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ABSTRACT
Background: Nudging and salient pricing are promising strategies to
promote healthy food purchases, but it is possible their effects differ
across food groups.
Objective: To investigate in which food groups nudging and/or
pricing strategies most effectively changed product purchases and
resulted in within–food groups substitutions or spillover effects.
Methods: In total, 318 participants successfully completed a web-
based virtual supermarket experiment in the Netherlands. We
conducted a secondary analysis of a mixed randomized experiment
consisting of 5 conditions (within subject) and 3 arms (between
subject) to investigate the single and combined effects of nudging
(e.g., making healthy products salient), taxes (25% price increase),
and/or subsidies (25% price decrease) across food groups (fruit and
vegetables, grains, dairy, protein products, fats, beverages, snacks,
and other foods). Generalized linear mixed models were used to
estimate the incidence rate ratios and 95% CIs for changes in the
number of products purchased.
Results: Compared with the control condition, the combination of
subsidies on healthy products and taxes on unhealthy products in the
nudging and price salience condition was overall the most effective,
as the number of healthy purchases from fruit and vegetables
increased by 9% [incidence rate ratio (IRR) = 1.09; 95% CI: 1.02,
1.18], grains by 16% (IRR = 1.16; 95% CI: 1.05, 1.28), and dairy
by 58% (IRR = 1.58; 95% CI: 1.31, 1.89), whereas the protein
and beverage purchases did not significantly change. Regarding
unhealthy purchases, grains decreased by 39% (IRR = 0.72; 95%
CI: 0.63, 0.82) and dairy by 30% (IRR = 0.77; 95% CI: 0.68,
0.87), whereas beverage and snack purchases did not significantly
change. The groups of grains and dairy showed within–food group
substitution patterns toward healthier products. Beneficial spillover
effects to minimally targeted food groups were seen for unhealthy
proteins (IRR = 0.81; 95% CI: 0.73, 0.91).
Conclusions: Nudging and salient pricing strategies have a dif-
ferential effect on purchases of a variety of food groups. The
largest effects were found for dairy and grains, which may therefore

be the most promising food groups to target in order to achieve
healthier purchases. The randomized trial on which the current
secondary analyses were based is registered in the Dutch trial registry
(NTR7293; www.trialregister.nl). Am J Clin Nutr 2021;114:628–
637.

Keywords: grocery store intervention, choice architecture, price
change, food policy, public health

Introduction
Unhealthy dietary patterns contribute to the development of

obesity and noncommunicable diseases (1). It is increasingly
recognized in theory (2, 3) and through evidence (4–7) that
unhealthy dietary patterns are partly driven by an unhealthy food
environment. Within the food environment, supermarkets form
an important leverage point to influence dietary patterns as they
serve as a major source of food for populations. Supermarket
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interventions are therefore a promising strategy to promote
healthy food and beverage purchases (8).

Previous studies (8–12), including our own (13), have
shown that nudging and pricing strategies—and especially
their combination—can effectively influence food purchases.
In a virtual supermarket experiment, we demonstrated that
salient pricing strategies (i.e., taxing, subsidies, or both) and
nudges combined significantly increased the total percentage
of healthy purchases by ∼4%. However, these strategies may
have differential effects across food groups that are masked
when analyzing all healthy purchases combined. Studies on
price elasticities, for example, show that consumers are more
responsive to price changes in some food groups than in others
(14, 15). In general, staple products (e.g., potatoes) are less
responsive to price changes than more “luxury” foods (e.g.,
snacks) (16). Less is known about the responsiveness of different
food groups to placement, promotion, and salience (elements of
nudging) (10, 17). Most previous nudging studies focused on
a single food group (8, 18), thereby limiting the possibility to
compare nudge effectiveness across food groups. Some studies
suggested that staple foods, in which purchases are largely driven
by habitual behaviors, may be less responsive to nudging than
nonstaple foods—more often based on impulse (19, 20).

