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Abstract

Background: Initiating and maintaining a healthy lifestyle -including healthy eating and sufficient physical activity- is
key for cardiometabolic health. A health-promoting environment can facilitate a healthy lifestyle, and may be especially
helpful to reach individuals with a lower socio-economic status (SES). In the Supreme Nudge project, we will study the
effects of pricing and nudging strategies in the supermarket – one of the most important point-of-choice settings for
food choices – and of a context-specific mobile physical activity promotion app. This paper describes the stepwise and
theory-based design of Supreme Nudge, which aims to develop, implement and evaluate environmental changes for a
sustained impact on lifestyle behaviours and cardiometabolic health in low SES adults.

Methods: Supreme Nudge uses a multi-disciplinary and mixed methods approach, integrating participatory action
research, qualitative interviews, experimental pilot studies, and a randomized controlled trial in a real-life (supermarket)
setting. First, we will identify the needs, characteristics and preferences of the target group as well as of the
participating supermarket chain. Second, we will conduct a series of pilot studies to test novel, promising and feasible
intervention components. Third, a final selection of intervention components will be implemented in a full-scale
randomised controlled supermarket trial. Approximately 1000 low SES adults will be recruited across 8–12 supermarkets
and randomised at supermarket level to receive 1) no intervention (control); 2) environmental nudges such as food
product placement or promotion; 3) nudges and a tailored physical activity app that provides time- and context
specific feedback; 4) pricing interventions, nudges, and the physical activity app. The effects on dietary behaviours and
physical activity will be evaluated at 3, 6 and 12 months, and on cardiometabolic health at 6 and 12 months. Finally,
we will evaluate the Reach, Effectiveness, Adoption, Implementation and Maintenance (RE-AIM) of the intervention, and
we will use insights from System Innovation and Transition Management theories to define the best strategies for
implementation and upscaling beyond the study period.

Discussion: The Supreme Nudge project is likely to generate thorough evidence relevant for policy and practice on
the effects of a mixed method and multi-disciplinary intervention targeting dietary behaviours and physical activity.
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Trial registration: The real-life trial has been registered on 30 May 2018, NTR7302.

Keywords: Nudging, Supermarket, Pricing, Physical activity, Dietary behaviour, Low socio-economic status,
Cardiometabolic health, M-health, Food environment

Background
Unhealthy dietary behaviours and lack of physical activ-
ity account for over half of the burden of type 2 diabetes
and cardiovascular diseases (CVD), and both behaviours
are important determinants of other major
non-communicable diseases such as cancer and neuro-
degenerative diseases [1]. These unhealthy behaviours
tend to cluster in people with a lower socio-economic
status (SES) [2], making this an especially vulnerable
group and a key focus for intervention approaches. So-
cial cognitive theories suggest that individual-level fac-
tors such as attitude, knowledge and motivation are
important determinants of lifestyle behaviours and
should be intervened upon via educational strategies [3–
6]. However, educational interventions targeting these
individual-level level factors often lack sufficient effects
in changing behaviours and health, especially on the lon-
ger term, and particularly in lower SES groups [7]. One
reason for this may be the lack of sufficient consider-
ation of the social, physical and economic context in
which these health behaviours take place.
Socio-ecological models posit [8, 9], and a growing body
of evidence shows, that environmental interventions, i.e.,
changing food and/or physical activity environments,
can be effective in changing dietary behaviours, physical
activity and as a result cardiometabolic health [10–13].
As environmental interventions become incorporated
into structures and systems [14, 15], they have the po-
tential to sustainably make the healthy choice the easy
choice. An additional benefit is that environmental
changes reach all those who are exposed to these envi-
ronments, including populations that are considered ‘dif-
ficult-to-reach’ in traditional experiments, such as
people with a low SES [14, 16]. With the Supreme
Nudge project we aim to develop, implement and evalu-
ate environmental changes for a sustained impact on
lifestyle behaviours and cardiometabolic health in low
SES adults.

Pricing, nudging and food choice
Pricing and nudging strategies are expected to be prom-
ising environmental strategies. Indeed, the first eco-
nomic law of demand states that if pricing of a certain
product increases, demand will decrease, and vice versa
[17]. Pricing strategies such as subsidies or taxes are ef-
fective in changing food purchases and consumption
[18], where greater effects may be accomplished by

combining subsidies on healthier products and taxation
of unhealthier products [19]. Discounts on fruits and
vegetables increase the purchase and intake of fruit and
vegetables [20–23], whereas recently implemented food
taxes reduced purchases when prices were increased; es-
pecially among low-SES individuals [24, 25]. Vulnerable
populations, including lower SES consumers, are most
price-responsive and, in terms of health, may benefit
most from changes in the relative prices of foods and
beverages [19, 26, 27].
However, the dual process theory describes that al-

though individuals make choices based on both their ra-
tional, reflective system, they also use their impulsive,
automatic system [28]. Nudging - also referred to as
‘choice architecture’ - encompasses subtle environmental
changes that are implemented to make the desired
choice more likely, without eliminating or forbidding the
alternative option or changing economic incentives [29].
Nudges specifically target the heuristic choices, rather
than rational, reflective choice and as such do not re-
quire conscious decision making [28, 30, 31]. The con-
temporary scientific literature demonstrates that
nudging has great potential to influence food purchase-
and intake behaviours [32–35], as well as physical activ-
ity [36], and is accepted by the public [37–39].
Although the evidence base on pricing and nudging

strategies is growing, evidence is largely restricted to
short-term effects on food purchases and (proxies of )
health behaviours. Little is known about the combined
and long-term impact of such integrated interventions
on behaviours and cardiometabolic risk factors, and how
to best implement these strategies in real life policy and
practice.

