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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.

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 of findings.

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 needed.

Registration
This systematic review is registered in the PROSPERO database (CRD42018086983).
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Introduction
An unhealthy diet is one of the major risk factors for non-communicable diseases (NCDs), such as type 2 diabetes 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 unhealthy 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 necessitate 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 interventions is rooted in dual process models of human behaviour, which conceptualize the regulation of human behaviour into two main cognitive processes: 1) an unconscious, fast, and automatic cognitive process, and 2) a conscious, slow, and more effortful cognitive process [6]. Whereas individual-level educational interventions tap into the conscious and effortful processes – by for example providing nutrition knowledge to target populations – 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 environmental intervention strategy for modifying food choices. The term ‘nudge’ was originally coined by Thaler and Sunstein in 2008 and defined as: ‘Any aspect of the choice architecture that alters people’s behaviour in a predictable way, without forbidding any options or significantly changing their economic incentives’ (p.6) [8]. Nudging became popular as it opposed the reigning idea that humans are rational actors who constantly seek opportunities that maximize their utility. Instead, it acknowledges 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 constraining choice for unhealthy alternatives [9].
So far, numerous nudging studies have been performed describing a wide range of interventions, for example placing healthier foods at convenient and visible locations in supermarkets (e.g., position nudge) or making healthy foods salient through the use of signage (e.g., information nudge). To establish more conceptual clarity regarding nudging interventions and to facilitate evidence synthesis, the typology of interventions in proximal physical micro-environments (TIPPME) was introduced, distinguishing six distinct nudging interventions types: availability, position, functionality, presentation, 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 review addressed the question whether the effects of nudging interventions are moderated by SEP, for which indications were found [13]. Therefore, insights are lacking 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 review the evidence for the effectiveness of nudges as classified 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 registered 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 applicability to the current review [14, 15]. As a result, the search strategy was further extended by adding the default nudge, which we defined as follows: ‘to provide a standard food option for which no active choice needs to be made’.
Table 1Overview of nudging interventions in TIPPME as defined by Hollands et al. [10]


	Intervention type
	Definition

	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




For the search queries, search terms for the (type of) nudging intervention, outcome, and setting were 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 systematically 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 duplicate by a team of five researchers (MH, FdB, IS, JWJB, FR). Studies were included if they: 1) involved a manipulation of the food purchasing environment, in such a way that the availability, position, functionality, presentation, 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 content 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 effects of the nudges separately from other non-nudge interventions, such as pricing interventions; 2) studied the effects of nudges on behavioural intent; 3) were performed 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 resolved by discussion with a third reviewer (JWJB, 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 reference 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 specifically designed to critically appraise public health interventions 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, moderate or strong quality score. Articles were considered 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, JWJB, FR). Inconsistencies 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 included studies (n = 8), 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 intervention typology (MH & FdB) into either one of the following intervention types: availability, position, functionality, presentation, size or information. On the basis of the quality assessment, study design was categorized into before-after studies (both within- and between-subjects), controlled trials, or randomized controlled trials. Intervention duration was defined as the duration for which the nudge was implemented and categorized according to the following categories: ≤ 1 week; > 1 week & ≤ 1 month; 1 < month(s) ≤ 6; 6 < months ≤12 and > 1 year. Study size could pertain to amount of purchases and/or transactions, number of customers, or number of stores. Study outcomes could pertain to purchases, energy intake or energy content of purchases or food choice. Outcome assessment was categorized as either one or a combination of the following: point-of-sale system, observer-reported, computer-generated response, digital photographic method, food weighing, hand counts, questionnaires, dietary recall, and records of inventory movement. Lastly, we report SEP characteristics 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 categories 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 characteristics of the matrix, including bar length, width, and colour, and by adding rows to the matrix. As such, 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 characteristics and study quality.
For the present review, the matrix comprises three columns 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 plotted in the matrix based on the direction of the association 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., 1a, 1b). The bars were further modified to represent several relevant study characteristics. More specifically, high bars represent RCTs and controlled trials and low bars represent before-after study designs; narrow bars indicate shorter study duration and increasing width indicates longer study duration; red bars indicate unhealthy foods, blue bars indicate healthy foods, and white bars indicate calorie intake or content of purchases. Lastly, settings as retrieved from the data extraction were categorized into cafeterias (denoted by letter C) and supermarkets and small food stores (denoted by letter S).
Table 2Study characteristics and main findings of included studies categorized by TIPPME intervention type


	Author
	Year
	Country
	Nudge description
	Study design
	Study size
	Intervention duration
	Setting
	SEP
	Study outcome(s)
	Outcome assessment
	Main finding(s)
	Quality assessment

	Information nudges (symbols)

	 Cawley et al. [19]
	2015
	USA
	Supermarket items were assigned with stars indicating their relative healthiness
	Pre-post
	168 supermarkets
	>  1 year
	Supermarket
	N/A
	Purchases healthy items (any stars);
Purchases of unhealthy items (no stars)
	Point of sale system
	1a. Purchases of healthy items were not affected
1b. Purchases of unhealthy items decreaseda
	Moderate

	 Dubbert et al. [20]
	1984
	USA
	Labels indicating low-calorie choices were placed besides serving location
	Pre-post
	6970 customers
	>  1 week & ≤ 1 month
	Cafeteria
	N/A
	Purchases of vegetables;
Purchases of salad;
Purchases of entrees;
Caloric content of meal purchased
	Point of sale system and observer reported
	2a. Increased vegetable purchasesa
2b. Increased salad purchasesa
2c. Entrée purchases not affected
2d. Caloric content of meals purchased not affected
	Weak

	 Elbel et al. [21]
	2013
	USA
	Unhealthy items were assigned a tag stating ‘less healthy’
	Pre-post
	3680 purchases
	>  1 week & ≤ 1 month
	Small food store
	Store catered to low-income, minority and immigrant population
	Purchases of healthy items;
Caloric content of purchases
	Point of sale system
	3a. Probability of purchasing healthy items increaseda
3b. Caloric content of items purchased decreaseda
	Strong

	 Eldridge et al. [22]
	1997
	USA
	Menu boards indicated healthy items with a green check-mark
	Pre-post
	7 cafeterias
	6 < months ≤12
	Cafeteria
	N/A
	Purchases of all targeted items
	Point of sale system
	4. Purchases of targeted items were not affected
	Moderate

	 Freedman et al. [23]
	2011
	USA
	Healthy foods were identified with a promotional logo on shelf-tags
	Pre-post
	1 small food store
	1 < month(s) ≤ 6
	Small food store
	N/A
	Purchases of all targeted items
	Point of sale system
	5. Purchases of targeted items were not affected
	Moderate

	 Hobin et al. [24]
	2017
	Canada
	Supermarket items were assigned with stars indicating their relative healthiness
	CT
	44 intervention supermarkets; 82 control supermarkets
	6 < months ≤12
	Supermarket
	Supermarkets were located in area where 13.1% had no secondary school diploma
	Purchases of healthy items;
Caloric content of purchases
	Point of sale system
	6a. Average mean star rating per product purchased increased, so healthy purchases increaseda
6b. Caloric content of purchases was not affected
	Strong

	 Hoefkens et al. [25]
	2011
	Belgium
	Healthy meal suggestions were assigned with stars (0–3 stars)
	Pre-post
	224 customers
	>  1 week & ≤ 1 month
	Cafeteria
	N/A
	Meal choice (0–3 stars) and energy intake
	Questionnaire
	7a. Meal choice was not affected;
7b. Energy intake was not affected
	Weak

	 Johnson et al. [26]
	1990
	USA
	Labels indicating low-calorie choices were placed besides serving location
	Pre-post
	413 customers
	>  1 week & ≤ 1 month
	Cafeteria
	N/A
	Caloric content of purchases
	Observer reported
	8. Caloric content of purchases was not affected
	Weak

	 Lassen et al. [27]
	2014
	Norway
	Healthy choices were labelled with the Keyhole symbol
	CT
	270 customers
	6 < months ≤12
	Cafeteria
	59% employed as office and administrative personnel or as technical staff
	Energy density of consumed foods
	Digital photographic method
	9. Energy density decreaseda
	Strong

	 Levin et al. [28]
	1996
	USA
	Low-fat entrees were labelled with a heart-shaped symbol
	CT
	2 cafeterias
	6 < months ≤12
	Cafeteria
	N/A
	Purchases of targeted items
	Point of sale system
	10. Purchases of targeted items increaseda
	Moderate

	 Sproul et al. [29]
	2003
	USA
	Healthy entrees were labelled with a promotional logo, which additionally provided nutritional information
	Pre-post
	1 cafeteria
	1 < month(s) ≤ 6
	Cafeteria
	N/A
	Purchases of targeted entrees
	Point of sale system
	11. Purchases of targeted entrees were not affected
	Moderate

	 Sutherland et al. [30]
	2010
	USA
	Supermarket items were assigned with stars indicating their relative healthiness
	Pre-post
	168 supermarkets
	>  1 year
	Supermarket
	N/A
	Purchases of star-labelled items
	Point of sale system
	12. Purchases of star-labelled items increaseda
	Moderate

	 Vyth et al. [31]
	2011
	The Netherlands
	Healthy sandwiches, soups, and fresh fruit were identified with a promotional logo
	RCT
	13 intervention cafeterias; 12 control cafeterias
	>  1 week & ≤ 1 month
	Cafeteria
	N/A
	Purchases of healthy sandwiches;
Purchases of healthy soups;
Purchases of fresh fruit
	Point of sale system
	13a. Purchases of healthy sandwiches were not affected
13b. Purchases of healthy soups were not affected
13c. Fruit purchases increaseda
	Moderate

	 Mazza et al. [32]
	2017
	USA
	Emoticons highlighted healthy items
	Pre-post
	1 cafeteria
	1 < month(s) ≤ 6
	Cafeteria
	N/A
	Purchases of healthy beverages
Purchases of healthy chips
	Point-of-sale system
	14a. Purchases of healthy chips were not affected
14b. Purchases of healthy beverages were not affected
	Moderate

