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Abstract

Background Higher education students are an important target group for public health nutrition interventions.
When designing tailored and contextually relevant interventions, participatory and co-creation approaches are
increasingly recognized as promising but their use and effectiveness has not been assessed in this type of population.
We systematically reviewed interventions aiming to improve dietary quality and/or food security in higher education
settings with the aims 1) to identify and describe their participatory and co-creation approaches and 2) to compare
the effectiveness of interventions using or not using participatory and co-creation approaches.

Methods Our search in PubMed, Google Scholar, Web of Science, EMBASE was performed in January 2023

and yielded 3658 unique records, out of which 42 articles (66 interventions) were included. Effectiveness of interven-
tions was assessed at the individual level (longitudinal evaluations) or at the group level (repeated cross-sectional
evaluations). A five-level classification was used to describe a continuum of engagement from students and other
partners in the intervention design and implementation: no participation (level one), consultation, co-production,
co-design and co-creation (levels two to five). To synthetize effectiveness, comparisons were made between studies
without participation (level one) or with participation (levels two-five).

Results Ten (24%) out of 42 studies used a participatory and co-creation approach (levels two-five). Studies using

a participatory and co-creation approach reported a positive finding on individual-level outcome (i.e. overall diet
quality or food group intake or food security) in 5/13 (38%) intervention arms (vs 13/31 or 42% for those without par-
ticipation). Studies using a participatory and co-creation approach reported a positive finding on group-level out-
comes (i.e. food choices in campus food outlets) in 4/7 (57%) (vs 8/23 or 35% in those without participation).
Conclusions Participatory and co-creation approaches may improve the effectiveness of nutrition interventions

in higher education settings but the level of evidence remains very limited. More research is warranted to identify
best co-creation practices when designing, implementing and evaluating nutritional interventions in the higher
education setting.

Trial registration PROSPERO registration number CRD42023393004.
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Background

Unhealthy diets are among the leading contributors
to non-communicable diseases morbidity and mortal-
ity worldwide [1]. Young adults, i.e. those aged 18-25 vy,
including the student population enrolled in higher edu-
cation, are considered an important target group for pub-
lic health nutrition interventions, in particular because
the transition period from adolescence to young adult-
hood is critical for developing new health behaviors [2,
3]. However, this period of life appears increasingly char-
acterized by a shift towards less healthy dietary intakes
[2, 3], a disruption of eating behavior patterns [4] and
weight gain [5]. Rates of food insecurity, defined as a lack
of access to adequate food to support a healthy and active
lifestyle [6], are also high in higher education students,
with potential detrimental consequences on academic
achievement as well as physical and emotional health [7—
9]. In a recent scoping review, 41% of higher education
students in the US reported food insecurity, a proportion
higher than the national average of 10% [10, 11]. Identify-
ing interventions likely to improve diet quality and food
security of students is therefore a relevant and timely
objective.

Barriers to healthy eating habits and food security in
higher education students encompass lack of time, poor
cooking skills and limited financial resources [12-14],
but also unhealthy campus food environments [15-17].
Broadly defined as “the collective physical, economic,
policy and sociocultural surroundings, opportunities
and conditions that influence people’s food and bever-
age choices and nutritional status” [18], the food envi-
ronment is recognized as a major determinant of diet.
Prior reviews have synthetized literature on interven-
tions intended to promote healthy eating habits or food
security in this setting [8, 19-22]. Overall results of these
reviews provided no clear evidence that on-campus
interventions improve students’ diet [8, 19-22]. Educa-
tion interventions were found to be effective to improve
nutritional quality of dietary intakes in less than 50% of
studies [19]. Reviews of interventions targeting the cam-
pus food environment showed large variability in results,
with positive findings on improved diet quality or food
purchases reported in 47% [19], 58% [22] or 87% [20] of
studies. Interventions addressing food insecurity using
multiple strategies such as providing nutrition education,
recipes, meal and produce vouchers, or access to food
charity may improve the diet quality of food-insecure
students [8].

Importantly, these reviews have not considered how
and by whom the intervention was designed and imple-
mented. Involving those who are intended to be the
beneficiaries and partners of public health interven-
tions is however considered critical to design tailored,
pragmatic and contextually relevant interventions [23,
24]. Co-creation promotes the engagement of benefi-
ciaries and partners in the design, implementation and
evaluation of interventions, and thus aligns with the
fundamental principle of participatory research [25]. In
participatory research, the persons whose life or work
is the subject of the research (e.g. citizens, patients,
community members, professionals or institutional
representatives) partner with academics and actively
take part to the research process [23]. This partnership
can take many forms and can lead to shared decision-
making between academic and non-academic actors in
the deepest forms of participation [25, 26]. Participa-
tory research is increasingly recognized as a promising
approach to improve the relevance and suitability of
research questions, to better meet the needs and expec-
tations of target populations, and to favor community
engagement which, subsequently, could improve the
effectiveness of interventions [27-29]. In the field of
public health nutrition, the number of intervention
studies that have used participatory and co-creation
approaches to improve the quality of dietary intakes or
the food environment remains limited, with however
some evidence of the benefits of co-creation [30, 31].
To date, the application of participatory research and
co-creation in higher education settings, and its poten-
tial added value in improving students’ diet, has not
been systematically synthesized.