Supermarket environment
Supermarkets play a central role in the food system. In
large parts of the world, including the Netherlands, su-
permarkets are the place where people buy the majority
of their food [40, 41]. Furthermore, generally a small
number of companies hold a large share of the retail
food market [42], implicating that changes by one or
two retail chains have the potential to affect dietary
choices of the population at large. As such, supermar-
kets provide a suitable setting for implementing and
testing pricing and nudging strategies at the point of
purchase, and can play a crucial role in developing strat-
egies that can be adopted and sustained long-term.
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Physical activity
Point of dietary choice settings such as supermarkets are
well-suited to promote more healthful diets, but improv-
ing cardiometabolic health also requires changes in
physical activity levels. Social cognitive and
self-regulation theories suggest, and research has shown,
that it is more likely for physical activity interventions to
be effective if approaches are individually tailored and
provide context-specific feedback on physical activity op-
portunities and performance levels [36]. Indeed, indi-
vidually tailored feedback, goal setting and advice on
dietary and physical activity behaviours have been shown
to be superior to generic and more traditional health
education attempts [43]. By making use of artificial
intelligence and present those via app-based mobile
technology, individually tailored and context-specific
feedback can be computed automatically and provided
instantaneously. The GPS sensor in smartphones and
geo-fencing techniques enables users to receive prompts
at crucial as well as contextual decision-making mo-
ments, e.g., choosing between taking their bicycle or car,
or between taking the stairs or the elevator. The funda-
ments for a Supreme Nudge app that will provide such
feedback were recently developed in our lab, following a
systematic process and using theory-based behaviour
change techniques [44]. The model-based and adaptive
predictions used in that app enable highly tailored feed-
back, i.e. not only tailored to the user’s physical and so-
cial context and beliefs, but also communicated in a way
that fits the user’s preferences, which is critical for actu-
ally reaching the low-SES users and support them to
make healthy physical activity choices. The integration
of informatics, psychology, and communication and
media studies in the development of an adaptive individ-
ual and context-tailored ‘mHealth’ (‘mobile health’)
intervention has great potential to promote physical ac-
tivity, especially in high risk groups such as low-SES
adults [45].

Implementation and upscaling
In order to induce sustainable behavioural changes and
increase the maintenance of interventions all stake-
holders need to be involved from the start of the project
[46–48]. Community projects or multilevel interventions
that have involved the target group from the start, taking
a bottom-up approach, are generally more effective in
reaching those most in need of the intervention.
Co-creating intervention components is also more likely
to generate the desired change, as the intervention com-
ponents focus on behaviours or settings that are mean-
ingful and feasible to the target group [49–54]. Involving
stakeholders from food retail will provide insight into
the dynamics of supermarkets operation and the barriers
and opportunities to make the supermarket environment

healthier, for instance through price deals or contracts
with manufacturers and/or suppliers. Upscaling the
intervention also requires the involvement of stake-
holders, to embed the intervention components within a
social systems’ culture and structure, as opposed to mere
dissemination [55]. Current knowledge on how to effect-
ively scale up health behaviour change interventions is
scarce [56]. Within Supreme Nudge, we will use insights
from the Transition Theory to optimise the upscaling of
the intervention using a three-step approach: First, to
gather evidence on the mechanisms and structures
underlying effects (deepening). Second, to replicate the
intervention in different settings (broadening). And
third, to embed the intervention in broader societal
structures such as policies of government and other or-
ganizations (embedding). Central to this approach is a
System Innovation that takes into account: 1) the cul-
ture, containing the values and perspectives held by ac-
tors in the system, 2) the structure, consisting of the
rules and organisational elements guiding and constrain-
ing system practices, and 3) the practice, representing
actions relevant to the system, carried out by agents in
the system [55].
The combination of using an environmental approach

targeting the supermarket environment to stimulate
healthier food purchases and using a personalized ap-
proach to support physical activity seems promising for
the initiation of a healthy lifestyle and improving cardio-
metabolic health. Investigating the implementation and
the evaluation of such a combined intervention within
Supreme Nudge enables us to address a range of know-
ledge gaps that are highlighted in previous studies, in-
cluding: 1) testing the effectiveness of a combination of
promising intervention strategies as opposed to a single
intervention; 2) pre-testing intervention components in
controlled environments that mimic real-life situations
as best as possible; 3) provision of evidence on the
longer-term effects, including cardiometabolic health in-
dicators; and 4) insights into whether pricing and nudg-
ing strategies in the supermarket can be effectively used
to facilitate a healthy diet.
The Supreme Nudge project has been designed to ad-

dress these gaps, with the overall objective to carefully
develop, implement and evaluate –including evaluation
of the development and implementation- a combination
of pricing, nudging, and individualized feedback strat-
egies in a point-of-choice intervention package for
low-SES adults, in order to improve dietary behaviours
and physical activity levels and, ultimately, cardiometa-
bolic health.