	 Steenhuis et al. [33]
	2004
	The Netherlands
	In the labelling program, low-fat products were identified with a promotional logo.
	RCT
	17 cafeterias were randomly assigned to either of 4 conditions (including control and labelling program)
	1 < month(s) ≤ 6
	Worksite cafeteria
	2% low educational level
	Purchases of low-fat items (milk, butter, cheese, meat, desserts).
	Point of sale system and questionnaire
	15a. Purchases of low-fat desserts increaseda
15b. Purchases of milk were not affected
15c. Purchases of butter were not affected
15d. Purchases of cheese were not affected
15e. Purchases of meat were not affected
	Weak

	Information nudges (nutrition information)

	 Cioffi et al. [34]
	2015
	USA
	Nutrition labels were added to a selection of pre-packaged meals and snacks
	Pre-post
	20 small food stores
	6 < months ≤12
	Small food store
	N/A
	Purchases of low calorie foods;
Purchases of high calorie foods;
Caloric content of purchases
	Point of sale system
	1a. Purchases of low calorie foods increaseda
1b. Purchases of high calorie foods decreased
1c. Caloric content of items purchased decreaseda
	Moderate

	 Hammond et al. [35]
	2015
	Canada
	Calorie labels were added to all cafeteria menu boards and food stations
	Pre-post
	159 customers
	≤ 1 week
	University cafeteria
	N/A
	Caloric content of purchases;
Calories consumed
	Questionnaire
	2a. Caloric content of purchases decreaseda
2b. Calorie intake decreaseda
	Weak

	 Milich et al. [36]
	1976
	USA
	Foods were labelled with their caloric value
	Pre-post
	450 customers
	≤ 1 week
	Hospital cafeteria
	N/A
	Caloric content of purchases
	Observer reported
	3. Caloric content of purchases decreased; (p = 0.06)
	Weak

	 Vanderlee et al. [37]
	2014
	Canada
	Energy, sodium and fat content were displayed on digital menu boards, as well as a health logo for healthier items
	CT
	497 customers at intervention site; 506 customers at control site
	1 < month(s) ≤ 6
	Hospital cafeteria
	14% low educational level (high school or less)
15% low income (<$CAN 40000)
	Calorie intake
	Questionnaire
	4. Caloric intake decreaseda
	Weak

	 Aron et al. [38]
	1995
	UK
	Foods were provided with nutrition labels
	CT
	65 intervention customers; 35 control customers
	≤ 1 week
	University cafeteria
	N/A
	Calorie intake
	Questionnaire
	5. Caloric intake increaseda
	Weak

	 Chu et al. [39]
	2009
	USA
	Simplified nutrition labels were posted at the point of selection for entrée dishes
	Pre-post
	1 cafeteria
	>  1 week & ≤ 1 month
	University cafeteria
	N/A
	Caloric content of purchases
	Point of sale system
	6. Caloric content of purchases was not affected
	Moderate

	 Webb et al. [40]
	2011
	USA
	Calorie information was posted on menu boards or was provided only on posters placed away from the point of decision.
	CT
	1 experimental cafeteria; 1 control cafeteria
	1 < month(s) ≤ 6
	Hospital cafeteria
	13% low educational level (< eighth grade, some high school and high school graduate)
	Purchases of healthy side dishes;
Purchases of healthy snacks;
Purchases of healthy entrees
	Point of sale system
	7a. Purchases of sides dishes increaseda
7b. Purchases of snacks increaseda
7c. Purchases of entrees were not affected
	Moderate

	 Chen et al. [41]
	2017
	Taiwan
	Entrees and side dishes were labeled with traffic-light labels
	Pre-post
	276 customers for first survey; 205 customers for second survey
	6 < months ≤12
	Worksite cafeteria
	N/A
	Choice for green-labelled food;
Attempt to avoid red-labelled food
	Questionnaire
	8a. Choice for green entrée increaseda;
8b. Attempt to avoid red-coloured items was not affected.
	Moderate

	 Sonnenberg et al. [42]
	2013
	USA
	Food and beverages were labelled red, yellow, or green on either the menu board, shelf, or directly on the packaging.
	Pre-post
	389 customers
	1 < month(s) ≤ 6
	Hospital cafeteria
	N/A
	Purchases of green items
Purchases of red items
	Point of sale system
	9a. Healthy (green) item purchases were not affected
9b. Unhealthy (red) item purchases were not affected
	Strong

	 Whitt et al. [43]
	2017
	USA
	Items were labelled green (healthy), yellow (neutral) or red (unhealthy).
	Pre-post
	1 small food store
	1 < month(s) ≤ 6
	Small food store
	N/A
	Purchases of green items
Purchases of red items
	Point of sale system
	10a. Purchases of healthy (green) items increaseda
10b. Purchases of unhealthy (red) items decreaseda
	Moderate

	Information nudges (signage)

	 Allan et al. [44]
	2015
	UK
	Signs visually arranged snacks and drinks from least caloric to most caloric, with arrows indicating their location in store
	RCT
	> 20,000 purchases
	1 < month(s) ≤ 6
	Small food store
	N/A
	Purchases of high-calorie snacks
Purchases high-calorie drinks
	Point of sale system
	1a. Purchases of high calorie snacks decreaseda;
1b. Purchases of high calorie drinks were not affected.
	Moderate

	 Buscher et al. [45], study 1
	2001
	Canada
	Signs with promotional prompts were located at the cafeteria entrance and in front of the targeted foods
	Pre-post
	2280 students potentially exposed to the intervention
	>  1 week & ≤ 1 month
	University cafeteria
	N/A
	Purchases of vegetable basket
Purchases of pretzels
Purchases of yoghurt
Purchases of fruit basket
	Point of sale system and hand-counts
	2a. Vegetable basket purchases were not affected
2b. Pretzel purchases increaseda
2c. Yoghurt purchases increaseda
2d. Fruit basket purchases were not affected
	Moderate

	 Buscher et al. [45], study 2
	2001
	Canada
	Signs with promotional prompts were located at the cafeteria entrance and in front of the targeted yoghurt
	Pre-post
	2280 students potentially exposed to the intervention
	>  1 week & ≤ 1 month
	University cafeteria
	N/A
	Purchases of yoghurt
	Point of sale system
	3. Yoghurt purchases increaseda
	Moderate

	 Montuclard et al. [46]
	2017
	USA
	A water sign was taped to the cafeterias soda dispensers and coffee dispensers
	Pre-post
	357 students pre-intervention survey; 301 students post-intervention survey
	1 < month(s) ≤ 6
	University cafeteria
	N/A
	Choice for water
	Questionnaire
	4. Choice for water increaseda
	Moderate

	 Ogawa et al. [47]
	2011
	Japan
	Health and nutrition information related to consumption of fruits and vegetables was displayed on posters near fruit/vegetable display and/or checkout counter
	CT
	1 intervention supermarket; 1 control supermarket
	1 < month(s) ≤ 6
	Supermarket
	N/A
	Purchases of fruits
Purchases of vegetables
	Point of sale system
	5a. Vegetable purchases increaseda
5b. Fruit purchases were not affected.
	Moderate

	 Policastro et al. [48]
	2017
	USA
	Water consumption was promoted through signage promoting swapping soda for water
	Pre-post
	2393 students covering 6730 transactions
	≤ 1 week
	University cafeteria
	N/A
	Choice for water
	Point of sale system
	6. Water purchases increaseda
	Moderate

	 Scourboutakos et al. [49]
	2017
	Canada
	Posters promoted water and fruit and vegetable consumption
	Pre-post
	368 to 510 students per data collection day
	1 < month(s) ≤ 6
	University cafeteria
	N/A
	Purchases of water
Purchases of fruits
Purchases of vegetables
	Observer reported
	7a. Purchases of water increaseda
7b. Purchases of fruit increaseda
7c. Purchases of vegetables increaseda
	Weak

	 Mazza et al. [32]
	2018
	USA
	A health message stating the % of daily calories contained in beverages, and required exercise to burn calories of chips
	Pre-post
	1 cafeteria
	>  1 week & ≤ 1 month
	Hospital cafeteria
	N/A
	Purchases of healthy chips
Purchases of healthy beverages
	Point of sale system
	8a. Purchases of healthy chips were not affected
8b. Purchases of healthy beverages were not affected
	Moderate

	 Mazza et al. [32]
	2018
	USA
	A health message stating the % of daily calories contained in chips, and required exercise to burn calories of beverages
	Pre-post
	1 cafeteria
	>  1 week & ≤ 1 month
	Hospital cafeteria
	N/A
	Purchases of healthy chips
Purchases of healthy beverages
	Point of sale system
	9a. Purchases of healthy chips increaseda
9b. Purchases of healthy beverages were not affected
	Moderate

	 Payne et al. [50], study 1
	2015
	USA
	Messages on grocery carts stated the number of fruits and vegetable items customers of that particular store normally purchased
	CT
	396,017 individual person transactions
	>  1 week & ≤ 1 month
	Supermarket
	Supermarkets were located in area with 7% unemployment and
24% only high school education
	Purchases of fruits and vegetables
	Point-of-sale system
	10. Fruit and vegetable purchases increaseda
	Strong

	 Payne et al. [50], study 2
	2015
	USA
	Messages on grocery carts stated the number of F&V items customers of that particular store normally purchased
	Pre-post
	575,689 individual person
transactions
	>  1 week & ≤ 1 month
	Supermarket
	Supermarkets were located in area with 7% unemployment and
24% only high school education
	Purchases of fruits and vegetables
	Point-of-sale system
	11. Fruit and vegetable purchases increaseda
	Strong

	 Salmon et al. [51]
	2015
	The Netherlands
	The presence of a banner with was manipulated (absent/present, which stated that a particular low-fat cheese was the most sold brand of cheese in the supermarket.
	CT
	127 customers
	N/A
	Supermarket
	10% low educational level (primary school or lower levels of high school)
	Purchases of low-fat cheese
	Collection of receipts
	12. Purchases of low-fat cheese were not affected
	Strong