To address this knowledge gap, we conducted a sys-
tematic review with the aims 1) to identify and describe
participatory and co-creation approaches used in inter-
ventions which aim to improve dietary quality and/
or food security in higher education settings and 2) to
evaluate their effectiveness compared to those without
participation and co-creation approach.

Methods

This systematic review follows the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines and is registered in PROSPERO
(CRD42023393004).
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Literature search and selection of studies

We systematically searched PubMed, Google Scholar,
Web of Science and EMBASE in January 2023 using a
combination of terms related to students, diet, interven-
tion and participation (Supplementary Table 1). We also
manually scanned the reference sections of the included
original papers and reviews for further eligible studies.

We included papers written in English and published
in peer-reviewed journals since January 2013 if they met
the following inclusion criteria: 1) an intervention aim-
ing at improving dietary intakes, food purchases and/or
food security was conducted in a higher education (i.e.
post-secondary education) setting, 2) the intervention
targeted students dietary behaviors and/or the campus
food environment, 3) the study design was controlled
when the intervention targeted individual behaviors, and
controlled or based on an interrupted time-series design
when the intervention targeted the campus food envi-
ronment, and 4) outcomes were related to diet quality
(overall diet quality score or consumption of food groups
considered as healthy or unhealthy), food security, or
food choices in campus food outlets (campus restaurant,
cafeteria, vending machines). We included studies using,
or not, participatory and co-creation approaches to be
able to compare the effectiveness of studies with and
without participation and-co-creation.

Combined interventions aiming at improving dietary
intakes and other health behaviors (e.g., physical activ-
ity, stress, smoking...) were included. Studies targeting
a specific group of students (e.g., with eating disorders,
type 2 diabetes...), or assessing only eating disorders,
intentions to change dietary intakes, or sustainable eating
practices such as food waste were not included. Finally,
studies targeting both students and university staff with-
out stratifying on population type in analyses were not
included. Abstracts and full texts were assessed for eli-
gibility by two authors independently (TA and AB). Any
disagreement between reviewers was resolved through
discussion.

Data extraction

Data were extracted by one author (TA) using standard-
ized forms and then checked by another author (AB).
The characteristics of each article included: country,
study design, population characteristics, description
of intervention topic and strategy, outcome variables,
assessment methods and findings. Emphasis was placed
on the description of interventions. The Template for
Intervention Description and Replication (TIDierR)
checklist [32] (including the following items: why, what
materials and procedures, who provided, how, where,
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when and how much, tailoring, modification of inter-
vention throughout trial, strategies to improve or main-
tain intervention fidelity and extent of intervention
fidelity) was used for description of intervention and
control conditions (Supplementary Table 2).

Classification of participatory and co-creation approaches
We summarized participatory and co-creation
approaches using two different but complemen-
tary frameworks presented in Fig. 1. First, we used
the typology of Biggs [33], as reported in the article
by Cornwall and Jewkes in 1995 [26], which has been
used previously to analyze participatory approaches in
nutrition research [31]. This typology describes four
modes of participation of non-academic partners in
the research process [26]. The modes of participation
are considered as a continuum, where control over
the research process gradually shifts from academic
to non-academic partners. This classification has the
advantage of proposing a consultative mode of partici-
pation in which non-academic partners are consulted,
but not directly involved in the design or implemen-
tation of the intervention. Second, we used the defi-
nitions of co-production, co-design and co-creation
as reported in the article by Vargas et al. in 2022 [25],
where the engagement of non-academic partners in the
problem identification and in the intervention design
and implementation gradually increases across these
three notions.

Then, based on these two previous frameworks, we
proposed a five-level classification which we found more
adapted to our specific research question and context.
This classification describes a continuum of engagement
from non-academic partners in the creation of interven-
tions (Fig. 1). We defined partners as students and actors
involved in the university management and the campus
food environment. In level one called “No participation’,
partners are not involved in any step of the intervention
design or implementation. In level two called “Consulta-
tion”, partners are asked for their opinion by research-
ers before interventions are designed but do not take
an active part in the definition of interventions. In level
three called “Co-production’, partners are involved at the
stage of intervention implementation, therefore at the
late stage of the intervention process. In level four called
“Co-design’, partners are also involved in the intervention
design stage, meaning that they participate in designing
and implementing a solution to a problem previously
defined by the researchers. Finally, in level five called “Co-
creation’, the most active form of collaboration, partners
participate in the whole process, from the definition of
the problem to intervention design and implementation.
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Level of engagement of student and stakeholders in the creation of interventions
Contractual Consultative Collaborative Collegiate
mode mode mode mode

People are contracted into
the projects of researchers to
take part in their enquiries or
experiments.

People are asked for their
opinions and consulted by
researchers before
interventions are made.

Researchers and local people
work together on projects
designed, initiated and
managed by researchers.

process.

Researchers and local people
work together as colleagues
with different skills to offer,
in a process of mutual
learning where local people
have control over the

Definition of co-creation, co-design and co-production?

Co-production

Co-design

Co-creation

Stakeholders
engaged in the
implementation of a
prespecified
solutionto a
prespecified
problem.

Collaboration
between
stakeholders

in designing and
implementing
solutions

to a prespecified
Problem.

