edmund Rice Education Australia, the Brisbane Catholic 
Education Committee (373), and Catholic Education Western 
Australia (RP2019/07).

Results

Of the 6640 year 7 students in 71 schools with parental 
permission to participate who completed the baseline survey 
(intervention: 3610 students; control: 3030 students) (Box  1; 
Supporting Information, table  1), 6454 (97.2%) completed at 
least one follow- up survey (intervention: 3502, 97.0%; control: 
2952, 97.4%), and 5698 (85.8%) two or more follow- up surveys 
(intervention: 3040, 84.2%; control: 2658, 87.7%).

Secondary outcomes at baseline, by follow- up survey 
participation

The proportion of students who completed at least one 
follow- up survey who did not meet the fruit guidelines at 
baseline was smaller than for those who did not (23.8% v 33.5%; 
OR, 0.62; 95% CI, 0.47–0.82). The reported mean daily television 
time (2.7 [SD, 2.6] hours v 3.5 [SD, 3.5] hours; P < 0.001) and 
electronic device use time (3.1 [SD, 3.0] hours v 3.8 [SD, 3.6] 
hours; P < 0.001) was lower for those who completed at least one 
follow- up survey. The mean alcohol- related harm score was 
lower for the participants who completed at least one follow- up 
survey (5.3 [SD, 6.8] v 6.04 [SD, 6.4]; P  =  0.015), as was mean 
daytime sleepiness score (13.8 [SD, 6.1] v 15.6 [SD, 6.4]; P < 0.001); 
a larger proportion reported difficulty falling asleep (61.5% 
v 52.0%; OR, 1.47; 95% CI, 1.11–1.95) (Supporting Information, 
tables 2, 3).

The likelihood of no follow- up data was similar for the 
Health4Life and control groups for all secondary outcomes 
except discretionary food risk, fruit intake, and vegetable intake 
(Supporting Information, table 4).

Change in secondary outcomes over 24 months, by study 
arm

All measures of alcohol and tobacco use increased in both groups 
between the baseline and 24- month surveys. The proportion 
of control group participants who reported binge drinking 
increased from 0.45% (95% CI, 0.27–0.77%) at baseline to 5.9% (95% 
CI, 5.0–7.0%) at 24 months; in the intervention group it increased 
from 0.55% (95% CI, 0.35–0.86%) to 6.7% (95% CI, 5.7–7.7%). The 
mean reported number of days in the past 30 days on which 
participants used alcohol (24 months: control, 0.39 [95% CI, 0.28–
0.50] days; intervention: 0.52 [95% CI, 0.40–0.65] days) or tobacco 
(24 months: control, 0.33 [95% CI, 0.21–0.45] days; intervention: 
0.48 [95% CI, 0.34–0.61] days) also increased between baseline 
and 24 months, as did the mean reported alcohol- related harm 
score (24 months: control, 6.89 [95% CI, 6.18–7.60]; intervention: 
7.60 [95% CI, 6.88–8.32]) (Box 2, Box 3).

The proportion of students who did not meet fruit intake 
guidelines increased over time (24 months: control, 30.6% [95% 
CI, 28.7–32.6%]; intervention: 33.5% [95% CI, 31.7–35.5%]), but 
not that of those who did not meet vegetable intake guidelines  
(24 months: control, 87.7% [95% CI, 86.3–89.0%]; intervention: 
89.3% [95% CI, 88.0–90.4%]). The proportions reporting light 
physical activity five or more times a week declined slightly 
(24 months: control, 58.8% [95% CI, 56.8–60.8%]; intervention: 
59.2% [95% CI, 57.2–61.1%]), as did the proportions reporting 
discretionary food risk (24 months: control, 37.7% [95% CI,  
35.7–39.8%]; intervention: 38.1% [95% CI, 36.1–40.1%]) (Box 2).

The proportions who reported difficulty falling asleep did not 
change markedly in either group (24 months: control, 36.4%  
[95% CI, 34.5–38.4%]; intervention: 32.9% [95% CI, 31.1–34.8%]), 
but mean daytime sleepiness scores increased slightly in each 
group (24 months: control, 15.5 [95% CI, 15.0–15.5]; intervention: 
14.7 [95% CI, 14.4–14.9]) (Box 2, Box 3).