	Position nudges

	 Kroese et al. [52]
	2016
	The Netherlands
	Unhealthy snacks at the check-out counter were replaced by healthy snacks
	CT
	2 intervention stores; 1 control store
	≤ 1 week
	Small food store
	N/A
	Purchases of healthy snacks;
Purchases of unhealthy snacks
	Point-of-sale system
	1a. Healthy snack purchases increaseda
1b. Unhealthy snack purchases were not affected
	Moderate

	 Meiselman et al. [53], study 1
	1994
	UK
	Candy was repositioned from four cash-points to one distant cash-point
	Pre-post
	43 students
	≤ 1 week
	University cafeteria
	N/A
	Choice for candy
Energy intake
	Questionnaire and food weighing
	2a. Candy selection decreaseda
2b. Energy intake was not affected
	Weak

	 Meiselman et al. [53], study 2
	1994
	UK
	Potato chips were repositioned from meal line to distant snack bar
	Pre-post
	60 students
	>  1 week & ≤ 1 month
	University cafeteria
	N/A
	Choice for potato chips
	Questionnaire
	3. Potato chips selection decreaseda
	Weak

	 Meyers et al. [54]
	1980
	USA
	High calorie desserts were placed in the rear position on buffet line
	Pre-post
	4412 food choices were observed
	≤ 1 week
	Hospital cafeteria
	N/A
	Choice for high calorie desserts
	Observer-reported
	4. High calorie dessert choice was not affected
	Moderate

	 Rozin et al. [55], study 3
	2011
	USA
	Salad bar ingredients were placed on edge position of salad bar vs. middle position
	Pre-post
	1 cafeteria
	1 < month(s) ≤ 6
	Hospital cafeteria
	N/A
	Purchases of salad bar ingredients
	Food weighing
	5. Salad bar purchases increaseda
	Moderate

	 Van Gestel et al. [56]
	2017
	The Netherlands
	Unhealthy snacks at the check-out counter were replaced by healthy snacks
	Pre-post
	1 small food store
	>  1 week & ≤ 1 month
	Small food store
	N/A
	Purchases of healthy snacks
	Point of sale system
	6. Healthy snack purchases increaseda
	Moderate

	 Chapman et al. [57], study 1
	2012
	UK
	Confectionery was removed from check-out counters and replaced by fruit
	Pre-post
	1 cafeteria
	≤ 1 week
	University cafeteria
	N/A
	Purchases of fruit;
Purchases of confectionery
	Point of sale system
	7a. Healthy fruit purchases decreaseda
7b. Unhealthy confectionary purchases increaseda
	Moderate

	 De Wijk et al. [58]
	2016
	The Netherlands
	Wholegrain bread was placed near entrance vs. away from entrance
	CT
	2 supermarkets
	1 < month(s) ≤ 6
	Supermarket
	N/A
	Purchases of wholegrain bread
	Point of sale system
	8. Healthy bread purchases were not affected
	Moderate

	 Thorndike et al. [59]
	2017
	USA
	Stores improved visibility of fruits and vegetables through new supplies (e.g., baskets, shelving)
	RCT
	3 intervention stores; 3 control stores
	1 < month(s) ≤ 6
	Small food store
	Store was located in low-income urban community
	Purchases of fruits and vegetables
	Point of sale system (WIC voucher redemption)
	9. Fruit and vegetable purchases increaseda
	Moderate

	 Winkler et al. [60]
	2016
	Denmark
	Sugar confectionery at one checkout counter was replaced by healthy snacks
	CT
	4 intervention stores; 2 control stores
	>  1 week & ≤ 1 month
	Supermarket
	N/A
	Purchases of healthy snacks;
Purchases of sugar confectionary
	Point of sale system
	10a. Healthy snack purchases were generally not affected
10b. Unhealthy purchases were not affected
	Moderate

	Mixed nudges

	 Gittelsohn et al. [61]
	2013
	USA
	Environmental changes included demonstrations of healthier cooking methods, taste-tests, and display of point-of-purchase materials (e.g., posters and shelf labels)
	RCT
	98 participants from intervention condition; 47 participants from control condition
	>  1 year
	Supermarket
	Years of schooling; 10.9y (intervention particpants) and 9.3y (control participants)
	Healthy food purchasing score
Unhealthy food purchasing score
	Questionnaire
	1a. Healthy food purchasing score was not affected
1b. Unhealthy food purchasing score was not affected
	Weak

	 Dorresteijn et al. [62]
	2013
	The Netherlands
	Environmental changes included signage promoting low-sodium soup and low-fat croissants. Also, margarine was made less accessible whereas butter was made more accessible.
	Pre-post
	1 cafeteria
	>  1 week & ≤ 1 month
	Hospital cafeteria
	N/A
	Purchases of normal soup
Purchases of healthier soup
Purchases of normal croissants
Purchases of healthier croissants
Purchases of butter
Purchases of margarine
	Point of sale system and hand-counts
	2a. Normal soup purchases were not affected
2b. Healthier soup purchases were not affected
2c. Normal croissant purchases were not affected
2d. Healthier croissant purchases were not affected
2e. Butter purchases increaseda
2 f. Margarine purchases decreaseda
	Weak

	 Gamburzew et al. [63]
	2016
	France
	Environmental changes included shelf labels indicating healthy foods, signage explaining the labelling system, placement strategies, and a taste-testing booth.
	CT
	6625 customers
	1 < month(s) ≤ 6
	Supermarket
	N/A
	Purchases of targeted foods (fruits and vegetables; starches; meat/fish/eggs; mixed dishes and sandwiches; dairy products).
	Point of sale system
	3a. Purchases of fruits and vegetables increaseda
3b. Purchases of starches increaseda
3c. Purchases of meat/fish/eggs were not affected
3d. Purchases of mixed dishes/sandwiches were not affected
3e. Purchases of dairy were not affected
	Weak

	 Gittelsohn et al. [64]
	2010
	USA
	Environmental changes included posters, shelf labels, cooking demonstrations and taste tests.
	CT
	64 intervention participants; 53 control participants
	6 < months ≤12
	Supermarket
	For intervention and comparison group, respectively:
Years of schooling, 12.5y and 12.4y;
Percentage unemployed, 35.9 and 18.8%.
	Healthy food purchasing score
Unhealthy food purchasing score
Calorie intake
	Questionnaires and dietary recall
	4a. Healthy food purchasing score was not affected
4b. Unhealthy food purchasing score was not affected
4c. Calorie intake was not affected
	Strong

	 Foster et al. [65]
	2014
	USA
	Environmental changes included placement strategies (multiple facings, prime placement), signage, shelf-tags, cross-promotion of healthy foods, and taste testing.
	RCT
	4 intervention supermarkets; 4 control supermarkets
	6 < months ≤12
	Supermarket
	Supermarkets located in low-income, high-minority neighborhoods
	Purchases of targeted foods (milk, cereal, frozen meals, in aisle-beverages, checkout cooler beverages, water)
	Point of sale system
	5a. Purchases of some targeted products within the milk category increaseda
5b. Purchases of cereals were not affected
5c. Purchases of some targeted products within the frozen meal category increaseda
5d. Purchases of some targeted products within the in-aisle beverages category decreased to a lesser extent in the intervention stores as compared to controla
5e. Purchases of check-out cooler beverages were not affected
5 f. Purchases of water increaseda
	Moderate

	 Lawman et al. [66]
	2015
	USA
	Availability of healthy foods was increased and promoted through banners, shelf labels, and recipes. A subset of stores was provided additional business trainings and mini-grants for storing their inventory of healthy foods (high-intensity intervention).
	Pre-post
	8671 customers at baseline; 5949 customers at follow-up
	6 < months ≤12
	Small food store
	N/A
	Mean energy purchased
	Observer reported
	6. The intervention did not affect mean energy purchased.
	Moderate

	 Levy et al. [67]
	2012
	USA
	Foods were labelled green, orange or red. Additionally, a choice architecture intervention was added which increased visibility and accessibility of green-labelled foods and beverages while decreasing the same for certain red-labelled items.
	Pre-post
	4642 customers
	1 < month(s) ≤ 6
	Hospital cafeteria
	28% employed as service workers, administrative support, technicians
	Purchases of green items
Purchases of red items
	Point of sale system
	7a. Green item purchases increased∞
7b. Red item purchases decreased∞
	Strong

	 Lowe et al. [68]
	2010
	USA
	Environmental changes included increased availability of foods lower in energy density. Additionally, a labelling system was introduced which color-coded food items.
	Pre-post
	49 customers
	1 < month(s) ≤ 6
	Hospital cafeteria
	N/A
	Caloric content of purchases
	Point of sale system
	8. Caloric content of purchases decreaseda
	Moderate

	 Cardenas et al. [69]
	2015
	Peru
	Fruit was repositioned from a distant position to a more accessible location near the point of purchase. Additionally, signage highlighted health benefits of fruit consumption.
	Pre-post
	150 customers
	>  1 week & ≤ 1 month
	University cafeteria
	N/A
	Fruit purchases
	Hand-counts
	9. Fruit purchases were not affected
	Moderate

	 Thorndike et al. [70]
	2012
	USA
	Foods were labelled red, yellow and green. Additionally, healthy foods were located to convenient positions and unhealthy options were made less convenient.
	Pre-post
	1 cafeteria
	1 < month(s) ≤ 6
	Hospital cafeteria
	N/A
	Purchases of green items
Purchases of red items
	Point of sale system
	10a. Purchases of green items increased∞.
10b. Purchases of red items decreased∞
	Moderate

	 Steenhuis et al. [33]
	2004
	The Netherlands
	In the food supply program, the availability of low-fat items increased and was made salient with signage.
	RCT
	17 cafeterias were randomly assigned to either of 4 conditions (including control and food supply program)
	1 < month(s) ≤ 6
	Worksite cafeteria
	2% low educational level
	Purchases of low-fat items
	Point of sale system and questionnaire
	11. Purchases of low-fat items were not affected
	Weak

