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Abstract

Issue Addressed: Dietary intake of Australian adolescents is suboptimal. Schools are

an ideal setting for health promotion initiatives to develop healthy lifestyle behav-

iours among adolescents. However, we do not know which nutrition-focused,

school-based interventions are effective at improving health outcomes in adolescents

in Australia. Therefore, the aim was to evaluate the effect of nutrition interventions

on health outcomes in Australian secondary school students.

Methods: MEDLINE, EMBASE, CINAHL, ERIC and Informit were systematically

searched on 4th November 2022. Studies in any language evaluating nutrition inter-

ventions implemented in Australian secondary schools were included. Studies evalu-

ating interventions conducted in primary schools or outside the school setting were

excluded, as were any grey literature, systematic reviews and meta-analyses. Screen-

ing and data extraction were performed in duplicate. Quality was assessed using the

Mixed Methods Appraisal Tool.

Results: Thirteen studies (n = 27 224) reporting on nutrition interventions implemen-

ted in Australian secondary schools were included. Studies were conducted in five

different states and a capital territory within Australia and were mostly randomised

controlled trials. Most studies reported a significant improvement on nutrition-

related health outcome measures (dietary behaviour n = 6, nutritional knowledge

and attitudes n = 4 and anthropometric n = 1).

Conclusions: This review found limited studies reporting on nutrition interventions in

Australian secondary schools. However, most were shown to be effective in improv-

ing nutrition-related health outcomes.

So What? Since there were limited studies in peer-reviewed journals, more research

in this area is needed to confirm the effectiveness of nutrition interventions in

Australian secondary schools and to assess long-term effects on student's health

outcomes.
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1 | INTRODUCTION

Good nutrition, such as nutrient-dense foods, is important for proper

growth and development during adolescence. The World Health Orga-

nization (WHO) defines adolescence as a transitional stage between

childhood and adulthood, between the ages of 10 and 19, and is a

unique stage of human development characterised by rapid physical,

cognitive and psychosocial growth.1 A healthy, balanced and nutritious

diet ensures nutrient requirements are met, promoting health and well-

being and protecting against non-communicable diseases such as diabe-

tes, cardiovascular disease, stroke and cancer.2 Establishing healthy

food behaviours during childhood is also beneficial long term, as it will

be conveyed into adulthood. Furthermore, a balanced diet can improve

mental health,3 cognitive skills such as memory and concentration3 and

academic performance.4

The transition from childhood to adolescence is usually associated

with a shift to unhealthy eating practices. These are seen as a reduc-

tion in the consumption of fruit and vegetables and instead opting for

more energy-dense, nutrient-poor choices such as sugar-sweetened

beverages and high-fat foods.5,6 Research highlights an increasing

trend in the consumption of fast foods rich in unhealthy fats, sodium

and sugar among adolescents, increasing their risk of developing

chronic health conditions in adulthood.6–10 Furthermore, surveys

focused on nutrition among adolescents have revealed inadequate

intakes of vitamins and minerals.8 In Australia, there has been a rise in

unhealthy dietary practices among adolescents, along with sedentary

lifestyle behaviours and reduced physical activity.11,12 Food choices

may also differ between genders, as research has highlighted that girls

make healthier food choices than boys.13 In 2017–2018, the

Australian Institute of Health and Welfare11 reported adolescents

aged 15–18 did not meet the national fruit (two serves/day) and veg-

etable (five serves/day) guidelines recommended for their age. Fur-

thermore, a greater proportion (71%) of young males (15–18 years

old) consumed sugar-sweetened beverages once a week compared to

females (54%). Thus, there is a need to improve nutritional intake in

this population through interventions focused on improving dietary

behaviours.

There has been a rapid rise in recognising the promising role of

schools in promoting healthy behaviours among adolescents.14,15

Schools have been identified as an ideal setting for health promotion

initiatives that aim to develop healthy lifestyle behaviours in adoles-

cents through a healthy food environment.8,16 School settings also

allow health initiatives to reach a larger audience with more diverse

ethnic and socioeconomic backgrounds.6 Globally, multi-component

nutrition interventions implemented in schools within developed

countries have been reported to be effective.17,18 Furthermore, nutri-

tion interventions using theoretical frameworks such as the Socio

Ecological Theory of Behaviour Change, Social Cognitive Theory

(SCT), Theory of Planned Behaviour and Transtheoretical Model have

been reported as a feature of successful interventions.6 Additionally,

interventions designed using WHO's Health Promoting Schools (HPS)

