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Abstract

Nudging, a behavioural intervention based on choice architecture, is increasingly used to promote

healthier and more sustainable food choices. This umbrella review summarises evidence from

systematic reviews to assess its effectiveness and identify research gaps. A systematic search of Web of

Science and Scopus identified 36 systematic reviews published between 2013 and 2025. Most

systematic reviews focused on health-related food nudges, with only three discussing nudges in the

scope of promoting environmentally friendly food choices, highlighting a notable imbalance in the

current literature. Reviews were evaluated using the updated version of A Measurement Tool to Assess

Systematic Reviews (AMSTAR 2), which revealed that only one review was rated as high quality, 16

as moderate, 9 as low and 10 as critically low, indicating insufficient quality. Results were categorised

using an extended Typology of interventions in proximal physical micro-environments (TIPPME)

framework. Nudges showed small to moderate effects on food choice, with default and positional
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nudges being the most effective. Interventions where nudges were combined with other interventions,

such as financial or educational strategies, were more promising than nudges alone, but more evidence

is needed. Inconsistencies in the classification of nudges in different studies underline the need for

standardisation. Future research should focus on the standardisation of nudge classifications, the

evaluation of long-term effects and the exploration of integrated policy approaches.

Keywords: Nudging, Choice architecture, Consumer food choices, Umbrella review
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1. Introduction

Improving dietary behaviour is crucial to improving human health and tackling urgent
environmental challenges, as the food we consume can either support or threaten human health
and environmental sustainability, calling for a transformation towards healthy diets from
sustainable food systems (Willett et al., 2019). Poor dietary habits have contributed
significantly to the global rise in non-communicable diseases (NCDs), including
cardiovascular disease and diabetes. In 2021, NCDs caused at least 43 million deaths,
accounting for 75 % of all non-pandemic deaths worldwide (WHO, 2024b). The rise in obesity
is particularly alarming: Since 1990, global obesity rates have more than doubled in adults and
quadrupled in adolescents, with 43 % of adults aged 18 and older overweight and 16 % living
with obesity in 2022 (WHO, 2024a). At the same time, current food systems and agricultural
practices are the main causes of environmental degradation. Agriculture, combined with land-
use changes for food production, such as deforestation and peatland degradation, accounts for
18 to 29% of total greenhouse gas emissions (Rosenzweig et al., 2020; Vermeulen et al., 2012).
A change in dietary patterns, such as reducing the consumption of animal-based foods, can
considerably improve the sustainability of global food systems (Kozicka et al., 2023). Despite
the growing awareness of the benefits of a balanced diet and the urgency to reduce the impact
of food consumption on the environment, many people find it difficult to make and sustain
long-term changes. These challenges stem from ingrained behavioural habits, a food

environment that supports unhealthy choices, and a combination of social, cultural and
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psychological factors that make promoting healthy and sustainable eating behaviours so
complex (Grundy et al., 2022; Hollands et al., 2013; Onwezen & Dagevos, 2024).

To respond to these challenges, public health organisations, governments and other
stakeholders have used a variety of policy tools. These include traditional approaches such as
public awareness campaigns, financial incentives and regulatory measures (e.g. subsidies and
taxes), but their effectiveness varies and they often encounter practical problems in
implementation (Barry et al., 2023; Capacci et al., 2012). Information and education campaigns
generally only lead to a limited change in behaviour (Albarracin et al., 2024). In comparison,
financial interventions tend to be more effective but are generally less accepted by both the
public and policymakers (Diepeveen et al., 2013; Marteau et al., 2025).

Recently, there has been an increasing interest in behavioural interventions, particularly
nudges, as a subtle but potentially effective approach to influencing consumer behaviour (Sapio
& Vecchio, 2024; Wright & Bragge, 2018). Nudges are based on the principles of behavioural
economics and involve making small adjustments to the decision-making environment or
“choice architecture” in order to encourage individuals to make better choices without
restricting their freedom of choice or imposing strict economic incentives (Thaler & Sunstein,
2008). Compared to traditional approaches such as educational campaigns or fiscal measures,
which often require sustained cognitive engagement or may encounter public resistance,
nudges are particularly well suited to the area of appetite, where food choices are often
automatic, habitual and emotionally driven (Meier et al., 2022; Wansink & Sobal, 2007). A

large number of studies in the field of food choices have investigated various nudging
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interventions, such as adjusting the placement, proximity or accessibility of products and
changing the labelling of healthy foods (Bucher et al., 2016; Croker et al., 2020; Schruff-Lim
et al., 2023; Shaw et al., 2020). For example, default vegetarian options in canteens, the
placement of healthy snacks at eye level or visual labelling with traffic light systems are all
widely applied nudges aimed at simplifying healthier food choices. Following its popularity,
there is a heterogeneity of nudge frameworks, characterised by different typologies of nudges.
These inconsistencies are not only due to differences in theoretical orientation, but also to
different definitions of subcategories, different use of key terms or overlaps. And the inclusion
of interventions such as pricing or financial incentives in some frameworks is often discussed
in the literature as incompatible with the core principles of nudging. Such conceptual
ambiguities make it difficult to compare studies and synthesise findings (Hummel & Maedche,
2019) and highlight the need for a more standardised classification framework: one of the main
aims of this umbrella review.

In parallel with the rapid increase in empirical studies, reviews of the effects of nudges on
food choices have also increased in recent years (Harbers et al., 2020; Schruft-Lim et al., 2023;
Valencic et al., 2023). Yet, it is difficult for researchers to keep track of the literature as research
is rapidly increasing, making an up-to-date umbrella review, i.e. a systematic review of
systematic reviews, necessary and important. An umbrella review allows for the comparison of
data obtained from different interventions or conditions and provides policymakers with a more
comprehensive summary of available evidence. This approach not only integrates the results

of multiple systematic reviews but also identifies inconsistencies, commonalities and
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methodological differences between studies, thus helping policymakers and scientists
understand which interventions are most effective in different contexts (Hunt et al., 2018).
This study aims to conduct an umbrella review that provides an up-to-date overview and
reflection of comprehensive reviews on the role of nudges on food choices and identify
directions for future research. Thereby, it addresses the following research questions:
(1) What are the methodological characteristics of the systematic reviews?
(2) What types of nudges to promote healthy and environmentally friendly food choices are
being investigated in the research? Which kinds of nudge frameworks are followed by the
review studies?
(3) To what extent are nudges, either alone or in combination with other interventions, effective
tools to increase healthy and environmentally friendly food choices?
(4) What gaps in knowledge should future research address?
This umbrella review builds on and extends previous umbrella reviews, in particular those
by Bauer & Reisch (2019) and Wright & Bragge (2018). Bauer & Reisch (2019) provided a
broad overview of behavioural insights for food choice and summarised reviews published
between 2010 and 2017. However, their classification of nudges was relatively crude: for
example, they summarised changes in location, presentation and composition under “Changes
to the physical environment” and included incentives as nudges. Our review addresses these
limitations by using an extended TIPPME framework to distinguish between availability,
position, presentation, size, information, default nudges, combined nudges and combined

interventions, while excluding interventions based primarily on financial incentives. In
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addition, we update the evidence base to 2025 and apply AMSTAR 2 to assess the
methodological quality of the reviews. In contrast, Wright & Bragge (2018) focused
exclusively on dining-out settings and three intervention types (social norms, portion size, and
health information), whereas our study covers multiple eating environments (e.g., retail,
cafeterias, online platforms) and includes both the health and environmental dimensions of
food choice. Our review not only includes the latest evidence on this topic, but also compares
different nudge frameworks and their underlying nudge types, explores whether and how
nudges interact with other intervention strategies, and analyses the results beyond mere
evaluation of nudge effectiveness.

2. Methods

The umbrella review was performed following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Rethlefsen et al., 2021). The protocol of
this review was preregistered on the Open Science Framework (OSF) (DOI:

https://doi.org/10.17605/OSE.I0/6USMYV at https://osf.io/6u8mv).

2.1. Eligibility criteria

The eligibility criteria are based on the relevant components of Population, Intervention,
Comparator, Outcome and Settings (PICOS). Systematic and scoping reviews that apply
systematic methodologies across all age groups were included. The review focus needed to be
on the evaluation of nudging effects on food choices, consumption or purchase, either as single

or as combined interventions (nudges combined with non-nudge interventions such as
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education or price incentives). We excluded the reviews where food choice was not the central
focus, such as studies integrating diet as a component of exercise programs. Financial
interventions (e.g., incentives or price changes) were not classified as standalone nudges and
were only included when used in combination with nudging strategies, as discussed in the
section on combined interventions. The detailed inclusion and exclusion criteria can be found

in Appendix A.