Cooperation

of stakeholders

in all steps of the
process from
problem definition,
design of solutions,
and
implementation.

1. No participation

2. Consultation

3. Co-production

4. Co-design

5. Co-creation

Stakeholders are not involved
in the problem identification,

Stakeholders are consulted
by researchers before

New intervention design or interventions are designed.
classification implementation. They do not take an active
used in this part in the problem

review definition, intervention

design or implementation.

Stakeholders are
involved at the
stage of
intervention
implementation.
They are not
involved in the
problem definition

Stakeholders are
involved at the
stage of
intervention
design and
implementation.
They are not
involved in the

Stakeholders are
involved at the
stage of problem
definition,
intervention
design and
implementation.

or intervention
design.

problem
definition.

Fig. 1 Classification of participatory and co-creation approaches

Legend: ' Typology of Biggs as presented in Cornwall and Jewkes (1995) [26]. 2 Co-creation, co-design and co-production as defined in Vargas

(2022) [25]

Quality assessment

We assessed study quality with the Effective Public
Health Practice Project Quality Assessment Tool for
Quantitative Studies 2003 [34]. This tool was developed
to evaluate both randomized and non-randomized stud-
ies and provides a global rating of study quality using six
components which can be rated as ‘strong; ‘moderate’ or
‘weak’ A) selection bias, B) study design, C) confound-
ers, D) blinding, E) data collection methods, and F) with-
drawals and drop-outs. Because blinding of participants
as well as evaluators is inherently difficult or impossible
to achieve in nutritional intervention studies, we did not
consider this dimension in the global scoring. The global
quality score was defined as strong, moderate or weak if
no component, one, or two or more components were
rated as weak, respectively [34]. Quality of each included
study was assessed independently by two reviewers (TA
and AB). Any disagreement between the reviewers was
resolved through discussion.

Synthesis of effectiveness

In the included studies, effectiveness of interventions
was reported either at the individual level (longitudinal
evaluation, i.e. among the same participants before and
after the intervention) or at the group level (i.e., repeated
cross-sectional evaluations). When the study included a
control group or a control location, we reported between-
group comparisons only. Otherwise in interrupted time
series design, we reported pre-post intra-group compari-
sons. Our analysis focused on short-term effectiveness.
Studies with multiple post-intervention data collection
were rare. Thus, we used the earliest post-intervention
assessment for synthesis of effectiveness.

For each intervention arm, we reported the effective-
ness of interventions on 5 categories of outcomes: self-
reported overall diet quality score, consumption of food
groups considered as healthy or unhealthy (e.g. fruit/
vegetables and sugar-sweetened beverages, respec-
tively) and food security assessed at the individual level;
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objectively-measured or self-reported food choices in
campus food outlets assessed at the group level. For
studies assessing two or more different parameters in a
given category of outcomes (e.g. fruits and vegetables as
well as whole grains), we considered the overall effect on
this category as: 1) positive if a statistically significant
improvement was found for at least one outcome, and no
significant effect was found for other outcomes, 2) nega-
tive if a statistically significant deterioration was found
for at least one outcome, and no significant effect was
found for other outcomes, 3) null (no effect) if no signifi-
cant change in any direction was found, 4) mixed if both
a significant improvement and deterioration were found
for different outcomes. Results were considered statisti-
cally significant when p-values reported by authors of
included studies were < 0.05.

To synthetize effectiveness, we compared effectiveness
of studies without participation (level 1) or with partici-
pation (levels 2—5). No meta-analysis could be conducted
due to heterogeneity of study designs, intervention strat-
egies and outcomes.

Results

The database search yielded 3658 articles after duplicates
were removed (Fig. 2). The full text was retrieved from
137 articles, and 42 satisfied the inclusion criteria. Some
articles compared in the same paper two or more inter-
ventions carried out at the same time in different groups
or locations, and some articles implemented two or more
consecutive interventions. Overall, 66 distinct interven-
tions were described and included in the synthesis of
findings.
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Study characteristics

Studies were conducted in 15 different countries. Most
studies were conducted in North America (N=23 in
the USA and N=2 in Canada). Seven studies were con-
ducted in Europe (UK, Belgium, Spain, The Netherlands),
5 in Asia (China, Japan, India, Malaysia), 3 in South and
Latin America (Peru, Puerto Rico, Chile), one in Oce-
ania (Australia) and one in the Middle East (Turkey).
The controlled design was used at the individual level in
26 studies: 21 randomized controlled trials (RCTs), five
non-randomized controlled trials (non-RCTs). In seven
studies, the controlled design was used at the group or
building level, with (N=5) or without (N=2) randomiza-
tion. The remaining nine studies used an interrupted time
series design (i.e. two or more intervention phases inter-
rupted by wash-out periods). The number of participants
ranged from 23 [35] to 4208 [36] students and, for studies
assessing food choices through sales data or observation,
the number of meals or sales analyzed ranged from 260
[37] to 434,625 [38].

