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Abstract

This narrative review provides a summary and critical discussion of the ef-
fectiveness of behavioral and economic interventions in promoting healthier
eating habits. While financial incentives alter food choices through changes
in prices and monetary incentives, behavioral nudges leverage human biases
to subtly push individual choice toward welfare-enhancing options without
restricting freedom of choice or using monetary instruments. Review arti-
cles and empirical studies were selected on the basis of predefined criteria,
focusing on the impact of interventions on food purchase, consumption, and
adiposity indicators. Our findings highlight the strengths and limitations
of both approaches and reveal potential synergies and gains from finan-
cial and behavioral interventions. This narrative review identifies research
gaps and provides recommendations for future investigations to enhance
the effectiveness and scalability of interventions aimed at improving dietary
behaviors.
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1. INTRODUCTION

Over 4 billion people—more than half of the global population—are expected to become over-
weight or obese by 2035, up from 2.6 billion in 2020 (159). Excess weight is strongly associated
with diet-related noncommunicable diseases (NCDs), such as obesity, hypertension, heart disease,
stroke, diabetes, kidney disease, and cancer (159). Many chronic conditions are preventable, and
improving dietary habits offers a promising way to reduce their incidence (158). Healthy dietary
habits are defined by the consumption of more nutrient-dense food—including fruits and vegeta-
bles (FVs); legumes; whole grains; seeds and nuts; and lean meat, poultry, fish, and seafood—while
limiting the intake of sugar, ultraprocessed foods, saturated fats, sodium, and alcohol (128). De-
spite widespread healthy-eating education and campaigns, obesity rates remain alarmingly high,
suggesting difficulties for inducing healthy dietary changes with informational interventions alone
(81).

Financial incentives are one way to influence behavior and encourage healthier food choices.
There is a long history of using paternalistic macroeconomic tools (or carrot-and-stick ap-
proaches) for reducing consumption of unhealthy food through taxation (sticks) or incentivizing
healthy food consumption through subsidies (carrots) (5). Fiscal measures are used to modify rela-
tive prices to influence consumer food choice. For instance, consumers might choose whole-grain
bread over low-fiber options or opt for unsweetened beverages instead of sugar-sweetened ones
in response to price changes from direct policy interventions.

Nudging is an alternative approach that exploits inherent human behavior biases to influence
choices without monetary incentives while preserving freedom of choice. In their seminal work,
Thaler & Sunstein (141) define a nudge as “any aspect of the choice architecture that alters peo-
ple’s behavior in a predictable way without forbidding any options or significantly changing their
economic incentives” (p. 6). Behavioral nudges have emerged as a potential path to implement
affordable and scalable outcomes. This narrative review discusses both financial incentives and
behavioral nudges as vehicles to change and maintain food-related behavior toward healthier
nutritional outcomes. Figure 1 presents a summary of the selected interventions. We devote
a richer discussion to behavioral nudges because they are less understood and there is limited
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Taxes
10 studies (2007-2020)

Financial incentives

Subsidies
13 studies (2001-2021)

Other financial incentives
3 studies (2008-2022)

Information provision
17 studies (2000-2020)

Enhancing health salience
16 studies (2008-2019)

Sugar-sweetened beverages

Ingredient-based and calorie-based

Price reductions or discounts
Coupons/vouchers

Rebates and cash-back programs

Information on prepackaged foods
Information in food services menus
Priming

Social norms

Default options

Behavioral nudges 5 studies (2017-2021)

Preplanning and commitment
3 studies (2013-2018)

Product variety
Redesigning the food

environment
26 studies (2003-2023)

Product positioning
Portion size
Presentation

Figure 1

Economic interventions using financial incentives and nonmonetary behavioral nudges to improve dietary
behaviors.

evidence regarding their long-term effects compared with financial incentives, which have a
long-standing tradition and presence in the existing literature. By surveying the current body of
evidence, this narrative review seeks to identify gaps in research and practice and ultimately offer
guidance for future investigations and potential promising interventions with the potential for
sustained effects for influencing healthier dietary habits.

We use a narrative review approach (105) to selectively synthesize existing research on the role
of behavioral and economic interventions in improving dietary behaviors. To ensure a compre-
hensive and systematic selection of relevant studies, two graduate research assistants conducted
the literature search under the first author’s guidance. The three authors met regularly to re-
view progress, resolve discrepancies, and maintain consistency. We predefined clear inclusion and
exclusion criteria for selecting relevant studies; although most papers cover research conducted
in the United States, we were not restricted to a specific geographical area and included studies
from all over the world. We included systematic reviews and individual empirical studies that in-
vestigate the impact of financial incentives and/or nudges on adults’ (un)healthy food intake and
sales (primary outcomes) or adiposity indicators (i.e., weight, body mass index, etc.) (secondary
outcomes) regardless of the duration of the intervention (if any). Studies that captured changes in
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adiposity or any other health indicator resulting from nonnutritional change (e.g., exercising) were
excluded.

2. FINANCIAL INCENTIVES

This section focuses on taxes and subsidies that can be used as punishment (sticks) and reward
(carrots). We also discuss to a lesser extent other financial incentives designed to influence indi-
vidual food choice such as cash rewards, lotteries, and deposit contracts. A table summarizing the
selected research on financial incentives can be found in Supplemental Table 1.

2.1. Taxes

Governments have frequently resorted to directly influencing dietary choices and combating obe-
sity and NCDs by taxing specific food categories to reduce their consumption. These types of
taxes, sometimes referred to as fat taxes, can target products at various stages of the supply chain,
from production to retail, and focus on entire categories such as sugar-sweetened beverages (SSBs)
or specific nutrients such as fat and sodium.