2.2. Search strategy and screening

The search syntax was developed based on systematic (umbrella) reviews in the field of nudges
and food choices (Bauer & Reisch, 2019; Cadario & Chandon, 2020; Laiou et al., 2021; Wright
& Bragge, 2018). Terms used to indicate nudges included: nudg*, “behavio$ral economic*,”
“choice architecture*” and “libertarian paternalism”. Terms targeting food choices included:
diet*, eat®, nutriti*, food*, meal*, fruit*, vegetables, beverage*, calori*, energ* and menu*. It
is important to note that we have made two important decisions regarding the list of search
terms to ensure that we focus on the most relevant studies. First, we excluded specific terms
concerning “health” or “environmentally friendly” to avoid the ambiguity that could arise from
subjective or fluid definitions of health and environmental impact, in line with other systematic
reviews (Bauer & Reisch, 2019; Laiou et al., 2021; Wright & Bragge, 2018). Second, we also
chose not to focus on specific categories of nudges. The classification of nudges in the literature
is not fixed, and the categories can be complex and overlapping. Rather than limiting our

review to predefined nudge types, we focused on reviews conducted under the broader
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framework of nudging, which allows for a more comprehensive examination of the application
of different nudge frameworks. This approach aligns with the eligibility criteria for inclusion
of reviews that were conducted within a nudge framework or at least mention the concept or
framework of nudging and aims to bring innovative contributions to the field.

The terms were searched within the “Topic” field in Web of Science and within the “Title,
Abstract, and Keywords” fields in Scopus. Firstly, we refined the document type as “reviews”
to include all kinds of review papers. Then we released this restriction and also added “meta-
anal* OR meta-regress*”’(Grundy et al., 2022) to the search syntax to include more potential
meta-analysis articles. The full syntax applied to both databases is in Appendix B.

In April 2024, the literature search was conducted in the electronic databases of Scopus
and Web of Science. All studies citing the work of Thaler and Sunstein (2003), known for their
pivotal work on nudging, were also scanned to identify potentially relevant references. Alerts
were set up to include new publications and a follow-up search was conducted on 5 July 2025
to 1dentify papers published after the initial search. Newly added articles were screened with
the same inclusion criteria. As such, this umbrella review covers systematic review articles
published between 2013 and 2025.

The search results were imported into the reference manager software EndNote 21, where
duplicates were removed. All review studies were screened on title, abstract, and full text.
Following full-text screening, the reference and citation lists for the included reviews were
searched to avoid missing relevant research. This step was repeated until no more relevant

reviews were searched. One author carried out the screening procedure. In cases where it was
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unclear whether an article met the exclusion criteria, the two other authors checked the full
texts. Disagreements were resolved through discussion until a consensus was reached. A list of
excluded articles after the full-text screening including the reasons for exclusion can be found
in Appendix C. In total, 36 review articles met the eligibility criteria and were included (see

Fig 1).

[insert Fig 1]

2.3. Data extraction

A standardised form in Microsoft Excel was used to extract the data from the included studies,
including basic information about the articles, countries (e.g., USA, UK), products (e.g., fruits,
meat), populations (e.g., school children, adults), time framework (e.g., publication years: 2000
to 2020), databases (e.g., PubMed, Scopus), settings (e.g., vendors, cafeterias), primary designs
(e.g., RCTs, quasi-experiments), nudge frameworks (e.g., TIPPME, MINDSPACE), nudge
types (e.g., default, information), combined interventions (e.g., nudge plus education), findings,
and future research. The process of finalising the extraction items was determined through
consensus among the three authors. Initially, extraction items were developed based on existing
umbrella reviews and in line with our research questions. A pilot extraction was then conducted
using five systematic reviews, followed by adjustments to establish the final version of the

extraction items.
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2.4. Quality appraisal and data synthesis
AMSTAR 2, a 16-item instrument characterised by robust validity and reliability to appraise
systematic reviews (Shea et al., 2017), was used to assess the methodological quality of the
included reviews. Based on the recommendations of AMSTAR 2, five items (i.e., 2: Protocol
registered before commencement of the evaluation, 4: Adequacy of the literature search, 8:
Adequate detailed description for the included studies, 9: Risk of bias from individual studies
being included in the review, and 13: Consideration of risk of bias when interpreting the results
of the review) were identified as critical domains and used as the basis for assessing the overall
confidence in the results of each selected review (see Appendix D). Thereby, the included
reviews were classified as high, moderate, low, or critical low quality based on the number of
critical and non-critical flaws (Levhaug et al., 2022). It is important to note that the quality
rating reflects the ability of the review to answer specific research questions rather than
indicating its overall quality (Barry et al., 2023). As a consequence, we reported the outcomes
of the quality appraisal for all included articles, rather than using them as exclusion criteria.
The extracted data were analysed and presented through a narrative synthesis, by which
the results of the original studies from each review were categorised according to the targeted
nudge type(s). The wide variety of reported interventions and outcome measures made it
impractical to conduct a meta-analysis. Nevertheless, there are 11 reviews that included or

conducted a meta-analysis, of which the results were also discussed in the results section.

3. Results

11
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3.1. Characteristics of included reviews

Table 1 provides a summary of the 36 included reviews. All studies were systematic reviews,
of which eleven included a meta-analysis, and one was a scoping review that applied a
systematic review methodology. The reviews utilised between 2 and 13 databases for literature
searches, with MEDLINE, PubMed, Web of Science, PsycINFO and Scopus being the most
frequently cited. Detailed information on the databases searched is provided in Appendix E.
While most reviews discussed nudging in the scope of promoting healthy food choices, three
reviews explored environmentally friendly food choices: two targeting meat reduction (Bianchi
et al., 2018; Meier et al., 2022), and one review examined broader sustainability interventions
such as ecolabels and climate labels (Pandey et al., 2023). Bianchi et al. (2018) was the only
review to cover both health and environmental outcomes. This distribution shows a surprising
scarcity of reviews dealing with environmental goals, which could influence the synthesis and
limit the generalisability of the results to contexts of sustainability. Accordingly, we comment
explicitly on these three reviews when relevant.

The geographical contexts of these reviews varied, as 16 reviews concentrated on
developed countries, 16 reviews covered developed and developing countries, and 4 did not
specify the regions studied. Settings for primary studies spanned workplaces, cafeterias, online
platforms, grocery stores, and laboratories, with 14 reviews comparing laboratory and real-
world environments. Primary study designs predominantly featured randomised controlled
trials (RCTs), quasi-experimental designs, and pre-post evaluations, though 6 reviews did not
specify this. The targeted population groups spanned a wide range, from the general population

12
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to specific groups such as secondary school students (Schulte et al., 2023) and adults (Harbers
et al., 2020; Lindstrom et al., 2023). The primary studies within these reviews were conducted
over a broad time frame, from 1975 to 2024, with the number of included studies ranging from
11 to 156. In terms of product focus, most reviews examined a variety of healthy foods like
fruits and vegetables, with 2 reviews specifically investigating meat consumption (Bianchi et
al., 2018; Meier et al., 2022), reflecting a limited but relevant focus on environmentally
impactful food choices. Additionally, ten reviews (IDs 4, 8, 10, 11, 12, 13, 16, 17, 25¢, 29)
analysed combined interventions, which are further discussed in Section 3.5.5 Combined

interventions.

[insert Table 1]

3.2. Methodological quality of included reviews and primary studies

3.2.1. Methodological quality of included reviews

Using the AMSTAR 2 tool, one review was categorised as high quality (Crocketta et al., 2018),

sixteen reviews were of moderate quality (IDs 1, 3°-5, 7, 9, 12, 14, 16-18, 21, 24-25¢, 31, 33),

nine reviews were of low quality (IDs 6, 8, 13, 20, 23, 26, 27, 29, 36) and ten reviews were of

critically low quality (IDs 2, 10, 11, 15, 19, 28¢, 30, 32, 34, 35). Appendix D shows the full

quality assessment, including how the reviews were rated for each of the critical items.
Among the five critical domains, the most frequently unmet criterion was the lack of a

preregistered protocol (item 2), with 16 reviews not reporting this. In addition, 11 reviews did

13
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281

not adequately assess the risk of bias in primary studies (item 9), and the same number did not
take this bias into account when interpreting the results (item 13). In relation to other non-
critical areas, the majority of reviews were deficient in several areas: Item 3, where review
authors did not adequately explain their choice of study designs to include; Item 7, where most
reviews did not include a list of excluded studies along with justifications for their exclusions;
and Item 10, where the funding sources of studies included in the reviews were not adequately
reported. These findings indicate significant gaps in compliance with AMSTAR-2 criteria in
several areas and point to areas where the quality of systematic reviews can be improved.
3.2.2. Methodological quality of primary studies
A total of thirty reviews assessed the quality of primary studies using various tools and
frameworks. Commonly used tools included the Cochrane Risk of Bias (RoB) tool (IDs 4, 5,
9, 13, 14, 16, 22, 25°) for randomised trials and the Quality Assessment Tool for Quantitative
Studies (IDs 3°, 7, 12, 18, 23, 24, 26, 27). High or unclear risk of bias and low quality were
frequently reported (IDs 1, 4, 7, 9, 13, 14, 17, 22, 24, 31, 35, 36). Broers et al. (2017) and
Metcalfe et al. (2020) explicitly excluded low-quality studies from their analyses. While there
was considerable variation in the tools and criteria used, the overall trend indicated significant
methodological limitations, with the majority of studies rated at high risk of bias or poor quality.
The synthesis of the methodological issues identified in the different reviews reveals
several common weaknesses of the primary studies (See Table 2). Many reviews lacked a
quality assessment of the included studies, which raised concerns about the credibility and
reproducibility of the results. In some cases, only the overall quality distribution was presented

14
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without analysing the reason for the different quality results. In the RCTs, there were common
methodological flaws such as inadequate randomisation procedures, inadequate allocation
concealment and inadequate blinding, each of which increased the risk of systematic bias. In
addition, problems such as high dropout rates or incomplete outcome data were identified,
which could lead to dropout bias. Overall, these methodological flaws undermine both the
internal and external validity of the studies and emphasise the need for more rigorous design

and transparent reporting in future research.