Finally, both mean daily television (24 months: control, 3.0 
[95% CI, 2.9–3.1] hours; intervention: 3.1 [95% CI, 3.0–3.2] hours) 
and mean daily electronic device time (24 months: control, 3.6 
[95% CI, 3.5–3.8] hours; intervention: 3.8 [95% CI, 3.7–4.0] hours) 
increased slightly over 24 months (Box 3).

The best fitting time functions varied by outcome (Supporting 
Information, table 5). The differences between the Health4Life 

http://www.statmodel.com
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and control groups in baseline (intercept) and change over  
24 months (slope) were statistically non- significant for all 
secondary outcomes (Box 4).

Discussion

We report the secondary outcomes of the first study to evaluate 
the effectiveness of a school- based e- health multiple health 
behaviour change intervention that comprehensively targets 
the six major risk factors for chronic disease. The twelve 
secondary outcomes provided a broader picture of the impact of 
Health4Life than our evaluation of the six primary outcomes.9 
For instance, a change in light physical activity (eg, walking 
more each day) may be easier for adolescents than a change in 
the related primary outcome, the number of days with at least 
60 minutes of moderate to vigorous physical activity. Similarly, 
binge drinking, frequency of drinking, and alcohol- related harm 
capture a greater range of behaviour than the primary outcome, 
any alcohol consumption during the past six months. Despite 
the more nuanced approach, however, and consistent with our 
primary outcome results,9 we identified no major differences in 
outcomes between the Health4Life and usual health education 
groups.

Lifestyle disruptions caused by the 
COVID- 19 pandemic during the study 
follow- up period may have reduced 
students’ motivation, capacity, and 
opportunities for acting on the 
knowledge provided by the program. 
As the impact of the pandemic on 
mental health was particularly great 
for adolescents,19 it could have had a 
strong influence on the effect of the 
intervention on health behaviour. 
Knowledge about the chronic disease 
risk factors in creased significantly 
among Health4Life program 
participants,9 but knowledge changes 
might not be sufficient for changing 
behaviour.20 This is especially true 
for behaviour entrenched early in 
adolescence, such as screen use and 
sedentary behaviour. Given the already 
high prevalence of these behaviours 
among our participants,12 earlier or 
more targeted intervention strategies 
might be more effective.

Behavioural change interventions aim 
to modify two dimensions of the target 
behaviour: value and activation. For 
value, strategies such as education, 
persuasion, and modelling aim to 
change what people think, want, 
and feel. Activation often involves 
engagement strategies such as nudges, 
goal setting, if- then strategies, and 
reminders to enhance the accessibility 
of thoughts, feelings, and goals related 
to the target behaviour.21 As we did 
not examine the students’ intention to 
change their behaviour, we could not 
assess whether value was affected by 
the intervention. The Health4Life app 
was intended to promote engagement 

by providing motivational interviewing and goal setting to 
increase behavioural activation.10 By increasing knowledge 
through education, Health4Life may have changed the 
value students attached to healthy behaviour, but not the 
cognitive accessibility needed to convert this knowledge into 
behavioural change22,23 because the app- based component 
that included the activation strategies was not used by most 
students.

Although the intervention cartoon modules targeted fruit 
and vegetable intake, internet- based feedback focused on 
sugar- sweetened beverages. Interventions for increasing fruit 
and vegetable intake should provide feedback regarding all 
dietary targets, as this is an effective component of electronic 
health behaviour change interventions for improving fruit and 
vegetable intake.24

Our findings are consistent with those of other studies that 
school- based physical activity interventions typically have 
limited or no effect.25,26 A 2016 model of expanded, extended and 
enhanced opportunities provided a set of principles for effective 
school- based physical activity interventions based on expanding 
the number of opportunities for students to be active (eg, 
providing before and after school activities), increasing the time 

1 The Health4Life cluster randomised controlled trial: selection of participants and 
survey completion 
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allocated to existing opportunities (eg, allocating more time to 
breaks from classes for physical activity), and modifying existing 
opportunities to increase the amount of physical activity (eg, less 
waiting time in physical education classes).27 The Health4Life 
program could be improved by including school- level 

engagement and commitment to increasing opportunities for 
physical activity at school.