framework have been reported to be effective in improving healthy

eating behaviour among school students in some studies.19

The effectiveness of school-based interventions may also differ

depending on the setting within which the intervention is delivered

(pre-primary, primary or secondary schools). This is due to the varied

food environments and school food policies in primary and secondary

schools.20 A systematic review published in 20226 highlighted that

nutrition interventions within a school-based setting have been reported

across different age range of children including primary and secondary

school students. Additionally, several umbrella reviews6,16 report their

effectiveness in generating positive health behaviour changes. However,

no review-level evidence reporting on nutrition interventions has been

conducted for secondary schools in Australia. Research suggests that

the school food environment, such as food provision, nutrition educa-

tion and healthy school policies, can be instrumental in developing

healthy lifestyle practices in secondary school students.21

Globally, previous systematic reviews have been conducted on the

effectiveness of nutrition interventions in secondary schools.6,16 How-

ever, no systematic review has been conducted exclusively addressing

nutrition interventions in secondary schools within Australia. Moreover,

effective interventions identified in other countries have not been

translated to the Australian setting, such as meal provision in schools

and interventions focused on improving menus. Therefore, a compre-

hensive analysis of all available research within the Australian context is

essential to inform details of future interventions. It will help identify

age-appropriate, multi-component interventions that successfully

improve Australian adolescents' health-related outcomes. Furthermore,

it will provide a foundation for evidence-based public health prevention

programs in Australia. Thus, the main objectives of this systematic

review are to (1) describe the various nutrition interventions implemen-

ted in Australian secondary schools and (2) report their effectiveness in

improving nutrition-related health outcomes of students.

2 | METHODS

This systematic review was reported per the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) state-

ment. The Cochrane Handbook for Systematic Reviews of Interven-

tions22 was used to inform the review. It was preregistered in

PROSPERO with registration no. CRD42022374357.

2.1 | Eligibility criteria

The inclusion criteria were (1) studies targeting students in secondary

schools, (2) any intervention studies that included a nutrition component

that had been implemented in a school setting, (3) studies conducted in

Australia and (4) studies in any language. The list of all nutrition compo-

nents used in the search strategy can be found in the Supporting Infor-

mation, S1. The exclusion criteria were (1) studies targeting students in

primary schools, (2) interventions that were conducted outside the

school setting (e.g., community and home settings) and (3) any grey liter-

ature, systematic reviews and meta-analyses. Systematic reviews and

meta-analyses were excluded as it was identified during pre-screening
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that none had been conducted exclusively in Australia. Those done

worldwide that included some Australian studies in their review, identi-

fied in pre-screening, were hand searched for the Australian studies.

2.2 | Study selection

Five electronic databases were searched, including MEDLINE,

EMBASE, CINAHL, ERIC and Informit, from database inception on

4 November 2022. An initial search strategy was designed in PubMed

and translated to the other databases using PolyGlot.23 A full search

strategy can be found in Supporting Information, S1.

All search results were exported into an EndNote X7.1 Library

and deduplicated using the Systematic Literature Review Accelera-

tor.24 Remaining references were imported into Covidence 2022 for

eligibility screening. Titles and abstracts were screened in duplicate

and conflicts were resolved through discussion with a third author.

Following this, full text of each study was sourced and screened in

duplicate. Conflicts were resolved through discussion with a third

author. Reason for exclusion at full text (wrong intervention, wrong

patient population, full text not available and wrong setting) was

recorded. The reference lists of included studies were hand-searched

to retrieve any additional relevant articles.

2.3 | Data extraction

All data were extracted by one author (AC and LB) and checked by a

second using a table template. Relevant data from identified papers

were extracted using the following elements: first author, year of pub-

lication, study design, location, sample size, study characteristics, par-

ticipant characteristics, intervention characteristics, outcome

measures and key findings. Nutrition-related outcome measures, in

addition to all other outcome measures reported in the studies, were

extracted. The socioeconomic status of the schools was extracted

from each study and was categorised inductively into either ‘most dis-

advantaged’, ‘least disadvantaged’ or ‘less disadvantaged’. Basic sta-

tistical analysis was performed to provide a percentage for each

category. Study investigators did not contact any authors as no data

were missing from the included studies. Extracted intervention com-

ponents were categorised inductively. If enough randomised con-

trolled trials (RCTs) or pseudo-RCTs were identified with homogenous

samples and outcomes, a meta-analysis would be conducted.