[insert Table 2]

3.3. Nudge frameworks in the reviews
Table 3 presents the different types of nudge frameworks applied in the included reviews. A

detailed explanation of the sub-categories in each framework is in Appendix F.

[insert Table 3]

Seven reviews (IDs 3°, 6, 15, 26, 27, 29, 35) did not refer to a nudge framework, while
seven reviews (IDs 2, 5, 8, 12, 14, 25°, 34) focused on only one type of nudge, making it
unnecessary to refer to a broader framework. The TIPPME framework (Hollands et al., 2017)
and its earlier version (Hollands et al., 2013) are the most frequently applied among the reviews.
This framework effectively captures various nudging interventions and has been extensively

15
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tested for reliability and practical applicability. Nevertheless, other frameworks have also been
used to categorise nudging interventions. For example, MINDSPACE (Dolan et al., 2012)
focused on psychological mechanisms such as incentives, social norms, and priming, while
Muenscher et al. (2016) distinguished between different decision-making processes. Kraak et
al. (2017) introduced nudge categories specifically related to food environments, such as
placement and pricing, while Cadario and Chandon (2020) proposed a typology based on
cognitive, affective, and behavioural interventions. These different frameworks reflect
diversity in how nudges are conceptualised and point to different inconsistencies in how
interventions are categorised across studies.

First, there exists an inconsistent categorisation of subcategories of nudge interventions
across different frameworks, which complicates study comparisons. For example, sensory
changes such as lighting or visual cues are sometimes categorised under placement rather than
presentation (Kraak et al., 2017), mainly depending on how they impact consumer perception
rather than physical placement.

Second, there is a variation in definitions of the same terms across frameworks. For
example, salience is sometimes linked to prioritising health in decision-making (Bauer &
Reisch, 2019), while it can also refer to visual or verbal cues for priming (as seen in Chambers
et al. (2021); Valencic et al. (2023)) or even to attention-grabbing strategies such as positioning
healthy foods at the eye level (Dolan et al., 2012).

Third, there are issues with overlapping categories or the way subcategories are combined
or not. This is evident in the category profile, i.e. the targeted changes to a product's nutritional

16
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profile and sensory attributes. It is considered as a single category in the framework of Kraak
et al. (2017), whereas in the TIPPME framework, it is divided into functionality and
presentation. While this division is relevant to distinguishing health benefits from sensory
changes, it can create confusion when comparing intervention categories across frameworks,
making it challenging to synthesise findings across studies.

Fourth, another complexity relates to the inclusion of marketing measures, such as pricing,
in several frameworks (Blumenthal-Barby & Burroughs, 2012; Kraak et al., 2017). These
measures often deviate from the core principles of nudging, which emphasise minimal
interference and preserving freedom of choice (Kraak et al., 2017). Such a blending can
undermine the theoretical consistency of nudge frameworks and make it difficult to distinguish

between pure nudging strategies and those that are linked to price-oriented strategic marketing.

3.4. Type of nudges

The aforementioned inconsistencies make it challenging to compare nudges across different
studies and emphasise the need for clearer boundaries between subcategories. To address this
issue and provide a standardised framework for comparison, we have assigned various
(sub)categories from nudge frameworks into relevant subcategories of an extended TIPPME
framework. TIPPME is one of the most comprehensive and empirically validated frameworks
for classifying nudges at the micro-environmental level and has been widely used in public
health and dietary behaviour research. Compared to psychological typologies such as
MINDSPACE or cognitive-affective classifications (Cadario & Chandon, 2020), TIPPME
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focuses on observable, physical changes in the choice environment, making it particularly
suitable for umbrella-level synthesis. The clear structure of TIPPME provides a useful lens for
synthesising different types of interventions such as positioning, sensory cues and labelling.
By extending the original framework to include “default nudges”, “combined nudges” and
“combined interventions”, we have addressed common limitations of existing taxonomies,
such as their inability to fully capture hybrid or multilevel strategies. While each applied
framework has its merits (Cadario & Chandon, 2020), we highlight the ability of this extended
TIPPME framework to provide a clearer structure for categorising different nudging
interventions across primary and review studies.

Table 4 presents the extended TIPPME framework, showing how the scope of different
systematic reviews can be categorised according to various nudge interventions. This extended
TIPPME framework categorises nudges into several components: Availability (changing the
range or quantity of products), Position (modifying the position, proximity or accessibility of
products), Functionality (changing the design of products to change how they work or guiding
how people interact with products), Presentation (altering visual, tactile, or sensory cues), Size
(changing size or shape of products), and Information (modifying words, symbols, numbers or
pictures that convey information about the product). Additionally, Default (default menus),
Combined nudges (multiple types of nudges) and Combined interventions (nudges plus non-
nudge interventions) are included as extended components. The nudge terms listed in the
Review ID column are included in the systematic reviews and have been incorporated into an

appropriate TIPPME subcategory based on their association with that category. Further

18



366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

explanations of these nudge types and the rationale for their classification can be found in

Appendix G.

[insert Table 4]

3.5. Effect of nudges: evidence from systematic reviews

Table 5 presents the size of the evidence base (number of reviews), the overall quality of
systematic reviews, and the overall direction of results according to each type of nudge. The
effectiveness of each type of nudge in promoting dietary choices in different contexts will be

discussed in the following subsections.

[insert Table 5]

3.5.1. Placement

Availability. A typical example is increasing the number of healthy food items offered in a
cafeteria, such as adding more fruit or salad options. Fourteen reviews (IDs 1, 6, 9, 11, 17, 18,
19, 20, 24, 27, 28°%, 29, 31, 36) analysed availability nudges. Four of these reviews (Lycett et
al., 2017; Nornberg et al., 2016; Pandey et al., 2023; Roy et al., 2015) reported positive effects,
albeit to varying degrees. Notably, all included primary studies that showed positive outcomes
were conducted in developed countries. Lycett et al. (2017) and Roy et al. (2015) indicated that
interventions aimed at increasing the availability of healthier options in school cafeterias led to
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an improvement in fruit and vegetable intake among children and students. Nornberg et al.
(2016) concluded that interventions that introduced an increased variety of vegetables
effectively increased vegetable intake. Pandey et al. (2023) (ID 28°) reported small effects,
focusing on sustainable food consumption. Inconclusive results were reported in Gynell et al.
(2022) (healthy foods; all populations), Laiou et al. (2021) (both healthy and high-calorie foods;
cafeteria users, customers), Almeida et al. (2024) (fruit and vegetables; all populations) and
Shaw et al. (2020) (food and beverages; adults). Five reviews (Allan et al., 2017; Amo &
Thomas, 2016; Broers et al., 2017; Sapio & Vecchio, 2024; Wilson et al., 2016) included studies
on availability nudges but only provided an overall effect for all nudge types. In the review of
Al-Khudairy et al. (2019), none of the included studies examined availability alone.

Position. Healthy food positioning can involve placing nutritious items at eye level on
shelves or at the checkout area to increase visibility and selection. This subcategory was
analysed in 20 systematic reviews. Of these, eleven reviews (IDs 6, 7,9, 15, 16, 17, 18, 21, 23,
28°%, 30) reported positive effects despite different products and populations. In reviews of
Gynell et al. (2022), Almeida et al. (2024) and Fergus et al. (2021), the position was cited as
the most effective measure. Harbers et al. (2020) and Pandey et al. (2023) (ID 28°) reported a
moderate impact. However, Shaw et al. (2020) highlighted that while most results indicated
improved dietary behaviour with more prominent positioning of healthy foods or less
prominent positioning of unhealthy foods, many results did not show statistical significance.
This was probably due to the small sample sizes and low power of the studies, by which the
evidence for positioning effects was considered inconclusive. Seven reviews (Allan et al., 2017;
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Broers et al., 2017; Cadario & Chandon, 2020; Metcalfe et al., 2020; Sapio & Vecchio, 2024;
Vecchio & Cavallo, 2019; Wilson et al., 2016) included studies on position nudges but only
provided an overall effect for all nudge types. Slapo et al. (2021) mentioned the positional

intervention but did not provide clear conclusions on its effect.