	 Thorndike et al. [71]
	2014
	USA
	Items were labelled green, yellow or red. Additionally, items were rearranged to make some of the green items more visible and some red items less visible.
	Pre-post
	1 cafeteria
	>  1 year
	Hospital cafeteria
	29% low educated jobs (service workers, administrative support, technicians)
	Purchases of green items
Purchases of red items
	Point of sale system
	12a. Purchases of green-labelled items increaseda
12b. Purchases of red-labelled items decreaseda
	Weak

	 Seward et al. [72]
	2016
	USA
	The full intervention included traffic-light labels, accessibility changes and tray stickers visualizing recommended portions of food types. The minimal intervention only included accessibility changes.
	CT
	4 experimental cafeterias; 2 control cafeterias
	1 < month(s) ≤ 6
	University cafeteria
	N/A
	Purchases of green items
Purchases of red items
	Observer reported
	13a. Purchases of green items were not affected in neither full or minimal intervention cafeterias.
13b. Purchases of red items were not affected in neither full or minimal intervention cafeterias.
	Moderate

	 Lee-Kwan et al. [73]
	2015
	USA
	During phase 1, menus were revised to emphasize healthy foods with labels. Consecutively, during phase 2, (additional) healthy sides and beverages were introduced and promoted.
	CT
	3 intervention stores; 4 control stores
	1 < month(s) ≤ 6
	Small food store
	Carry-outs were based in low-income neighbourhoods
	Purchases of healthy items
	Point of sale system
	14. Purchases of healthy items were not affected.
	Moderate

	Availability, size, functionality, and presentation nudges

	 Diliberti et al. [74]
	2004
	USA
	During baseline conditions, the portion size of the entree was the standard 100% portion; in the experimental condition the size was increased to 150%.
	CT
	180 customers
	>  1 week & ≤ 1 month
	Cafeteria
	N/A
	Energy intake
	Food weighing
	Energy intake from the pasta entree, accompaniments, and entire meal increaseda
	Moderate

	 Vandenbroele et al. [75]
	2018
	Belgium
	Different sizes of sausages were available: a 150 g portion (default); a 125 g in-between portion; or a small, 100 g portion.
	CT
	161 customers who bought targeted product
	>  1 week & ≤ 1 month
	Supermarket
	N/A
	Meat purchases
	Point-of-sale system
	The introduction of smaller portion size alternatives was associated with less meat being purchaseda
	Moderate

	 Payne et al., study 1 [76]
	2016
	USA
	Large green arrows were placed on the floor directing attention to the store’s produce section.
	CT
	1 intervention store; 1 control store
	>  1 week & ≤ 1 month
	Supermarket
	N/A
	Purchases of fruit & vegetables
	Point-of-sale system
	Green arrows on floors were associated with increased fruit and vegetable purchasesa
	Strong

	 Payne et al., study 2 [76]
	2016
	USA
	Large green arrows were placed on the floor directing attention to the store’s produce section.
	CT
	1 intervention store; 1 control store
	>  1 week & ≤ 1 month
	Supermarket
	N/A
	Purchases of fruit & vegetables
	Point-of-sale system
	Green arrows on floors were associated with increased fruit and vegetable purchasesa
	Strong

	 Tal et al. [77]
	2015
	USA
	Samples (no, apple, or cookie) were offered to participants at the entrance of the store
	CT
	120 customers
	N/A
	Supermarket
	N/A
	Purchases fruit & vegetables
	Observer-reported
	Receiving an apple sample was associated with increased subsequent purchases of fruits and vegetables vs. cookie or no sample (p = 0.06).
	Weak


aAsterix indicates statistical significance (p < 0.05); ∞ Main findings are aggregated across two consecutive intervention phases for which data on statistical significance was not available



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 insufficient 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).
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Fig. 1PRISMA flowchart of study inclusion


Descriptive characteristics of included studies
Of the 75 retrieved studies, 42 studies were categorized as studying information nudges, ten studies were categorized as studying position nudges, 18 studies were categorized 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 presentation nudge. No studies were categorized as studying default or availability nudges. Given the vast amount of information nudges identified, we further categorized these groups of interventions into the following categories: information nudges using symbols (n = 15); information nudges providing nutrition information (n = 13); and information nudges using signage (n = 14). Studies most often employed a before-after design (56%), followed by a controlled trial design (32%) and randomized controlled trial design (12%). Only 19% of studies had an intervention duration longer than 6 months, and studies were most often situated in cafeterias (55%), followed by supermarkets (25%) and small food stores (16%).
Effects of nudging by TIPPME category
Information nudges using symbols
The harvest plot for information nudges using symbols is shown in Fig. 2 and study characteristics and main findings are presented in Table 2. Eight studies received a moderate quality rating, four received a weak quality rating, and three received a strong quality rating. Studies examining information nudges via symbols generally highlighted healthy or unhealthy foods using symbols such as star-ratings and promotional logos. The effects of information nudges using symbols were most often studied in association to purchasing outcomes. Overall, in mainly cafeteria settings, identifying healthy food items through the use of symbols generally did not affect purchases of those items [1a, 2c, 4, 5, 11, 13a, 13b, 14a, 14b, 15b, 15c, 15d, 15e], caloric content of purchases or caloric intake [2d, 6b, 7b, 8], or healthier food choice [7a]. Contrary, some other studies conducted in supermarket and cafeteria settings showed increased purchases of healthy foods and decreased purchases of unhealthy foods [1b, 2a, 2b, 3a, 6a, 10, 12, 13c, 15a] and decreased energy intake or content of purchases [3b, 9]. Concluding, the effects of highlighting healthy and unhealthy foods through the use of symbols in supermarket, small food store, and cafeteria settings were heterogeneous but showed a modest tendency towards no effects on studied outcomes.
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Fig. 2Harvest plot for information nudges using symbols


Information nudges providing nutrition information
The harvest plot of information nudges providing nutrition information is shown in Fig. 3 and study characteristics and main findings are presented in Table 2. Three studies could not be visualized in the harvest plots and are presented in Additional file 3. Seven studies received a moderate quality rating, five studies received a weak quality rating, and one study received a strong quality rating. Studies examining information nudges providing nutrition information usually did so by providing nutritional labels at the point-of-choice. The effects of nutrition information nudges were most often studied in relation to purchases as the outcome as well as energy intake or energy content of purchases. Some studies provide evidence that the provision of nutrition information in food purchasing environments increases purchases of or choice for healthy items [1a, 7a, 7b, 8a, 10a], decreases purchases of unhealthy items [1b, 10b], and similarly, decreases energy intake or energy content of purchases [1c, 2a, 2b, 3, 4], although one study observed increased energy intake [5]. Contrary, other studies found no effects on purchases of healthy or unhealthy items [7c, 9a, 9b], or on energy intake or content of purchases [6] or food choice [8b]. Concluding, the effects of providing nutrition information in supermarket, small food store and cafeteria settings were heterogeneous but showed a modest tendency towards beneficial effects on studied outcomes.
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Fig. 3Harvest plot for information nudges providing nutrition information


Information nudges using signage
The harvest plot of information nudges using signage is shown in Fig. 4 and study characteristics and main findings are presented in Table 2. Two studies could not be visualized in the harvest plots and are presented in Additional file 3. Eight studies received a moderate quality rating, three studies received a weak quality rating, and three studies received a strong quality rating. Studies examining information nudges using signage generally displayed posters with health prompts, social norms, or health primes. The effects of signage nudges were generally evaluated on purchasing outcomes and studies were primarily conducted within cafeteria settings. Signage was associated with increased purchases of healthy items in several studies [2b, 2c, 3, 5a, 6, 7a, 7b, 7c, 9a, 10, 11], increased choice for healthy food [4] and with decreased purchases of unhealthy items [1a]. Contrary, also no change in purchases of healthy or unhealthy [1b, 2a, 2d, 5b, 8a, 8b, 9b, 12] items were observed. Concluding, effects for information nudges using signage in supermarket, small food store, and cafeteria settings were heterogeneous but showed a modest tendency towards beneficial effects on studied outcomes.
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Fig. 4Harvest plot for information nudges using signage


Position nudges
The harvest plot for position nudges is shown in Fig. 5 and study characteristics and main findings are presented in Table 2. Eight studies received a moderate quality rating and two received a weak quality rating. Studies examining position nudges generally manipulated proximity to healthy and unhealthy foods (e.g., decreasing proximity to healthy foods and increasing proximity to unhealthy foods). The effects of position nudges were most often studied in relation to purchasing outcomes. Overall, it can be concluded that in small food stores and cafeterias, increasing or decreasing the accessibility or visibility of healthy and unhealthy foods, respectively, showed increased purchases of healthy foods and decreased choice for unhealthy foods [1a, 2a, 3, 5, 6, 9]. However, other studies conducted in larger purchasing contexts such as supermarkets showed no effects on healthy food purchases [8, 10a]. Moreover, purchases of relocated unhealthy snacks (e.g., snacks that were relocated to more distant locations as a consequence of making healthy foods more accessible) [1b, 10b], energy intake [2b], or food choice [4] were not affected in both small and larger purchasing contexts. Lastly, one study showed counterintuitive findings, with increased and decreased purchases of unhealthy and healthy items, respectively, when healthy items had been made more accessible [7a, 7b]. Concluding, the effects of altering the proximity of healthy and unhealthy foods showed a modest tendency towards beneficial effects on outcomes in primarily smaller food purchasing environments, but not in larger food purchasing environments.
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Fig. 5Harvest plot for position nudges


Mixed nudging interventions
Several studies were identified that studied a combination of TIPPME intervention categories, which we phrased ‘mixed nudging interventions’. The harvest plot for mixed nudging intervention is shown in Fig. 6 and study characteristics and main findings are presented in Table 2. Four studies could not be visualized in the harvest plots and are presented in Additional file 3.
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Fig. 6Harvest plot for mixed nudging interventions