Description of interventions

The main characteristics of interventions are summa-
rized (articles by first author in alphabetical order) in
Tables 1, 2, 3 and 4 and are described in detail in Sup-
plementary Table 2. Overall, diet-only interventions were
conducted in 28 (67%) of studies and combined inter-
ventions (i.e. targeting dietary intakes and other health
behaviors) were conducted in 14 (33%) of studies. Diet
interventions were classified as follows: education pro-
grams targeting individual dietary behavior conducted
in 30 (45%) interventions, campus food environment

Records excluded
(N=3521)

Full-text articles excluded (N=95)

No dietary assessment or assessment
inconsistent with inclusion criteria (N= 47)

Not targeting university students (N= 8)

C
o
8 Records identified through database Additional records identified through
b=
= searching (N=4977) other sources (N=15)
=
— A A
Records after duplicates
removed (N= 3658)
oo
f=4
s
[
2 A
a Records screened
(N=3658)
A
g Full-text articles assessed
2 for eligibility —| Before-after study (N=21)
ap X ; . _
= (N= 137) No intervention design (N= 16)
No dietary intervention (N= 3)
E A
3 Articles included (N=42)
el Distinct intervention (N= 66)

Fig. 2 Systematic review flow diagram
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Table 1 Characteristics of education interventions in higher education settings (N =26 studies and 30 intervention arms)

Firstauthor, Type of intervention Topic Duration of  Participatory approach
date intervention
(reference) In-person Digital Cooking Peer support Financial Classification Non-academic
education education classes incentives actors
program program involved
Bejar 2022 X Diet 4 weeks No participa- -
[40] tion
Blow 2022 X Combined 2 weeks No participa- -
[41] tion
Brown 2014 X Diet 7 weeks No participa- -
[42] tion
Brown 2014 X Combined 20 weeks No participa- -
[43] tion
Cameron X Combined NR No participa- -
2015 [36] tion
Dost 2022 [44] X X Combined 6 months No participa- -
tion
Epton 2014 X Combined 6 months No participa- -
[45] tion
Halperin 2019 x X Combined 6 months No participa- -
[46] tion
Hardan-Khalil X Combined 8 weeks No participa- -
2022 [47] tion
Hayes 2020— X Diet 4 weeks No participa- -
Intervention tion
1[48]
Hayes 2020— X 4 weeks
Intervention
2 [48]
Hernandez- X Combined 1 session No participa- -
Jana 2020 [35] tion
Kattelmann X Combined 10 weeks Co-creation Students,
2014 [49] faculty staff
Krzyzanowski X Combined 12 weeks No participa- -
2020 [50] tion
Lhakhang X Diet NR No participa- -
2014—Inter- tion
vention 1 [51]
Lhakhang X NR
2014—Inter-
vention 2 [51]
Meng 2017 X Diet 4 weeks No participa- -
(52] tion
O'Brien X Diet 4 weeks No participa- -
2016—Inter- tion
vention 1 [53]
O'Brien X 4 weeks
2016—Inter-
vention 2 [53]
Ohtsuki 2018 x X Diet 6 months No participa- -
(54] tion
Patel 2020 [55] x Diet 2 weeks No participa- -
tion
Pope 2021—  x X Diet 6 weeks No participa- -
Intervention tion
2 [56]
Quintiliani X X Combined 8 weeks Co-produc- Students
2016 [57] tion
Sandrick 2017 x X Combined 8 weeks Consultation  Students

(58]
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Table 1 (continued)
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First author, Type of intervention Topic Duration of  Participatory approach

date intervention

(reference) In-person Digital Cooking Peer support Financial Classification Non-academic
education education classes incentives actors
program program involved

Schroeter X Diet 4 weeks Co-produc- Students

2021—Inter- tion

vention 1 [59]

Schroeter X 4 weeks

2021—Inter-

vention 2 [59]

Schweitzer X Combined 6 months No participa- -

2016 [60] tion

Shahril 2013 x X Diet 10 weeks Consultation  Students

[61]

Wang 2021 X Combined 3 weeks No participa- -

[62] tion

Whatnall 2019 X Diet NR Co-creation Students,

[63] faculty staff

Mixed interventions aimed at improving dietary intakes and other lifestyle habits (e.g., physical activity, stress, smoking...). When a study compared two interventions
implemented at the same time in two different groups, interventions were named “interventions 1”and “interventions 2". Abbreviations: NR, not reported

interventions conducted in 29 (44%) interventions, food
assistance programs aimed at improving food security
conducted in five (8%) interventions, and multi-level
interventions conducted in two (3%) interventions. Inter-
vention duration was very short (<one month) for 23
(35%) interventions, short (one to < three months) for 20
(30%) interventions, intermediate (three to < six months)
for eight (12%) interventions and long (> six months) for
nine (14%) interventions. Intervention duration ranged
from one unique session (one day) [35] to 10 months [39].
Duration was not reported for six (9%) interventions.
Details regarding the intervention implementation such
as who delivered the intervention, how and where, as
well as strategies used to maintain fidelity, were reported
in only very few studies (see Supplementary Table 2 for
TIDierR checklist).