3.5.2. Properties

Functionality. This subcategory was only analysed in three reviews. Harbers et al. (2020)
reported the effects of a functional cue: arrows on supermarket floors directing shoppers to
fresh produce were associated with increased fruit and vegetable purchases. Laiou et al. (2021)
and Almeida et al. (2024) reported inconclusive effects, emphasising the limited scope of
interventions to assess the actual effect of functionality.

Presentation. An example is displaying vegetables with appealing lighting and layout to
increase selection. This type of nudge was found in eighteen reviews. From this group, nine
reviews (IDs 30 4,8,9, 10, 15, 24, 28°, 30) dealt with various types of foods (like a clear focus
on meat consumption in Bianchi et al. (2018) (ID 3)) and target groups (such as cafeteria users
(Laiou et al., 2021) and school-aged children from preschool to secondary school (Lycett et al.,
2017; Schulte et al., 2023) reported positive effects. Pandey et al. (2023) (ID 28°) identified
presentation as the most promising nudge intervention for achieving sustainable food
consumption in university canteens or similar settings. Gynell et al. (2022) and Fergus et al.
(2021) emphasised the potential of presentation interventions, with Fergus et al. (2021)
particularly highlighting their effectiveness in low-income retail food stores, despite the limited
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research. Five reviews (Allan et al., 2017; Arno & Thomas, 2016; Broers et al., 2017; Sapio &
Vecchio, 2024; Vecchio & Cavallo, 2019) included studies on presentation interventions but
only reported an overall effect for all nudge types. Harbers et al. (2020) mentioned the
presentation intervention, but no clear conclusions were drawn about its effect.

Size. Portion size adjustments, such as offering smaller plate sizes in buffet settings. It was
researched in fifteen reviews. Of these, three reviews (Al-Khudairy et al., 2019; Bianchi et al.,
2018; Lycett et al., 2017) reported positive effects, spanning diverse populations (NHS staff
with broad dietary analysis, general population with meat consumption focus, and school-age
children targeting fruit/vegetable intake). Three reviews (Almeida et al., 2024; Laiou et al.,
2021; Skov et al., 2013) provided inconclusive results. Almeida et al. (2024) included a general
population and focused on fruit and vegetables. While the range of interventions examining the
impact of size was limited, the results of this study were promising. The results relating to
container and cutlery size were inconsistent, emphasising the need for further testing in real-
life settings (Skov et al., 2013). Six reviews (Allan et al., 2017; Arno & Thomas, 2016; Broers
et al., 2017; Metcalfe et al., 2020; Pandey et al., 2023; Vecchio & Cavallo, 2019) included
studies on size nudges but only provided an overall effect for all nudge types. Harbers et al.
(2020) and Slapo et al. (2021) mentioned the size intervention but did not provide clear
conclusions on its effect.

Information. One common strategy is to provide simplified nutrition information, such as
traffic light labels. Information-based nudges were widely discussed in 29 reviews. Twelve of
these reviews (IDs 5, 7, 10, 13, 14, 15, 16, 18, 23, 24, 28°, 30) reported positive results. Almeida
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et al. (2024) and Fergus et al. (2021) concluded that the provision of information was one of
the most effective nudges, while Harbers et al. (2020), which focused on adults and generic
foods, reported modest positive effects. The products discussed varied widely, with a focus on
broad categories such as food and beverages (Pandey et al., 2023; Song et al., 2021) or healthy
foods in general (Almeida et al., 2024; Slapo et al., 2021). Some reviews were more specific
and focused on fruit and vegetables (Lindstrom et al., 2023; Lycett et al., 2017) or pre-packaged
foods (Croker et al., 2020). Four reviews (Al-Khudairy et al., 2019; Bianchi et al., 2018;
Chambers et al., 2021; Gynell et al., 2022) reported no effects. Specifically, Bianchi et al. (2018)
(ID 3P) reported that interventions that manipulated only verbal descriptions or labelling at the
point of purchase showed no effect on reducing meat selection or purchases in virtual
environments. Similarly, Gynell et al. (2022) found that signage interventions were largely
unsuccessful, possibly due to limited research into such strategies in different menu
environments aimed at promoting healthy eating. Inconclusive results were drawn from six
reviews (An et al., 2021; Crocketta et al., 2018; Ikonen et al., 2020; Laiou et al., 2021; Roy et
al., 2015), dealing with food labelling. These reviews highlighted that nutrition labelling has
limited or inconsistent effects on food choice, with some studies being of low quality and
inconclusive. In addition, health information at the point of purchase generated some effects,
but these were inconsistent across food types (Skov et al., 2013). Six reviews (Allan et al., 2017;
Arno & Thomas, 2016; Broers et al., 2017; Cadario & Chandon, 2020; Sapio & Vecchio, 2024;

Wilson et al., 2016) included studies on informational nudges but only provided an overall
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effect for all nudge types. Schruff-Lim et al. (2023) focused exclusively on the role of

information in combination with other measures.

3.5.3. Additional type: Default

Default settings are based on inertia or status quo bias, i.e. the human tendency to stick with
preset or existing options rather than actively making a change. It is important to note that the
reviews typically identified two types of measures when discussing default nudges: (1) default
menus, such as making healthier options the default choice or pre-filling an online grocery cart,
and (2) size defaults. This section focuses solely on the analysis of default menus, while size
defaults are incorporated into the category of size nudges. The results showed that nine reviews
(IDs 4, 6, 10, 11, 13, 15, 16, 25°, 32) contained this type of nudge. Seven reviews (Chambers
et al., 2021; Gynell et al., 2022; Lindstrom et al., 2023; Meier et al., 2022; Slapo et al., 2021;
Valencic et al.,, 2023; Wyse et al., 2021) that assessed the effects of these individual
interventions all reported positive outcomes. Chambers et al. (2021) and Gynell et al. (2022)
considered the default to be one of the most promising interventions. Chambers et al. (2021)
focused on children under the age of 18, while the other reviews focused on the general
population. The products assessed ranged from general categories such as fruit and vegetables
(Lindstrom et al., 2023) and healthy foods (Gynell et al., 2022; Slapo et al., 2021) to more
specific products such as meat (Meier et al., 2022). Two reviews (Sapio & Vecchio, 2024;
Vecchio & Cavallo, 2019) included studies on default nudges but only reported an overall effect
for all nudge types.
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491 3.54. Combined nudges

492  Combined nudges were found to be generally effective in four reviews (Al-Khudairy et al.,
493  2019; Broers et al., 2017; Lindstrom et al., 2023; Wilson et al., 2016). Priming in combination
494  with salience and affect nudges (Lindstrom et al., 2023; Wilson et al., 2016), and default
495  together with messenger and norms nudges (Lindstrom et al., 2023) were found to be effective
496  strategies. Al-Khudairy et al. (2019) found that labelling alone did not generally influence
497  behaviour but often proved effective when combined with other interventions. Broers et al.
498  (2017) found that the combination of placement and properties was one of the most effective.
499  Overall, the integration of multiple nudge strategies was found to be more effective in
500 influencing food choices.

501

502 3.5.5. Combined interventions

503  While nudges are subtle changes in the environment or choice architecture that encourage
504  people to adopt certain behaviours without restricting choice, combined interventions add other
505  strategies such as financial incentives, regulations or educational efforts to enhance the impact
506  of the nudge.

507 Kay et al. (2025), Lindstrom et al. (2023), Slapo et al. (2021) and Meier et al. (2022) (ID
508  25°) highlighted the need for further research on combined interventions. They emphasised that
509  nudges should be integrated into a comprehensive, multi-pronged strategy to improve dietary
510  behaviour, rather than used as stand-alone interventions. Chambers et al. (2021) found that 81 %
511  of the 26 interventions that combined incentives with behaviour insights were effective. Sapio
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512 and Vecchio (2024) reported inconclusive results from five studies that combined nudges with
513  strategies such as price interventions and nutrition sessions. Schruff-Lim et al. (2023)
514  highlighted the promise of digital tools such as basket feedback and financial incentives to
515  support nutrition labelling and suggested that more intrusive complementary strategies may be
516  needed. Fergus et al. (2021) included a study that demonstrated the success of combining a 20 %
517  discount on certain foods with education and elements from the MINDSPACE (Messenger,
518 Incentives, Norms, Defaults, Salience, Priming, Affect, Commitments, Ego) framework in
519  Australian community stores, which significantly increased fruit and vegetable sales (15 % of
520  a serving per day) with sustained effects after the intervention. Roy et al. (2015) included a
521  study describing a social marketing campaign combined with increased fruit availability on
522 campus, significantly increasing fruit intake. Al-Khudairy et al. (2019) found that strategies
523  targeting the availability of fruit and vegetables, such as healthy snack carts and increased
524  availability of fruit and vegetables in workplace canteens, were effective when combined with
525  educational elements such as seminars, pedometers and access to dietitians. Other successful
526  interventions combined labelling, pricing and availability, including recipe changes and
527  discounts on healthier options that reduced calorie and fat intake in canteens. Also, the training
528  in mindful eating and default healthy options in hospital pre-ordering systems significantly
529  improved the nutritional quality of meals (Al-Khudairy et al., 2019).