Eight studies received a moderate quality rating, eight studies received a weak quality rating, and two studies received a strong quality rating. The effects of mixed intervention nudges were most often studied in relation to purchasing outcomes in cafeteria or supermarket settings. Moreover, studies were often characterized by high quality study designs (e.g., RCTs and controlled trials). As for the effects of mixed nudging interventions on the outcomes studied, mixed nudging interventions generally did not affect purchases of healthy items [1a, 2b, 2d, 3c, 3d, 3e, 4a, 5b, 5e, 9, 11, 13a, 14] or unhealthy items [1b, 2a, 2c, 4b, 13b], or energy intake or -content of purchases [4c, 6]. Contrary, some studies observed increased purchases of healthier items [3a, 3b, 5a, 5c, 5f, 7a, 10a, 12a], decreased purchases of unhealthy items [7b, 10b, 12b], and decreased calorie content of purchases [8]. Also some counterintuitive findings were observed, with mixed nudging interventions being associated with increased purchases of unhealthy items [2e] and decreased purchases of healthy items [2f, 5d]. Concluding, the effects mixed nudging interventions in supermarket, small food store, and cafeteria settings were heterogeneous but showed a modest tendency towards no changes in studied outcomes.
Availability, size, functionality, and presentation nudges
Two studies were categorized as size nudges [74, 75]. In these studies, increasing the portion size of an entrée [74] and decreasing the portion size of sausages [75], was associated with increased energy intake and decreased meat purchases, respectively. Two studies described the effects of a functionality nudge [76]. In these studies, arrows on supermarket floors indicating the location of fresh fruits and vegetables were associated with increased fruit and vegetable purchasing. One study was categorized as a presentation nudge, during which participants were provided with a healthy or unhealthy sample and subsequent purchases in a supermarket were monitored [77]. The study showed that the consumption of a healthy sample was associated with increased subsequent healthy purchases.
Evidence for differential effects across SEP
Six studies evaluated the effects of nudges across levels of SEP, for which several indicators were used including educational level, food security, job type, and income. In subgroup analyses, there were modest indications that nudges – including signage, mixed nudging interventions, and position nudges – were significantly more effective among people with a lower educational level [44], in people with food insecurity [63], or in people on a food assistance program [59], respectively. Similarly, in two other mixed nudging intervention studies which used traffic-light labelling and accessibility changes, the extent to which red and green-labelled purchases were affected by the intervention differed in magnitude across job type in subgroup analyses [71] and the effect of the intervention on red-labelled purchases was significantly modified by job type, but not for overall purchases [67]. However, no evident pattern in purchasing differences across job types could be discerned, as job types could not be clearly classified by SEP. In another study which examined the effect of an information nudge providing nutrition information on calorie intake, no significant effect modification by income or educational level was observed [37].
Discussion
Main findings
In the present review, we aimed to assess the evidence for the effectiveness of nudges as classified according to TIPPME in promoting healthy purchases, food choice, or affecting energy content of purchases or intake within real-life food purchasing environments. Additionally, we aimed to investigate whether the effects of nudges are moderated by SEP. We observed that the evidence to date predominately focused on the effectiveness of information nudges (56%) and position nudges (13%), while less evidence is available on the effectiveness of other types of TIPPME nudging interventions. We also observed that studies often investigated short-term outcomes, with 81% of studies having an intervention duration shorter than 6 months. Also, the studies often relied on non-randomized designs and were most often conducted in cafeteria or supermarket settings.
The harvest plots showed that for information and position nudges modest tendencies towards beneficial effects on studied outcomes were present. Finally, we found indications that the effects of nudges may be moderated by SEP, showing larger effects among low SEP individuals. However, evidence was limited in quantity and the use of different measures of SEP hampered comparison of the evidence. Overall, studies were generally considered of moderate or weak quality, raising concerns about potential bias and warranting caution in the interpretation of the results.
Findings from the present review are in line with previous literature. Similar to the present study, a scoping review conducted by Hollands et al. concluded that most studies focused on information nudges [78]. The effectiveness of information nudges is however debated, as they deviate from the original definition of nudging, by relying partly on cognitive processing. One previous meta-analysis of field studies by Cadario and Chandon explored the effectiveness of nudges, using their own categorization of cognitive nudges, affective nudges and behavioural nudges. They concluded that cognitive nudges were least effective in affecting selection and consumption outcomes [79], observing a small effect size of d = 0.12, supporting the argument that information nudges are ‘sub-optimal’. In the present review, we observed that information nudges – largely overlapping with the definition of cognitive nudges by Cadario and Chandon – positively affected outcomes, but we could not compare the magnitude of effects to other TIPPME nudges given the inability to meta-analyse findings. Further evidence that information nudges work, even though considered ‘sub-optimal’ in terms of how they operate on a psychological level, comes from two recent systematic reviews and meta-analyses of nutritional package and/or point-of-purchase labelling in primarily supermarkets, cafeterias, and restaurants, showing statistically significant average decreases of 6.6 and 7.8% in energy intake, respectively [80, 81], although for the latter review the quality of evidence was rated as low.
We also observed a tendency towards healthier purchasing in smaller food purchasing contexts for position nudges. Although evidence is tentative and qualitative in nature, this finding is in line with multiple systematic reviews that examined the effects of position nudges on consumption and selection; choice, sales or servings; or on sales and consumption in primarily laboratory settings [13], school settings [11], and a range of micro-environments including cafeteria and laboratory settings [12], respectively. However, all reviews highlight that effects are generally small in magnitude and that the quality of evidence is considered to be low.
Finally, we observed that the effects of nudges may differ by SEP, with limited studies observing somewhat stronger effects in low SEP populations. Only one other systematic review and meta-analysis that examined the effectiveness of availability and proximity nudges systematically assessed whether the effects of these interventions were potentially modified by SEP, and found that effect sizes for position nudges were larger among studies conducted among populations with low deprivation status, as compared to studies conducted among populations from both high and low deprivation status [13]. For availability nudges, insufficient data was available to assess whether intervention effects were modified by SEP. An important reason for why evidence is limited in the present review, may be due to the fact that it is challenging to obtain detailed information on SEP in studies conducted in real-life food purchasing environments, as there is often less active engagement with the research population. For example, studies often monitor purchases following a nudging intervention, without consent or active participation of customers.
Strengths and limitations
Some limitations of the present review need to be addressed. First, given the substantial heterogeneity in study characteristics and incomplete study reporting, it was not possible to quantify the effects of the TIPPME intervention types using conventional meta-analyses techniques. An important reason for the heterogeneous study characteristics and study findings may relate to the focus on real-life purchasing contexts which are naturally less controlled environments as compared to laboratory settings. Additionally it may be due to our studied outcomes which were heterogeneous in terms of the types of foods that were targeted with nudging strategies. However, the use of harvest plots offers a visually appealing way to summarize the study information and study findings. This approach is preferable over a narrative analysis of study findings, as information is more easily digested by the reader and also less prone to bias, as studies are plotted in a systematic way [82]. Second, very few studies assessed dietary intake as outcome of nudging interventions. Alternatively, energy content of purchases was often calculated as a proxy of energy intake. Therefore, the majority of evidence is based on the evaluation of food purchases. As nudging is often suggested as a potentially important strategy in battling the obesity epidemic, it is crucial to evaluate its effects on more proximal health parameters, such as dietary intake, as well. Third, we adopted a broad 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. As a result of this search strategy, studies were included that did not clearly indicate to test a nudge, but did comply with nudging definitions laid out by the TIPPME typology. As these studies provided little theoretical background of the intervention under study, there was often limited information available to categorize the study according to TIPPME. For example, studies we categorized as information nudges based on the TIPPME definition, may partly rely on cognitive processing, and therefore may not satisfy the criteria for nudging. Finally, the majority of studies received a moderate to weak quality rating. Major quality issues related to the study design, which was often not randomized, which consequently raised concerns about potential for confounding. Concerns about the quality of nudging studies have also been highlighted in previous reviews [11–13].
Strengths of the current review include that it used an extensive search strategy, not only using ‘nudging’ and ‘choice architecture’ as search terms, but adding specific nudging intervention types as search terms as well. Indeed, a previous systematic review investigating the effectiveness of nudging strategies only included studies if they were specified as such by the original authors, resulting in only thirteen eligible publications [83]. Additionally, the present review builds upon the TIPPME typology which was the result of an extensive scoping review, and therefore provides a useful conceptual framework for structuring the evidence base. However, we acknowledge that categorizations remain broad and may be susceptible to different interpretations, and further enhancement of conceptual clarity is needed.
Implications for improved methods
Given the limitations of the evidence base addressed in this review, we provide several suggestions for improved methods. First, given the level of heterogeneity in study characteristics there is an urgent need for harmonization of methods in nudging studies to facilitate evidence accumulation. It is therefore important to establish common measures to asses SEP, such as composite measures combining both income, education, and job status [84]. Additionally, adherence to reporting standards such as Journal Article Reporting Standards (JARS) as laid out by the American Psychological Association would improve study reporting and therefore enhance evidence synthesis. Moreover, the field of psychological and behavioural science has been scrutinized for its inability to replicate some of its findings [85]. For example, a recent pre-registered study found no association between plate size and food consumption, which contrasted with earlier findings [86]. Therefore, efforts such as pre-registration of study protocols which allow replication are warranted to further advance the field of (nutrition) nudging [87].
Implications for future research and practice
From the present evidence, we highlight the following knowledge gaps present in nudging literature. First, future studies should focus on studying the effectiveness of non-information nudges (e.g., availability, position, functionality, or sizing nudges) in real-world settings. Second, given the limited available data on potential moderators of nudging effectiveness in real-world settings, the use of loyalty cards containing customer’s personal information would be a valuable contribution to the existing literature, allowing to examine the role of potential moderators such as age, sex, and SEP. Third, nudging studies often only targeted limited food categories, which does not justify complex food environments in which multiple other food choices are made. Moreover, it is difficult to make inferences about what changes in purchases of a selected number of foods actually constitutes in terms of an individual’s health. Therefore, future nudging studies that use loyalty cards, could nudge a wider array of food products and estimate changes in overall dietary quality on an individual level. Fourth, as the included literature in the present study mainly studied short-term effects, future studies should consider including a longer follow-up, as this long-term effectiveness is crucial to assess potential public health impact. Lastly, the present review highlights the viability of conducting nudging interventions in real-life purchasing contexts. Consequently, local policy makers or owners of local food stores could be encouraged to implement nudging interventions at local level. From a policy perspective, it is also of importance to consider the ethical aspects of nudging, which have been outlined previously [88].
Conclusion
This systematic review was the first to examine the effectiveness of nudging interventions on purchases, energy intake or content of purchases, and food choice in real-life food purchasing environments, using an elaborate search strategy drawing upon the TIPPME framework. We showed that evidence mainly focuses information and position nudges, while less evidence is available on the effectiveness of other TIPPME intervention types. We qualitatively demonstrated that information and position nudges might be effective in improving outcomes, especially purchasing outcomes, and that SEP may be a moderator for the effectiveness of nudges. However, evidence is limited and difficult to compare. More high-quality studies focusing on non-information nudges and examining long-term effectiveness in real-life food purchasing environments and obtaining detailed data on participant’s SEP are needed.
Supplementary information
Supplementary information accompanies this paper at https://​doi.​org/​10.​1186/​s12937-020-00623-y.
Acknowledgements
We thank Roderick C. Slieker for writing the R scripts for the harvest plots.