The Health4Life intervention was no more effective than usual 
health education for reducing substance use. A meta- analysis 
similarly found that e- health multiple health behaviour change 

2 Participants who reported behaviour inconsistent with lifestyle guidelines for avoiding chronic disease: categorical outcomes, by 
Health4Life survey and study arm*

Participants who did not meet guidelines: number/respondents and estimated proportion (95% CI)

Target behaviour Baseline survey Post- intervention 12- month survey 24- month survey

Binge drinking†

Control 13/2868
0.45% (0.27–0.77%)

29/2460
1.2% (0.82–1.7%)

64/2479
2.6% (2.0–3.3%)

134/2256
5.9% (5.0–7.0%)

Health4Life 19/3453
0.55% (0.35–0.86%)

20/2825
0.71% (0.46–1.1%)

68/2804
2.4% (1.9–3.1%)

162/2433
6.7% (5.7–7.7%)

Discretionary food risk‡

Control 1002/2475
40.5% (38.6–42.4%)

908/2349
38.7% (36.7–40.6%)

873/2272
38.4% (36.4–40.4%)

815/2159
37.7% (35.7–39.8%)

Health4Life 1355/3252
41.7% (40.0–43.4%)

994/2702
36.8% (35.0–38.6%)

930/2495
37.3% (35.4–39.2%)

859/2257
38.1% (36.1–40.1%)

Fruit intake inadequate

Control 585/2828
7% (19.2–22.2%)

527/2452
5% (19.9–23.2%)

597/2441
24.5% (22.8–26.2%)

682/2227
30.6% (28.7–32.6%)

Health4Life 907/3338
27.2% (25.7–28.7%)

647/2788
23.2% (21.7–24.8%)

786/2768
28.4% (26.7–30.1%)

803/2394
33.5% (31.7–35.5%)

Vegetable intake inadequate

Control 2425/2841
85.4% (84.0–86.6%)

2069/2458
84.2% (82.7–85.6%)

2111/2440
86.5% (85.1–87.8%)

1951/2225
87.7% (86.3–89.0%)

Health4Life 2937/3374
87.0% (85.9–88.1%)

2349/2800
83.9% (82.5–85.2%)

2392/2768
86.4% (85.1–87.6%)

2129/2385
89.3% (88.0–90.4%)

Light physical activity (per 
week)

Control: none 112/2852
3.9% (3.3–4.7%)

101/2468
4.1% (3.4–4.9%)

118/2454
4.8% (4.0–5.7%)

135/2244
6.0% (5.1–7.1%)

Control: once or twice 359/2852
12.6% (11.4–13.9%)

334/2468
13.5% (12.2–14.9%)

331/2454
13.5% (12.2–14.9%)

341/2244
15.2% (13.8–16.7%)

Control: three or four times 536/2852
18.8% (17.4–20.3%)

471/2468
19.1% (17.6–20.7%)

459/2454
18.7% (17.2–20.3%)

448/2244
20.0% (18.4–21.7%)

Control: five times or more 1845/2852
64.7% (62.9–66.4%)

1562/2468
63.3% (61.4–65.2%)

1546/2454
63.0% (61.1–64.9%)

1320/2244
58.8% (56.8–60.8%)

Health4Life: none 169/3404
5.0% (4.3–5.7%)

100/2803
3.6% (2.9–4.3%)

142/2785
5.1% (4.3–5.9%)

156/2412
6.5% (5.6–7.5%)

Health4Life: once or twice 411/3404
12.1% (11.0–13.2%)

358/2803
12.8% (11.6–14.1%)

391/2785
14.0% (12.8–15.4%)

383/2412
15.9% (14.5–17.4%)

Health4Life: three or four 
times

634/3404
18.6% (17.4–20.0%)