Indirect effects of nudging and pricing strategies may be
within–food group substitutions (e.g., shifting from refined to
whole-grain bread) or between–food group spillover effects to
other (nontargeted) food groups (e.g., increased purchases of
dairy products when merely targeting cereals). It is well known
that price increases in one group may lead to changed purchases
in other food groups (i.e., cross-price elasticity) (15). However,
less is known about within–food group substitutions relevant
for public health. Insight into substitutions from unhealthier
to healthier products within food groups requires detailed
experimental data that are often unavailable. Moreover, current
literature does not provide insight into spillover effects of nudges
(21). Potential substitution or spillover effects may be favorable
or unfavorable for the promotion of healthy diets and its public
health impact.

Evidence on differential effects of strategies across food
groups is required to provide better knowledge about what health
effects may be expected from interventions and what approaches
yield the largest impact. In the present study, we use data from the
Supreme Nudge virtual supermarket experiment to explore as a
secondary analysis in which food groups nudging and/or pricing
strategies were most effective in changing healthy and unhealthy
product purchases and whether the applied strategies resulted in
within–food groups substitutions or spillover effects.

Methods

Study design and participants

This study is a secondary analysis of the Supreme Nudge
virtual supermarket (SN VirtuMart) experiment (13). The SN
VirtuMart is a 3-dimensional web-based virtual supermarket
designed to investigate the single and combined effects of
nudging and various pricing strategies on food purchases in the
Netherlands. In this SN VirtuMart, we had set up a randomized
mixed experimental study consisting of 3 study arms (between-
subject design) and 5 study conditions (within-subject design)

(Table 1). Participants were individually randomly allocated into
1 of the 3 study arms (25% tax, 25% subsidy, or 25% tax and sub-
sidy) and, within these arms, were exposed to 5 study conditions
(control, nudging, pricing, price salience, and price salience with
nudging). The order in which the conditions were received within
the study arms was individually randomized as well.

Participants were recruited via a social media campaign
using Facebook and Instagram. The social media campaign ran
from mid-September to mid-December 2018. In October 2018,
participants were also recruited via flyers distributed on the street,
in real-world supermarkets, at local events, and by mail around
the university campus and by postal service across various areas
in the Netherlands.

Respondents were considered eligible for study participation
when aged 18 years or older, were able to communicate in
Dutch, had access to a computer with Internet, had a valid e-
mail address, and were responsible for the household groceries.
After study inclusion, participants were asked to imagine they
did not have any groceries left at home. Next, they were asked
to hypothetically purchase their weekly groceries in the SN
VirtuMart during 5 consecutive weeks. They received a virtual
budget based on their real-life grocery budgets as indicated by the
participants in the baseline questionnaire. They could complete
their weekly shop at the online checkout after spending between
50% and 125% of this weekly budget.

The original study protocol complies with the Declaration
of Helsinki and was approved by the Medical Ethics Review
Committee of VU University Medical Centre in Amsterdam (Of-
fice for Human Research Protections: IRB00002911). Informed
consent was obtained from all the participants before they started
the study.

Nudging and pricing strategies

The SN VirtuMart included 1175 different food items with
market-conform prices and price promotions, reflecting a real-
life Dutch supermarket setting and floor plan; only nonfood
products and alcoholic beverages were excluded. All available
products were categorized into 8 food groups and divided by
healthy and unhealthy products within these groups (Table 2),
based on the Dutch dietary guidelines (22). We made a selection
of the available products to intervene on, with the aim to most
accurately reflect a real-life scenario in which intervening on all
foods at once would be unlikely. In total, 356 unhealthy products
were taxed (37% of all unhealthy products), 195 of the healthy
products were subsidized (89% of all healthy products), and 38
healthy products were nudged, out of which 36 were nudged and
subsidized simultaneously (17% and 16% of all healthy products,
respectively) (Table 2).

The control condition represented a regular supermarket. In all
conditions (including the control condition), the same realistic
product promotions were placed at the end of aisles. The nudging
condition included 3 types of bright orange–colored salience
nudges. The first type of nudge consisted of shelf arrows pointing
from a non-whole-grain product toward a whole-grain product.
The second type consisted of a frame on the transparent fridge
doors, highlighting the frozen vegetables section. The third type
consisted of a frame as well, but this frame also included the text
“Favorite” to additionally reflect a social norm. It was placed on
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the fridge doors around the skimmed dairy products and low-fat
cheeses.