2.4 | Quality assessment

Two authors independently appraised the methodological and design

quality of the included studies using the Mixed Methods Appraisal

Tool (MMAT) version 2018,25 and a third author resolved disagree-

ments. The checklist followed a ‘Yes’, ‘No’ and ‘Cannot tell’ question
structure. It included two initial screening questions for all study

designs and five questions within each study design category

(qualitative, RCTs, non-randomised, quantitative descriptive and

mixed methods) to assess the quality of the studies.

3 | RESULTS

3.1 | Selection process

The database search identified 6271 studies, and two studies were

identified by hand-searching. After removing duplicates and screening

titles and abstracts, 44 studies were retrieved for full-text screening.

Six studies were described in more than one paper. A total of

25 papers describing 13 studies (n = 27 224) were included in this

systematic review. Reasons for exclusion were mainly related to the

intervention (not containing a nutrition component) and population

(conducted in a primary school). The study selection process is illus-

trated as a PRISMA flow chart in Figure 1.

3.2 | Characteristics of included studies

Table 1 displays the characteristics of the included studies. Studies were

conducted across five states and territories within Australia, including

New South Wales (n = 7),26–44 Queensland (n = 3),26,45,46 Victoria

(n = 1),47,48 Western Australia (n = 1),26 Australian Capital Territory

(n = 1)49 and across Australia (n = 1).50 Of the 13 studies, 6 studies26–

37,47,48 were cluster RCTs, 1 study38–40 was a two-by-two factorial RCT,

4 studies41–44,49,50 were quasi-experimental, while 2 studies45,46 were

mixed-method case studies. Studies ranged in duration from 25 days to

4 years (ongoing at the time of this review). Sample sizes of the studies

range from n = 66 to n = 8992. Participants were secondary school stu-

dents from grades 7–11. Six studies focused on individual grades, six

studies focused on a combination of two or more grades and one study

focused on all grades. One study27–31 had only girls as participants, and

six studies32–36,38–40,42–44,46,49 had reported both boys and girls as par-

ticipants. The percentage of female participants in these six studies ran-

ged from 45% to 56% of the total. Six studies26,37,41,45,47,48,50 did not

disclose participant's gender information. The socioeconomic status of

the schools was reported by 10 studies.28–45,47–50 From the 10 studies,

45% (n = 64) were ‘most disadvantaged’ schools, 28% (n = 38) were

‘least disadvantaged’ schools (n = 40), and 27% (n = 37) were ‘less dis-
advantaged’ schools. The types of schools were reported by nine stud-

ies.28–32,35–41,43–50 From the nine studies, 70% (n = 94) were

‘government’ schools, 13% (n = 18) ‘independent schools’ and 8%

(n = 11) ‘Catholic’ schools. A few schools were reported to be ‘indepen-
dent or Catholic’ (9%; n = 12).

3.3 | Nutrition interventions implemented in
Australian secondary schools

All studies adopted a multi-component approach, and the majority

followed a theoretical framework in implementing the intervention.

COMEAU ET AL. 3
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Almost half of the studies used WHO HPS Framework or WHO

Health System Framework (building blocks). Table 2 shows the inter-

vention details of the studies, summarising the aim, description of

nutrition intervention, nutrition intervention components, and theory

used. All interventions summarised in this review were multi-

component. Five main intervention components were identified from

analysing the studies—educational, environmental, parental/

community involvement, physical activity and multimedia. Twelve

studies26–36,38–50 contained an educational component, 10 studies27–

36,38–40,42–46,49,50 contained an environmental component, 10 stud-

ies27–36,38–49 contained a parental/community involvement compo-

nent, 8 studies26–33,37–40,42–44,47–49 contained a multimedia

component and 4 studies26–33,41 contained a physical activity compo-

nent. A mix of theories were used to guide the development of the

intervention components. Eight of the included studies26–36,38–40,46–

49 used a single theory, three studies37,42–45 used a combination, and

two studies41,50 did not use a guiding framework or theory. WHO

HPS Framework was used in four studies,34–36,38–40,42–44,46 one
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F IGURE 1 PRISMA flow chart of the selection process. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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study49 used WHO Health System Framework (building blocks), and

three studies27–33,42–44 used Bandura's SCT. Frameworks used by one

study only included Action Research Model,45 PRECEDE Model,45

Freire's Empowerment Education Approach,42–44 Choice

Architecture,37 New South Wales Healthy School Canteen Strategy,37

Cognitive Behavioural Theory47,48 and Staged Prevention

Approach.26

3.4 | Effectiveness of interventions in improving
nutrition-related health outcomes of students

Most studies in this review reported a significant intervention

effect on at least one nutrition-related health outcome measure

reported in this review, as shown in Table 3. Nutrition-related

health outcomes include dietary behaviours, nutritional knowledge

and attitudes and anthropometry. Six of the 13 studies reported a

significant improvement in dietary behaviour and 4 studies

reported a significant improvement in nutritional knowledge and

attitude outcome measures. One study reported significant

improvements in anthropometric outcome measure. Due to the

heterogeneity of the reported outcomes, a statistical analysis or

meta-analysis was not conducted.