530 In summary, combined interventions that integrate nudges with complementary strategies
531  such as financial incentives, education, labelling and availability show promising potential for
532 improving dietary behaviour. However, the effectiveness of these interventions varies by
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context, and further research is needed to evaluate the specific contributions of each component

and identify the most effective combinations for a sustained impact.

3.6. Effect of nudges: evidence from meta-analyses

There are eleven reviews that included a meta-analysis and primarily reported an overall effect
size (See Table 6). Overall, the findings indicated that nudging was generally effective, though
its effect size ranged from small to moderate. Four meta-analyses focused on labelling in
information nudges found generally small effects (Crocketta et al., 2018; Croker et al., 2020;
Ikonen et al., 2020; Song et al., 2021), with minimal impact on behaviour change (Ikonen et
al., 2020). The subgroup analysis of Slapo et al. (2021) revealed that the largest effect size was
observed in nudge interventions targeting fruits and vegetables (SMD = 0.28). The subgroup
analysis of Broers et al. (2017) showed that only altering placement (SMD = 0.39) and
combining altering properties and placement (SMD = 0.28) had a significant effect on food
choice, again with a medium effect size. Cadario and Chandon (2020) reported effect sizes of
three subgroups according to the orientation of nudges: cognition (SMD = 0.12, —64 kcal),
affect (SMD = 0.24, —129 kcal) and behaviour (SMD = 0.39, —209 kcal) and indicated that
interventions are more effective at reducing unhealthy eating than increasing healthy eating or
reducing total eating. Kay et al. (2025) examined seven categories of visual cues and primes,
finding relatively small effects on consumption-related behaviours. Specifically, healthy food-
and body-related nudges, as well as unhealthy food-specific nudges, showed small to moderate
effects compared to neutral controls, while body-related unhealthy nudges had no significant
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effects. Nudges promoting healthier choices were more effective than less healthy ones. Pandey
et al. (2023) (ID 28°% provided the only meta-analysis that focused specifically on
environmental nudges and found that nudging by altering the properties had a small effect size
(SMD = 0.16), while nudging by changing placement showed a medium effect size (SMD =

0.21).

[insert Table 6]

3.7. Future research recommendations reported in the included systematic reviews

Table 7 summarises the recommendations for future research made in the included systematic
reviews. These suggestions cover four central topics: Improvements in empirical study design,
contextual and demographic adaptations, economic and ethical considerations, and stakeholder
engagement. Several reviews called for more robust experimental designs (e.g. RCTs in real-
life conditions), the investigation of long-term and compensatory behaviours, and the
integration of nudges with other interventions such as pricing or education. Others emphasised
the importance of tailoring interventions to specific population groups, particularly those from
low socio-economic or minority backgrounds. In addition, economic feasibility, ethical
acceptability and collaboration with stakeholders such as policymakers and schools were cited
as critical to effective and scalable implementation. These findings emphasise the growing

importance placed on practical relevance, inclusion and policy alignment.
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[insert Table 7]

4. Discussion

This umbrella review offers several strengths that enhance its contribution to research and
practice in the field of food nudges. By systematically synthesising 35 reviews through the lens
of an extended TIPPME framework, we contribute to clarifying inconsistencies in nudge
categorisation (Hollands et al., 2013; Hummel & Maedche, 2019), enabling cross-study
comparability and clarifying ambiguities in subcategories such as salience and priming.
Rigorous adherence to PRISMA guidelines and AMSTAR 2 quality assessment strengthens the
reliability of our conclusions. In addition, this umbrella review highlights critical research gaps
and provides actionable recommendations for policy and practice, serving as a valuable

resource for advancing nudge-based strategies to promote food choices.

4.1. Summary of key findings

The most commonly studied nudge types included positional interventions and informational
nudges, both of which generally showed positive effects, albeit with modest or small effect
sizes. Default nudges emerged as particularly effective, supported by robust evidence in
contexts such as cafeterias and online platforms. However, interventions targeting food
availability or presentation showed mixed results, with effectiveness often dependent on
contextual factors like the setting and population. Our findings are consistent with previous
studies reporting a small to moderate effect of nudges on dietary behaviour and highlighting
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the potential of positional and default nudges to influence food choice (Bauer & Reisch, 2019;
Cadario & Chandon, 2020; Hollands et al., 2017). Although the importance of combined
interventions for changing food choices has been repeatedly emphasised (Lindstrom et al.,
2023; Meier et al., 2022), most systematic reviews did not report much on these approaches.
As a result, the potential benefits and complexity of combined interventions tend to be
overlooked. Understanding how these combined approaches work, under what conditions they
are most beneficial, and what challenges they may present is critical to advancing both theory
and practice in this area. Therefore, further research focusing on combined interventions is not
only warranted but essential to gain a more comprehensive understanding of their value and
applicability in practice.

A notable finding of this umbrella review is the disproportionate amount of attention given
to health-oriented food nudges compared to those aimed at environmental sustainability. Only
three of the 36 reviews explicitly addressed environmentally motivated dietary behaviour.
These reviews primarily focused on interventions such as default vegetarian options, the
presentation of meat dishes and sustainability labelling. The limited evidence base emphasises
the urgent need for more systematic reviews and meta-analyses to evaluate nudge interventions
for environmental outcomes. The only review that addressed both (Bianchi et al., 2018) did not
include a comparative analysis of health and environmental nudges, suggesting another area
for future research.

The effectiveness of nudges varied depending on whether they were aimed at making
healthier food choices or reducing the consumption of unhealthy options. There is evidence

30



617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

that interventions aimed at promoting healthier food choices are generally more effective than
those aimed at reducing unhealthy eating (Chambers et al., 2021; Kay et al., 2025; Slapo et al.,
2021), though other reviews (Cadario & Chandon, 2020; Schulte et al., 2023) came to the
opposite conclusion. These contrasting results may reflect different underlying psychological
mechanisms. Nudges that promote healthy food choices may reduce the need for effortful self-
control, making it easier for individuals to act in line with long-term goals. Conversely,
interventions aimed at reducing unhealthy eating may be particularly effective because they
help people avoid short-term temptations that they are likely to regret later by addressing
inconsistent preferences and failures of self-control (Cadario & Chandon, 2020; Schwartz et
al., 2014; Wertenbroch, 1998). Nevertheless, discrepancies in the effectiveness of nudges
targeting healthy or unhealthy food choices could be due to various factors, such as cultural
contexts, individual preferences and the specific choice environment of the nudges. For
instance, the stage at which researchers intervened in the decision-making process of
consumers appears to matter. Nudges aimed at food purchases may be more successful than
those designed to influence actual consumption (Almeida et al., 2024). This could be due to
the fact that purchase decisions are usually made in controlled retail environments where
interventions can be more easily implemented, while actual consumption is subject to various
external influences, such as the availability of food at home and personal habits.

The influence of socioeconomic position (SEP) on the effectiveness of nudge was widely
discussed. Some reviews suggested that people from lower socioeconomic backgrounds were
more likely to respond positively to nudging interventions (Harbers et al., 2020; Laiou et al.,
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2021; Song et al., 2021). This may be due to their limited access to nutritional information,
making simplified decision aids such as front-of-package labels (FOPLs) more effective (Song
et al., 2021). However, while observational studies suggested that placement nudges could
improve diet and sales in low SEP consumers, controlled studies showed inconsistent results,
likely due to external factors such as affordability and cultural influences (Shaw et al., 2020).
Despite their potential, not all nudging interventions were successful. Several factors
contributed to the failure of certain nudges, including strong pre-existing consumer preferences,
counter-nudging efforts by the food industry, compensating behaviour or reactance (Lindstrom
et al., 2023; Sunstein, 2017). In addition, nudge acceptance appeared to be an important but
not yet sufficiently researched factor influencing the effectiveness of nudges (Sapio & Vecchio,

2024).