Description of participatory and co-creation approaches

The participatory and co-creation approaches are sum-
marized in Tables 1, 2, 3 and 4 and described in detail
in Supplementary Table 3. Overall, 32 (76%) studies
did not use participatory and co-creation approaches.
Among the 10 (24%) studies using a participatory and
co-creation approach, six (60%) studies (corresponding
to seven distinct interventions) implemented an educa-
tion program [22, 49, 57-59, 61] (Table 1) and four (40%)
studies (corresponding to 10 distinct interventions) con-
ducted a campus food environment intervention [64, 67,
69, 72] (Table 2). None of them conducted a food assis-
tance program. Four (10%) studies used a consultative
approach [58, 61, 67, 69]. All of them consulted students

using surveys, focus groups or pre-tests, and one study
also conducted focus groups with food services staff [67].
Three (7%) studies used a co-production approach [57,
59, 64]. Students participated in the implementation of
the intervention by providing information to other stu-
dents in the on-campus food restaurant [64] and by act-
ing as peer-counsellors or educator during educational
programs [57, 59]. One (2%) study used a co-design
approach [72]. Students were involved in the interven-
tion design by participating in a brainstorming session
and were also responsible for implementing the inter-
vention [72]. Finally, two (5%) studies used a co-creation
approach [22, 49]. In both studies, a steering commit-
tee composed of students and university staff members
developed the intervention using the Predisposing, Rein-
forcing and Enabling Constructs in Educational Diagno-
sis and Evaluation (PRECEDE)—Policy, Regulatory, and
Organizational Constructs in Educational and Environ-
mental Development (PROCEED) participatory research
model.

Quality assessment

Summary results of study quality are presented in Table 5
and detailed results are presented in Supplementary
Table 4. Among studies using a participatory and co-
creation approach, study quality was rated as moderate
in seven (70%) studies and as weak in three (30%) stud-
ies. Among those without participatory and co-creation
approach, study quality was rated as strong in four (13%)
studies, as moderate in 16 (50%) studies and as weak in
12 (38%) studies.
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Table 2 Characteristics of campus food environment interventions in higher education settings (N=13 studies and 29 intervention

arms)

First author,
date
(reference)

Type of intervention

Food labeling Food

promotion

Food prices Food Food retail

provision

Topic Duration of
intervention

Participatory approach

Classification

Non-academic
actors involved

Cardenas
2015—Inter-
vention phase
137]

Cardenas
2015—Inter-
vention phase
2[37]

Deliens 2016—
Intervention
phase 1 [64]

Deliens 2016—
Intervention
phase 2 [64]

Dingman 2015
[65]

Lambert
2023—Inter-
vention 1 [66]

Lambert
2023—Inter-
vention 2 [66]

Mistura 2019—
Intervention
phase 1 [67]

Mistura 2019—
Intervention
phase 2 [67]

Policastro 2017
[68]

Policastro
2017—Inter-
vention phase
1[69]

Policastro
2017—Inter-
vention phase
2 [69]

Policastro
2017—Inter-
vention phase
3[69]

Schindler-
Ruwisch
2021—Inter-
vention phase
1[70]

Schindler-
Ruwisch
2021—Inter-
vention phase
2[70]
Schindler-
Ruwisch
2021—Inter-
vention phase
3[70]

X

Diet

Diet

Diet

Diet

Diet

Diet

Diet

Diet

3 weeks

3 weeks

2 weeks

2 weeks

8 weeks

14 weeks

16 weeks

2 weeks

2 weeks

4 weeks

1 week

1 week

1 week

1 week

1 week

1 week

No participa-
tion

Co-production

No participa-
tion
No participa-
tion

Consultation

No participa-
tion

Consultation

No participa-
tion

Students

Students, food
services staff

Students
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First author, Type of intervention

date

(reference) Food labeling Food

promotion

Food prices Food
provision

Food retail

Topic

Duration of
intervention

Participatory approach

Non-academic
actors involved

Classification

Seward 2016—
Intervention
11[38]

Seward 2016—  x X
Intervention
2[38]

Turnwald X
2019—Inter-
vention 1 [71]

Turnwald X
2019—Inter-
vention 2 [71]

Van den X
Bogerd 2020—

Intervention

1[72]

Van den X
Bogerd 2020—

Intervention

2172]

Van den X
Bogerd 2020—

Intervention

310721

Vermote X
2020—Inter-

vention phase

11[73]

Vermote X
2020—Inter-

vention phase

2[73]

Vermote X
2020—Inter-

vention phase

3[73]

Vermote X
2020—Inter-

vention phase

41[73]

Walmsley
2018—Inter-
vention phase
139
Walmsley
2018—Inter-

vention phase
2 [39]

X

Diet

Diet

Diet

Diet

Diet

7 weeks

7 weeks

NR

NR

3 weeks

3 weeks

3 weeks

1 week

1 week

1 week

1 week

10 months

10 months

No participa- -
tion

No participa-
tion

Co-design Students

No participa- -
tion

No participa- -
tion

When a study compared two interventions implemented at the same time in two different groups or locations, interventions were named “interventions 1”and
“interventions 2". When a study compared two consecutive interventions within the same group or location, interventions were named “intervention phase 1”and

“intervention phase2”

Abbreviations: NR Not reported

Effectiveness of interventions

Effectiveness assessed at the individual level

A participatory and co-creation approach was used in

10/39 (26%) interventions assessing individual-level out-
comes (Fig. 3 A-D). Among interventions using a par-
ticipatory and co-creation approach, a positive effect
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Table 3 Characteristics of food assistance programs in higher education settings (N=4 studies and 5 intervention arms)