The pricing condition consisted of taxing of unhealthy foods
and/or subsidizing of healthy foods. Both strategies encompassed
a 25% price change in comparison to the baseline price. The
price salience condition also included, next to the taxes and
subsidies, a frame around the product indicating “Discount” for
subsidized products, while presenting the regular price and the
new subsidized price. For the taxed products, the price salience
condition consisted of a digital “news article” that was presented
before participants entered the SN VirtuMart to make respondents
aware of price increases. The article stated a “sugar and fat tax of
25%” was now implemented in the Netherlands.

Study outcomes

The outcomes of this study were changes in the healthy and
unhealthy product purchases within all food groups between
the 4 intervention conditions compared with the control con-
dition. Changes were calculated based on the number of items
purchased. Using the number of items purchased enabled a
consistent comparison of purchase changes between all food
groups while also providing insights into within–food group
substitution effects and within–food group spillover effects.
Within–food group substitution effects were defined as an
increase in healthy purchases with a simultaneous decrease
in unhealthy purchases within the same food group. Within–
food group spillover effects were defined as an increase or a
decrease of purchases in food groups that were not targeted or
minimally targeted by nudging or pricing strategies. Nontargeted
was defined as the absence of an interventional strategy within
the food group (e.g., group of fats) and minimally targeted when
only a small proportion (<15%) of products were targeted (e.g.,
group of other foods). Detecting intervention effects derived
from such a small proportion on the food group level was
deemed implausible due to the initial sample size calculation
of the SN VirtuMart experiment. The between-group spillover
effects could be beneficial (increase in healthy purchases) or
nonbeneficial (increase in unhealthy purchases) from a public
health perspective.

Population characteristics

Data on participant characteristics were obtained via the
online baseline questionnaire. Part of the baseline questionnaire
asked participants about their sex (male/female), age (years),
highest educational attainment (8 categorical levels), weight (kg),
and height (cm). The BMI was calculated as weight divided
by height squared (kg/m2). Educational level was categorized
into 2 groups; low educational level included those who
completed primary education, intermediate vocational education,
and higher secondary education, and high educational level
included those who completed higher vocational education or
university. Further details on population characteristics have been
described elsewhere (13).

Statistical analyses

Descriptive statistics included participant characteristics pre-
sented by study arm, consisting of age and BMI (mean ± SD), sex
and educational level [n (%)], and the number of items purchased
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TABLE 2 Food groups by healthy and unhealthy products and their intervention allocation within the virtual supermarket1

Healthy products Unhealthy or neutral products

Food group
Subsidized (–25%) and

partly nudged
No

intervention Taxed (+25%)
No

intervention

Fruit and vegetables
(n = 95)

Fresh, frozen, and canned
vegetables; fresh and
frozen fruits; and apple
sauce (n = 82; 86% of
healthy fruit and
vegetables)

Canned fruits and raw
precut vegetables
(n = 13; 14%)

NA NA

Grains and potato
(n = 166)

Whole-grain products
(bread, pasta, rice, and
crackers) (n = 14; 45%
of healthy grains)

Whole-grain products
(bread, crackers,
breakfast grains) and
fresh and
unprocessed precut
potatoes (n = 17;
55%)

Non-whole-grain products
(bread, crackers, pasta, rice)
(n = 36; 42% of unhealthy
grains)

Non-whole-grain products
(wraps, noodles, breakfast
grains, and crackers), fried
potatoes, and processed
mashed potatoes (n = 49;
58%)

Dairy (n = 138) Semiskimmed and
skimmed dairy products
and low-fat cheeses
(n = 14; 88% of healthy
dairy)

Skimmed coffee milk
(n = 2;12%)

Sweetened semiskimmed and
skimmed dairy products,
full-fat dairy, custard,
desserts, pudding, whipped
cream, cooking cream, dairy
drinks, chocolate milk,
soy-dairy products
(sweetened), and high-fat
cheeses (n = 105; 86% of
unhealthy dairy)

Pudding, ice cream, cream
cheeses, and coffee milk
(n = 17; 14%)