3.4.1 | Changes in dietary behaviour outcome
measures

Significant improvements were reported for fruit and vegetable

intake,32,33 consumption of energy-dense/low nutrient foods,32,33

sugar-sweetened beverage intake,34–36 water intake,38–40 grain

intake,45 breakfast consumption42–44 and water bottle usage.38–40

Furthermore, one study37 reported a significant improvement in

mean percentage of ‘Everyday’ items and ‘Should not be sold’
items. Two studies27–31,49 reported no significant effects for per-

centage of energy from core food groups and energy-dense

nutrient-poor foods, and consumption of fruits and vegetables, soft

drinks and cordials, or snack foods, while one study26 is still under-

way (expected completion December 2022) and has not reported

any changes in dietary behaviour outcome measures at the time of

this review.

3.4.2 | Changes in nutritional knowledge and
attitude outcome measures

Significant improvements were reported for knowledge about

nutrition,45 sugar-sweetened beverages38–40 and availability of

healthy eating programs.49 Attitudes concerning nutrition were signifi-

cantly improved in one study.41 One study46 reported no significant

effects for drawing foods that represent healthy choices and correctly

indicating the category a particular food item belonged to on the

‘Healthy Food Pyramid’.T
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3.4.3 | Changes in anthropometric outcome
measures

Significant improvements were reported for BMI z-scores and preva-

lence of overweight/obesity in one study.49 Three studies27–31,34–

36,41 reported no significant effects for weight, height, BMI, BMI

z-scores and per cent body fat. One study47,48 is still underway

(expected completion December 2022) and has not reported any

changes in anthropometric outcome measures at the time of this

review.

3.4.4 | Other outcome measures

Six studies26–33,42–44,47–49 reported on physical activity and sedentary

behaviour outcome measures (participation in physical activity, time

spent being physically active and number of steps per day) and six

studies26–31,42–45,47–49 reported on social-cognitive outcome mea-

sures (self-efficacy, perceptions of environment, social support and

outcome expectations). Included studies also reported on process,

program and cost evaluation measures. Process/program evaluation

measures included program attendance, adherence, acceptability, sat-

isfaction, experiences, perspectives and benefits. Cost evaluation

measures included total cost of the intervention and economic

impacts of implementation and scale-up.

3.5 | Quality assessment

The overall quality assessment, using the MMAT,25 of the 25 reports

that make up the 13 included studies can be seen in Figure 2, and the

quality assessment of each report can be seen in the Supporting Infor-

mation, S1. Overall, most reports assessed using only the criteria for

qualitative or quantitative categories (domains 1.0–4.0) were consid-

ered good quality—this included RCTs and quasi-experimental studies.

Reports assessed using the criteria for a combination of qualitative,

quantitative and mixed method categories (domains 1.0, 3.0 and 5.0)

were considered of poor quality—this included case studies of mixed

method. The main criteria with a larger proportion of reports assessed

as ‘No’ or ‘Cannot tell’ included questions related to blinding of out-

come assessors (2.4), appropriateness of measurements regarding the

outcome and intervention (3.2), adequacy of the interpretation of

qualitative and quantitative results (5.4) and adherence to quality cri-

teria of each tradition of the methods involved (5.5).

4 | DISCUSSION

This systematic review aimed to evaluate the effect of school-based

nutrition interventions on health outcomes in Australian secondary

school students. Thirteen studies on nutrition interventions con-

ducted in Australian secondary schools were identified. Most nutrition

interventions from the included studies in this review were reported

to be effective in improving students' dietary behaviours and

nutritional knowledge and attitudes when inclusive of an educational,

environmental, parent/community involvement and multimedia com-

ponent (multi-component).

This review found limited nutrition interventions implemented in

Australian secondary schools published in peer-reviewed literature.

Likewise, a similar systematic review14 conducted in Europe also

found few nutrition interventions targeting school-aged adolescents

(n = 13). The characteristics of the nutrition interventions in this

review were similar to those presented elsewhere.14 For example, the

interventions in the European study14 were all RCTs or quasi-

experimental designs, and varied by duration, sample size and setting

characteristics. Furthermore, the majority followed a theoretical

framework, several adopted a multi-component approach, and the

components identified were educational, environmental and parent/

community involvement.