Methods/design
The Supreme Nudge project comprises various qualita-
tive and quantitative pilot studies, feeding into a
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real-life, cross-national intervention at the supermarket
level. The latter study aims to improve cardiometabolic
health through increasing healthier food purchases and
intake through pricing and nudging, and through in-
creasing physical activity through app-based tailored
feedback and support. Coop – one of the major super-
market chains in the Netherlands – has formally agreed
to participate in this project. Coop will provide support
with the development of the environmental changes in
the supermarket and will facilitate implementation of
the intervention for the trial to evaluate the effects.
The following stepwise approach will be followed:

1) To identify the most promising food pricing,
environmental nudging, and tailored physical
activity feedback intervention components to
change lifestyle behaviours according to
characteristics and preferences of the target group
and the supermarkets;

2) To pilot-test and adapt the range of intervention
components;

3) To implement a multi-level intervention in a real-
life setting using ‘pricing’, ‘nudging’ and ‘tailored
feedback and support for physical activity’ and
evaluate the effectiveness with regard to lifestyle be-
haviours and parameters of cardiometabolic health
in a randomised controlled trial; and

4) To provide a roadmap to scale-up the intervention,
including the identification of actors and factors
that facilitate horizontal and vertical upscaling.

These steps are further detailed below.

Identification of promising intervention components
Needs, characteristics and preferences of the target
population
We will identify what food groups related to cardiometa-
bolic health are most suitable for a nudging and pricing
approach and how SES, sex, BMI and other potential
moderating variables may influence these relations. This
information will be derived by systematically reviewing
and meta-analysing the existing evidence base, and
through secondary quantitative analyses in large studies
with comparable populations (such as the New Hoorn
Study [57] SPOTLIGHT [58, 59] and EPIC-NL [60]).
Second, Participatory Action Research (PAR) principles
will be used to identify the needs of the target group as
well as preferences towards environmental nudges and
the content of a physical activity mobile telephone app.

Needs, characteristics and preferences of the supermarket
stakeholders
A multidisciplinary reflexive assessment will be con-
ducted to gather information from stakeholders in the

Coop supermarket organisation on topics such as: the
extent to which an unhealthy lifestyle, as a risk factor to
cardiometabolic health, presents a societal problem; the
responsibility of the supermarket and other food retail
actors in promoting a healthier lifestyle; strategies to
promote a healthier lifestyle and the embedding of such
efforts in a supermarket; and the potential barriers and
opportunities for this embedding. We will conduct
qualitative interviews and focus groups among actors
from all levels in the involved supermarket chain, to
identify a range of perspectives. Subsequently, a ques-
tionnaire will be issued among Coop personnel at vari-
ous levels, to develop a quantitative ranking of the fit of
the identified perspectives with the overall organisation.
The outcomes of the interviews and questionnaire will
be validated and discussed in more depth with represen-
tatives of the interviewed stakeholder groups during an
interactive workshop. In this workshop we will utilise
methods such as actor and relationship mapping, root
cause analysis, and preference ranking (for the compari-
son of options).

Pilot-test and adapt the intervention components
Input from the target population and supermarket stake-
holders will be taken into consideration when shortlist-
ing the intervention components and their design. A
previously used virtual supermarket environment will be
taken as basis for a pilot test of the shortlisted interven-
tion components in a screen-based virtual supermarket
environment [23, 61]. Pilot tests will also be done in
newly built 3D Virtual Reality (VR) supermarket. This
may include the use of 3D VR devices such as the HTC
Vive head-mounted displays. Building on feedback from
the target group and progressive insights, an existing
app to promote engaging in physical activities [44] will
be enhanced and extended. This app was originally de-
veloped for a different target population than the current
target population, i.e., young and higher educated adults.
Therefore, the content of the feedback and motivational
messages and the presentation of monitoring and social
comparison results need to be adapted to media prefer-
ences and literacy levels of low-SES participants. Fur-
thermore, new technological features will be pretested
and if evaluated as being promising, they will be imple-
mented in the app. Examples include geo-fencing and
potentially socio-fencing techniques to enable context
specific physical activity messages. Moreover, the ori-
ginal app was developed in combination with a Fitbit
One activity tracker. However, it may be more feasible
and appropriate to use the built-in accelerometers of
smartphones for this target group. This requires add-
itional testing, validating and adapting equations that
translate the accelerations into physical activity data.
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Testing of pricing and nudging supermarket intervention
components?
We will examine the efficacy of three different types of
nudging (‘social proof nudges’, ‘default nudges’ and ‘sali-
ent nudges’) that have previously shown robust effects
[32, 62, 63] and might therefore also endure in a noisy
and complex environment such as the supermarket. So-
cial proof nudges make healthy food choice easier by the
presenting information about other peoples’ food choices
such as “Most sold in this supermarket” [64]. Default
nudges change dietary choice by preselecting an option;
for example having whole wheat bread as the standard
option in the bread department, with white bread posi-
tioned more to the back [65, 66]. Salient nudges increase
the visibility of the nudged food products and might in-
clude altering the placement of food items or using
in-store banners to capture attention [67]. We will first
explore the potential and working mechanisms of these
three types of nudging in a series of studies using online
and lab settings, during which decision-making styles,
attention and situational factors will also be considered.
The most promising of these nudges will then be piloted
in a controlled virtual supermarket setting. Using a
mixed design, a sample of ≈300 high and low SES partic-
ipants will be recruited to perform five shops in a
desktop-based virtual supermarket. With different ver-
sions of the virtual supermarket (i.e. the experimental
conditions) we will tease out the effects of nudges, the
effect of taxes and subsidies, the additional effects of
tax/subsidy salience, and the combined effects of nudges,
taxes, subsidies and tax/subsidy salience.