Authors’ contributions
MCH contributed to the design of the review, performed the literature search, study selection, data extraction, quality assessment, data synthesis and drafted the manuscript including tables and figures. FR contributed to the design and execution of the review, performed study selection, quality assessment, and made major revisions to the manuscript. FdB performed study selection, quality assessment and made minor revisions to the manuscript. JWJB contributed to the design and execution of the review, performed study selection, quality assessment and made major revisions to the manuscript. MG contributed to the design of the review and made minor revisions to the manuscript. IS contributed to the design and execution of the review, performed study selection, quality assessment, assessed data extraction, and made major revisions to the manuscript. YvdS contributed to the design and execution of the review and made major revisions to the manuscript. The author(s) read and approved the final manuscript.

Funding
Marjolein C. Harbers and Ivonne Sluijs were supported by the Netherlands Cardiovascular Research Initiative, an initiative with support of the Dutch Heart Foundation (CVON2016–04) and The Netherlands Organisation for Health Research and Development (531003001) in the context of the Supreme Nudge project. The Dutch Heart Foundation and The Netherlands Organisation for Health Research and Development had no role in the design, analysis or writing of this article.

Availability of data and materials
The dataset supporting the conclusions of this article is included within the article.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

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


References
	1.
GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2019;393(10184):1958–72. https://​doi.​org/​10.​1016/​s0140-6736(19)30041-8.Crossref

	2.
Darmon N, Drewnowski A. Does social class predict diet quality? Am J Clin Nutr. 2008;87(5):1107–17. https://​doi.​org/​10.​1093/​ajcn/​87.​5.​1107.CrossrefPubMed

	3.
McGill R, Anwar E, Orton L, Bromley H, Lloyd-Williams F, O'Flaherty M, et al. Are interventions to promote healthy eating equally effective for all? Systematic review of socioeconomic inequalities in impact. BMC Public Health. 2015;15:457. https://​doi.​org/​10.​1186/​s12889-015-1781-7.CrossrefPubMedPubMedCentral

	4.
Mechanic D. Disadvantage, inequality, and social policy. Health Aff (Millwood). 2002;21(2):48–59. https://​doi.​org/​10.​1377/​hlthaff.​21.​2.​48.Crossref

	5.
White M, Adams J, Heywood P. How and why do interventions that increase health overall widen inequalities within populations. In: Babones, editor. Social inequality and public health. Bristol: Policy Press; 2009. p. 64–81.Crossref

	6.
Houlihan S. Dual-process models of health-related behaviour and cognition: a review of theory. Public Health. 2018;156:52–9. https://​doi.​org/​10.​1016/​j.​puhe.​2017.​11.​002.CrossrefPubMed

	7.
Marteau TM, Hollands GJ, Fletcher PC. Changing human behavior to prevent disease: the importance of targeting automatic processes. Science. 2012;337(6101):1492–5. https://​doi.​org/​10.​1126/​science.​1226918.Crossref

	8.
Thaler RH, Sunstein CS. Nudge: Improving decisions about health, wealth, and happiness. New Haven: Yale University Press; 2008.

	9.
Hansen PG, Skov LR, Skov KL. Making healthy choices easier: regulation versus nudging. Annu Rev Public Health. 2016;37:237–51. https://​doi.​org/​10.​1146/​annurev-publhealth-032315-021537.CrossrefPubMed

	10.
Hollands GJ, Bignardi G, Johnston M, Kelly MP, Ogilvie D, Petticrew M, et al. The TIPPME intervention typology for changing environments to change behaviour. Nature Human Behav. 2017;1(8). https://​doi.​org/​10.​1038/​s41562-017-0140.

	11.
Broers VJV, De Breucker C, Van den Broucke S, Luminet O. A systematic review and meta-analysis of the effectiveness of nudging to increase fruit and vegetable choice. Eur J Pub Health. 2017;27(5):912–20. https://​doi.​org/​10.​1093/​eurpub/​ckx085.Crossref

	12.
Bucher T, Collins C, Rollo ME, McCaffrey TA, De Vlieger N, Van der Bend D, et al. Nudging consumers towards healthier choices: a systematic review of positional influences on food choice. Br J Nutr. 2016;115(12):2252–63. https://​doi.​org/​10.​1017/​s000711451600165​3.CrossrefPubMed

	13.
Hollands GJ, Carter P, Anwer S, King SE, Jebb SA, Ogilvie D, et al. Altering the availability or proximity of food, alcohol, and tobacco products to change their selection and consumption. Cochrane Database Syst Rev. 2019;8. https://​doi.​org/​10.​1002/​14651858.​CD012573.​pub2.

	14.
Dolan P, Hallsworth M, Halpern D, King D, Metcalfe R, Vlaev I. Influencing behaviour: the mindspace way. J Econ Psychol. 2012;33(1):264–77. https://​doi.​org/​10.​1016/​j.​joep.​2011.​10.​009.Crossref

	15.
Marchiori DR, Adriaanse MA, De Ridder DTD. Unresolved questions in nudging research: putting the psychology back in nudging. Soc Personal Psychol Compass. 2017;11(1):e12297. https://​doi.​org/​10.​1111/​spc3.​12297.Crossref

	16.
Arno A, Thomas S. The efficacy of nudge theory strategies in influencing adult dietary behaviour: a systematic review and meta-analysis. BMC Public Health. 2016;16:676. https://​doi.​org/​10.​1186/​s12889-016-3272-x.CrossrefPubMedPubMedCentral

	17.
Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically reviewing the literature: providing the research evidence for public health nursing interventions. Worldviews Evid-Based Nurs. 2004;1(3):176–84. https://​doi.​org/​10.​1111/​j.​1524-475X.​2004.​04006.​x.Crossref

	18.
Ogilvie D, Fayter D, Petticrew M, Sowden A, Thomas S, Whitehead M, et al. The harvest plot: a method for synthesising evidence about the differential effects of interventions. BMC Med Res Methodol. 2008;8:8. https://​doi.​org/​10.​1186/​1471-2288-8-8.CrossrefPubMedPubMedCentral

	19.
Cawley J, Sweeney MJ, Sobal J, Just DR, Kaiser HM, Schulze WD, et al. The impact of a supermarket nutrition rating system on purchases of nutritious and less nutritious foods. Public Health Nutr. 2015;18(1):8–14. https://​doi.​org/​10.​1017/​s136898001400152​9.CrossrefPubMed

	20.
Dubbert PM, Johnson WG, Schlundt DG, Montague NW. The influence of caloric information on cafeteria food choices. J Appl Behav Anal. 1984;17(1):85–92.Crossref

	21.
Elbel B, Taksler GB, Mijanovich T, Abrams CB, Dixon LB. Promotion of healthy eating through public policy: a controlled experiment. Am J Prev Med. 2013;45(1):49–55. https://​doi.​org/​10.​1016/​j.​amepre.​2013.​02.​023.CrossrefPubMedPubMedCentral

	22.
Eldridge AL, Snyder MP, Faus NG, Kotz K. Development and evaluation of a labeling program for low-fat foods in a discount department store foodservice area. J Nutr Educ. 1997;29(3):159–61. https://​doi.​org/​10.​1016/​S0022-3182%2897%2970181-X.Crossref

	23.
Freedman MR, Connors R. Point-of-purchase nutrition information influences food-purchasing behaviors of college students: a pilot study. J Am Diet Assoc. 2011;111(5 Suppl):S42–6. https://​doi.​org/​10.​1016/​j.​jada.​2011.​03.​008.CrossrefPubMed

	24.
Hobin E, Bollinger B, Sacco J, Liebman E, Vanderlee L, Zuo F, et al. Consumers’ response to an on-shelf nutrition Labelling system in supermarkets: evidence to inform policy and practice. Milbank Q. 2017;95(3):494–534. https://​doi.​org/​10.​1111/​1468-0009.​12277.CrossrefPubMedPubMedCentral

	25.
Hoefkens C, Lachat C, Kolsteren P, Van Camp J, Verbeke W. Posting point-of-purchase nutrition information in university canteens does not influence meal choice and nutrient intake. Am J Clin Nutr. 2011;94(2):562–70. https://​doi.​org/​10.​3945/​ajcn.​111.​013417.CrossrefPubMed

	26.
Johnson WG, Corrigan SA, Schlundt DG, Dubbert PM. Dietary restraint and eating behavior in the natural environment. Addict Behav. 1990;15(3):285–90.Crossref

	27.
Lassen AD, Beck A, Leedo E, Andersen EW, Christensen T, Mejborn H, et al. Effectiveness of offering healthy labelled meals in improving the nutritional quality of lunch meals eaten in a worksite canteen. Appetite. 2014;75:128–34. https://​doi.​org/​10.​1016/​j.​appet.​2013.​12.​005.CrossrefPubMed