First author, date (reference) Topic Duration of intervention Participatory approach
Type of intervention Non-academic
actors involved
Gamba 2021—Intervention 1 [74] Diet 16 weeks No participation -
Gamba 2021—Intervention 2 [74] 16 weeks
Hernandez 2021 [75] Diet 8 months No participation -
Nazmi 2022 [76] Diet 1 year No participation -
Pope 2021—Intervention 3 [56] Diet 6 weeks No participation -

When a study compared two interventions implemented at the same time in two different groups or locations, interventions were named “interventions 1”and

“interventions 2"

of intervention was found on overall diet quality in 2/4
(50%) interventions, on the intake of healthy food groups
in 3/7 (43%) interventions and on the intake of unhealthy
food groups in 0/2 (0%) interventions. Among interven-
tions without participation, a positive effect of inter-
vention was found on overall diet quality in 2/7 (29%)
interventions, on the intake of healthy food groups in
8/18 (44%) interventions and on the intake of unhealthy
food groups in 0/2 (0%) interventions. None of the inter-
ventions assessing the effect of intervention on food
security used a participatory and co-creation approach.
Overall, independent of the type of individual-level out-
come assessed, interventions using a participatory and
co-creation approaches reported a positive effect in
5/13 (38%) cases (versus 13/31 or 42% for those without
participation).

Effectiveness assessed at the group level

A participatory and co-creation approach was used in
7/26 (27%) interventions assessing group-level outcomes
(Fig. 4 A-D). Among interventions using a participatory
and co-creation approach, a positive effect of interven-
tion was found on healthier food choices in campus food
outlets in 3/6 (50%) interventions and on less healthy
food choices in 1/1 (100%) interventions. Among inter-
ventions without participation, a positive effect of inter-
vention was found on healthier food choices in 7/20
(35%) interventions and on less healthy food choices in
1/3 (33%) interventions. Overall, independent of the type
of group-level outcome assessed, interventions using
a participatory and co-creation approaches reported a
positive effect in 4/7 (57%) cases (versus 8/23 or 35% for
those without participation).

Discussion

This systematic review examined 66 interventions,
retrieved from 42 articles published since 2013, aimed at
improving dietary intakes and/or food security in higher
education students. Approximately a fourth of studies

used a participatory and co-creation approach. These
studies appeared to be more effective on students’ food
choices in campus food outlets, with 57% of interven-
tion arms reporting a positive finding (compared with
35% when no participatory and co-creation approach
was used). The effect on individual dietary intakes and/
or food security was however similar when comparing
interventions with or without participatory and co-crea-
tion approaches (38% vs 42% of intervention arms with
a positive finding, respectively). These results strengthen
previous findings suggesting that a higher percentage of
studies reported a positive effect on diet quality if they
involved end-users in a participatory and co-creation
approach, especially in the early stages of research design
to identify the optimal intervention [31]. Our results
should however be interpreted with caution given the
limited number of studies using a participatory and co-
creation approach, and the heterogeneity of studies in
terms of study designs, interventions conducted and out-
comes reported. Isolating the effect of participation and
co-creation in this context is therefore challenging.
Studies using participatory and co-creation approaches
carried out either education programs [22, 49, 57-59, 61]
or campus food environment interventions [64, 67, 69,
72] but none of them carried out multi-level interven-
tions targeting both the individuals and the food envi-
ronment. The only intervention of this type identified
in this review did not use participatory and co-creation
approaches [66]. The rarity of multi-level nutritional
interventions in the higher education setting contrasts
with the variety of individual, interpersonal or environ-
mental determinants of eating behavior that have been
identified in this setting, such as lack of time, insufficient
cooking skills, lack of financial resources, living away
from the family home, or characteristics of the campus
food environment [77, 78]. As in the general popula-
tion [79], we can hypothesize that interventions target-
ing both the individual and environmental determinants
of diet may be needed to further impact food habits of
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Table 5 Summary of results on quality assessment
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Selection bias N (%) Study design N (%)

Confounders N (%)

Withdrawals and
drop-outs N (%)

Data collection
methods N (%)

Global rating N (%)

Strong quality 3 (7%) 29 (66%) 29 (66%)
Moderate quality 18 (41%) 15 (34%) 2 (5%)
Weak quality 23 (52%) 0 (0%) 13 (30%)

24 (55%) 15 (34%) 5(12%)
6 (14%) 20 (45%) 23 (52%)
14 (32%) 9 (20%) 16 (36%)

this population. This type of interventions however
raises a number of operational and methodological chal-
lenges, including the need for teams made up of experts
with diverse expertise from different organizations, the
unpredictability of timelines or the lack of control over
intervention implementation and changes in contextual
variables [80, 81].