Other proteins
(n = 154)

Fresh, frozen, and breaded
fish; unsalted nuts; fresh
and canned legumes
(n = 51; 72% of healthy
other proteins)

Unprocessed and
low-fat meats, eggs,
and canned fish
(n = 20; 28%)

Salted nuts (n = 11; 13% of
unhealthy other proteins)

Processed and high-fat meats
and meat substitutes (salted)
(n = 72; 87%)

Fats (n = 22) NA Olive oil, sunflower
oil, vegetable oil,
and margarine
(n = 12; 100%)

NA Frying oil, butter, and baking
butter (n = 10; 100%)

Beverages (n = 139) Tea bags, water, and
flavored water
(unsweetened) (n = 34;
61% of healthy
beverages)

Filtered coffee
products (n = 22;
39%)

Sodas and energy drinks
(n = 32; 39% of unhealthy
beverages)

Fruit juices, lemonade syrup,
and unfiltered coffee
products (n = 51; 61%)

Snacks (n = 249) NA NA Fried salty snacks, chips,
popcorn, candy, cakes,
chocolate, licorice, and
bubblegum (n = 149; 60%
of unhealthy snacks)

Salty snacks, chips, popcorn,
candy, cakes, cookies, rice
crackers, bread sticks, dips,
drinking broth, gingerbread,
and water-based ice cream
(n = 100; 40%)

Other foods
(n = 262)

NA NA Pizza, sweetbread toppings
(n = 23; 9% of unhealthy
other foods)

Ready-to-eat meals, pancakes,
canned soup, savory bread
toppings, seasoning
products, and baking
products (n = 239; 91%)

1NA, not applicable.

per food group in the control condition [median (Q1–Q3)].
Graphical inspection of the number of items purchased within
all food groups indicated a Poisson distribution of the outcome
data. Regular Poisson models assume an equal variance to the
mean. In almost all of our food group outcomes, the variance
was larger than the mean, indicating overdispersion. A few food
group outcomes showed mild indications for overdispersion (e.g.,
for healthy grains and potatoes in the taxing arm, a mean of

4.2 items were purchased with a variance of 4.7 items), whereas
most others showed large indications for overdispersion (e.g.,
for healthy dairy in the subsidy arm, a mean of 5.5 items were
purchased with a variance of 17.2 items).

As the assumption of equal variance to the mean was violated,
we selected the most suitable regression model for discrete
count data using a model selection function via the R statistical
software package glmmTMB (23, 24). The Akaike information
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TABLE 3 Study population characteristics and the number of items purchased per food group in the control condition, by study arms (n = 318)1

Characteristic
25% tax

(n = 108)
25% subsidy

(n = 119)

25% tax and
25% subsidy

(n = 91)

Study population characteristics
Sex, n males (%) 46 (43) 47 (40) 31 (34)
Age, y, mean ± SD 36.8 ± 15.4 35.5 ± 15.8 34.1 ± 13.4
BMI, kg/m2, mean ± SD2 24.7 ± 5.0 25.5 ± 5.0 25.4 ± 4.6
High educational level,3 n (%) 53 (49) 52 (44) 41 (45)

Number of items purchased in the control condition, median (Q1–Q3)
Healthy fruit and vegetables 10.0 (7.0–14.0) 11.0 (8.0–15.0) 12.0 (7.0–18.5)
Healthy grains and potatoes 4.0 (3.0–5.0) 3.0 (2.0–5.0) 4.0 (3.0–5.0)
Healthy dairy products 2.0 (0.0–3.0) 1.0 (0.0–3.0) 1.0 (1.0–3.0)
Healthy protein products 3.0 (2.0–4.3) 3.0 (2.0–4.0) 3.0 (2.0–5.0)
Healthy beverages 1.5 (1.0–3.0) 1.0 (0.0–2.0) 2.0 (1.0–3.0)
Healthy fats 0.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.0)
Unhealthy grains and potatoes 4.0 (2.0–6.0) 4.0 (2.0–6.0) 4.0 (3.0–7.0)
Unhealthy dairy products 4.5 (2.8–8.0) 5.0 (3.0–9.0) 5.0 (3.0–8.0)
Unhealthy beverages 2.5 (1.0–4.3) 3.0 (1.0–6.0) 4.0 (2.0–5.5)
Unhealthy snacks 4.0 (2.0–7.3) 4.0 (2.0–8.0) 6.0 (3.0–9.0)
Unhealthy other products 8.0 (5.0–11.0) 7.0 (4.0–12.0) 10.0 (6.0–12.5)
Unhealthy protein products 4.0 (3.0–6.0) 4.0 (2.5–7.0) 5.0 (3.0–7.5)
Unhealthy fats 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0)