SSBs, such as sodas, fruit drinks, and energy drinks, are a significant source of added sugars
in the American diet, contributing ~145 kcal per day, or 6.5% of daily calories (125). Research
on SSB taxes is often divided into two categories. Some studies look at SSB taxes that are imple-
mented at the country or municipality level. For example, Cawley et al. (21) suggest that SSBs
taxes in cities such as Philadelphia, Oakland, and Seattle had little to no aggregate impact on SSBs
purchases, with some evidence of increased purchases of the targeted beverages outside city limits,
to avoid the tax (20). Other studies estimated that a 20% tax on SSBs could lead to yearly weight
reductions ranging from 2 to 4 1b among adults (39). While these studies emphasize that ignoring
substitution between beverage types can lead to an overestimation of weight loss by up to 30%,
Finkelstein et al. (45) did not find evidence that a 20% SSB tax would cause consumers to substi-
tute sugary foods and showed that complementary foods could contribute to decreasing energy
purchases.

On the other hand, ingredient-based taxes target specific food ingredients that exceed prede-
fined thresholds, aiming to reduce consumption by raising prices (28) and ultimately encouraging
manufacturers to reformulate products. Substitution might arise here as well, as Jensen & Smed
(66) reported that although a fat tax decreased the consumption of butter, margarine, and oils
by 10-15%, some consumers shifted to cheaper oil alternatives. A key policy question that still
remains is whether taxes should target specific ingredients or entire product categories. Previous
studies argue that taxing specific nutrients, such as sugar or fat, is more effective than taxing sweet-
ened product categories, as it lowers the consumption of unhealthy products with less financial
impact on consumers (92) and limits the likelihood of substituting untaxed, unhealthy products
(70). Others suggest that calorie-based taxes, which are less studied, might be the most effective
as they directly target reductions in caloric intake or specific substances known to cause chronic
disease (3), whereas taxes on specific ingredients impact only certain foods, potentially leading
consumers to switch to other (untaxed) high-calorie alternatives.

Despite their effect on reducing the consumption of unhealthy products and their potential
for substantial revenue generation for the government, taxes should be approached with caution.
For instance, individuals might associate higher prices with higher quality or uniqueness and
potentially increase the demand for taxed unhealthy foods (112); individuals may value their
freedom of choice, resulting in a backlash of higher consumption (161); or taxes may produce
stronger adverse effects on vulnerable subpopulations such as low-income households (38). Some
studies claim that although taxes may place a heavy financial burden on low-income groups,
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this regressivity may diminish in the long run if these groups benefit from decreased sugar
consumption and the prevention of related health issues (41).

In the United States, fat taxes are often applied at the point of sale; therefore, consumers do
not necessarily see the increased price at the time of purchase (84). Identical sales taxes can impact
purchasing behavior differently depending on how separably visible and understandable they are at
the point of purchase. In this regard, experimental findings reveal that consumers show a greater
response to a 20% tax on unhealthy lunch foods when the tax is simply added to the displayed
price, compared with when the tax is added separately later at checkout because it increases the
salience of the tax and perhaps by implication highlights the unhealthy nature of the product (25).
Also, the tax pass-through rate, which measures how much of the tax is reflected in the retail price
increase, can vary on the basis of the relative elasticities of supply and demand; producers and
distributors might absorb part or all of the tax to avoid a decrease in sales revenue. Additionally,
to avoid an ingredient-based tax while keeping retail prices stable, manufacturers may alter the
product’s nutritional quality by switching to more expensive ingredients or changing production
processes. As a result, low-income households may face costlier and less available products, while
higher-income households might still have access to high-quality products without experiencing
the same price increases.

2.2. Subsidies

Subsidies, known as thin subsidies, aim to promote healthier diets by reducing the prices of healthy
foods, making them more affordable relative to other food offerings. Subsidies can be delivered
through various mechanisms, including well-studied approaches such as price reductions and
coupons/vouchers as well as less popular channels such as rebates and cash-back programs.

Price reductions through subsidies are effective. For example, an average 31% price reduction
led to a 10-42 % increase in sales of healthy snacks at worksite vending machines (50). Also, a 50%
price reduction on salads sold in cafeterias led to an 83% increase in sales (75). Most studies in
the topic employed a fixed subsidy level, limiting the examination of dose-response relationships
and the subsidy size effect on the outcome. Exceptions include the study by French et al. (49),
who found that 10%, 25%, and 50% price discounts on low-fat snacks increased sales by 9%,
39%, and 93 %, respectively. Few pricing studies included follow-up periods to assess long-term
dietary changes. Michels et al. (93) observed sustained effects with a twofold increase 5 weeks after
a 20% price reduction, whereas Mhurchu et al. (91) noted sustained effects after 6 months and a
halving of effects after 12 months as a response to a 12.5% price reduction. While most studies
focused on the impact of price reductions on food choice and sales, a few used food frequency
questionnaires or dietary recalls to measure consumption (7). Evidence on the differential effects
of price discounts across populations with varying characteristics is sparse. Blakely et al. (12) is
one of the few studies examining the heterogeneous effects of price discounts on food purchases
across ethnic and socioeconomic groups, finding no significant differences by household income
or education, but variations by ethnicity.

Coupons/vouchers are subsidy mechanisms often targeted to specific subpopulations such as
low-income households participating in federal nutrition assistance programs, for instance, the
Supplemental Nutrition Assistance Program and the Women, Infants, and Children (WIC) pro-
gram. For instance, many studies have found that vouchers for FVs increase WIC participants’
consumption of these products (60, 61). Although scarce, studies using other sample populations
show similar results (145). Evidence on whether restricting voucher benefits to purchases of only
FVs improves overall dietary intake or whether it is more efficient to distribute benefits more
frequently (weekly versus monthly) remains limited. However, Basu et al. (8) found that limiting
vouchers to FVs and increasing distribution frequency from monthly to weekly did not improve
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consumption of FVs or reduce calorie-dense food purchases. The declining value of vouchers rel-
ative to rising food costs, challenges in accessing registered retailers, ease of use, and barriers to
program enrollment can also impact the vouchers’ effectiveness (89).

The literature comparing the effectiveness of different subsidy mechanisms is scarce. Few stud-
ies show that vouchers have the dual impact of lowering prices and providing an informational
boost, which potentially makes them more effective than simple price discounts. If coupon usage
is low, their overall effect would be less than that of a pure price discount (40). Although less stud-
ied, rebates and cash-back programs' have been found to increase the sales of targeted FVs (100)
and vegetable-rich meals at restaurants (99). However, their use may not be as straightforward
as price reductions due to the imposed cognitive burden of calculating rebate values, especially
among less-educated consumers (101). Imperfect understanding of which items qualify for the
rebate could result in errors that can decrease rebate impacts.

