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Abstract

Background: Adults with a low socioeconomic position (SEP) are more likely to engage in unhealthy diets as
compared to adults with high SEP. However, individual-level educational interventions aiming to improve food
choices have shown limited effectiveness in adults with low SEP. Environmental-level interventions such as nudging
strategies however, may be more likely to benefit low SEP groups. We aimed to review the evidence for the
effectiveness of nudges as classified according to interventions in proximal physical micro-environments typology
(TIPPME) to promote healthy purchases, food choice, or affecting energy intake or content of purchases, within real-
life food purchasing environments. Second, we aimed to investigate the potentially moderating role of SEP.

Methods: We systematically searched PubMed, EMBASE, and PsycINFO until 31 January 2018. Studies were
considered eligible for inclusion when they i) complied with TIPPME intervention definitions; ii) studied actual
purchases, food choice, or energy intake or content of purchases, iii) and were situated in real-life food purchasing
environments. Risk of bias was assessed using a quality assessment tool and evidence was synthesized using
harvest plots.
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of findings.

needed.

Results: From the 9210 references identified, 75 studies were included. Studies were generally of weak to moderate
quality. The most frequently studied nudges were information (56%), mixed (24%), and position nudges (13%).
Harvest plots showed modest tendencies towards beneficial effects on outcomes for information and position
nudges. Less evidence was available for other TIPPME nudging interventions for which the harvest plots did not
show compelling patterns. Only six studies evaluated the effects of nudges across levels of SEP (e.g., educational
level, food security status, job type). Although there were some indications that nudges were more effective in low
SEP groups, the limited amount of evidence and different proxies of SEP used warrant caution in the interpretation

Conclusions: Information and position nudges may contribute to improving population dietary behaviours.
Evidence investigating the moderating role of SEP was limited, although some studies reported greater effects in
low SEP subgroups. We conclude that more high-quality studies obtaining detailed data on participant’s SEP are

Registration: This systematic review is registered in the PROSPERO database (CRD42018086983).

Keywords: Nudging, Choice architecture, TIPPME, Socioeconomic position

Introduction

An unhealthy diet is one of the major risk factors for
non-communicable diseases (NCDs), such as type 2 dia-
betes and cardiovascular disease [1]. Adults with a low
socioeconomic position (SEP) in particular are at high
risk for NCDs, as they are more likely to engage in un-
healthy diets as compared to adults with high SEP [2].
Despite this, individual-level educational interventions
that aim to improve healthy food choices have shown to
have limited effectiveness in adults with low SEP and
may increase health inequalities [3]. This may partly be
attributed to the fact that these interventions often ne-
cessitate access to various resources (e.g., knowledge,
skills, social networks) which may be more limited in
low SEP groups [4, 5]. Alternatively, environmental-level
interventions are more likely to benefit adults with low
SEP and reduce health inequalities [3], because they rely
to a lesser extent on an individual’s access to resources
but rather create healthy opportunities for all.

The rationale underlying such environmental-level in-
terventions is rooted in dual process models of human be-
haviour, which conceptualize the regulation of human
behaviour into two main cognitive processes: 1) an uncon-
scious, fast, and automatic cognitive process, and 2) a con-
scious, slow, and more effortful cognitive process [6].
Whereas individual-level educational interventions tap
into the conscious and effortful processes — by for ex-
ample providing nutrition knowledge to target popula-
tions — environmental interventions make use of
environmental cues or heuristics that subconsciously
guide food-decision making [7], thus requiring limited
amounts of cognitive resources.

Nudging has been proposed as a promising environ-
mental intervention strategy for modifying food choices.
The term ‘nudge’ was originally coined by Thaler and
Sunstein in 2008 and defined as: ‘Amy aspect of the

choice architecture that alters people’s behaviour in a
predictable way, without forbidding any options or sig-
nificantly changing their economic incentives’ (p.6) [8].
Nudging became popular as it opposed the reigning idea
that humans are rational actors who constantly seek op-
portunities that maximize their utility. Instead, it ac-
knowledges that people’s ability to make rational
decisions is limited by cognitive boundaries, biases and
habits, leading people to make choices not compatible
with their long-term goals [9]. Nudges make use of the
same principles that cause flawed decision-making, to
steer people towards choices that serve them in their
own interest. When applied to modifying diets, this
means that nudges make healthy choices more easy, by
for example making them more salient, without con-
straining choice for unhealthy alternatives [9].

So far, numerous nudging studies have been per-
formed describing a wide range of interventions, for ex-
ample placing healthier foods at convenient and visible
locations in supermarkets (e.g., position nudge) or mak-
ing healthy foods salient through the use of signage (e.g.,
information nudge). To establish more conceptual clarity
regarding nudging interventions and to facilitate evi-
dence synthesis, the typology of interventions in prox-
imal physical micro-environments (TIPPME) was
introduced, distinguishing six distinct nudging interven-
tions types: availability, position, functionality, presenta-
tion, size, and information [10].