	28.
Levin S. Pilot study of a cafeteria program relying primarily on symbols to promote healthy choices. J Nutr Educ. 1996;28(5):282–5. https://​doi.​org/​10.​1016/​S0022-3182%2896%2970102-4.Crossref

	29.
Sproul AD, Canter DD, Schmidt JB. Does point-of-purchase nutrition labeling influence meal selections? A test in an Army cafeteria. Mil Med. 2003;168(7):556–60.Crossref

	30.
Sutherland LA, Kaley LA, Fischer L. Guiding stars: the effect of a nutrition navigation program on consumer purchases at the supermarket. Am J Clin Nutr. 2010;91(4):1090s–4s. https://​doi.​org/​10.​3945/​ajcn.​2010.​28450C.CrossrefPubMed

	31.
Vyth EL, Steenhuis IH, Heymans MW, Roodenburg AJ, Brug J, Seidell JC. Influence of placement of a nutrition logo on cafeteria menu items on lunchtime food choices at Dutch work sites. J Am Diet Assoc. 2011;111(1):131–6. https://​doi.​org/​10.​1016/​j.​jada.​2010.​10.​003.CrossrefPubMed

	32.
Mazza MC, Dynan L, Siegel RM, Tucker AL. Nudging healthier choices in a hospital cafeteria: results from a field study. Health Promot Pract. 2018;19(6):925–34. https://​doi.​org/​10.​1177/​1524839917740119​.CrossrefPubMed

	33.
Steenhuis I, Van Assema P, Van Breukelen G, Glanz K, Kok G, De Vries H. The impact of educational and environmental interventions in Dutch worksite cafeterias. Health Promot Int. 2004;19(3):335–43. https://​doi.​org/​10.​1093/​heapro/​dah307.CrossrefPubMed

	34.
Cioffi CE, Levitsky DA, Pacanowski CR, Bertz F. A nudge in a healthy direction. The effect of nutrition labels on food purchasing behaviors in university dining facilities. Appetite. 2015;92:7–14. https://​doi.​org/​10.​1016/​j.​appet.​2015.​04.​053.CrossrefPubMed

	35.
Hammond D, Lillico HG, Vanderlee L, White CM, Reid JL. The impact of nutrition labeling on menus: a naturalistic cohort study. Am J Health Behav. 2015;39(4):540–8. https://​doi.​org/​10.​5993/​ajhb.​39.​4.​10.CrossrefPubMed

	36.
Milich R, Anderson J, Mills M. Effects of visual presentation of caloric values on food buying by normal and obese persons. Percept Mot Skills. 1976;42(1):155–62. https://​doi.​org/​10.​2466/​pms.​1976.​42.​1.​155.CrossrefPubMed

	37.
Vanderlee L, Hammond D. Does nutrition information on menus impact food choice? Comparisons across two hospital cafeterias. Public Health Nutr. 2014;17(6):1393–402. https://​doi.​org/​10.​1017/​s136898001300164​x.CrossrefPubMed

	38.
Aron JI, Evans RE, Mela DJ. Paradoxical effect of a nutrition labelling scheme in a student cafeteria. Nutr Res. 1995;15(9):1251–61. https://​doi.​org/​10.​1016/​0271-5317(95)02001-C.Crossref

	39.
Chu YH, Frongillo EA, Jones SJ, Kaye GL. Improving patrons’ meal selections through the use of point-of-selection nutrition labels. Am J Public Health. 2009;99(11):2001–5. https://​doi.​org/​10.​2105/​ajph.​2008.​153205.CrossrefPubMedPubMedCentral

	40.
Webb KL, Solomon LS, Sanders J, Akiyama C, Crawford PB. Menu labeling responsive to consumer concerns and shows promise for changing patron purchases. J Hunger Environ Nutr. 2011;6(2):166–78. https://​doi.​org/​10.​1080/​19320248.​2011.​576210.Crossref

	41.
Chen HJ, Weng SH, Cheng YY, Lord AYZ, Lin HH, Pan WH. The application of traffic-light food labelling in a worksite canteen intervention in Taiwan. Public Health. 2017;150:17–25. https://​doi.​org/​10.​1016/​j.​puhe.​2017.​04.​005.CrossrefPubMed

	42.
Sonnenberg L, Gelsomin E, Levy DE, Riis J, Barraclough S, Thorndike AN. A traffic light food labeling intervention increases consumer awareness of health and healthy choices at the point-of-purchase. Prev Med. 2013;57(4):253–7. https://​doi.​org/​10.​1016/​j.​ypmed.​2013.​07.​001.CrossrefPubMedPubMedCentral

	43.
Whitt OR, Jilcott Pitts SB, Rafferty AP, Payne CR, Ng SW. The effects of traffic light labelling versus cartoon labelling on food and beverage purchases in a children's hospital setting. Pediatr Obes. 2018;13(4):265–8. https://​doi.​org/​10.​1111/​ijpo.​12232.CrossrefPubMed

	44.
Allan JL, Johnston M, Campbell N. Snack purchasing is healthier when the cognitive demands of choice are reduced: a randomized controlled trial. Health Psychol. 2015;34(7):750–5. https://​doi.​org/​10.​1037/​hea0000173.Crossref

	45.
Buscher LA, Martin KA, Crocker S. Point-of-purchase messages framed in terms of cost, convenience, taste, and energy improve healthful snack selection in a college foodservice setting. J Am Diet Assoc. 2001;101(8):909–13. https://​doi.​org/​10.​1016/​s0002-8223(01)00223-1.CrossrefPubMed

	46.
Montuclard AL, Park-Mroch J, O'Shea AMJ, Wansink B, Irvin J, Laroche HH. College Cafeteria Signage Increases Water Intake but Water Position on the Soda Dispenser Encourages More Soda Consumption. J Nutr Educ Behav. 2017;49(9):764–71.e1. https://​doi.​org/​10.​1016/​j.​jneb.​2017.​05.​361.CrossrefPubMed

	47.
Ogawa Y, Tanabe N, Honda A, Azuma T, Seki N, Suzuki T, et al. Point-of-purchase health information encourages customers to purchase vegetables: objective analysis by using a point-of-sales system. Environ Health Prev Med. 2011;16(4):239–46. https://​doi.​org/​10.​1007/​s12199-010-0192-8.CrossrefPubMed

	48.
Policastro P, Palm T, Schwartz J, Chapman G. Targeted calorie message promotes healthy beverage consumption better than charity incentive. Obesity (Silver Spring). 2017;25(8):1428–34. https://​doi.​org/​10.​1002/​oby.​21885.Crossref

	49.
Scourboutakos MJ, Mah CL, Murphy SA, Mazza FN, Barrett N, McFadden B, et al. Testing a Beverage and Fruit/Vegetable Education Intervention in a University Dining Hall. J Nutr Educ Behav. 2017;49(6):457–65.e1. https://​doi.​org/​10.​1016/​j.​jneb.​2017.​02.​003.CrossrefPubMed

	50.
Payne CR, Niculescu M, Just DR, Kelly MP. Shopper marketing nutrition interventions: social norms on grocery carts increase produce spending without increasing shopper budgets. Prev Med Rep. 2015;2:287–91. https://​doi.​org/​10.​1016/​j.​pmedr.​2015.​04.​007.CrossrefPubMedPubMedCentral

	51.
Salmon SJ, De Vet E, Adriaanse MA, Fennis BM, Veltkamp M, De Ridder DTD. Social proof in the supermarket: Promoting healthy choices under low self-control conditions. Food Qual Pref. 2015;45:113–20. https://​doi.​org/​10.​1016/​j.​foodqual.​2015.​06.​004.Crossref

	52.
Kroese FM, Marchiori DR, de Ridder DT. Nudging healthy food choices: a field experiment at the train station. J Public Health (Oxf). 2016;38(2):e133–7. https://​doi.​org/​10.​1093/​pubmed/​fdv096.Crossref

	53.
Meiselman HL, Hedderley D, Staddon SL, Pierson BJ, Symonds CR. Effect of effort on meal selection and meal acceptability in a student cafeteria. Appetite. 1994;23(1):43–55. https://​doi.​org/​10.​1006/​appe.​1994.​1033.CrossrefPubMed

	54.
Meyers AW, Stunkard AJ, Coll M. Food accessibility and food choice. A test of Schachter's externality hypothesis. Arch Gen Psychiatry. 1980;37(10):1133–5.Crossref

	55.
Rozin P, Scott S, Dingley M, Urbanek JK, Jiang H, Kaltenbach M. Nudge to nobesity I: minor changes in accessibility decrease food intake. Judgm Decis Mak. 2011;6(4):323–32.

	56.
Van Gestel LC, Kroese FM, De Ridder DTD. Nudging at the checkout counter - a longitudinal study of the effect of a food repositioning nudge on healthy food choice. Psychol Health. 2017:1–10. https://​doi.​org/​10.​1080/​08870446.​2017.​1416116.