1Q, quartile.
2Eight missing values.
3Participant who completed higher vocational education or university.

criterion was used to select whether a generalized linear mixed
model (GLMM), zero-inflated GLMM, and hurdle model, with
a Poisson, Conway–Maxwell Poisson, or negative binomial
distribution, best fitted the outcome data (i.e., purchases within
all individual food groups). The Akaike information criterion
is a measure to rank the quality of each model, relative to
all other fitted models. Based on this ranking, the GLMMs
with a Conway–Maxwell Poisson distribution appeared the most
adequate fit for our food group outcome data. Therefore, we
fitted separate models for each of the food group outcomes using
GLMMs with a Conway–Maxwell Poisson distribution with a
random intercept at the participant level, to estimate the incidence
rate ratios (IRRs) and 95% CIs for products purchased within all
food groups during the 4 experimental conditions in comparison
to the control condition. IRRs in which the 95% CIs did not
include 1 were considered statistically significant.

The Conway–Maxwell Poisson distribution is a flexible
generalization of the Poisson distribution that is suitable for
modeling of overdispersed as well as underdispersed count data.
Modeled with the glmmTMB package, the Conway–Maxwell
Poisson distribution is interpretable as a log-linear model (24,
25). The IRR reflects the percent change of the experimental
condition compared with the control condition. For instance, a
percentage increase for a positive IRR such as 1.09 reflects a 9%
increase (26), and a percentage decrease for a negative IRR such
as 0.89 reflects a (1/0.89 = 1.12) 12% decrease (27).

Data were a priori stratified by study arm as previous analyses
of these data revealed a decrease in unhealthy purchases in
the taxing arm, whereas there was no increase in the healthy
purchases (13). The only exception was the evaluation of the
nudging condition, for which we analyzed the total study sample
(i.e., the 3 pricing arms combined) because all participants were

exposed to the same nudging intervention irrespective to which
pricing arm they were randomly allocated.

Results
In total, 455 participants enrolled in the study, of whom 346

completed all 5 shops. Useable data were available for 318 of
those participants, as in the other cases, participants received
an incorrect grocery budget or used an incorrect login code
(Supplementary Figure 1). The study population consisted of
∼40% males, with a mean age of 35 y and a mean BMI
of 25, and around half of the study population completed a
high-level education (Table 3). These study characteristics were
comparable across the pricings arms. Depending on the pricing
arm, the median number of fruit and vegetables purchased in
the control condition was 10 to 12 items, and this food group
was the most frequently purchased food group. Other frequently
purchased food groups were unhealthy other products (median
purchase 7–10 items), snacks (4–6 items), and unhealthy dairy
products (4.5–5 items), in contrast to healthy and unhealthy fats,
which were the least frequently purchased food group (0–1 item)
(Table 3).

The effects of nudging and pricing strategies on changes in
purchases from various food groups compared with the control
condition are graphically shown in Figures 1–4, separately for
each experimental condition. A numeric overview of the results
is also provided in Supplementary Table 1.