Testing of an intelligent and individually tailored physical
activity intervention
We will perform a content-valuation and feasibility study
with participants (n = 10) thinking out loud, while using the
tailored physical activity app. Next, a small test panel will
test the app during 8 weeks while a set of features of the
app (i.e., geo-fencing, self-monitoring, social comparison,
goal setting) will be switched on/off every week. Finally,
qualitative interviews with the test panel will be held about
the user experience, and preferences for app features will
be assessed. Transcripts of interviews will be coded and or-
ganized in themes and analysed according to appropriate
qualitative methods. Registered data on app usage will be
analysed to see which functions and features are preferred
and most valid across activity trackers. Analyses will ac-
count for differences in use and preferences between
groups based on sex, BMI or physical activity level.

Interim evaluation and adaptation of intervention
components
The intervention components will be adapted based on
the studies as described above, and made suitable for

implementation in a real-life setting. A workshop will be
organized with representatives of the target group and
supermarkets to formulate an evaluation framework, in-
cluding the selection of process and outcome indicators
and methods of data collection. Data collection for this
interim evaluation will take place using a mix of obser-
vations, questionnaires, interviews and focus group
discussions.
The aforementioned activities provide input for the

larger, nation-wide randomised trial at the supermarket
level. Key characteristics of this trial are described in de-
tail below, and will be registered in the Netherlands Trial
Registry.

Implement and evaluate a multi-level intervention in a
real-life setting
Intervention components, study setting & design
The study will be performed according to a randomized,
controlled, parallel design. We will select eight-to-twelve
supermarkets in closed market areas and low-SES com-
munities in the Netherlands. Randomization will take
place at the supermarket level. Included supermarkets
will equally be randomised to one of the intervention
arms, so that the recruited participants will be placed in
one of the four groups:

1. Control group;
2. Intervention group 1: receiving ‘supermarket

nudges’ only;
3. Intervention group 2: receiving ‘supermarket

nudges’ and the physical activity app;
4. Intervention group 3: receiving ‘supermarket

nudges’, the physical activity app and ‘supermarket
pricing strategies’.

Participant recruitment
Study participants will be recruited at the included
supermarket sites. Figure 1 summarises the recruitment
strategy/sampling approach. Participants must provide
written informed consent and comply with all of the fol-
lowing at inclusion: i) Age ≥ 18 years, ii) Having a low
SES, based on educational attainment and/or income,
and iii) Do their grocery shopping regularly at one of the
selected supermarkets. The following exclusion criteria
are defined: i) People who are unable to climb a flight of
stairs or who have a contra-indication to engage in phys-
ical exercise, ii) Not being able to communicate ad-
equately in the Dutch language, and iii) Not being
regularly in the neighbourhood during the study period
or moving house soon.

Measures
The primary outcomes of the trial include changes in
parameters of metabolic health, namely: blood pressure,
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cholesterol values, HbA1c or glucose, and waist circum-
ference at 6 and 12 months. Secondary outcomes are
changes in objectively measured physical activity, dietary
intake, food purchasing behaviour, food purchase inten-
tions, customer satisfaction, type of purchase (e.g., habit-
ual, impulsive, etc.), frequency of use of the mobile
physical activity app, social cognitive factors (e.g.,
intention, awareness, self-efficacy, etc.); and
implementation-related outcomes such as needs, charac-
teristics and preferences of supermarkets and target pop-
ulations, feasibility of the intervention and possibilities
for scaling up, and the Reach, Adoption, Implementation
and Maintenance (RE-AIM) of the intervention.

Timeline
The intervention phase will be 12 consecutive months to
account for seasonal variation in shopping and physical
activity behaviour and allow measurement of long-term
effects. The short-term (3 months) and intermediate
follow-up (6 months) will be used to measure changes in
behaviours and intermediate psychological constructs,
whereas the longer term follow up (12 months) will be

used to evaluate changes in cardiometabolic health, and
for the process-evaluation.

Intervention embedding
Analysis of current culture, structure, and practice
Parallel to the intervention component design, an ana-
lysis will be performed of the Coop supermarket chain
and its overarching system, to identify systemic leverage
points and barriers for the successful cross-national em-
bedding of the intervention. The analysis will follow the
Unravelling Persistent Problems approach, which com-
bines a structured literature study that unravels under-
lying structures with a focus on actor perspectives and
relations [68]. First, a historical analysis of the Dutch
food system is performed, to identify systemic mecha-
nisms that impede or support embedding. Second,
semi-structured interviews are conducted with stake-
holders internal and external to the intervention, to ex-
plore their underlying mental structures, and resulting
practices and perceptions of systemic leverage points
and barriers.

Fig. 1 The Supreme Nudge randomised controlled trial profile
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Monitoring in real-life setting
During the real-life supermarket trial, reflexive monitor-
ing sessions will be organized with relevant stakeholders
(policy makers, researchers, Coop actors, target group),
to reflexively evaluate the intervention, based on a
co-created realist-evaluation framework, and in relation
to the embedding process. Between sessions, newly de-
veloped strategies will be implemented by the relevant
actors.

Developing a roadmap for embedding
From the evaluation outcomes, an overview will be de-
veloped of barriers encountered in practice, and of po-
tential opportunities and strategies for intervention
implementation and broader embedding. A strategic
roadmap for intervention embedding will be co-created
with the relevant stakeholder groups, based on inter-
views and co-creating workshops. These workshops fa-
cilitate the identification of visions and necessary steps
to reach these end-goals, converging into a strategic
roadmap for intervention embedding [69].