While the resulting increase in real income from these subsidies could lead to higher overall
food expenditures, including for unhealthy foods, since the subsidy is often very small as a pro-
portion of total income or even food expenditures, its effect is likely minimal (4). In fact, findings
on the optimal magnitude of subsidies are inconclusive. Andreyeva et al. (5) argue that subsidies
for healthy foods would need to be relatively large to create substantial changes in consumer pur-
chases and ultimately improve the diet and health of a population. Conversely, Cash et al. (19)
indicate that a 1% reduction in the price of FVs could potentially prevent nearly 10,000 cases of
coronary heart disease and ischemic strokes in the United States. The authors suggest that even a
modest subsidy on these foods could be an effective strategy for delivering significant health ben-
efits, particularly among disadvantaged populations. Most subsidy studies focus on low-income
populations, leading to calls for targeted subsidies for food-stamp recipients to help reduce health
disparities. Such measures could enable low-income families to consume healthier foods at levels
closer to those of wealthier households (58). Expanding subsidies to include higher-income in-
dividuals is unlikely, as the high cost of subsidies has made policymakers hesitant to implement
them more broadly.

2.3. Comparing the Effects of Taxes Versus Subsidies

Taxes and subsidies are among the most extensively studied policy tools for addressing diet-related
health issues, as they can influence consumption habits and generate revenue to help prevention
measures and offset health-care costs associated with obesity. Cawley et al. (22) conducted a field
experiment comparing the effects of framing 10% price changes as either a subsidy or a tax. While
no significant overall differences were found, lower-income households in the subsidy-framed
condition purchased more unhealthy food than those in the condition framed as a tax. Papoutsi
et al. (104) found that when both a fat tax and a subsidy were applied simultaneously, parents’
choices of food for their children shifted toward healthier options, although child pestering weak-
ened the effect. Darmon et al. (35) reported that low-income women bought fewer subsidized
and more taxed foods than medium-income women; hence, they benefited less from subsidies
and paid more taxes, increasing the socioeconomic inequalities in nutrition outcomes. Similarly,
Muller et al. (98) analyzed experimental data to explore the distributional effects of fat taxes and
thin subsidies on women with very low (i.e., €700 or less) to medium (i.e., over €1,050) incomes.
Their findings suggest that both policies are generally regressive and often benefit higher-income
individuals. The combined subsidy/tax approach led to significant nutritional improvements

IWhile rebates require consumers to pay the full price up front and submit a claim for the refund, cash-back
programs are typically applied automatically during or after the transaction.
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among the higher-income participants, potentially exacerbating health disparities between
income groups.

When taken as a whole, taxes and subsidies are shown to effectively promote healthier eating
by boosting the consumption of nutritious foods and reducing the purchase of items high in fat,
sodium, and sugar. Additionally, the revenue generated from these taxes can be used to support and
improve prevention efforts for NCDs, potentially reducing their impact on society and lowering
related health-care costs. Some research even claims that implementing subsidies alongside taxes
can effectively offset the financial burden imposed by the taxes. For instance, Valizadeh & Ng (146)
found that depending on how the tax is passed on to consumers and the subsidy rates, subsidies on
FVs can completely counterbalance the tax burden on those who purchase large amounts of SSBs.

2.4. Other Less Popular Financial Incentives to Promote Healthy Food

It is important to note that there are other less popular financial incentives that may also influ-
ence food-related behavior. Cash rewards, for instance, have been mostly tested among children,
with very limited focus on adults. List et al. (82) found that introducing a small cash reward for
purchasing fresh produce more than doubled the number of cups of fresh produce purchased at
a grocery store, and even after the incentives were removed, the treatment group continued to
purchase more produce. Also, Franckle et al. (48) reported that in-store gift cards reduced the
purchase of SSBs among customers at a community supermarket. Lotteries and deposit contracts
are additional mechanisms that have mostly been used in weight-loss studies (153), with promis-
ing results that could be extended to food choices. In particular, lottery incentives involve offering
participants the opportunity to receive lottery tickets that provide a chance to win a prize if they
fulfill predefined conditions. While these incentives rely on price and income effects, their ef-
fectiveness is influenced by the expected value of the prizes, considering the chances of winning.
On the other hand, in the deposit contracts, individuals commit their own money up front as a
deposit, which they reclaim only if they meet specific conditions. This is an underexplored area
that may produce positive results while reducing potential implementation costs by adding, for
example, lottery rewards that incentivize positive behavior but reduce the implementation cost of
the program.

3. BEHAVIORAL NUDGES

Nudges are designed to guide individuals toward more beneficial choices without restricting their
freedom of choice (140). Sunstein (137) states that, to ethically influence behavior, a nudge should
(@) enhance people’s welfare, () maintain freedom of choice, (¢) treat all individuals with respect
to uphold dignity, and (d) ensure individuals’ ability to make their own decisions; Roberts (118)
adds a fifth principle that is of particular importance for nutrition interventions: (¢) distributive
justice to ensure that all individuals, and particularly those vulnerable or at high risk, also benefit
from the nudge. In consumer research, most nudges have been nutritional information provision
and modifications to the environment in which consumers make food decisions. Nudges can have
several taxonomies and classification, such as those by Bauer & Reisch (9); in this article, we classify
nudges into five main categories. A summary of the selected research on behavioral nudges can be
found in Supplemental Table 2.

3.1. Information Provision

Information provision strategies aim to influence consumer food choices by increasing aware-
ness and understanding of nutritional content. These interventions typically involve nutrition
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labeling on prepackaged foods and calorie and nutrient information displayed on food service
menus, enabling more informed decisions at the point of purchase.