514/2803
18.3% (16.9–19.8%)

509/2785
18.3% (16.9–19.8%)

445/2412
18.4% (17.0–20.0%)

Health4Life: five times or 
more

2190/3404
3% (62.7–65.9%)

1831/2803
3% (63.5–67.1%)

1743/2785
62.6% (60.8–64.4%)

1428/2412
59.2% (57.2–61.1%)

Difficulty falling asleep

Control 1148/2985
38.5% (36.7–40.2%)

930/2608
35.7% (33.4–37.5%)

900/2541
35.4% (33.6–37.3%)

847/2325
36.4% (34.5–38.4%)

Health4Life 1392/3556
39.1% (37.6–40.8%)

933/2977
31.3% (29.7–33.0%)

988/2888
34.2% (32.5–36.0%)

847/2572
32.9% (31.1–34.8%)

CI = confidence interval. * Outcomes and their assessment are described in the Supporting Information, part 1. † Five or more standard alcoholic drinks on one occasion in the past six months. 
‡ Consumption of more than one discretionary food item per day on most days. ◆
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3 Participants who reported behaviour inconsistent with lifestyle guidelines for avoiding chronic disease: continuous outcomes, by 
Health4Life survey and study arm*

Mean (95% confidence interval)

Behaviour Baseline survey Post- intervention 12- month survey 24- month survey

Tobacco use (days in past 30 days)

Control 0.06 (0.02–0.11) 0.20 (0.11–0.29) 0.23 (0.13–0.32) 0.33 (0.21–0.45)

Health4Life 0.06 (0.02–0.10) 0.15 (0.08–0.23) 0.25 (0.16–0.34) 0.48 (0.34–0.61)

Alcohol use (days in past 30 days)

Control 0.03 (0.01–0.05) 0.22 (0.13–0.32) 0.27 (0.18–0.37) 0.39 (0.28–0.50)

Health4Life 0.07 (0.03–0.10) 0.12 (0.06–0.18) 0.26 (0.17–0.34) 0.52 (0.40–0.65)

Alcohol- related harm†

Control 5.31 (4.91–5.70) — 8.19 (7.20–9.17) 6.89 (6.18–7.60)

Health4Life 5.85 (5.44–6.25) — 7.89 (7.04–8.75) 7.60 (6.88–8.32)

Daytime sleepiness‡

Control 13.9 (13.7–14.1) 13.6 (13.3–13.8) 14.3 (14.0–14.5) 15.5 (15.0–15.5)

Health4Life 13.9 (13.7–14.1) 12.3 (12.0–12.5) 13.8 (13.5–14.0) 14.7 (14.4–14.9)

Television time (hours per day)

Control 2.61 (2.52–2.70) 2.64 (2.53–2.74) 2.90 (2.78–3.02) 3.00 (2.89–3.12)

Health4Life 2.85 (2.76–2.94) 2.80 (2.69–2.90) 2.99 (2.88–3.11) 3.07 (2.95–3.19)

Device use time (hours per day)

Control 2.96 (2.86–3.05) 3.03 (2.92–3.15) 3.62 (3.50–3.76) 3.64 (3.52–3.77)

Health4Life 3.33 (3.22–3.44) 3.07 (2.96–3.18) 3.62 (3.50–3.74) 3.85 (3.72–3.98)

* Outcomes and their assessment are described in the Supporting Information, part 1. † Students who reported drinking alcohol in the past six months only: Abbreviated Rutgers Alcohol 
Problem Index.16 ‡ Paediatric Daytime Sleepiness Scale.17 ◆

4 Effects of the Health4Life intervention (v control) on baseline differences (intercept) and change over time (slope) in secondary 
outcomes: latent growth models

Behaviour Intercept (95% CI) Slope (95% CI) Quadratic slope (95% CI)