Discussion
This paper describes the background and design of the
Supreme Nudge project, a novel study that develops, im-
plements and evaluates a combined intervention that in-
cludes environmental changes as well as tailored
feedback to sustainably improve lifestyle behaviours and
cardiometabolic health in Dutch low-SES adults. In the
study, both initiation and maintenance of health-related
behaviours will be targeted via distinct but connected
procedures. Based on economic, psychological and pub-
lic health theories, we hypothesize that changing the
context in which individuals make lifestyle choices has a
sustained impact on cardiometabolic health.
Such a complex, multi-disciplinary project brings

about a number of challenges. The first challenge is the
reliance on the willingness and commitment of partici-
pants, particularly of a low SES group that is difficult to
reach. However, this project will take a bottom-up ap-
proach by first conducting a needs and preference as-
sessment among the target group, and co-creating the
intervention components. Also, participants to the
real-life supermarket trial will be recruited directly from
supermarkets located in low-SES areas via the opportun-
ity for a non-invasive medical check-up. Moreover, the
intervention approach, focusing mostly on the context
in which behavioural choices are made, is tailored to
work across all SES groups. Although individual-level in-
terventions generally show limited effect among such
groups, previous research showed that tailored feedback
is more appreciated among lower educated respondents
than among the higher educated [70, 71]. The second
challenge is the collaboration with a supermarket chain

and conducting a study in a real-life setting. The design
and implementation of the intervention components will
be dependent on the commitment and resources in the
supermarkets. To limit corresponding risks, we involved
the Coop supermarket chain and committed them to
collaborate from the start to contribute to and support
the project. In order to ensure that participants are ‘ex-
posed’ to the supermarkets under study, the trial will be
implemented in municipalities with a closed market
area, such that there are no other supermarkets around.
In addition, we will select participants based on mainly
shopping at the intervention supermarket and monitor
purchases at other shops during the trial to account for
such contamination.
The project benefits from a number of strengths. A

major strength is the mixed method and
inter-disciplinary approach in which stakeholders are in-
volved from the start. In addition, the project will start
with a series of dynamic and smaller-scale experiments
of which the results will gradually feed into the set-up of
a large real-life randomised controlled trial. Objective
measures are used for the primary outcomes, and for
measuring physical activity. The latter is important as
self-reported measures have been shown to be less valid,
especially in low SES populations [72]. Due to the
co-designed approaches and the committed involvement
of one of the largest Dutch supermarket chains (Coop),
the results are likely to have high applicability and exter-
nal validity for participants and decision makers [73].
This five-year project started in July 2017 and is likely

to generate unique insights into the short-term and
long-term effects of interventions that use (a combin-
ation of ) pricing, nudging, and tailored feedback to
change behaviours and cardiometabolic health. The re-
sults may be used to identify entry-points for
population-based approaches – with a specific focus on
low SES individuals.

Abbreviations
BMI: Body mass index; EPIC-NL: Dutch Contribution to European Prospective
Investigation into Cancer and Nutrition; HbA1c: Glycosylated Haemoglobin,
Type A1C; KORA: Cooperative Health Research in the Region Augsburg;
mHealth: Mobile health; MPDS: Mass-production and delivery system;
PAR: Participatory action research; RE-AIM: Reach, effectiveness, adoption,
implementation, maintenance; SES: Socio-economic status;
SPOTLIGHT: Sustainable prevention of obesity through integrated strategies;
VR: Virtual reality

Funding
Supreme Nudge (CVON2016–04) is funded by the Netherlands Heart
Foundation and the Netherlands Organization for Health Research and
Development (ZonMw). These funding sources had no role in the design of
this study and will not have any role during its execution, analyses,
interpretation of the data, or decision to submit results.

Authors’ contributions
All authors were closely involved in the development and initiation of the
Supreme Nudge project. JL drafted the first version of the manuscript, JB,
and JDM revised and contributed considerably towards a draft that was then

Lakerveld et al. BMC Public Health  (2018) 18:899 Page 7 of 9



further circulated. All authors (JL, JDM, FdB, BB, JEWB, G-JdB, GF, MG, MH, JH,
MK, FM, CM, DTDdR, FR, IS, YTvdS, TJS, SJtV, EV, WW, JB, JWJB) provided feed-
back and contributed to further versions. Specific information with regard to
nudging was added by FdB, MG, DTDdR; BB, G-JdB, StV, MK and JB contrib-
uted with sections on physical activity and app based options for interven-
tions; JEWB, CM, TJS contributed specific information on the qualitative parts
and upscaling of intervention components; JH, GF, FM, EV, MH, IS and YTvdS
provided input regarding dietary behaviours and WW on the supermarket
settings. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Ethics approval for the virtual supermarket studies were obtained from the
Medical Ethics Committee of the VU University Medical Center
(METc2018.241) and the Ethics Committee of the Faculty of Social and
Behavioural Sciences of Utrecht University (FETC18–039). Participants must
provide written informed consent before any study procedures occur.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

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

Author details
1Department of Epidemiology and Biostatistics, Amsterdam Public Health
research institute, VU University Medical Center, Amsterdam, the Netherlands.
2Department of Social, Health and Organizational Psychology, Utrecht
University, Utrecht, the Netherlands. 3University of Amsterdam, Amsterdam
School of Communication Research ASCoR, Amsterdam, the Netherlands.
4Athena Institute, Faculty of Science, VU University Amsterdam, Amsterdam,
the Netherlands. 5Netherlands Nutrition Centre, the Hague, the Netherlands.
6Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, the Netherlands. 7Department of Computer Science,
VU University Amsterdam, Amsterdam, the Netherlands. 8Te Velde Research
& Consultancy, Bunnik, the Netherlands. 9Department of Public Health,
Amsterdam Public Health Research institute, Academic Medical Centre,
University of Amsterdam, Amsterdam, the Netherlands.