Differential effects across targeted food groups

Differential effects of the nudging and pricing strategies were
observed across all study conditions. The nudging condition
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FIGURE 1 The effect of nudging on purchases from various healthy and
unhealthy food groups. Analysis was based on a generalized linear mixed
model with a Conway–Maxwell Poisson distribution with a random intercept
at the participant level, to estimate the incidence rate ratios (IRRs) and 95%
CIs for changes in products purchased within all food groups in the nudging
condition in comparison to the control condition (total sample n = 318).

showed an increase in the healthy grains purchases of 7%
(IRR = 1.07; 95% CI: 1.01, 1.14) and a nonsignificant increase of
10% in healthy dairy (IRR = 1.10; 95% CI: 0.99, 1.23), whereas
no significant differences were found for vegetables and other
protein products, which were also targeted (Figure 1). The price
condition showed that subsidies did not significantly increase
the targeted healthy purchases (Figure 2). Taxes decreased the
unhealthy dairy product purchases by 14% (IRR = 0.88; 95%
CI: 0.79, 0.98) but did not significantly change purchases of
other targeted unhealthy products (i.e., grains, beverages, and
snacks). In the price salience condition, subsidies increased all
targeted healthy purchases (i.e., fruit and vegetables, grains,
dairy products, and other protein products) except for beverage
purchases (Figure 3). Taxes did not significantly decrease the
targeted unhealthy purchases (i.e., grains, dairy, beverages, and
snacks). Subsidies in the nudging and price salience condition
resulted in an increase in healthy dairy purchases by 43%
(IRR = 1.43; 95% CI: 1.19, 1.72) but did not significantly change
the purchases of the also targeted fruit and vegetables, grains,
protein products, and beverages (Figure 4). Taxes decreased the
number of unhealthy grains by 30% (IRR = 0.77; 95% CI: 0.68,
0.87), unhealthy dairy products by 18% (IRR = 0.85; 95%
CI: 0.76, 0.94), and unhealthy beverages by 18% (IRR = 0.85;
95% CI: 0.75, 0.97), whereas snack purchases did not signifi-
cantly change (Figure 4).

Results from the combined taxing and subsidy arm in the
nudging and price salience condition generally showed larger
effects than the individual effects of the subsidies and taxes
(Figure 4). More specifically, the combination of subsidies and
taxes increased the number of fruit and vegetables purchases
by 9% (IRR = 1.09; 95% CI: 1.02, 1.18), healthy grains by
16% (IRR = 1.16; 95% CI: 1.05, 1.28), and healthy dairy
products by 58% (IRR = 1.58; 95% CI: 1.31, 1.89), whereas
healthy protein and beverage purchases did not significantly

FIGURE 2 The effect of pricing strategies on purchases from various
healthy and unhealthy food groups. Analysis was based on a generalized
linear mixed model with a Conway–Maxwell Poisson distribution with a
random intercept at the participant level, to estimate the incidence rate ratios
(IRRs) and 95% CIs for changes in products purchased within all food groups
in the pricing condition in comparison to the control condition (tax arm,
n = 108; subsidy arm, n = 119; tax and subsidy arm, n = 91).

change. Furthermore, unhealthy grain purchases decreased by
39% (IRR = 0.72; 95% CI: 0.63, 0.82) and unhealthy dairy
by 30% (IRR = 0.77; 95% CI: 0.68, 0.87), whereas unhealthy
beverages and snack purchases did not significantly change.

Substitution effects within food groups

The nudging condition showed within–food group substi-
tutions among dairy products. Purchases of the nontargeted
unhealthy dairy products decreased by 19% (IRR = 0.84;
95% CI: 0.79, 0.90), while simultaneously, the targeted healthy
dairy product purchases increased nonsignificantly by 10%
(IRR = 1.10; 95% CI: 0.99, 1.23) (Figure 1). Whereas the
price condition showed nonsignificant trends toward increased
purchases of healthy dairy products and grains with simultaneous
decreased purchases of unhealthy dairy products and grains
(Figure 2), the price salience and nudging and price salience
conditions showed significant within–food group substitution
patterns for dairy products and grains (Figures 3 and 4). The
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FIGURE 3 The effect of salient pricing strategies on purchases from
various healthy and unhealthy food groups. Analysis was based on a
generalized linear mixed model with a Conway–Maxwell Poisson distribution
with a random intercept at the participant level, to estimate the incidence rate
ratios (IRRs) and 95% CIs for changes in products purchased within all food
groups in the price salience condition in comparison to the control condition
(tax arm, n = 108; subsidy arm, n = 119; tax and subsidy arm, n = 91).

within–food group substitution patterns were not seen among
beverages.