4.2. Limitations

Although our results provide insights, certain limitations must be noted. First, this umbrella
review only included systematic reviews that follow a systematic, reproducible method. As a
result, it may overlook evidence from other types of reviews, such as narrative or scoping
reviews, as well as original studies that were not included in the selected systematic reviews.
This could limit the comprehensiveness of the conclusions drawn. Second, our search strategy
was based on broad terms related to nudging and food choices and was conducted within the
“Topic” field (Web of Science) and “Title, Abstract, and Keywords” fields (Scopus), aiming to
capture as many relevant studies as possible. However, we did not explicitly include terms for
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specific food categories (e.g., fast food, sugary beverages, soda, or ultra-processed foods).
While this approach ensured broad coverage, some reviews focusing exclusively on these
specific categories may still have been missed. Third, in our screening, we excluded reviews
that did not mention nudges or nudging frameworks. While this decision allowed us to collect
and summarise the different nudge frameworks currently in use, it may have led to the omission
of some relevant reviews. Fourth, there are overlaps between the primary studies in the
included reviews that we did not systematically map. This may bias the results in favour of
frequently cited studies, particularly those with clearer terminology or standardised titles,
which could amplify publication bias. However, in line with other umbrella reviews in the
social and behavioural sciences (e.g., Bauer and Reisch (2019); Begum et al. (2025); Marteau
et al. (2025); Wright and Bragge (2018)), we focused on summarising the overall effect of
different types of nudges and identifying research gaps rather than conducting a weighted
assessment of the evidence. In contrast to medical umbrella reviews, where interventions and
outcomes are more homogeneous, quantifying overlap is less meaningful for this review due
to the large heterogeneity of nudge interventions, populations and outcomes in this area. We
therefore acknowledge that some bias may remain but consider it unlikely to fundamentally
alter the overall patterns and conclusions reported. Fifth, although we assessed the
methodological quality of the included reviews using AMSTAR 2 and the results are shown in
Appendix D and Table 5, it is worth noting that only one review was rated as high quality and
about half were rated as low or critically low. Although our inclusion criteria did not exclude
any reviews on the basis of quality, which is consistent with the intended use of AMSTAR 2
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and the umbrella review methodology (Begum et al., 2025; Hawkins et al., 2024), these
differences in quality limit the certainty of the conclusions drawn. We therefore urge caution
in the interpretation of results, particularly those based predominantly on low-quality evidence.
Future systematic reviews should address the critical flaws we identified, including the lack of
preregistered protocols, limited assessment of risk of bias, and insufficient transparency of
reporting. Sixth, the effectiveness of different nudges across different populations or products
could not be fully assessed due to heterogeneity in outcomes and contexts across reviews.
Finally, by only considering English-language publications, relevant reviews published in other
languages could be left out, potentially losing valuable insights.

Beyond the methodological limitations of this umbrella review, the included reviews
highlighted that caution is needed when interpreting nudge effects on food choices. Firstly, the
current evidence base remained insufficient to provide clear recommendations for the
implementation of environmental interventions in the workplace, as effect sizes were generally
small to medium and are often not calculable (Allan et al., 2017; Shaw et al., 2020). Secondly,
most studies focused on short-term outcomes and often used non-randomised designs (Bianchi
et al., 2018; Harbers et al., 2020; Laiou et al., 2021), highlighting the need for longer-term
studies to assess the sustained effectiveness of nudges. Interestingly, evidence showed that the
effect of nudges is independent of the duration of the intervention (Cadario & Chandon, 2020).
Finally, there is also a lack of a systematic framework or taxonomy for the design,
implementation and evaluation of nudges (Laiou et al., 2021), which limits comparability and
the transfer of best practices across studies.
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4.3. Future research recommendations for review conduct

Based on our synthesis and critical appraisal, we also propose several recommendations to
improve the conduct of future systematic reviews of nudging interventions (Table 8). First,
methodological rigour should be improved through the consistent use of assessment tools such
as AMSTAR 2. The reviews should clearly indicate both the time frame of the included studies
and the period in which the search was conducted, and systematically specify the countries or
regions represented. Such transparency is essential to enable cross-national comparisons and
to understand contextual moderators, including cultural or political influences. Second, greater
standardisation is needed in the classification of nudges. The use of consistent nudge
frameworks can reduce inconsistencies and allow for more meaningful comparisons between
studies. Reviews should also clearly define whether they are targeting health, environmental or
combined objectives to clarify the scope of the intervention and its underlying rationale. Finally,
instead of reporting only pooled or overall effects, future reviews should provide effect sizes
by nudge subcategory and study context. This would improve the practical value of the results
for shaping interventions and policy decisions by identifying which interventions work best for

which populations and in which settings.

[insert Table 8]

5. Conclusion
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This umbrella review provides a comprehensive synthesis of existing systematic reviews on
the role of nudges in shaping food choices. The findings suggest that while nudging strategies
can effectively encourage healthier and more sustainable food consumption, their impact is
generally small to moderate and varies by context, population, and intervention type. Default
nudges and positioning strategies showed the most consistent positive effects. The
effectiveness of nudging interventions also appears to be influenced by socioeconomic factors,
decision-making contexts, and whether they target the promotion of healthy foods or the
reduction of unhealthy options.

It is important to note that the methodological quality of the included reviews was uneven:
only one review was rated as high quality, while 16 were moderate, 9 were low, and 10 were
critically low according to the AMSTAR 2 assessment. Although all reviews were considered
to ensure completeness, the results of low and critically low quality reviews should be
interpreted with caution when interpreting the overall effectiveness of nudging interventions.

A key contribution of this umbrella review is the identification of inconsistencies in nudge
classification and the introduction of an extended TIPPME framework to improve
comparability across studies. The findings further highlight the potential of combined
interventions where nudges are integrated with financial, regulatory, or educational strategies
as more effective approaches than nudges alone. For policymakers and practitioners, this
umbrella review underscores the need for carefully designed and ethically sound nudging
strategies that align with public health goals while maintaining individual autonomy.
However, further nudging research is needed to better understand its long-term impact, its role
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in different cultural and socioeconomic contexts and its interaction with other policy tools.
Future research should also address the evident imbalance in the literature by expanding the

evidence base for nudging interventions targeting environmentally sustainable food choices.
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Table 1 General characteristics of included reviews

1D Author and date RF Sco  Population Timeframe N Product CI
1946 to Nov 2014 (Search)
1 Allan et al. (2017) Both H Employees 1976 to 2014 (Pub) 22 Not specific N
Eight studies recruited people aged 15 years and
older, whereas the other studies did not report age  Inception to December 1 2019 (Search)
2 An et al. (2021) Both H distribution. 2009 to 2019 (Pub) 15 Not specific N
Inception to Aug 31 2017 (Search)
3b Bianchi et al. (2018) Both B Generic population 2005 to 2018 (Pub) 18 Meat N
Fruit and vegetables, healthy
Chambers et al. and unhealthy meals, snacks,
4 (2021) Both H Children <18 years of age January 1994 to January 2019 (Search) 137  sides and beverages Y
2016 to 2019 (Search)
5 Croker et al. (2020) Both H Generic population 2017 to 2019 (Pub) 14 Prepackaged foods N
Inception to December 2021 (Search)
6 Gynell et al. (2022) Both H Generic population 2008 to 2022 (Pub) 23 Healthy food N
Inception to Jan 31, 2018 (Search)
7 Harbers et al. (2020)  Both H Adults 1984 to 2018 (Pub) 75 Not specific N
Inception to March 2024 (Search)
8 Kay et al. (2025) Both H Generic population 1975 to 2024 (Pub) Food and beverage Y
Cafeteria users/ customers/sales/ investigator January 2003 to October 2020 (Search) Healthy food; high-calorie food
9 Laiou et al. (2021) Both H observations 2011 to 2020 (Pub) 60 items N
Fruits, vegetables, packaged
Lindstrom et al. April 2009 to July 2020 (Search) foods, and restaurant menu
10 (2023) Both H Adults 2012 to 2020 (Pub) 33 items. Y
Sapio and Vecchio 2018 to Jan 2024 (Search)
11 (2024) Both H Low SEP population 2018 to 2023 (Pub) 43 Food and drinks Y
Schruff-Lim et al.
12 (2023) Both H Generic population Inception to July 2022 (Search) 62 Not specific Y
Inception to April 2020 (Search)
13 Slapo et al. (2021) Both H Consumers of stores 1982 to 2019 (Pub) 36 Healthy food (non-specific) Y
14 Song et al. (2021) Both H Adults 1990 to 24 May 2021 (Search) 156  Foods and drinks N
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15

16

17

18

19

20

21

22

23

24

25¢

26

27

28¢

29
30

Valencic et al. (2023)
Wyse et al. (2021)
Al-Khudairy et al.
(2019)

Almeida et al. (2024)
Arno and Thomas
(2016)

Broers et al. (2017)
Bucher et al. (2016)
Crocketta et al.

(2018)

Fergus et al. (2021)

Lycett et al. (2017)
Meier et al. (2022)
Metcalfe et al. (2020)
Nornberg et al.
(2016)

Pandey et al. (2023)

Roy et al. (2015)
Schulte et al. (2023)

Both

Both

DCs

DCs

DCs

DCs

DCs

DCs

DCs

DCs

DCs

DCs

DCs

DCs

DCs
DCs

Healthy population
Generic population
National Health Service (NHS) staff

Generic population
Adults: a minimum of 18 years to a maximum 65
years of age.

NM

1 study on children; 10 studies with university
students or staff, and 5 studies on customers of
hospital cafeterias.

Generic population

Generic people (including children and elders)
Preschool/kindergarten-aged children (44%),
elementary (37%) and secondary school-aged
children (20%).