	57.
Chapman K, Ogden J. Nudging customers towards healthier choices. An intervention in the university canteen. J Food Res. 2012;1(2):13–21.Crossref

	58.
De Wijk RA, Maaskant AJ, Polet IA, Holthuysen NT, van Kleef E, Vingerhoeds MH. An in-store experiment on the effect of accessibility on sales of wholegrain and White bread in supermarkets. PLoS One. 2016;11(3):e0151915. https://​doi.​org/​10.​1371/​journal.​pone.​0151915.CrossrefPubMedPubMedCentral

	59.
Thorndike AN, Bright OM, Dimond MA, Fishman R, Levy DE. Choice architecture to promote fruit and vegetable purchases by families participating in the special supplemental program for women, infants, and children (WIC): randomized corner store pilot study. Public Health Nutr. 2017;20(7):1297–305. https://​doi.​org/​10.​1017/​s136898001600307​4.Crossref

	60.
Winkler LL, Christensen U, Glumer C, Bloch P, Mikkelsen BE, Wansink B, et al. Substituting sugar confectionery with fruit and healthy snacks at checkout - a win-win strategy for consumers and food stores? A study on consumer attitudes and sales effects of a healthy supermarket intervention. BMC Public Health. 2016;16(1):1184. https://​doi.​org/​10.​1186/​s12889-016-3849-4.CrossrefPubMedPubMedCentral

	61.
Gittelsohn J, Kim EM, He S, Pardilla M. A food store-based environmental intervention is associated with reduced BMI and improved psychosocial factors and food-related behaviors on the Navajo nation. J Nutr. 2013;143(9):1494–500. https://​doi.​org/​10.​3945/​jn.​112.​165266.CrossrefPubMedPubMedCentral

	62.
Dorresteijn JA, van der Graaf Y, Zheng K, Spiering W, Visseren FL. The daily 10 kcal expenditure deficit: a before-and-after study on low-cost interventions in the work environment. BMJ Open. 2013;3(1). https://​doi.​org/​10.​1136/​bmjopen-2012-002125.

	63.
Gamburzew AD, N.; Gazan, R.; Dubois, C.; Maillot, M.; Tome, D.; Raffin, S.; Darmon, N. In-store marketing of inexpensive foods with good nutritional quality in disadvantaged neighborhoods: increased awareness, understanding, and purchasing. Int J Behav Nutr Phys Act. 2016;13(1):104. https://​doi.​org/​10.​1186/​s12966-016-0427-1.CrossrefPubMedPubMedCentral

	64.
Gittelsohn J, Vijayadeva V, Davison N, Ramirez V, Cheung LW, Murphy S, et al. A food store intervention trial improves caregiver psychosocial factors and children's dietary intake in Hawaii. Obesity (Silver Spring). 2010;18(Suppl 1):S84–90. https://​doi.​org/​10.​1038/​oby.​2009.​436.Crossref

	65.
Foster GD, Karpyn A, Wojtanowski AC, Davis E, Weiss S, Brensinger C, et al. Placement and promotion strategies to increase sales of healthier products in supermarkets in low-income, ethnically diverse neighborhoods: a randomized controlled trial. Am J Clin Nutr. 2014;99(6):1359–68. https://​doi.​org/​10.​3945/​ajcn.​113.​075572.CrossrefPubMed

	66.
Lawman HG, Vander Veur S, Mallya G, McCoy TA, Wojtanowski A, Colby L, et al. Changes in quantity, spending, and nutritional characteristics of adult, adolescent and child urban corner store purchases after an environmental intervention. Prev Med. 2015;74:81–5. https://​doi.​org/​10.​1016/​j.​ypmed.​2014.​12.​003.CrossrefPubMed

	67.
Levy DE, Riis J, Sonnenberg LM, Barraclough SJ, Thorndike AN. Food choices of minority and low-income employees: a cafeteria intervention. Am J Prev Med. 2012;43(3):240–8. https://​doi.​org/​10.​1016/​j.​amepre.​2012.​05.​004.CrossrefPubMedPubMedCentral

	68.
Lowe MR, Tappe KA, Butryn ML, Annunziato RA, Coletta MC, Ochner CN, et al. An intervention study targeting energy and nutrient intake in worksite cafeterias. Eat Behav. 2010;11(3):144–51. https://​doi.​org/​10.​1016/​j.​eatbeh.​2010.​01.​002.CrossrefPubMedPubMedCentral

	69.
Cardenas MK, Benziger CP, Pillay TD, Miranda JJ. The effect of changes in visibility and price on fruit purchasing at a university cafeteria in Lima, Peru. Public Health Nutr. 2015;18(15):2742–9. https://​doi.​org/​10.​1017/​s136898001400273​0.CrossrefPubMed

	70.
Thorndike AN, Sonnenberg L, Riis J, Barraclough S, Levy DE. A 2-phase labeling and choice architecture intervention to improve healthy food and beverage choices. Am J Public Health. 2012;102(3):527–33. https://​doi.​org/​10.​2105/​ajph.​2011.​300391.CrossrefPubMedPubMedCentral

	71.
Thorndike AN, Riis J, Sonnenberg LM, Levy DE. Traffic-light labels and choice architecture: promoting healthy food choices. Am J Prev Med. 2014;46(2):143–9. https://​doi.​org/​10.​1016/​j.​amepre.​2013.​10.​002.CrossrefPubMedPubMedCentral

	72.
Seward MW, Block JP, Chatterjee A. A traffic-light label intervention and dietary choices in college cafeterias. Am J Public Health. 2016;106(10):1808–14. https://​doi.​org/​10.​2105/​ajph.​2016.​303301.CrossrefPubMedPubMedCentral

	73.
Lee-Kwan SH, Bleich SN, Kim H, Colantuoni E, Gittelsohn J. Environmental intervention in carryout restaurants increases sales of healthy menu items in a low-income urban setting. Am J Health Promot. 2015;29(6):357–64. https://​doi.​org/​10.​4278/​ajhp.​130805-QUAN-408.CrossrefPubMed

	74.
Diliberti N, Bordi PL, Conklin MT, Roe LS, Rolls BJ. Increased portion size leads to increased energy intake in a restaurant meal. Obes Res. 2004;12(3):562–8. https://​doi.​org/​10.​1038/​oby.​2004.​64.CrossrefPubMed

	75.
Vandenbroele J, Slabbinck H, Van Kerckhove A, Vermeir I. Curbing portion size effects by adding smaller portions at the point of purchase. Food Qual Pref. 2018;64:82–7. https://​doi.​org/​10.​1016/​j.​foodqual.​2017.​10.​015.Crossref

	76.
Payne CR, Niculescu M, Just DR, Kelly MP. This Way to Produce: Strategic Use of Arrows on Grocery Floors Facilitate Produce Spending Without Increasing Shopper Budgets. J Nutr Educ Behav. 2016;48(7):512–3.e1. https://​doi.​org/​10.​1016/​j.​jneb.​2016.​05.​001.CrossrefPubMed

	77.
Tal A, Wansink B. An apple a day brings more apples your way: Healthy samples prime healthier choices. Psychol Market. 2015;32(5):575–84. https://​doi.​org/​10.​1002/​mar.​20801.Crossref

	78.
Hollands GJ, Shemilt I, Marteau TM, Jebb SA, Kelly MP, Nakamura R, et al. Altering micro-environments to change population health behaviour: towards an evidence base for choice architecture interventions. BMC Public Health. 2013;13(1):1218. https://​doi.​org/​10.​1186/​1471-2458-13-1218.CrossrefPubMedPubMedCentral

	79.
Cadario R, Chandon P. Which healthy eating nudges work best? A meta-analysis of field experiments. Mark Sci. 2020. https://​doi.​org/​10.​1287/​mksc.​2018.​1128.

	80.
Shangguan S, Afshin A, Shulkin M, Ma W, Marsden D, Smith J, et al. A meta-analysis of food labeling effects on consumer diet behaviors and industry practices. Am J Prev Med. 2019;56(2):300–14. https://​doi.​org/​10.​1016/​j.​amepre.​2018.​09.​024.CrossrefPubMed

	81.
Crockett RA, King SE, Marteau TM, Prevost AT, Bignardi G, Roberts NW, et al. Nutritional labelling for healthier food or non-alcoholic drink purchasing and consumption. Cochrane Database Syst Rev. 2018;2(2):Cd009315. https://​doi.​org/​10.​1002/​14651858.​CD009315.​pub2.CrossrefPubMed

	82.
Harrison S, Jones HE, Martin RM, Lewis SJ, Higgins JPT. The albatross plot: a novel graphical tool for presenting results of diversely reported studies in a systematic review. Res Synth Methods. 2017;8(3):281–9. https://​doi.​org/​10.​1002/​jrsm.​1239.CrossrefPubMedPubMedCentral

	83.
Wilson AL, Buckley E, Buckley JD, Bogomolova S. Nudging healthier food and beverage choices through salience and priming. Evidence from a systematic review. Food Qual Prefer. 2016;51:47–64. https://​doi.​org/​10.​1016/​j.​foodqual.​2016.​02.​009.Crossref

	84.
Shavers VL. Measurement of socioeconomic status in health disparities research. J Natl Med Assoc. 2007;99(9):1013–23.PubMedPubMedCentral

	85.
Maxwell SE, Lau MY, Howard GS. Is psychology suffering from a replication crisis? What does “failure to replicate” really mean? Am Psychol. 2015;70(6):487.Crossref

	86.
Kosīte D, König LM, De-loyde K, Lee I, Pechey E, Clarke N, et al. Plate size and food consumption: a pre-registered experimental study in a general population sample. Int J Behav Nutr Phys Act. 2019;16(1):75. https://​doi.​org/​10.​1186/​s12966-019-0826-1.CrossrefPubMedCentral

	87.
Simons DJ, Holcombe AO, Spellman BA. An introduction to registered replication reports at perspectives on psychological science. Perspect Psychol Sci 2014;9(5):552–5. doi: https://​doi.​org/​10.​1177/​1745691614543974​.

	88.
Schmidt AT, Engelen B. The ethics of nudging: an overview. Philos Compass. 2020;15(4):e12658.Crossref



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


OEBPS/navigation.xhtml

    
      Contents


      
        		The effects of nudges on purchases, food choice, and energy intake or content of purchases in real-life food purchasing environments: a systematic review and evidence synthesis


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12937_2020_623_Fig6_HTML.png
Increase No change Decrease

s s sss S S S Sssssscccs s
cccec ccccc cccec
Purchases
5a 5c 5f 3a3b 12a 7a10a2e 1a 1b 4a 4b 5b 5e 3c 3d 3e 1113a13b14 2a2b2c2d 9 5d 12b 7b10b2f
s
s c
Energy
4c 6 8
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intervention duration (increasing width = longer study duration); bar height indicates study design (high bars = RCTs and controlled trials; low bars = before-after
studies); C = cafeteria setting; S = supermarket and small food-store setting.