3.1.1. Nutritional information on prepackaged foods. The Nutrition Labeling and Educa-
tion Act of 1990 mandates that food manufacturers display nutritional information on packaged
food products. Information can be provided on the back of package (BOP) or front of package
(FOP). BOP labels typically include nutrition tables per serving and ingredient lists (121). There is
evidence that nutrition tables help decrease the intake of calories from fat, cholesterol, and sodium
(73), while increasing the intake of fiber and iron (150). However, other studies have found a weak
effect on snacking behavior but not on other dietary components (e.g., fat, fiber) (106). FOP la-
bels are designed to supplement the BOP nutrition table by summarizing the product’s nutritional
content. These labels present information in different formats, with traffic light (TL) labels be-
ing the most widely studied FOP format. For instance, evidence suggests that TL labels can help
participants distinguish product healthiness without affecting the perceived tastiness of healthier
options (78). The red color in TL labels, indicating low nutritional quality, was found to have a
stronger and longer effect on reducing willingness to pay (WTP) for breakfast cereals than green
or yellow labels (88). Guideline daily amount (GDA) and rating systems are other widely used
FOP formats that have proven effective at promoting healthier purchases (24, 42).

While Hawley et al. (59) suggest that TL labels are more effective than GDA and other types
of labels, Crosetto et al. (32) found that this is true only for time-constrained subjects. However,
when subjects do not face time constraints, GDA performs better than TL labels, suggesting that
color-coded labels are easier to process under time pressure. In a later study, Crosetto et al. (33)
found that although all FOP formats improved nutritional quality, NutriScore was the most ef-
fective, followed by Health Star Rating. To reveal further insights on how labels are processed
by consumers, several studies have used functional magnetic resonance imaging to compare the
brain activation areas when using colors (i.e., TL) or numbers (i.e., GDA) in food labels. Although
Enax et al. (44) argued that different colors elicit activation in different brain regions associated
with self-control (red) and pleasure/reward expectation (green), Prevost et al. (114) concluded
that, despite the expedited responses observed with color coding, both colors and numbers were
evaluated by brain regions associated with the processing of arithmetic and complex informa-
tion. For increased effectiveness, it is recommended that the label be large and placed in the
top-right corner of the package to increase its salience, which aligns with eye-tracking studies
demonstrating that the upper screen positions generate higher attention, with slightly higher
attention and choices among products in the upper right position (102). In addition, Crosetto
et al. (33) suggests that only nutrients with the greatest impact on population health should be
highlighted.

Sociodemographic and behavioral characteristics should be considered when evaluating label
effectiveness, especially among vulnerable populations. Tailoring labels to specific groups can im-
prove outcomes, as demonstrated by a study on a rural American reservation where tailored labels
increased WTP for heathier foods (56). Health consciousness also influences responses to labels,
with some studies suggesting that calorie labels have the greatest impact on those who are the
least health-conscious (43). Additionally, many consumers struggle with quantitative information
such as serving sizes and daily intake percentages, creating confusion when comparing products
(17). This highlights the need for simpler and clearer labeling. Finally, it is important to mention
that FOP labels have been criticized for being self-regulated by the food industry, often failing
to meet standard nutritional criteria or including claims without universally accepted definitions,
leading experts to suggest that the industry’s involvement in designing labeling systems should be
scrutinized (116).

Hosni  Palma o Segovia



3.1.2. Nutritional information in food service menus. The Patient Protection and Afford-
able Care Act (ACA) of 2010 stipulates that restaurants with 20 or more locations must provide
calorie information to patrons (46).In 2023, food expenditures at away-from-home establishments
accounted for 58.5% of total food spending (133), increasing the interest of researchers in the im-
pact of the ACA law on consumer behavior. For example, Bollinger et al. (13) found that after New
York City’s menu label law was passed, average calories per transaction at Starbucks decreased by
6%. This effect was driven mainly by food orders, with no significant change observed for beverage
calories. In a five-year follow-up after the ACA, Cantor et al. (16) found no statistically significant
changes over time in levels of calories or other nutrients purchased or in the frequency of visits to
fast-food restaurants in New York City.

The impact of menu labeling on food choice has been the focus of many studies. For example,
Cawley et al. (23) provided a group of patrons with menus containing calorie counts and another
group with unlabeled menus. Menus with calorie labeling resulted in a 3% reduction in the num-
ber of calories ordered, along with fewer appetizers and entrées being chosen. Pulos & Leng (115)
examined how adding nutrient information to restaurant menus affected customer food choices
and found that, on average, entrées sold after labeling contained fewer calories, less fat, and less
sodium than those sold before labeling. An emerging literature in economics documents that con-
sumers sometimes intentionally avoid information to enjoy an action guilt-free. In a food context,
Sunstein (138) shows that some people may choose to avoid calorie information to indulge in more
delicious food and consume more calories. This emerging view, departing from the conventional
information economics concept that information is always valuable, provides a good example of
the complexity of individual decision-making in the presence of nutritional information.

3.2. Enhancing Health Salience

Enhancing the salience of health-related goals at the decision stage is a promising strategy for
promoting healthy eating. Subtle cues, such as verbal prompts, sensory stimuli, and social compar-
isons, can increase the cognitive accessibility of health goals, thereby nudging individuals toward
more nutritious food choices.

3.2.1. Priming. Human nature is attracted to rewarding hedonic behaviors (76), such as in-
dulging in high-sugar desserts and fried foods that stimulate an immediate sense of gratification.
Prompting to recall healthy eating intentions at the time of decision-making using priming tech-
niques influences choice (62). Priming can be done using a verbal cue, for example, to state that
“chocolate can make people happy, but fat,” which led participants to eat less chocolate (15).
Adding a reminder such as “Are you also watching your weight?” on restaurant menus induced
customers to choose low-calorie meals more often (103). Similarly, adding a dish-of-the-day la-
bel to vegetable-rich meals increased their selection and consumption (129). Verbal priming was
also leveraged by several healthy eating campaigns, such as Choose Less, Weigh Less, which en-
couraged portion control (53), and Go for 2&5®, which promoted daily fruit and vegetable intake
(113); both were found to improve nutrition knowledge, attitudes, and consumption behavior. A
systematic review by Abril & Dempsey (1) found that campaigns combining stop (i.e., preventing
unhealthy food intake) and go (i.e., promoting healthy food) messaging were more effective than
those with a singular focus. Despite their effectiveness, healthy eating campaigns must avoid re-
inforcing stigma, as anti-obesity campaigns blaming individual behaviors for obesity have raised
concerns about stigmatization of overweight and obese people (160).