Individual consumers

School children in grades Kindergarten — 12
(primary and secondary school students)
Disease-free adolescents (aged 11 to 19 years)
Generic population

Young adults in tertiary education settings

Population in secondary school
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1998 to 2021 (Pub)

Inception to Feb 2022 (Search)
2006 to 2021 (Pub)

Inception to October 2020 (Search)
2006 to 2020 (Pub)

Inception to May 2017 (Search)
2008 to October 2022 (Search)
2009 to 2022 (Pub)

2004 to 2014 (Search & Pub)
Inception to 2016 (Search)
2005 to 2016 (Pub)

Inception to February 2015 (Search)
1976 to 2014 (Pub)

1945 to 2017 (Search)

1984 to 2017 (Pub)

October 2010 to October 2019 (Search)
2011 to 2019 (Pub)

January 1996 and October 2015
(Search)

2000 to 2015 (Pub)

Inception to December 2020 (Search)
2012 to 2020 (Pub)

Inception to 2018 (Search)

2005 to 2018 (Pub)

Inception to 2013 (Search)

2001 to 2012 (Pub)

2011 to 2021 (Search)

2013 to 2021 (Pub)

1998 to 2014 (Search)

2001 to 2014 (Pub)

Inception to October 2021 (Search)

15

11

18

39

42

23

18

28

46

40

12

29

12

14

15
14

Not specific

Not specific

Food and drinks

Fruit, Vegetables

Not mentioned the details

Fruit and/or vegetables

Healthy or unhealthy items
Food or drinks

Not specific

Food consumption and/or
selection and fruit and/or
vegetable intake

Meat consumption

Milk, fruit, vegetable and water
Vegetable

Not specific

Food and drinks (healthy or

unhealthy)
Food and/or drinks



1030

1031

1032

1033

1034

1035

1036

31

32

33

34

35

36

Shaw et al. (2020)
Vecchio and Cavallo
(2019)

Cadario and Chandon
(2020)

Ikonen et al. (2020)
Skov et al. (2013)

Wilson et al. (2016)

DCs

DCs

NM

NM

NM

NM

Individuals aged 18+ years

Generic healthy population

Generic population

M

Ranging from school children aged 4 to 18 to

working-age adults

Adult humans

2005 to 2020 (Pub)

2005 to 2019 (Search & Pub)
2015 to 2018 (Search)

2016 to 2018 (Pub)

Inception to 2017 (Search)
Inception to 2018 (Search)
1996 to 2018 (Pub)

Inception to Mar 2012 (Search)
1984 to 2012 (Pub)

Inception to 2014 (Search)
2010 to 2014 (Pub)

39

26

96

130

12

26

Food/ beverage items
NM

Not specific

Not specific

Not specific

Food and drinks

Note: CI: The combination of nudges and other non-nudges interventions like education or financial interventions; ID: Identification number of each review. The three IDs

marked with superscripts (3° 25¢, 28¢) refer to systematic reviews that are in the scope of environmentally friendly food choices; N: number of primary studies; NM: Not

mentioned. RF: Regional focus of the countries included: Both: Developed and developing countries; DCs: Developed countries (Source: UNCTADstat — Classifications.

Retrieved 30 April 2024: https://unctadstat.unctad.org/EN/Classifications.html); Sco: The scope of the review discussion on food choices: B: Both healthy and environmentally

friendly food choices; E: environmentally friendly food choices; H: Healthy food choices. Timeframe: Pub: The timeframe during which the primary studies included in the

review were originally published; Search: The timeframe during which the literature searches were conducted to identify studies for the review.
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Table 2 Methodological issues of primary studies

Methodological issues

IDs

Not mentioned the quality appraisal of primary studies

11, 15,19, 28¢, 33, 34

Only list the quality distribution without the accompanying compilation

and discussion

3%'5, 6,7, 10, 14, 23, 25¢, 29, 30, 31,
36

For RCTS: Attrition bias (Incomplete outcome data)

4,9,16

For RCTS: Knowledge of allocation (Blinding)

4,13,18, 22,27

For RCTS: Randomisation procedure (Insufficient detail to determine

whether randomisation had been appropriately performed)

4,8,13,16,17,22,24

For RCTS: Selective outcome reporting 9

Baseline group comparability (Whether intervention and control groups

were comparable at baseline) i

Blinding of outcome assessors 8,9,22
Confounding 9,12,20,27
Data Transparency (Open Data) 12

Do not use population-based sampling 2

Inaccurate outcome measurement tools 35

Incentive compatibility (majority used hypothetical choices) 12
Inclusion/exclusion criteria reporting 9

Lack of descriptive information 27,35

Lack of intervention fidelity checks 26

Low external validity 32
Non-validated measures 24
Pre-registration 12

Sample Size Bias 2,27, 35
Selection bias of non-RCT studies 1,12,13, 16,24
Short implementation durations 27,35
Study design (e.g., pre-post designs without control groups) 12

Unclear about different biases due to insufficient reporting

1,9, 13,21,22,27
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Table 3 The nudge frameworks

N of .
. Review
Authors Categories nudge D
types
Ensaff (2021) Defa.ult., Placement, Availab?lit.y, Contrast, Presentation, g 1
Semiotics, Prompts and Descriptives.
1. Cognitively oriented: descriptive nutritional labelling,
evaluative nutritional labelling, or visibility enhancements;
Cadario and 2. Affectively oriented: hedonic enhancements or healthy - 1133
Chandon (2020) eating calls ’
3. Behaviour-oriented: convenience enhancements or size
enhancements.
(1) Provision of information; (2) Use of salience and social
Bauer and .
) norms; (3) Changes in the defaults; (4) Changes to the 5 4
Reisch (2019) . . . .
physical environment; and (5) Incentives and preplanning
Kraak et al. Place, profile, portion, pricing, promotion, healthy default g 13
(2017) picks, prompting or priming and proximity
TIPPME 718
Hollands et al. 1. Placement: availability, position 6 2’2 2;363
(2017) 2. Properties: functionality, presentation, size and 30’ 31 ’
information. ’
1. Decision information: translate information, make
information visible, provide social reference point
2. Decision structure: change choice defaults, change option-
Muenscher et . .
1. 2016) related effort, change range or composition of options, 9 16, 32
al.
change option consequences
3. Decision assistance: provide reminders, facilitate
commitment
1. Alter the properties: ambience, functional design, L9 13
labelling, presentation and sizing. T
Hollands et al. o - 17,19,
(2013) 2. Alter the placement: availability and proximity. 9 20.21
3. Alter both the properties and placement: priming and 24’ ’
prompting.
BI thal-
umentha Incentives, Defaults, Salience and affect, Norms and
Barby and . . .
messenger, Subconscious priming, Commitments and ego 6 10, 36
Burroughs .
preservation
(2012)
Dolan et al. MINDSPACE: Messenger, Incentives, Norms, Defaults, 9 3
(2012) Salience, Priming, Affect, Commitments, Ego

Note: The ID numbers correspond to the review information provided in Table 1.
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Table 4 The extended TIPPME framework

Category Type Description Review ID N of
reviews
Placement  Availability Add or remove (some or all) products 1,9, 11, 17, 18, 19, 20, 14
or objects to increase, decrease, or 24,27, 28¢, 29, 31, 36
alter their range, variety or number. ratios: 6
Position Alter the position, proximity or 1,6,7,9,11, 13,15, 17, 20
accessibility of products or objects. 18, 20, 21 (E), 26, 28, 30,
31, 32,33, 36
salience: 22
Properties  Functionality ~ Alter functionality or design of 7,9, 18 3
products or objects to change how
they work, or guide or constrain how
people use or physically interact with
them.
Presentation Alter visual, tactile, auditory or 1,3% 7,9, 18, 19, 20, 24, 18
olfactory properties of products, 28¢, 30, 33
objects or stimuli. priming: 6, 8 (E), 10, 19,
20, 23,24, 32
affect: 11, 23, 33
environmental cues: 32
salience: 4, 15
naming: 6
Size Alter the size or shape of products or 1, 3%, 7, 8,12, 16, 17, 18, 15
objects. 19, 23, 25¢,27, 31, 32, 34
Information Add, remove or change words, 1,2 (E), 3,4,5(E), 6,7, 29
symbols, numbers or pictures that 9,10, 11, 12 (E), 14 (E),
convey information about the product 15, 16, 17, 18, 19, 20, 22
or object or its use. (E), 28¢, 29, 30, 33, 34
(E), 35, 36
norms and messenger: 4,
10, 23
prompting:1, 9, 13, 24
Additional Default Default work through inertia or status 4, 6, 10, 11, 15, 16, 23, 9
type quo bias, nudging people to stick 25¢(E), 32
with pre-set options.
Combined nudges Different types of nudges 10, 11, 15, 17, 20, 36 6
Combined interventions Other non-nudges interventions (like 4, 10, 11, 12, 13, 17, 23, 9

(incl. nudges)

education) combined with nudges

25¢,29
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Note: The ID numbers correspond to the review information provided in Table 1; The descriptions for Placement

and Properties subcategories are defined by Hollands et al. (2017); Duplicate IDs within the same category were

counted only once in the last column (N of reviews); E, exclusive, the review focuses only on that type of nudge;