The multiple systematic reviews and meta-analyses on
the effectiveness of TIPPME nudging interventions in
modifying food choices or consumption [11-13] mainly
focused on availability and position nudges [12, 13] or
specific foods [11], and studies were primarily conducted
in laboratory settings. Only one of these systematic re-
view addressed the question whether the effects of nudg-
ing interventions are moderated by SEP, for which
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indications were found [13]. Therefore, insights are lack-
ing on the effectiveness of other TIPPME intervention
types in real-life food purchasing environments, and the
moderating role of SEP.

In the present systematic review, our first aim is to re-
view the evidence for the effectiveness of nudges as classi-
fied according to the TIPPME typology in promoting
healthy purchases, food choice, or affecting energy intake
or content of purchases within real-life food purchasing
environments among adult populations. Second, we aimed
to investigate the potentially moderating role of SEP.

Methods

The protocol for the present systematic review was reg-
istered in the PROSPERO database (registration number:
CRD42018086983). A systematic literature search was
conducted in accordance with the guidelines in the
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement (www.prisma-statement.
org) (Additional file 1).

Data sources and searches
In order to maximize the yield of our search, we adopted
an elaborate search strategy including general nudging
terms (e.g., nudging and choice architecture) as well as
more specific nudging terms (e.g., signage) according the
TIPPME typology (Table 1). Types of nudges considered
in other categorizations were evaluated on their applic-
ability to the current review [14, 15]. As a result, the
search strategy was further extended by adding the de-
fault nudge, which we defined as follows: ‘to provide a
standard food option for which no active choice needs
to be made’.

For the search queries, search terms for the (type of)
nudging intervention, outcome, and setting were

Table 1 Overview of nudging interventions in TIPPME as
defined by Hollands et al. [10]

Intervention  Definition

type

Availability To add or remove (some or all) products or objects to
increase, decrease, or alter their range, variety, or
number

Position To alter the position, proximity, or accessibility of

products or objects

Functionality ~ To alter the functionality or design of products or
objects to change how they work, or guide or

constrain how people use or physically interact with

them
Presentation To alter visual, tactile, auditory or olfactory properties of
products, objects or stimuli
Size To alter size or shape of products or objects
Information Add, remove, or change words, symbols, numbers or

pictures that convey information about the product or
object or its use
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combined using Boolean operators and were limited to
title and abstract. The search strategies for each of the
databases can be found in Additional file 2. We system-
atically searched the databases PubMed, EMBASE, and
PsycINFO until 31 January 2018. Additionally, references
included in existing reviews were included for screening
[11, 12, 16].

Study selection

Titles, abstracts, and full-text articles retrieved from
database searches were screened for eligibility in dupli-
cate by a team of five researchers (MH, FdB, IS, JWJB,
FR). Studies were included if they: 1) involved a manipu-
lation of the food purchasing environment, in such a
way that the availability, position, functionality, presenta-
tion, size, and/or information of products (e.g., foods),
related objects (e.g., shelfs), or the wider environment
(e.g., supermarket) was altered; 2) examined the effects
on actual food purchases, energy intake or energy con-
tent of purchases, or food choice; 3) were situated in a
food purchasing environment where people purchase
food or meals on a regular basis; 4) were conducted
among adult populations; 5) were originally published
articles and were written in English language.

Studies were excluded if they: 1) did not report the ef-
fects of the nudges separately from other non-nudge in-
terventions, such as pricing interventions; 2) studied the
effects of nudges on behavioural intent; 3) were per-
formed in settings in which people do not purchase food
or meals on a regular basis (e.g., sit-down restaurants);
4) changed the intrinsic characteristics of foods (e.g.,
dietary composition); 5) examined the effects of
mandatory legislation.

Inconsistencies in eligibility judgements were resolved
by discussion among two reviewers (MH and IS) and if
consensus could not be reached, inconsistencies were re-
solved by discussion with a third reviewer (JW]B, FR, or
FdB). After this process was completed, titles, abstracts,
and full-text articles retrieved from the reference lists of
existing reviews were screened for eligibility by MH. A
10% subsample of the studies retrieved from the refer-
ence lists was checked by a second reviewer (IS), which
revealed no inconsistencies in eligibility judgements.