Received: 9 February 2018 Accepted: 12 July 2018

References
1. WHO. Global status report on noncommunicable diseases 2014. World

Health. 2014;176.
2. Patino-Alonso MC, Recio-Rodríguez JI, Magdalena-Belio JF, Giné-Garriga M,

Martínez-Vizcaino V, Fernández-Alonso C, et al. Clustering of lifestyle
characteristics and their association with cardio-metabolic health: the
lifestyles and endothelial dysfunction (EVIDENT) study. Br J Nutr. 2015:1–9.

3. Prochaska JO, Velicer WF. The transtheoretical model of health behavior
change. Am J Health Promot. 1997;12:38–48.

4. Ajzen I. From intentions to action: a theory of planned behavior. In action-
control: from cognition to behavior. New York: Springer; 1985.

5. Deci EL, Ryan RM. Intrinsic motivation and self-determination in human
behavior. New York: Plenium; 1985.

6. Carver CS, Scheier MF. On the self-regulation of behavior. Cambridge
University Press, Cambridge. First published; 1998.

7. Angermayr L, Melchart D, Linde K. Multifactorial lifestyle interventions in the
primary and secondary prevention of cardiovascular disease and type 2
diabetes mellitus--a systematic review of randomized controlled trials. Ann
Behav Med. 2010;40:49–64.

8. Sallis J, Owen N, Fisher E. Ecological models of health behavior. In: Glanz K,
Rimer B, Fiswanath K, editors. Heal. Behav. Heal. Educ. Theory, Res. Pract. IV.
San Francisco: Jossey-Bass; 2008. p. 465–82.

9. Bronfenbrenner, U. Ecological models of human development. In International
Encyclopedia of Education. Oxford: Elsevier. 1994; Vol. 3, 2nd ed.

10. Swinburn B, Sacks G, Hall K, McPherson K, Finegood D, Moodie M, et al. The
global obesity pandemic: shaped by global drivers and local environments.
Lancet. 2011;378:804–14.

11. Compernolle S. RE-AIM evaluation of evidence-based multi-level
interventions to improve obesity-related behaviours in adults: a systematic
review (the SPOTLIGHT project). Int. J. Behav. Nutr. Phys. Act. 2014;11:147.

12. Maes L, Van Cauwenberghe E, Van Lippevelde W, Spittaels H, De Pauw E,
Oppert JM, et al. Effectiveness of workplace interventions in Europe promoting
healthy eating: a systematic review. Eur J Pub Health. 2012;22:677–83.

13. Geaney F, Kelly C, Greiner BA, Harrington JM, Perry IJ, Beirne P. The
effectiveness of workplace dietary modification interventions: a systematic
review. Prev Med (Baltim). 2013:438–47.

14. Kumanyika SK, Obarzanek E, Stettler N, Bell R, Field AE, Fortmann SP, et al.
Population-based prevention of obesity. Circulation. 2008;118:355–75.

15. Lakerveld J, Mackenbach JD. The upstream determinants of adult obesity.
Obes Facts. 2017;10:216–22.

16. McGill R, Anwar E, Orton L, Bromley H, Williams FL, O’Flaherty M, et al. Are
interventions to promote healthy eating equally effective for all? Systematic
review of socioeconomic inequalities in impact. BMC Public Health. 2015;15:457.

17. McCarthy M. The economics of obesity. Lancet. 2004;364:2169–70.
18. Niebylski ML, Redburn KA, Duhaney T, Campbell NR. Healthy food subsidies

and unhealthy food taxation: a systematic review of the evidence. Nutrition.
2015:787–95.

19. WHO. Fiscal policies for diet and the prevention of noncommunicable
diseases. WHO Reg. Off. Eur. 2015;36.

20. Geliebter A, Ang I, Bernales-Korins M, Hernandez D, Ochner CN, Ungredda T,
et al. Supermarket discounts of low-energy density foods: effects on
purchasing, food intake, and body weight. Obesity. 2013;21

21. Ball K, McNaughton SA, Le HND, Gold L, Ni Mhurchu C, Abbott G, et al. Influence
of price discounts and skill-building strategies on purchase and consumption of
healthy food and beverages: outcomes of the supermarket healthy eating for
life randomized controlled trial. Am J Clin Nutr. 2015;101:1055–64.

22. Ni Mhurchu C, Blakely T, Jiang Y, Eyles HC, Rodgers A. Effects of price
discounts and tailored nutrition education on supermarket purchases: a
randomized controlled trial. Am J Clin Nutr. 2010;91:736–47.

23. Waterlander WE, De Boer MR, Schuit AJ, Seidell JC, Steenhuis IHM. Price
discounts significantly enhance fruit and vegetable purchases when
combined with nutrition education: a randomized controlled supermarket
trial. Am J Clin Nutr. 2013;97:886–95.

24. Colchero MA, Popkin BM, Rivera JA, Ng SW. Beverage purchases from stores
in Mexico under the excise tax on sugar sweetened beverages:
observational study. BMJ. 2016;h6704.

25. Colchero MA, Molina M, Guerrero-López CM. After Mexico implemented a
tax, purchases of sugar-sweetened beverages decreased and water
increased: difference by place of residence, household composition, and
income level. J Nutr. 2017;147:1552–7.