Priming can also be achieved through subtle nonexplicit cues using odors, images, or sculptures
portraying athletic bodies. For example, exposure to high-caloric food aromas has led to a reduc-
tion in consumption of unhealthy alternatives (31), while exposure to pear smell has increased
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fruit dessert choices (52). Mors et al. (97) argue that odor exposure did not significantly influence
food choices and that participants exposed to cucumber odor reported a lower positive mood than
those in the bread odor condition. Using slim human-like sculptures as health cues reduced the
consumption of chips (136) and increased the choice of healthy snacks at vending machines (135).
The effectiveness of priming cues depends on people caring about healthy eating or having related
goals, such as weight loss, that could be activated with the stimuli at the decision time (47).

3.2.2. Social norms. Social norms effectively provide implicit codes of appropriate conduct,
which can influence individuals’ food choices, particularly since eating is a highly social and cul-
tural activity (63). For example, installing placards on grocery shopping carts informing shoppers
of the average number of fresh produce items bought and the most common FVs sold at a su-
permarket resulted in a higher proportion of fresh produce purchases (107). On the other hand,
Cheung etal. (26) found that advertising yogurt shakes as the best-selling choice among customers
did not significantly affect the sales. Further, social psychology distinguishes descriptive norms
from injunctive norms. Descriptive norms define the behavior of peers in a social setting, while
injunctive norms describe the behavior considered to be acceptable or unacceptable by peers (27).
In addition to testing an unhealthy descriptive norm, “Every day more than 150 students have a
burger for lunch here,” and a healthy descriptive norm, “Every day more than 150 students have
a tossed salad for lunch here,” Mollen et al. (95) tested an injunctive norm, “Have a tossed salad
for lunch!” Their findings suggest that both healthy social norms signs (i.e., descriptive and in-
junctive) increased the number of healthy food choices relative to the unhealthy descriptive norm
message. However, while the healthy descriptive norm message resulted in more healthy choices
compared with the norm-absent control condition, those exposed to an injunctive norm message
did not make significantly more healthy food choices than those in the control condition.

Robinson et al. (120) found that descriptive social norms were more effective on low consumers
of FVs compared with the health message and the injunctive norm with no aggregate effects for
the overall population in a previous study (119). This is likely because high consumers of FVs
were already aware of their benefits and adhering to the norm. The observed null effect of the
injunctive norm compared with the descriptive norm could be due to the specific nature of each
norm. While descriptive norms tend to change depending on the situation, injunctive norms are
more like a universal cultural guide on how to behave and what is the right thing to do in general,
which is known to most people. Consequently, descriptive norm messages can alter people’s per-
ception and change their behavior, but injunctive norm messages target already-existing beliefs
(95). Additionally, since injunctive norms interventions are mainly based on telling people what to
do, they can cause reactance. Hence, rather than simply saying “You should eat more FVs,” Hogg
& Reid (65) suggest that this injunctive norm could be coupled with some terms such as “Your
doctor believes you should eat more FVs” and “Your children would want you to eat more FVs”
to enhance the norm acceptability and credibility.

3.3. Default Options

People tend to stick with predetermined design features despite the availability of additional al-
ternatives to customize their experience. This is a phenomenon known as the status quo bias or
default effect (69), widely studied in many contexts such as organ donations (67) and pension sav-
ings (139) but with limited applications in the food domain. While people can freely choose the
side dishes to accompany their main meal choice, the default picture tends to influence choice.
Friis et al. (51) showed that providing a preportioned salad as the default option increased the in-
take of salads; however, it did not decrease total energy intake. Loeb et al. (83) studied the effect of
default menu options (healthy or unhealthy) in a community center where parents were asked to
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make a breakfast choice for their child. They found that all parents given the healthy menu option
stuck to the default option and that parents given the standard menu option did not request the
healthier menu, suggesting a strong status quo bias. Similarly, Van Kleef et al. (148) conducted an
experiment where half of the participants were offered a whole wheat bun as the default alternative
and the other half were offered a white bun as the default. While all of them could switch their al-
ternative, almost all participants stuck with the default option in both treatments, showcasing the
potential large effects of defaults to induce a desirable outcome. Coffino et al. (30) demonstrated
that using a default online shopping cart can improve the nutritional quality of food purchased
among low-income food-insecure individuals, and a more recent study confirmed its effectiveness
over a month of repeated purchases (29).

Although default options can effectively and subtly change behavior, it is important to note
that the power of defaults to influence behavior is limited under strong preferences or highly
liked foods (e.g., preferences for fries as a side dish with hamburger) (148). In addition, the default
option approach is mainly used in binary decisions that are unfamiliar and infrequent, which is
very different from food choices where people face many options and make decisions repeatedly
throughout the day. Since accepting the default option is not a personal choice, it may also feel
less rewarding to people, as they won’t own their decision (148). More work needs to be done to
understand the role of choosing a default on subsequent choices and any longer-term consumption
effects.

3.4. Preplanning and Commitment Devices

Although it is common for individuals to set goals for improving dietary habits, temptation and
self-control problems often lead to deviations from the initial goal. Preplanning and commitment
devices are voluntary self-binding mechanisms that can help people avoid future temptations;
examples include preordering food or grocery items, preselecting a grocery list to buy at the su-
permarket, and committing to following a specific diet and informing other people to increase
accountability (6). VanEpps et al. (149) showed that imposing a (longer) time delay between plac-
ing an order and picking up the meal is associated with reductions in the meal calorie content.
Sadoff & Samek (127) found that introducing a commitment device where a food delivery program
participant ordered food from a restricted menu rather than a full menu significantly increased
healthy food choices. They also found that committing to ordering from a restricted menu did not
decrease participants’ satisfaction with the food selection, suggesting that this type of intervention
may work for individuals with specific dietary needs.