Quality assessment

Risk of bias was assessed using the Quality Assessment
Tool for Quantitative Studies [17], as this tool was spe-
cifically designed to critically appraise public health in-
terventions and encompassed a wide range of research
designs, including non-randomized designs. This tool
evaluates the risk of bias with regard to selection of
study participants, study design, confounding variables,
blinding, data collection methods, and withdrawals and
drop-outs. Each domain can be attributed a weak,
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moderate or strong quality score. Articles were consid-
ered of i) strong quality if no domains were rated as
weak; ii) moderate quality if only one domain was rated
as weak; 3) weak if at least two domains were rated as
weak. Quality assessment was conducted in duplicate by
a team of five researchers (MH, FdB, IS, JW]B, FR). In-
consistencies were resolved by discussion with a third
reviewer.

Data extraction

Data extraction was performed by one researcher
(MH) using a predefined data extraction form, and
conducted in duplicate for a subsample of the in-
cluded studies (n=38), which showed high levels of
agreement. Data was extracted on the type of nudge
(including nudge description), country, study design,
study size, intervention duration, SEP, setting, study
outcomes, outcome assessment, and main findings.

Data synthesis

For the tabulation of study characteristics and main
findings, nudges were classified using the TIPPME inter-
vention typology (MH & FdB) into either one of the fol-
lowing intervention types: availability, position,
functionality, presentation, size or information. On the
basis of the quality assessment, study design was catego-
rized into before-after studies (both within- and
between-subjects), controlled trials, or randomized con-
trolled trials. Intervention duration was defined as the
duration for which the nudge was implemented and cat-
egorized according to the following categories: < 1 week;
>1week & <1 month; 1< month(s)<6; 6 <months <12
and > 1 year. Study size could pertain to amount of pur-
chases and/or transactions, number of customers, or
number of stores. Study outcomes could pertain to pur-
chases, energy intake or energy content of purchases or
food choice. Outcome assessment was categorized as ei-
ther one or a combination of the following: point-of-sale
system, observer-reported, computer-generated re-
sponse, digital photographic method, food weighing,
hand counts, questionnaires, dietary recall, and records
of inventory movement. Lastly, we report SEP character-
istics for each study based on descriptive characteristics
for proxies of SEP reported in the baseline table or in-
text (e.g., educational level, job type).

Besides the tabulation of study characteristics and
main findings, we visualized the main findings and study
characteristics of studies within each of the TIPPME cat-
egories in harvest plots [18]. The harvest plot groups
studies according to their intervention effect (positive/
negative or no effect) in a matrix, and allows to further
incorporate relevant study information by varying char-
acteristics of the matrix, including bar length, width, and
colour, and by adding rows to the matrix. As such,
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harvest plots provide a qualitative summary to the
reader by enabling them to visually appraise the most
prominent patterns in the matrix, and judge study char-
acteristics and study quality.

For the present review, the matrix comprises three col-
umns representing the intervention effect (increase, no
change, or decrease) and three rows comprising the
types of outcomes (purchases, energy intake or energy
content of purchases or food choice). Studies were plot-
ted in the matrix based on the direction of the associ-
ation that was reported for each outcome (e.g., if a
nudge is associated with higher purchases, this study
was plotted in the ‘increase’ column). Each study was
plotted in the matrix using bars, with a study reference
number below the bar corresponding to the tabulation
of the study characteristics and main findings in Table 2.
If studies assessed multiple outcomes, studies appear in
the matrix for each outcome denoted by an additional
letter (e.g., la, 1b). The bars were further modified to
represent several relevant study characteristics. More
specifically, high bars represent RCTs and controlled tri-
als and low bars represent before-after study designs;
narrow bars indicate shorter study duration and increas-
ing width indicates longer study duration; red bars indi-
cate unhealthy foods, blue bars indicate healthy foods,
and white bars indicate calorie intake or content of pur-
chases. Lastly, settings as retrieved from the data extrac-
tion were categorized into cafeterias (denoted by letter
C) and supermarkets and small food stores (denoted by
letter S).

We were not able to visuzalize nine studies in harvest
plots, due to outcomes that were difficult to categorize
on relative healthiness (e.g., targeted foods for which in-
sufficient information was available to determine this);
the absence of formal statistical analysis or the use of a
factorial design. These studies can be found in
Additional file 3.

Results

From the 9210 references identified from the database
searches and reference list screening, 224 were eligible
for full-text review, and 68 references were included in
the narrative synthesis of findings. The 68 references
comprised 75 studies (Fig. 1).

Descriptive characteristics of included studies

Of the 75 retrieved studies, 42 studies were categorized
as studying information nudges, ten studies were catego-
rized as studying position nudges, 18 studies were cate-
gorized as studying mixed nudging interventions, two
studies were categorized as studying size nudges, two
studies were categorized as studying a functionality
nudge, and one study was categorized as studying a pres-
entation nudge. No studies were categorized as studying
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