Participatory and co-creation approaches, which
involve the beneficiaries and partners in the identifica-
tion of problems and in the design and implementation
of interventions, are thought to improve the relevance of
interventions [23, 24]. Implementing multi-level nutri-
tion interventions in the higher education setting would
require the involvement of various partners, including
students, university staff, on-campus food services staff,
social organizations and, when appropriate, off-campus
food retailers concerned with improving the healthi-
ness of the broad campus food environment [30]. In this
context, students are therefore considered as the direct
beneficiaries of interventions, as well as potential part-
ners of the participatory and co-creation process. Among
the studies identified in this review, a majority of those
using participatory and co-creation approaches involved
only students in the co-creation process [57-59, 61, 64,
69], whereas only three studies also involved university
and/or food services staff [49, 63, 67]. The nature of their
involvement was very diverse, ranging from a simple con-
sultation prior to the start of the intervention [58, 61, 67,
69] to an involvement from the earliest stages of prob-
lem definition and intervention design [49, 63]. We were
therefore not able to infer how best to involve partners
in this setting. Recent research suggests that trusting and
respectful relationships, reciprocal acknowledgement
between partners and flexibility were key practices in the
co-creation process of health-enabling initiatives in food
retail [82]. Involving partners in the entire research pro-
cess, from problem identification through to intervention
design, implementation and evaluation, has also been
proposed to optimize the added-value of co-creation,
although it is not a common practice in participatory
nutrition interventions [83].

Demonstrating the added-value of participatory and
co-creation approaches in the field of nutrition inter-
ventions is challenging [31]. Controlled trials providing

formal comparisons of outcomes with and without par-
ticipation and co-creation are indeed difficult to achieve
[81, 84]. Co-created interventions are likely to be differ-
ent in nature from other interventions, making it very
difficult to isolate the impact of the participatory and
co-creation protocol [84]. Besides, measuring the effec-
tiveness of participation and co-creation raises in itself
a number of challenges. Comparing solely predefined
quantitative outcomes (e.g. dietary habits) before and
after the intervention, as was done in the vast majority
of studies included in this review, does not fit well with
certain types of changes that can occur at any stage of the
research process (e.g. partners engagement, improved
relevance of research questions, co-creation of knowl-
edge...) [85, 86]. Process evaluations, which can be per-
formed through qualitative and quantitative methods
(e.g. participant surveys, focus groups, meeting minutes,
observations...) are valuable in addition to quantita-
tive before-after evaluations [87]. The only two studies
included in our review that used the most active form of
co-creation also performed a formal process evaluation
[49, 63]. In one study, students enrolled in the study who
took part in the intervention were invited to reply to an
online survey after the intervention to rate its quality and
to report participation [49]. In the other, students were
invited to reply to an online survey before the interven-
tion to assess how they had been informed about the
study [63]. Many other outcomes are interesting for a
deeper understanding of the co-creation process, such as
the diversity of participants, their engagement and their
influence in decision-making, the number and types of
events attended, the satisfaction with the process of par-
ticipation, or the benefits and challenges of participation
[87]. Obtaining these data is crucial for identifying best
participatory and co-creation practices when designing,
implementing and evaluating nutritional interventions in
the higher education setting.

Although our review has several methodological
strengths, some limitations should be mentioned. First,
the heterogeneity in the study designs, the interven-
tions conducted and the outcomes reported prevented
us from performing a meta-analysis and to consider the
effect size when analyzing the effectiveness of interven-
tions. For similar reasons, we were not able to compare
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Participatory

Reference Intervention strategy Outcomes Findings
approach
Béjar* No participation Education program Mediterranean diet score Positive
Hayes - i#1* No participation Education program Healthy eating index NS
Hayes - i#2* No participation Education program Healthy eating index NS
Hernandez-Jafia* No participation Education program Mediterranean diet score NS
Global food index
Pope - i#1 No participation Education + food assistance Healthy eating index Positive
Pope - i#2 No participation Education program Healthy eating index NS
Pope - i#3 No participation Food assistance program Healthy eating index NS
Sandrick* Consultation Education program Rate your plate score NS
Schroeter - i#fl Co-production Education program Healthy eating index Positive
Schroeter - i#2 Co-production Education program Healthy eating index Positive

Whatnall* Co-creation Education program Australian recommended food score NS
Blow No participation Education program Fruit and vegetables NS
Brown* No participation Education program Fruit, vegetables Positive
Brown No participation Education program Fruit and vegetables NS
Cameron No participation Education program Fruit and vegetables NS
Dost No participation Education program Fruit and vegetables Positive
Epton* No participation Education program Fruit and vegetables NS
Hardan-Khalil No participation Education program Fruit and vegetables Negative
Hernandez No participation Food assistance program Fruit, vegetables NS
Kattelmann Co-creation Education program Fruit and vegetables, whole grains Positive
Krzyzanowski No participation Education program Fruit and vegetables Positive
Lhakhang - i#t1* No participation Education program Fruit and vegetables Positive
Lhakhang - i#2* No participation Education program Fruit and vegetables Positive
Meng No participation Education program Fruit and vegetables Positive
O'Brien - i#t1* No participation Education program Fruit and vegetables NS
O'Brien - i#2* No participation Education program Fruit and vegetables NS
Ohtsuki* No participation Education program Fruit and vegetables NS
Patel* No participation Education program Fruit and vegetables Positive
Quintiliani* Co-production Education program Fruit and vegetables NS
Schweitzer* No participation Education program Fruit and vegetables NS
Shahril* Consultation Education program Fruit, fish Positive
Van den Bogerd - p#1* Co-design Food environment intervention  Fruit, vegetables Positive
Van den Bogerd - p#2* Co-design Food environment intervention  Fruit, vegetables NS
Van den Bogerd - p#3* Co-design Food environment intervention  Fruit, vegetables NS
Wang No participation Education program Fruit, fish Positive
Whatnall* Co-creation Education program Fruit, vegetables NS
Halperin* No participation Education program Sugar-sweetened beverages NS
Hernandez-Jafia* No participation Education program Sugar-sweetened beverages NS
Kattelmann Co-creation Education program Sugar-sweetened beverages NS
Quintiliani* Co-production Education program Sugar-sweetened beverages NS
Use of fast-food