26. Jensen JD, Smed S. Cost-effective design of economic instruments in
nutrition policy. Int J Behav Nutr Phys Act. 2007: 10.

27. Backholer K, Sarink D, Beauchamp A, Keating C, Loh V, Ball K, et al. The
impact of a tax on sugar-sweetened beverages according to socio-
economic position: a systematic review of the evidence. Public Health Nutr.
2016;19:1–15.

28. Strack F, Deutsch R. The duality of everyday life: dual-process and dual-
system models in social psychology. APA Handb. Personal. Soc Psychol
Attitudes Soc Cogn. 2015;1:891–927.

29. Thaler RH, Sunstein CR. Nudge: improving decisions about health, wealth,
and hapiness. Yale University Press. Yale; 2008.

30. Gill TP, Boylan S. Public Health messages: why are they ineffective and What
Can Be Done? Curr. Obes. Rep. 2012;1:50–8.

31. Marteau TM, Hollands GJ, Fletcher PC. Changing human behavior to
prevent disease: the importance of targeting automatic processes. Science.
2012;337:1492–5.

32. Bucher T, Collins C, Rollo ME, McCaffrey TA, De Vlieger N, Van der Bend D,
et al. Nudging consumers towards healthier choices: a systematic review of
positional influences on food choice. Br J Nutr. 2016;115:2252–63.

33. Arno A, Thomas S, Avenell A, Forster M, Veerman J, Barendregt J, et al. The
efficacy of nudge theory strategies in influencing adult dietary behaviour: a
systematic review and meta-analysis. BMC Public Health. 2016;16:676.

34. Kroese FM, Marchiori DR, De Ridder DTD. Nudging healthy food choices: a
field experiment at the train station. J Public Heal (United Kingdom). 2016;
38:e133–7.

Lakerveld et al. BMC Public Health  (2018) 18:899 Page 8 of 9



35. Salmon SJ, Fennis BM, de Ridder DTD, Adriaanse M a, de Vet E. Health on
impulse: when low self-control promotes healthy food choices. Health
Psychol 2014;33:103–109.

36. Nocon M, Müller-Riemenschneider F, Nitzschke K, Willich SN, Muller-
Riemenschneider F, Nitzschke K, et al. Review article: increasing physical
activity with point-of-choice prompts--a systematic review. Scand J Public
Health. 2010;38:633–8.

37. Hansen PG, Jespersen AM. Nudge and the manipulation of choice. Eur J
Risk Regul. 2013;1:3–28.

38. Junghans AF, Cheung TTL, De Ridder DD. Under consumers’ scrutiny - an
investigation into consumers’ attitudes and concerns about nudging in the
realm of health behavior. BMC Public Health. 2015;15:1–13.

39. Petrescu DC, Hollands GJ, Couturier DL, Ng YL, Marteau TM. Public
acceptability in the UK and USA of nudging to reduce obesity: the example
of reducing sugar-sweetened beverages consumption. PLoS One. 2016;11

40. Hawkes C. Dietary implications of supermarket development: a global
perspective. Dev Policy Rev. 2008;26:657–92.

41. Caraher M, Coveney J. Public health nutrition and food policy. Public Health
Nutr. 2007;7:591–8.

42. Burch D, Lawrence G. Supermarket own brands, new foods and the
reconfiguration of agri-food supply chains. Supermarkets agri-food supply
Chain. Transform Prod Consum Foods. 2007:100–28.

43. Broekhuizen K, Kroeze W, van Poppel MNM, Oenema A, Brug J. A systematic
review of randomized controlled trials on the effectiveness of computer-
tailored physical activity and dietary behavior promotion programs: an
update. AnnBehavMed. 2012;44:259–86.

44. Klein MCA, Manzoor A, Middelweerd A, Mollee JS, Te Velde SJ. Encouraging
physical activity via a personalized mobile system. IEEE Internet Comput.
2015;19:20–7.

45. Vandelanotte C, Muller AM, Short CE, Hingle M, Nathan N, Williams SL, et al.
Past, Present, and Future of eHealth and mHealth Research to Improve
Physical Activity and Dietary Behaviors. J. Nutr. Educ. Behav. 2016;48:219–28. e1

46. Glanz K, Bader MDM, Iyer S. Retail grocery store marketing strategies and
obesity: an integrative review. Am J Prev Med. 2012: 503–12.

47. Liberato SC, Bailie R, Brimblecombe J. Nutrition interventions at point-of-sale
to encourage healthier food purchasing: a systematic review. BMC Public
Health. 2014;14:919.

48. Epstein LH, Jankowiak N, Nederkoorn C, Raynor HA, French SA, Finkelstein E.
Experimental research on the relation between food price changes and
food-purchasing patterns: a targeted review. Am J Clin Nutr. 2012:789–809.

49. Hanson S, Cross J, Jones A. Promoting physical activity interventions in
communities with poor health and socio-economic profiles: a process
evaluation of the implementation of a new walking group scheme. Soc Sci
Med. 2016;169:77–85.

50. Bloch P, Toft U, Reinbach HC, Clausen LT, Mikkelsen BE, Poulsen K, et al.
Revitalizing the setting approach - supersettings for sustainable impact in
community health promotion. Int J Behav Nutr Phys Act. 2014;11

51. Sanders EB-N, Stappers PJ. Co-creation and the new landscapes of design.
CoDesign. 2008;4:5–18.

52. Greenhalgh T, Jackson C, Shaw S, Janamina T. Achieving research impact
through co-creation in community-based health services: literature review
and case study. Millbank Q. 2016;94:392–429.