An important observation noted within this review was the use of

theoretical frameworks and multi-component approach adopted in

interventions targeted towards Australian secondary school students.

Of the studies reporting successful outcomes in this review, all except

two followed a theoretical framework. Additionally, nutrition interven-

tions included in those studies all adopted a multi-component

approach, and the majority combined an educational, environmental,

parental/community involvement and multimedia component. These

findings are similar to previous systematic reviews that analysed the

effectiveness of school-based nutrition interventions.6,8,51–53 For

example, Chen and Wilkosz51 reported that all successful

interventions in their review aligned with a theory and adopted a

multi-component approach combining nutrition, physical activity and

technology. Meiklejohn et al.52 reported that all successful nutrition

interventions in their review were multi-component in design, and

more than 70% used a theoretical framework. An umbrella review by

Capper et al.6 identified that dietary interventions that contributed to

positive outcomes commonly combined an educational and environ-

mental component (multi-component), used online/media and mes-

saging, involved peers or parents, and used a behavioural theory.

Moreover, findings from a review by Chaudhary et al.8 suggest that

school-based interventions that include educational, food-focused,

and family-involvement components are effective in improving dietary

behaviours and nutrition-related attitudes, but not nutrition-related

knowledge among participants. Our findings suggest that the com-

bined use of an educational component, environmental component

and community/parental component should be considered when

designing interventions for Australian secondary school students in

future interventions, given the success of these components

in improving nutritional outcomes of students. Overall, the findings

suggest that use of a multi-component approach and theoretical

framework(s) might play a relevant role in successful nutrition

interventions.

The weight-focused studies included in this review reported no

effectiveness in improving anthropometric outcome measures, except

one study.49 Research highlights that health-centred rather than

weight-centred approach may be a more appropriate intervention for

10 COMEAU ET AL.
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the treatment and prevention of obesity in children.54 Health-centred

approaches promote healthy lifestyles rather than weight loss which

includes mindful eating, intuitive eating and weight-inclusivity.55 Such

non-weight-focused approaches emphasise body acceptance, active

embodiment and avoid weight stigma which may be more appropriate

for this age group.56 A systematic review57 reported that weight-

neutral approaches could be more acceptable and feasible for adoles-

cents who are overweight or obese in the short term (≤12 weeks).

However, there is currently limited data on non-weight-centric

approaches and none of the studies in this review adopted a

non-weight-centric approach. Thus, future research can explore the

effectiveness of non-weight-centric approaches on health outcomes

in secondary school students in Australia.

Studies that reported no significant improvements in dietary

behaviours and nutrition-related knowledge and attitudes were typi-

cally of longer duration (6–24 months). In comparison, the shortest

duration nutrition intervention lasting 25 days reported significant

improvements in dietary behaviours, though they did not include

knowledge and attitude outcome measures. This does not align with

other evidence from previously conducted systematic reviews, which

have reported that interventions of longer durations of at least

6 months are more successful in improving dietary behaviours.58,59

The reason for this may be the facilitator delivering the intervention,

which in this case was peer leaders. A systematic review conducted

by Calvert et al.60 concluded that peer-led interventions successfully

influence positive behaviour change among students.

4.1 | Strengths and limitations

This is the first systematic review to focus on the effectiveness of nutri-

tion interventions in Australian secondary schools. It followed a system-

atic approach, screened and extracted in duplicate, appraised quality and

reviewed high-level studies, allowing for reliable conclusions to be made

on their effectiveness. Furthermore, by limiting the search to Australia,

the results are more relevant to the Australian context. However, by

excluding grey literature, other high-quality studies reporting on nutrition

interventions in Australian secondary schools may have been missed.

4.2 | Conclusion

In conclusion, this systematic review found that reporting of nutrition

interventions implemented in Australian secondary schools has been

limited. However, those implemented support using a theoretical

framework and a multi-component approach. They showed improve-

ments in nutrition-related health outcomes such as dietary behaviours

and nutritional knowledge and attitudes in secondary school students.

This suggests that researchers conducting nutrition interventions in

Australian secondary schools may increase their success by focusing

on these aspects. Future reviews should attempt to integrate grey lit-

erature and target the long-term sustainability of multi-component

nutrition interventions and their long-term impact on health outcomes

of adolescents in secondary schools.

F IGURE 2 Quality appraisals of all reports from included studies based on the type of study design, using the MMAT. MMAT, Mixed
Methods Appraisal Tool.
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