Spillover effects to nontargeted or minimally targeted food
groups

Neither the nudging condition nor the price condition showed
between–food group spillover effects to nontargeted or minimally
targeted food groups (Figures 1 and 2). The price salience
condition, however, showed beneficial between-group spillover
effects within the combined subsidies and taxes arm among
the minimally targeted unhealthy other products, as purchases
decreased by 14% (IRR = 0.88; 95% CI: 0.81, 0.96) (Figure 3).
In the nudging and price salience condition, taxes decreased the
purchases of the minimally targeted unhealthy other products
by 15% (IRR = 0.87; 95% CI: 0.79, 0.95), whereas the
combination of subsidies with taxes decreased the minimally
targeted unhealthy protein products by 24% (IRR = 0.81; 95%
CI: 0.73, 0.91) (Figure 4).

FIGURE 4 The effect of nudging and salient pricing strategies on
purchases from various healthy and unhealthy food groups. Analysis was
based on a generalized linear mixed model with a Conway–Maxwell Poisson
distribution with a random intercept at the participant level, to estimate the
incidence rate ratios (IRRs) and 95% CIs for changes in products purchased
within all food groups in the price salience and nudging condition in
comparison to the control condition (tax arm, n = 108; subsidy arm, n = 119;
tax and subsidy arm, n = 91).

Sensitivity analyses

The results of the sensitivity analyses in which we explored
the combined effects of the pricing arms in the total study sample
showed the same pattern as the main results; that is, the nudging
combined with pricing strategies were the most effective, and
the largest effects were seen in the targeted groups of grains
and dairy products (Supplementary Table 2). Healthy grains
purchased increased by 12% (IRR = 1.12; 95% CI: 1.06, 1.19)
and healthy dairy by 36% (IRR = 1.36; 95% CI: 1.23, 1.51),
while simultaneously, the unhealthy grains decreased by 22%
(IRR = 0.82; 95% CI: 0.77, 0.88) and unhealthy dairy by 25%
(IRR = 0.80; 95% CI: 0.75, 0.86).

Discussion
Building on earlier results from the SN VirtuMart experiment,

providing evidence for an overall beneficial effect of combined
nudging and salient pricing strategies on healthy purchases (13),
the current secondary analysis of this experiment shows that
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these strategies have differential effects across food groups.
Nudging combined with pricing strategies were found to be
more effective among grains and dairy compared with other
food groups (i.e., fruit and vegetables, other protein products,
beverages, and snacks). Furthermore, the combined nudging and
pricing strategies resulted in within–food group substitutions
for the groups of grains and dairy. Last, the applied strategies
also caused beneficial within–food group spillover effects to the
minimally targeted groups of unhealthy protein and unhealthy
other products.

This study was, to the best of our knowledge, the first to
comprehensively investigate the single and combined effects
of nudging and pricing strategies across various food groups.
We used a strong experimental within-subject combined with
a between-subject design in which participants acted as their
own control and used objectively measured outcome data. Our
results, however, should be considered in light of their limitations.
First, the comparison of intervention effects within food groups
is complicated by the fact that certain food groups were more
heavily targeted by nudging and/or pricing strategies than others.
Thus, the intervention allocation could partly explain the stronger
effects seen in some food groups. This could explain the
observed effects in the dairy group. In contrast, grains showed
the second largest increase in healthier purchases, whereas it
was less targeted by nudging and pricing strategies compared
with beverages, other proteins, and fruit and vegetables. It
therefore seems unlikely that such effects completely explain our
results. Second, due to the original design of the SN VirtuMart,
possibilities for food group categorization were limited to mostly
large and sometimes heterogeneous food groups to secure
adequate power; among protein products and beverages, this may
have attenuated potential effects. Third, our analytic approach
did not account for multiple testing, and doing so would have
led to less statistically significant findings. However, given our
aim to provide insights into which food groups were accountable
for the overall healthier purchases, we think it is justified to
mainly focus on effect sizes and patterns in findings across
study arms and conditions, rather than statistical significance.
Fourth, truly capturing real-life purchasing behavior in a virtual
supermarket setting may be challenging. Nevertheless, previous
studies have shown that purchases made in a virtual setting are
comparable to real life (28, 29), and 78% of our participants
indicated they felt their virtual purchases reflected their real-
life purchases. Fifth, our study sample may not fully reflect
the average Dutch population, as participants were on average
younger, higher educated, and more often female. Our inclusion
criterion “primary household shopper” likely resulted in more
females, whereas the younger population is likely due to the
recruitment strategies used (e.g., Facebook).