3.5. Redesigning the Food Environment

Choice architecture is the design of the environments in which people make decisions (141) to
help people make heathier food choices. The general principle is to deliberately facilitate access to
healthy food and make it more difficult to consume unhealthy food. Examples include increasing
the variety and saliency of healthy food accessible to consumers by placing heathier options at eye
level and closer to the customer to provide quick access, or listing healthier choices at the top of
restaurant menus, or altering portion sizes and food presentation.

3.5.1. Product variety. Researchers argue that access to heathier food is highly associated with
healthier diets (10). For instance, low-income and minority communities, who disproportionally
suffer from obesity and diet-related chronic diseases, generally have fewer supermarkets in prox-
imity than other communities and live in highly populated areas with smaller convenience stores
(79). In these locations, stores heavily advertise high-caloric and preprocessed foods such as chips,
sugary items, and SSBs and are less likely to carry fresh produce. Dannefer et al. (34) conducted
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one of the largest corner-store interventions, which included 55 stores in New York City. They
found that increasing the stock of healthy foods increased their sales from 5% to 16% despite
the lack of space and refrigeration. Lawman et al. (80) suggested that relying on more variety and
accessibility to heathier products alone may be insufficient and should be coupled with marketing,
educational, and pricing strategies for better results.

The impact of variety on actual food consumption has been studied in more controlled set-
tings. For example, Meengs et al. (90) found that proposing a variety of three different vegetables
(carrots, broccoli, and snap peas) increased their consumption compared with serving one only,
demonstrating that enhancing vegetable variety in meals can effectively boost intake. Another
study analyzed the snack choice of participants randomized into three conditions with varying
healthiness levels of snack options (109). Those in the condition with more unhealthy snack op-
tions were nearly 3 times more likely to pick a less-healthy snack, while those facing more healthy
options were 2.5 times more likely to choose a healthier snack, compared to the condition with
an equal mix of both options.

3.5.2. Product positioning. Strategically positioning food items to increase their visibility and
convenience in the supermarket’s shelves or placing meals at the top of a restaurant menu are
among the subtle changes to choice architecture used to nudge consumers toward better dietary
choices. For example, Dayan & Bar-Hillel (36) found that items placed at the top or the bottom
of a menu were twice as popular as those placed in the middle. The menu display format was
also found to affect food choice; middle options were preferred in horizontal displays, while edge
items were chosen more in vertical displays (74). In a pictorial-style menu that displayed a salad
alongside three unhealthy food options in a horizontal line, participants were significantly more
likely to choose the salad when it was placed separately and away from the unhealthy options,
rather than in the middle of them (72). Studies focusing on food proximity argue that since greater
distance involves greater effort to reach the food, making calorie-dense foods less accessible and
low-calorie foods more accessible could result in significant weight loss (126).

Research investigating the long-term effects of positional interventions is scarce. It is possible
that the effects of changing the positioning of products may be short-lived, as people may even-
tually find their go-to product. Van Gestel et al. (147) replicated a previous study by Kroese et al.
(77) but over a longer period and found that the previously observed positive effect of reposition-
ing healthy food products at the checkout counter remained robust over a four-week period. A
review of the impact of store product placement on dietary outcomes emphasizes that despite the
large number of null results, more (or less) prominent positioning of healthy (or unhealthy) foods
relates to better dietary-related behaviors (132). The vulnerability of the repositioning nudge may
be explained by strong consumer preferences for certain products, which makes them less nudge-
able. For example, de Wijk et al. (37) found that most consumers continued to buy the same type
of bread even when its location changed, suggesting that a typical consumer of white bread may
not select whole grain bread just because it is encountered first, and vice versa.

3.5.3. Portion size. The portion size of foods consumed at home, restaurants, and fast-food
establishments has increased since the 1970s, with the portion size of meals and beverages in many
restaurants exceeding the recommendations of the US Department of Agriculture and the Food
and Drug Administration (11). Experimental evidence has shown that increased portion sizes can
distort consumer perceptions regarding appropriate food portions (85). In this regard, research
suggests that in the same way that the availability of supersized portions has normalized larger
portions, reducing food portion sizes might recalibrate people’s perception of normal portion size
and induce the selection of smaller portions (122). In a five-day laboratory experiment, Haynes
etal. (57) found that reductions in the portion size of main meals resulted in a significant decrease
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in daily food intake. Also, additional food consumption did not offset this reduction even when
portions were reduced to the point where they were no longer perceived as normal. Similarly,
Rolls et al. (124) served participants 25 % smaller meals across two days and found that participants
reduced their caloric intake by 231 kcal per day, although they reported similar levels of hunger
and fullness.

Portion-size framing can also influence food choice. For instance, Just & Wansink (68) varied
the naming of portion sizes between treatments, with small portions labeled as “half” and larger
portions labeled as “regular” in the first treatment. In the second treatment, the small portions
were labeled as “regular,” and the larger portions were labeled as “double.” The results indicate
that upgrading from a “regular” to a “double” portion size is relatively much more valuable than
upgrading from a “half” to a “regular” portion size. Also, people left more food uneaten when the
portion was labeled as a “double” size. Building on these findings, a recent study used anthropo-
morphic labels for signaling the portion size of the food items on a restaurant menu. In particular,
the “small” and “large” portions were labeled as “slim” and “regular” in one treatment to reflect a
desirable body weight, while “regular” and “plus size” were used in another treatment to imply a
less ideal body image. The “regular” and “plus size” labels were found to increase the selection of
small portions by 14.3 %, with overweight/obese individuals being 23.4% more likely to choose a
small portion item under this label compared with the “slim” and “regular” labels (71).

The success of portion-size interventions relies mainly on identifying the potential adoption
barriers. First, if consumers’ meal satisfaction decreases and they engage in compensatory behavior
(e.g., purchase of two of the smaller portions or supplementary items), the intervention may fail
(71). Second, cooperation with the food industry is required; in 2012, the New York City Board of
Health passed a regulation prohibiting the sale of SSBs in containers exceeding 16 oz. The regula-
tion was fiercely rejected by the beverage industry and was struck down by the state’s highest court
in 2014. Opponents of the policy claimed that it would mainly hurt businesses and low-income
consumers (117). In this context Vermeer et al. (152) investigated consumer and manufacturer
acceptability of point-of-purchase interventions aimed at reducing portion size and found that
consumers agreed with reducing portion size of energy-dense, unhealthy foods. However, they
were hesitant about a general portion-size reduction in supermarkets and restaurants as they were
afraid of being controlled by food manufacturers and that the new size would not meet their energy
requirements.