Categorical outcomes

Binge drinking* 0.55 (0.16 to 1.85) 1.64 (0.34 to 7.01) —

Discretionary food risk* 0.93 (0.64 to 1.33) 0.99 (0.71 to 1.39) —

Fruit intake inadequate* 0.69 (0.32 to 1.50) 1.08 (0.57 to 2.05) —

Vegetable intake inadequate* 1.01 (0.46 to 2.19) 0.97 (0.64 to 1.47) —

Light physical activity† 0.93 (0.78 to 1.12) 1.00 (0.72 to 1.38) —

Difficulty falling asleep* 1.14 (0.79 to 1.65) 0.72 (0.51 to 1.01) —

Continuous outcomes‡

Tobacco use frequency –0.02 (–0.11 to 0.07) 0.03 (–0.58 to 0.64) 0.09 (–0.53 to 0.71)

Alcohol use frequency 0.03 (–0.03 to 0.10) –0.34 (–1.16 to 0.49) 0.36 (–0.50 to 1.23)

Alcohol- related harm 0.51 (–0.29 to 1.31) –2.86 (–8.59 to 2.87) 2.71 (–3.32 to 8.73)

Daytime sleepiness –0.33 (–0.83 to 0.17) –0.84 (–2.16 to 0.48) 0.88 (–0.52 to 2.28)

Television time 0.17 (–0.12 to 0.47) –0.07 (–0.35 to 0.06) —

Device use time 0.19 (–0.17 to 0.55) –0.07 (–0.29 to 0.16) —

CI = confidence interval. * Logistic latent growth models; slope estimates are odds ratios, intervention v control group, at 24 months (not statistically significant if 95% CI includes 1). † Ordinal 
logistic latent growth model; slope estimate is odds ratio for being in a higher activity category, intervention v control group, at 24 months (not statistically significant if 95% CI includes 0). 
‡ Linear regression models; slope estimates are relative differences in the mean change in outcome over 24 months, intervention v control group. All models are adjusted for sex at birth and 
school location; outcomes and their assessment are described in the Supporting Information, part 1. ◆
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interventions did not reduce alcohol or tobacco use by school 
students,28 but we have previously reported effective prevention 
of alcohol and drug use with a program for Australian students 
in high school years 8–10.29 Health4Life was delivered to year 7 
students, which may have been too early to influence substance 
use, suggesting that alcohol and tobacco use might be best 
targeted separately from other lifestyle risk factors. Other 
health risks, including physical inactivity and screen use, were 
already common in year 7, perhaps indicating that prevention 
should start earlier than year 7. Education about each risk factor, 
provided sequentially or over several sessions, could provide 
more opportunities for students to apply the acquired knowledge 
and skills during their daily lives.

Limitations

The Health4Life study is the largest school- based multisite 
cluster randomised controlled trial of an e- health multiple health 
behaviour change program. The intervention was co- designed 
with public health experts, researchers, educators, and young 
people, and was well received by both students and teachers.9 
Nonetheless, although the Health4Life trial included students 
from a variety of schools and locations, the sample was not 
nationally representative, limiting the generalisability of our 
findings. Further, assessments of all outcomes relied on reports 
by students. Despite using validated self- report measures for each 
outcome, students may have misjudged their health behaviour 
or been influenced by social desirability or expectancy effects. 
Corroboration of survey responses by objective health data sources 
would be desirable in future studies. The choice of functional form 
of time (ie, linear, quadratic, free) could affect the ability to detect 
intervention effects, but the decision to use different time scores 
was based on unconditional model fit, which ensured the use of the 
most appropriate time function according to the data. Finally, for 
nine of twelve outcomes the missing data proportion was similar 
for both trial groups, but this did not apply to fruit or vegetable 
consumption, or to discretionary food risk.

Conclusions

As with our primary outcomes findings, the Health4Life intervention 
was no more effective than usual school health education in 
modifying twelve secondary outcome health behaviours among 
Australian adolescents over 24 months. The COVID- 19 pandemic 
may have limited the capacity for students for the behavioural 
changes promoted by Health4Life, but the program needs to be 
refined while maintaining its acceptability for students and teachers. 
Refinements could include changes to the timing, order, and length 
of the intervention modules, as well as strategies for increasing value 
and activation at the time of or after knowledge gain.
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