D Gamba - i#1* No participation Food assistance program Food security Positive
Gamba - i#2* No participation Food assistance program Food security Positive
Hernandez No participation Food assistance program Food security NS
Nazmi* No participation Food assistance program Food security Positive

Fig. 3 Synthesis of findings at the individual level on overall diet quality (A), healthy food group intake (B), unhealthy food group intake (C)

and food security (D)

Legend: * Study quality was rated as moderate or strong. i#1: intervention 1 (several interventions implemented at the same time in two different
groups or locations). p#1: intervention phase 1 (several consecutive interventions within the same group or location)

the effectiveness of interventions among those using a
participatory and co-creation approach. Second, a num-
ber of studies under-reported important characteristics
of interventions such as who delivered the interven-
tion, how the intervention was tailored to the student

population, as well as strategies used to maintain fidel-
ity. Data extraction and interpretation of participatory
and co-creation approaches were therefore limited. This
limitation, often found in the field of lifestyle/non-phar-
macologic interventions, makes the interpretation and
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Reference

Participatory
approach

Intervention strategy

Cardenas - p#1*
Cardenas - p#2*
Deliens - p#2*
Dingman 2015*
Lambert - i#1*
Lambert - i#2*
Lambert - i#3*

Mistura - p#1

Mistura - p#2
Policastro

Policastro - p#1*
Policastro - p#2*
Policastro - p#3*
Schindler-Ruwisch - p#1
Schindler-Ruwisch - p#2
Schindler-Ruwisch - p#3
Seward i#1*

Seward i#1*

Turnwald - i#1*
Turnwald - i#2*
Vermote - p#1*
Vermote - p#2*
Vermote - p#3*
Vermote - p#4*
Walmsley - p#1*
Walmsley - p#2*

No participation
No participation
Co-production

No participation
No participation
No participation
No participation

Consultation

Consultation

No participation
Consultation

Consultation

Consultation

No participation
No participation
No participation
No participation
No participation
No participation
No participation
No participation
No participation
No participation
No participation
No participation
No participation

Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
+ education program

Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention

Deliens - p#1*
Policastro

Seward - i#t1*
Seward - if#t1*

Co-production

No participation
No participation
No participation

Food environment intervention
Food environment intervention
Food environment intervention
Food environment intervention

Page 14 of 17
Outcomes Findings
Fruit NS
Fruit NS
Fruit Positive
Healthier snacks** NS
Healthier snacks** NS
Healthier snacks** NS
Healthier snacks** NS
Vegetables NS
Vegetables NS
Healthier food choices** Positive
Water NS
Water Positive
Water Positive
Water Positive
Fruit NS
Healthier dessert items Positive
Healthier food choices** NS
Healthier food choices** NS
Vegetables Positive
Vegetables NS
Fruit NS
Fruit Positive
Fruit Positive
Fruit NS
Fruit and vegetables Positive
Fruit and vegetables NS
French fries Positive
Less healthy food choices**  Positive
Less healthy food choices** NS
Less healthy food choices** NS

Fig.4 Synthesis of findings at the group level on healthier food choices (A) and less healthy food choices (B)

Legend: * Study quality was rated as moderate or strong. ** Snacks or ingredients that were promoted during the intervention were considered
as healthy food choices by authors of original studies. i#1: intervention 1 (several interventions implemented at the same time in two different
groups or locations). p#1: intervention phase 1 (several consecutive interventions within the same group or location)

replication of results difficult [32, 88]. Third, our litera-
ture search was limited to the peer-reviewed literature to
ensure methodological rigor in the assessment of inter-
vention effectiveness, and gray literature databases were
not reviewed.

Conclusions

Higher education campuses offer real-world experi-
mental settings in which to implement and evaluate
innovative nutrition interventions. Participation and
co-creation approaches have been used in only a quarter
of the 42 peer-reviewed studies included in this system-
atic review. Among them, 57% interventions reported a
positive finding on food choices in campus food outlets
(vs 35% in those not using participation and co-creation
approaches); and 38% reported a positive finding on diet
quality or food insecurity (vs 42% in those not using
participation and co-creation approaches). Participation

and co-creation approaches may therefore improve
the effectiveness of such interventions but it has to be
acknowledged the available evidence remains very lim-
ited with a small number of heterogeneous studies. This
review points out there is a knowledge gap on how best
to involve non-academic partners in the design and
implementation of nutrition interventions in higher
education settings. More research is therefore war-
ranted to provide structured guidance on the practice of
co-creation of nutrition interventions in this setting.

Abbreviations
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PRECEDE  Predisposing, Reinforcing and Enabling Constructs in Educational
Diagnosis and Evaluation
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PROCEED  Policy, Regulatory, and Organizational Constructs in Educational
and Environmental Development RCTs: randomized controlled
trials

TIDierR Template for Intervention Description and Replication
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