Besides the intervention allocation across food groups and the
heterogeneity within some of the groups, inherent food group
differences may also explain the observed differential effects
across food groups. Inherent group differences refer to the nature
of the food groups themselves that make them more or less
prone to intervention effectiveness. Although some studies have
suggested that staple foods may be less prone to nudging and
pricing strategies (16, 19, 20), our results suggest otherwise.
It may be hypothesized that products within the groups of
dairy products and within the group of grains are relatively
comparable in product types and taste. Product substitutions with

a comparable alternative may be easier. For instance, beverage
purchases may be less subjected to impulse behaviors and more
strongly depend on habitual behaviors (30), and soda may be less
interchangeable with tea or water than high-fat yogurt with low-
fat yogurt.

Other studies also observed differential effects of nudging and
pricings strategies across food groups. The prospective effect of
price changes across food groups on dietary intake was estimated
in a meta-analysis (2). In line with our findings, subsidies were
able to significantly increase fruit and vegetable consumption,
whereas they did not significantly increase healthier beverage
consumption. A study by Foster et al. (31) found that a combi-
nation of supermarket nudges (placement, signage, and product
availability) increased healthy dairy sales, whereas another
comparable study (signage, prime placement, and taste testing)
reported that dairy sales remained unaffected (32). Comparable
to our study, the same study reported increased healthy grain sales
following nudges (32). Effects of nudging and pricing on pur-
chases from different food groups warrant further investigation.

To achieve within–food group substitutions, other studies also
concluded that dairy is promising to target with nudging (31, 33)
and pricing strategies (14). However, a study estimating between–
food group cross-price elasticities found that a price increase on
dairy decreased the demand for dairy but simultaneously also
unfavorably decreased the demand for fruit and vegetables (15).
Our results do not confirm these nonbeneficial spillover effects.
Our findings among beverages are in contrast to previous studies
showing taxation reduces unhealthy beverage purchases and also
promotes healthy beverage purchases (34, 35). Alternatively,
similar to our findings, previous nudging studies on beverage
sales show there were no substitution effects among beverages
(31, 33). Regarding grains, a prediction study concluded that the
cross-price elasticities within the groups of cereals and bread are
very low (36). However, the food group categorization in this
study did not differentiate between healthfulness of products.
Although our results indicate otherwise, other nudging studies
promoting healthy grains did not show evidence for within–food
group substitutions (31, 33), possibly due to the nudge type used
and the specific grains products targeted.

This combination of findings indicates that especially the
groups of dairy and grains are promising to target with
nudging and pricing strategies to achieve healthier purchases.
For grains, the combination of nudging and pricing strategies
seems important to enhance within–food group substitutions,
whereas for dairy, solely implementing nudges also seems
promising. Furthermore, real-life effect sizes of the combination
of nudging and pricing strategies across food groups need to be
established (29). Studies should focus on the promotion of a high
number of the healthy foods while simultaneously discouraging
unhealthy foods within the same group to promote within–food
group substitutions. Multiple food groups across the supermarket
should be targeted to enhance a shift toward a healthier dietary
pattern on a population level and ultimately have an impact on
public health (37).

In conclusion, the current secondary analysis of the SN
VirtuMart experiment showed that nudging and pricing strategies
do not have an equal effect on purchases for each food group.
Dairy products and grains seem to be the most promising food
groups to target in order to achieve healthier purchases. These
food groups showed the largest shift in purchasing behaviors
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to healthier products following the implementation of nudges,
salient subsidies, or salient taxes and the combination of all
strategies. Future studies should focus on investigating (real-life)
purchasing effects of the combination of nudging and pricing
strategies equally balanced across multiple food groups in the
supermarket.
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