3.5.4. Presentation. In the same way that reduced portion sizes have been shown to lower en-
ergy intake, some studies suggest that dishware size, shape, and color may have a similar effect
because consumers use them as anchors by which to determine the appropriate amount to eat.
For example, Wansink & Van Ittersum (156) reported that Chinese buffet diners with large plates
served themselves 52% more, ate 45 % more, and wasted 135% more food than those with smaller
plates. Wansink & Van Ittersum (155) also found that subjects poured more liquid into short, wide
glasses than tall, narrow ones due to an overestimation of the height of the glass as an indicator of
liquid amount. As for the impact of spoon and fork size, Mishra et al. (94) emphasize that it is case
specific, as while diners in a restaurant consumed more from smaller rather than from larger forks,
this effect reversed in a lab setting. When combining both plate size and spoon size, Wansink
et al. (157) found that a large bowl and a large serving spoon led people to serve themselves
56.8% more ice cream than those given a smaller bowl and a smaller serving spoon. On the other
hand, a study by Rolls et al. (123) found that serving adults the same lunch menu with different-
sized plates had no effect on energy intake. This was later supported by a review that confirmed
that altering container size and cutlery often yields inconclusive results in self-service settings
(134).
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In addition to shape and size, there is evidence that the color of the plate in which the food is
served can also affect the perceived food attractiveness. For example, a strawberry mousse served
on a white plate was perceived to be sweeter and more delicious than the same dessert presented
on a black plate; similarly, hot chocolate served in red cups was enjoyed more than hot chocolate
served in white cups (110). As for the impact of color on food intake, Genschow et al. (54) found
that subjects consumed fewer pretzels when they were presented on a red plate compared with a
white or blue plate, hypothesizing that the red color’s association with visceral factors of danger,
avoidance, and warning may have led to reduced food intake. At the point of purchase, Tijssen
etal. (144) demonstrated that packaging healthier alternatives in warmer, saturated, and less bright
colors can explicitly enhance sensory expectations and perceptions, while implicitly improving
attractiveness. Furthermore, varying the size and number of food pieces has been shown to affect
energy intake and food quantity estimations. Consumers in a marketing study stated that a snack
packet with an image of 15 pretzels contain a greater number of pretzels than a package containing
an image of 3 pretzels, even though the actual quantity of pretzels in both packages was equal (86).
Likewise, Marchiori et al. (87) found that adults ate more when served 10 large candies than when
the same candies were cut into 20 bite-sized pieces.

4. MULTICOMPONENT INTERVENTIONS

Previous research has combined and compared interventions to better understand how mixing
them can enable them to work together or against one another in influencing consumer behavior.
Combining approaches requires careful theoretical analysis for the predicted effects. Combin-
ing information provision and choice architecture is the most studied mixture in the literature.
For instance, in an online shopping experiment, in the presence of FOP nutrition labels, offering
healthier food-swap recommendations improved the proportion of healthy choices and nutritional
quality of the basket compared with providing only FOP nutrition labels (131). Also, combining
TL food labels with product positioning was effective in reducing calories purchased in a hospital
cafeteria (142). Nudges combining positioning with priming have also been evaluated in previous
studies. Payne & Niculescu (108) showed that the placement of FVs at checkout coupled with
cashiers’ suggestions on healthier options significantly increased sales of FVs. However, in an-
other study, priming customers with healthful messages and changing the positioning of probiotic
vegetables had no effect on their sales (14). Similarly, combining priming with other nudges such
as calorie information (2) and healthy default options (96) did not yield any significant effect on
purchases of healthy items.

Although scarce, some studies combined both financial incentives and behavioral nudges. For
instance, Schruff-Lim et al. (130) argue that although FOP nutritional information alone is not
enough to change behavior, adding supporting interventions such as basket feedback and financial
incentives is promising. Also, combining price discounts with priming messages has been found
to decrease the purchases of unhealthy items (64) and increase spending on FVs (55). In addi-
tion to priming and price reduction, Payne & Niculescu (108) added a positioning nudge that
placed FVs at the checkout section of a grocery store, resulting in greater sales of FVs. Similarly,
a price reduction on default healthy food bundles was found to increase sales of FVs (18). Fur-
thermore, combining cash rewards with a social norm and food-labeling nudge has been found to
increase the sales of healthy foods among hospital employees (143). A study in a worksite cafeteria
tested the effect of combining 14 nudging and social marketing strategies on sales of different
food items (151). The findings revealed that the purchases of healthier sandwiches and FVs sig-
nificantly increased under combined interventions, suggesting that executing effective strategies
simultaneously can have a camulative effect and could be more effective for heterogeneous groups.
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In a survey where participants were asked to choose from a list of several nudges and financial in-
centives aimed at improving dietary choices, Pitts et al. (111) found that cash rewards (redeemable
tokens when buying a certain amount of FVs), price discounts on healthy foods and beverages,
and social recognition (those who purchased at least 10 different types of FVs would have their
name and photograph posted in the store) were the top-ranked strategies. In a similar context,
Vugts et al. (154) asked participants to rate the acceptability, patronizing degree, autonomy, and
perceived efficacy of taxes and several nudges. They found that higher financial costs associated
with the unhealthy choice are seen as much less acceptable and effective than lower financial gains
in return for the healthy choice. Although findings from studies combining financial and behav-
ioral interventions are scarce, existing evidence supports the claim that nudge-based approaches
and financial incentives are complementary and could result in more forceful policies.

5. GENERAL DISCUSSION AND CONCLUDING RECOMMENDATIONS

As the prevalence of diet-related NCDs reaches alarming levels globally, there is increasing in-
terest in scalable strategies to promote healthier food consumption. These strategies can be more
paternalistic and macrolevel, such as fat taxes and thin subsidies, or benign and more cost effective,
such as behavioral nudges. This narrative review discusses both strategies, with an emphasis on
nudges as they are less understood.