1052

1053

1054

1055

1056

1057

1058

1059

1060

1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

1071

1072

Saliences mentioned in different reviews can be categorised into either “Position” or “Presentation”, based on

how they are explicitly defined within each respective study.
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1073 Table 5 Overall findings from the included systematic reviews
Nudge Regional NR NREff Overall quality assessment Direction of results
types focus (Review ID) (Review ID)
Availability  Both 4 2 M (1,9); L (6); CL(11) 1(6,9)
Developed 9 5 M (17, 18, 24, 31); L (20, 27, P (24, 27, 28¢,29); 1 (18,
29); CL (19, 28°) 31)
NS 1 0 L (36) /
Position Both 8 5 M(,7,9,16); L (6, 13); CL P (6,7,9, 15, 16)
(11, 15)
Developed 10 7 M (17, 18,21, 31); L (20, 23, P (17, 18, 21, 23, 28¢, 30);
26); CL (28¢, 30, 32) I(31)
NS 2 0 M (33); L (36) /
Functionalit ~ Both 2 2 M (7,9) P(7);1(9)
y Developed 1 1 M (18) 1(18)
Presentation  Both 9 6 M (1, 3% 4,7,9);L(6,8);CL P (3% 4,8, 9, 10, 15); 1 (6)
(10, 11, 15)
Developed 7 4 M (24); L (20, 23); CL (19,28, P (24, 28, 30); 1(23)
30, 32)
NS 1 0 M (33) /
Size Both 5 2 M(1,3,7,9); L (13) P (3;1(9)
Developed 8 3 M (17, 18, 24); L (20, 26); CL P (17,24);1(18)
(19, 28¢, 32)
NS 2 1 M (33); CL (35) 1(35)
Information ~ Both 15 12 M(1,3%4,5,7,9,12,14,16); P (5,7,10,13, 14,15, 16);
L (6,13); CL (2, 10,11, 15) N (3% 4,6);1(2,9)
Developed 10 8 M (17, 18, 24); L (20, 23, 29); P (18, 23, 24, 28, 30); N
CL (19, 28¢, 30); H (22) (17); 1(22, 29)
NS 4 2 M (33); L (36); CL (34, 35) 1(34, 35)
Default Both 7 6 M (4, 16); L (6, 13); CL (10, 11, P (4,6, 10, 13,15, 16)
15)
Developed 2 1 M (25%); CL (32) P (259
1074 Note: The ID numbers correspond to the review information provided in Table 1; Direction of Results: P: Positive
1075 effect, N: No effect, I: Inconclusive effect. NR: Number of reviews; NREff: Number of reviews with effectiveness
1076  conclusions; Overall Quality assessment of included reviews: H: High; M: Moderate; L: Low; CL: Critical low;
1077  NS: Not specified.
1078
1079

50



Table 6 Overall findings on nudging effects from meta-analyses

Authors

N of

Nudge types Overall effect
(Year) studies
Arno and 42 Availability, On average, nudge interventions led to a 15.3% (95% CI: 7.58,
Thomas presentation, size,  23.0) rise in healthier consumption decisions, either based on
(2016) information the frequency of healthy selections or the overall intake.
Broers et 14 Availability, A medium (SMD = 0.30) significant effect was shown.
al. (2017) position,
presentation, size,
information
Cadario 96 Position, The meta-analysis yielded a SMD of 0.23, equivalent to —124
and presentation, size,  kcal/day.
Chandon Information
(2020)
Crocketta 3 Information A meta-analysis of three RCTs that examined energy labelling
et al. on restaurant menus found a statistically significant reduction
(2018) of 47 kcal in energy purchased (SMD = 46.72 kcal, 95% CI:
78.35,15.10, N = 1877).
Croker et 11 Information The sugar and sodium content of purchased products was lower
al. (2020) when FOPLs were present compared to when they were absent
(-0.40 g sugar per 100 g, P <0.01; -24.482 mg sodium per 100
g, P=0.012). Additionally, there was a trend toward reduced
energy (-2.03 kcal per 100 g, P = 0.08) and saturated fat content
(-0.154 g saturated fat per 100 g, P =0.091).
Ikonen et 114 Information While FOPLs helped consumers identify healthier products,
al. (2020) their effectiveness in encouraging consumers toward healthier
choices is more limited.
Kay et al. 66 Presentation Seven meta-analyses indicated that visual cues and primes can
(2025) effectively influence consumption-related behaviours, though
the effects are generally small.
Pandeyet 9 Availability, Nudging by altering the properties showed a small effect size
al. (2023) position, (SMD = 0.16), and nudging through changes in placement
presentation, size,  demonstrated a medium effect size (SMD = 0.21).
information
Slapo etal. 30 Information, Small but significant effect on food purchases: SMD = 0.17.
(2021) default
Songetal. 134 Information The traffic light labelling system is effective overall.
(2021)
Wyseetal. 7 Position, Effective in reducing the energy content of online food
(2021) information, purchases (SMD =-0.34, p=0.01).
default
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1098
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1100

1101

Note: CI: Confidence interval, FOPLs: Front-of-package labels; N: Total number of observations; RCTs:

Randomised controlled trials; SMD: Standardised mean difference.
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Table 7 Future research recommendations reported in the included systematic reviews

Methodological advancements in empirical study design

* Prioritise randomised controlled trials (RCTs), factorial designs, and cluster-randomised studies in real-
world settings (Lindstrom et al., 2023; Metcalfe et al., 2020; Slapo et al., 2021).

* Use laboratory studies alongside field experiments to explore psychological mechanisms (e.g., "dodge
effects") and refine real-world interventions (Gynell et al., 2022; Kay et al., 2025; Meier et al., 2022).

» Examine how nudges interact with other interventions like pricing strategies to enhance effectiveness
(Metcalfe et al., 2020; Pandey et al., 2023; Slapo et al., 2021).

* Assess long-term efficacy, sustainability of behaviour change, and compensatory behaviours (An et al.,
2021; Chambers et al., 2021; Harbers et al., 2020; Ikonen et al., 2020; Meier et al., 2022; Metcalfe et al., 2020;
Sapio & Vecchio, 2024; Schruff-Lim et al., 2023; Schulte et al., 2023).

» Use digital tracking (e.g., loyalty cards) to monitor individual purchasing behaviour (Harbers et al., 2020;
Slapo et al., 2021; Valencic et al., 2023).

* Include effect sizes, randomisation details, and subgroup analyses by demographics (e.g., age, SES,
ethnicity) (Chambers et al., 2021; Metcalfe et al., 2020; Slapo et al., 2021).

Contextual and demographic adaptations

* Test interventions and design strategies for specific groups (e.g., low-income households, ethnic minorities)
for different food purchasing contexts to address health equity gaps (Chambers et al., 2021; Fergus et al.,
2021; Gynell et al., 2022; Lindstrom et al., 2023; Metcalfe et al., 2020).

Economic and ethical considerations

* Investigate intervention costs, scalability, and feasibility for policymakers (Chambers et al., 2021; Metcalfe
et al., 2020; Pandey et al., 2023; Wyse et al., 2021).

* Assess autonomy concerns, psychological costs, and stakeholder acceptability (e.g., retailers, consumers)

(Harbers et al., 2020; Ikonen et al., 2020; Meier et al., 2022; Valencic et al., 2023).

Stakeholder engagement and policy integration

* Involve policymakers, retailers, and schools in intervention development to ensure ethical and practical
implementation (Harbers et al., 2020; Metcalfe et al., 2020).

* Track adherence to nudges in real-world settings (e.g., school cafeterias) and refine strategies using
stakeholder feedback (Metcalfe et al., 2020).

* Policymakers should ensure that nudges complement, rather than replace traditional public health
interventions, such as integrating front-of-package labels (FOPLs) with complementary interventions (e.g.,
taxation, education campaigns) to align consumer perceptions with actual dietary behaviour and mitigate the

halo effect. (Her & Seo, 2017)
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Table 8 Recommendations for review conduct

* Use quality assessment tools such as AMSTAR 2 as a reference to improve the quality of the review.

* Incorporate the analysis of combined interventions and compare the effectiveness of different forms of
integration.

* Ensure systematic reporting of study regions to analyse cultural, economic, and regulatory influences on nudge
effectiveness. Cross-country comparisons could reveal contextual moderators.

* Ensure clear reporting of the publication time frame of the included primary studies and the time frame of the
literature search.

* Adopt standardised frameworks when classifying nudges, ensuring consistency in categorisation and
comparison across studies.

 Explicitly define the scope by specifying whether it targets health, environmental objectives, or both and
address the current imbalance by prioritising reviews on environmental nudges and comparing the results when
both objectives are involved to identify synergies or trade-offs.

* Instead of only reporting overall effects, reviews should report effect sizes for each nudge subcategory if
applicable and assess which are most impactful in different settings and populations, as overall effects provide

limited practical guidance for real-world implementation.
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