53. Gubbels JS, Mathisen FK, Samdal O, Lobstein T, Kohl LF, Leversen I, et al.
The assessment of ongoing community-based interventions to prevent
obesity: lessons learned. BMC Public Health. 2015;15:216.

54. Lakerveld J, Verstrate L, Bot S, Baan CA, Brug J, Jansen D, et al. Social and
physical environmental interventions in low socio-economic
neighbourhoods to promote healthy behaviours: Determinants of
implementation and use. Int J Patient Centered Med. 2012:491–5.

55. Rotmans J, Loorbach D. Towards a better understanding of transitions and
their governance. transitions to sustain. Dev. New Dir Study Long Term
Transform Chang. 2010:103–220.

56. Hammond RA, Dubé L. A systems science perspective and transdisciplinary
models for food and nutrition security. Proc Natl Acad Sci U S A. 2012;109:
12356–63.

57. Rutters F, Nijpels G, Elders P, Stehouwer CDA, van der Heijden AA, Groeneveld
L, et al. Cohort profile: the hoorn studies. Int J Epidemiol. 2017:dyx227.

58. Lakerveld J, Brug J, Bot S, Teixeira PJ, Rutter H, Woodward E, et al.
Sustainable prevention of obesity through integrated strategies: the
SPOTLIGHT project’s conceptual framework and design. BMC Public Health.
2012;12:793.

59. Lakerveld J, Ben-Rebah M, Mackenbach JD, Charreire H, Compernolle S,
Glonti K, et al. Obesity-related behaviours and BMI in five urban regions
across Europe: sampling design and results from the SPOTLIGHT cross-
sectional survey. BMJ Open. 2015;5:e008505.

60. Beulens JWJ, Monninkhof EM, Monique Verschuren WM, van der Schouw
YT, Smit J, Ocke MC, et al. Cohort profile: the EPIC-NL study. Int J Epidemiol.
2010;39:1170–8.

61. Waterlander WE, Scarpa M, Lentz D, Steenhuis IHM. The virtual supermarket:
an innovative research tool to study consumer food purchasing behaviour.
BMC Public Health. 2011;11:589.

62. Robinson E, Thomas J, Aveyard P, Higgs S. What everyone else is eating: a
systematic review and meta-analysis of the effect of informational eating
norms on eating behavior. J Acad Nutr Diet. 2014;114:414–29.

63. Jachimowicz JM, Duncan S, Weber EU, Johnson EJ. When and why defaults
influence decisions: a meta-analysis of default effects. SSRN; 2018.

64. Salmon SJ, De Vet E, Adriaanse MA, Fennis BM, Veltkamp M, De Ridder DTD.
Social proof in the supermarket: promoting healthy choices under low self-
control conditions. Food Qual Prefer. 2015;45:113–20.

65. van Kleef E, Seijdell K, Vingerhoeds MH, de Wijk RA, van Trijp HCM. The
effect of a default-based nudge on the choice of whole wheat bread.
Appetite. 2018;121:179–85.

66. de Ridder D, Kroese F, Evers C, Adriaanse M, Gillebaart M. Healthy diet:
health impact, prevalence, correlates, and interventions. Psychol Health.
2017;32:907–41.

67. Dolan P, Hallsworth M, Halpern D, King D, Metcalfe R, Vlaev I. Influencing
behaviour: the mindspace way. J Econ Psychol. 2012;33:264–77.

68. Schuitmaker TJ. Identifying and unravelling persistent problems. Technol.
Forecast. Soc. Change. Elsevier. 2012;79:1021–31.

69. Phaal R, Muller G. An architectural framework for roadmapping: towards
visual strategy. Technol Forecast Soc Change. 2009;76:39–49. Elsevier

70. Brug J, van Assema P. Differences in use and impact of computer-tailored
dietary fat-feedback according to stage of change and education. Appetite.
2000;34:285–93.

71. Sharpe EE, Karasouli E, Meyer C. Examining factors of engagement with
digital interventions for weight management: rapid review. JMIR Res Protoc.
2017;6:e205.

72. Winckers ANE, Mackenbach JD, Compernolle S, Nicolaou M, van der Ploeg
HP, De Bourdeaudhuij I, et al. Educational differences in the validity of self-
reported physical activity. BMC Public Health. 2015;15:1299.

73. Tunis SR, Stryer DB, Clancy CM. Practical clinical trials: increasing the value of
clinical research for decision making in clinical and health policy. JAMA.
2003;290:1624–32.

Lakerveld et al. BMC Public Health  (2018) 18:899 Page 9 of 9


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Pricing, nudging and food choice
	Supermarket environment
	Physical activity
	Implementation and upscaling

	Methods/design
	Identification of promising intervention components
	Needs, characteristics and preferences of the target population
	Needs, characteristics and preferences of the supermarket stakeholders

	Pilot-test and adapt the intervention components
	Testing of pricing and nudging supermarket intervention components?
	Testing of an intelligent and individually tailored physical activity intervention
	Interim evaluation and adaptation of intervention components

	Implement and evaluate a multi-level intervention in a real-life setting
	Intervention components, study setting & design
	Participant recruitment
	Measures
	Timeline

	Intervention embedding
	Analysis of current culture, structure, and practice
	Monitoring in real-life setting
	Developing a roadmap for embedding


	Discussion
	Abbreviations
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