Opverall, the evidence suggests that the use of carrots (subsidies) and sticks (taxes) to influ-
ence food choice and consumption creates environments that generate positive outcomes, but it
also may backfire when people become aware of such government influence. Behavioral nudges
have also been shown to effectively encourage healthier diets using subtle influence in consumer
choices without restricting options. These strategies can increase the selection and consumption
of nutritious foods, often with minimal effort from consumers. However, like taxes and subsidies,
nudges can also backfire if perceived as manipulative or if consumers feel their autonomy is be-
ing undermined, potentially leading to resistance or a preference for unhealthy options as a form
of defiance. In fact, studies with null effects stated that the effectiveness of a nudge depends on
its acceptance by the public. According to Vugts et al. (154), public acceptance of health-related
interventions decreases when they are perceived to be more intrusive or to coerce people into a
specific choice. Additionally, overreliance on nudges might reduce their long-term effectiveness if
individuals do not develop intrinsic motivation and form the habit of choosing healthier choices.
Emerging, although limited, research supports the combination of financial incentives with be-
havioral nudges to overcome the limitations of using each approach separately. For example, the
evidence suggests that pairing strategies such as price reductions with nudges such as product
positioning or labeling can enhance the effectiveness of promoting healthier food choices.

One of the most critical limitations of nudges often acknowledged in the literature is the dura-
tion of the interventions and the ability to run follow-ups to test for habit formation and long-term
impact. This limitation may not be relevant in certain settings such as restaurants because many
customers may be first-time visitors even if the intervention is tested over a relatively long period.
Another limitation is the variability and the inconsistency in the outcome measures; these range
from calories purchased to food choices with very limited measures of actual food intake. It is
important to note that while measuring actual intake using 24-h dietary recalls gives a good ap-
proximation of calorie consumption, this measure may present some bias as participants are aware
of being monitored and it depends on their proper recollection of data. In this regard, technolog-
ical advances and artificial intelligence (AI) hold promise to reduce measurement error in dietary
intake; for example, Al-driven food recognition apps can now analyze photos of meals to esti-
mate calorie intake and nutrient composition more accurately. It is also important to highlight the
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hypothetical nature of many studies in the literature, which may not fully capture real-world be-
havior and could limit the external validity of the results and their applicability and scalability
to broader, real-world environments. Investigations of heterogeneous effects of both financial in-
centives and nudges on nutrition outcomes are scarce, which makes it challenging to understand
whether they work equally well across diverse populations. This gap in the literature limits our
ability to tailor interventions to specific groups, particularly vulnerable and at-risk subpopulations,
for maximum effectiveness.

According to the evidence provided in this narrative review, we offer the following critical
recommendations for opportunities for future research:

m Clearly define the immediate (food choice), mid-term (dietary change), and longer-term
(health change) target outcomes.

m Report the statistical power of the tests used to detect intervention effects and effect size to
allow for a robust interpretation of the key results.

m Use larger and more representative sample populations to enhance external validity and en-
sure findings are applicable to broader populations and contexts. Aim for national or even
international samples that reflect diversity in terms of age, gender, ethnicity, and other so-
cioeconomic characteristics. Cross-country comparisons could also offer insights into how
cultural differences moderate the effects of interventions. Moreover, large samples allow for
testing of heterogeneous effects across different subpopulations, particularly vulnerable or
at-risk groups.

m Collect socioeconomic data and biomarkers, such as body mass or fat percentage, as well as
behavioral traits such as cognitive restraint, impulsivity, eating disorders, and other behaviors
that can strongly influence nutrition and health outcomes. This information can help design
customized interventions that are culturally and demographically appropriate and reflect, for
example, differences in local eating habits, preferences, education, and societal norms.

m Address the linkages between nudge-influenced behavior change and health outcomes by
tracking participants longitudinally. Understanding whether these changes translate into
reduced obesity rates, lower incidence of NCDs (e.g., diabetes, heart disease), and overall
improvements in well-being is crucial.

m Expand the dependent variables beyond purchase and consumption to include consumer
experience, satisfaction, and perception. It is important to evaluate how consumers feel about
the changes in their choices and whether they believe the intervention improves their well-
being. Additionally, considering ethical aspects by measuring consumers’ reactions when
they realize they have been nudged could provide valuable insights into the acceptability
and sustainability of such interventions, especially among those perceived to be paternalistic
and to limit autonomy.

m Explore methods to reduce resistance or reactance evoked by financial and behavioral in-
terventions that can backfire if perceived as controlling or altering freedom of choice,
potentially by increasing transparency about the goals of the interventions or framing them
in a way that promotes autonomy and self-efficacy.

m Collaborate with relevant partners such as food retailers, food services, and other stakehold-
ers who could facilitate the implementation of the intervention. Combining the intervention
with purchasing data from businesses is essential for practical and scalable behavioral solu-
tions. Furthermore, understanding the food suppliers’ satisfaction with the outcomes (e.g.,
the fact that customers did not complain) and their concerns or challenges in adopting these
interventions could help refine strategies that are mutually beneficial for businesses and
consumers.
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Conduct comparative studies that combine nudges with financial incentives across differ-
ent environments (supermarkets, restaurants, worksites, etc.) to identify the most effective
strategies for various demographic groups and settings, maximizing public health benefits.
Collaborate across fields such as psychology, behavioral economics, nutrition, public health,
and marketing to develop multifaceted interventions that capture a more comprehensive
picture of how food environments, decision-making processes, and health outcomes interact.
Moreover, integrating behavioral economics principles into the design and evaluation of
incentives can help better understand the mechanisms underlying eating habits.

Explore how mobile apps, Al, and machine learning tools can be used to deliver real-time,
personalized nudges on the basis of individual dietary patterns, food preferences, and health
data. Testing the efficacy of these tech-driven nudges in changing food-related behavior over
time would provide insights into their potential for public health.

Promote reviews and special issues highlighting ineffective interventions. Publication bias
may affect the dissemination of interventions that are unlikely to produce positive outcomes,
but it is relevant to understand why these interventions are ineffective or whether they hold
promise among specific subpopulations or in different contexts.
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