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Abstract

Background: Poor diet is a leading risk factor of non-communicable diseases. Product placement strategies in retail
outlets caninfluence customers’ food preferences. The United Kingdom government introduced legislation in October
2022 restricting chain retailers from using location promotions on unhealthy food and drinks. High-quality scientific
evidence is needed to inform the inclusion of healthier product placement approaches into these regulations. In the
context of Brexit, COVID-19 and the cost-of-living crisis, this study assessed whether positioning an expanded fresh
fruit and vegetable section near store entrances in discount supermarkets, which do not routinely market produce
this way, improved store sales, household purchasing and diet.

Methods and limitations: This natural experiment had a prospective matched controlled cluster design, involving 36
stores (18 intervention and 18 control) across England. The intervention was implemented continuously for 6 months.
Control stores were matched on store sales, customer profiles and neighbourhood deprivation. Participants were
women, aged 18-60 years, with loyalty cards and were assigned to their primary store (n = 280 intervention and
n = 300 control). Weekly store sales and household data from loyalty cards were provided by the collaborating
supermarket chain. Dietary quality, household food waste and demographic characteristics were collected through
questionnaires. A process evaluation and economic evaluation were completed.

Results: Store-level sales of fruit and vegetables were greater in intervention stores than predicted at intervention
implementation and 3 and 6 months’ follow-up, equivalent to = 2525, = 1940 and = 1450 extra portions per store
per week, respectively. Effect sizes were somewhat stronger in stores where the produce section moved forwards
more than 14 m. The proportion of households purchasing fruit and vegetables were somewhat protected among
intervention compared to control participants after 3 and 6 months. Changes in dietary quality were small but gener-
ally in the expected direction for health benefit. Changes in frequency of household fruit and vegetable waste were
negligible at 3 months’ follow-up but increased at 6 months.
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The intervention was implemented according to the study protocol, with marked differences in the positioning of
fresh fruit and vegetables between intervention and control stores post-intervention implementation. Fresh fruit
and vegetable availability increased post intervention in intervention compared with control stores. Interviews with
store staff demonstrated that changes in staff attitudes had a positive reinforcing effect on intervention implementa-
tion. Assessment of the policy context showed that stakeholders across the food system largely support the United
Kingdom government’s unhealthy placement ban; some felt it does not go far enough.

Future work: This study shows that positioning produce sections near supermarket entrances can improve the nutri-
tion profile of store sales and may improve household purchasing and diet. The United Kingdom Food (Promotion
and Placement) Regulations could be refined to require a produce section near supermarket entrances to increase
its health impact. Future research should continue to build the evidence for which healthy eating interventions are
effective in retail outlets. Further evaluations of real-world supermarket intervention studies using robust scientific
study designs are required, alongside process and economic evaluations, to provide evidence for policy intervention
to improve retail food environments in the United Kingdom and internationally.

Funding: This synopsis presents independent research funded by the National Institute for Health and Care Research
(NIHR) Public Health Research programme as award number 17/44/46.

A plain language summary of this synopsis is available on the NIHR Journals Library Website https://doi.org/10.3310/

Public Health Research 2026 Vol. 14 No. 14

KSDT8756.

Study overview

Text throughout this section has been reproduced from
Vogel et al.* and Baird et al.? These are Open Access articles
distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) licence which permits
others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly
cited. See: https://creativecommons.org/licenses/by/4.0/.
The text below includes minor additions and formatting
changes to the original text.

Rationale for research and background

Unhealthy diet is a key modifiable risk factor for non-
communicable diseases,® and the cost of diet-related ill
health to the NHS is £5.8B annually.* The greatest burden
of poor diet and diet-related ill health falls upon those
experiencing greatest socioeconomic disadvantage, with
the gap between socioeconomically vulnerable and afflu-
ent families widening over the past decade.>®

There is clear evidence from systematic reviews that
interventions providing information about healthy die-
tary behaviours alone are mostly ineffective among
disadvantaged groups and that educational campaigns
such as ‘5 A Day' can even increase inequalities.”® The
evidence suggests that interventions addressing broader
environmental determinants of diet hold most promise for
equitably enhancing population diet.” There is increasing
recognition that unhealthy food environments play a key
role in driving dietary inequalities.*®

Supermarkets are a major source of food for many families,
and the subtle use of marketing techniques influences the
food choices of an almost captive market.* Healthy food
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is more than twice as expensive per calorie than unhealthy
foods high in fat, sugar and salt (HFSS),*? price promotions
are mostly offered on HFSS products?® and < 1% of place-
ment promotions are for fruit and vegetables.?'* Discount
and small supermarkets have been shown to have less-
healthy in-store environments than other supermarkets,
including less-prominent placement of fresh fruit and veg-
etables. This situation is concerning because these types
of stores are used more regularly by families experiencing
disadvantage and younger adults who have poorer dietary
behaviours.1¢”

Systematic reviews of supermarket interventions target-
ing the in-store environment, such as product placement
strategies that alter the availability and positioning of
healthy or unhealthy foods, show promising effects.!8-20
The evidence base is sufficient for governments to take
action to improve the healthfulness of supermarkets’
in-store environments.?! Our own pilot study, involving
three intervention and three control stores, showed that
removing food items from checkouts and aisle ends oppo-
site, in addition to placing an expanded fruit and vegetable
section near store entrances, improve the healthfulness of
store sales, household purchasing and dietary quality.??

The majority of supermarket studies assessing the effects
of healthier product placement strategies, however, have
poor methodological quality. Our own systematic review
of the literature in this field identified that many studies
have not included a control group nor reported sample
size calculations, and none included an adequate number
of stores for a cluster design study.?! Additionally, very few
studies assessed the effect of product placement changes
on outcomes at the household or individual level (i.e.
customers’ purchasing and dietary patterns), with most
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assessing change at the store level. Not a single study
reported on cost-effectiveness.??! Further high-quality,
adequately powered studies are needed to quantify the
effect of placement interventions in supermarkets and
inform future food policy action. Studies that measure
cost-effectiveness and examine differential effects by
socioeconomic status are particularly important for
policy-makers.

In October 2022, the UK government implemented the
first component of the Food (Promotion and Placement)
Regulations in England.?® This regulation prohibits the
positioning of HFSS products at store entrances, aisle
ends and checkouts in chain retail outlets. Our pre-
implementation assessment of this regulation indicated
widespread support for these new rules; however, a
number of stakeholders felt the restrictions could go
further in supporting everyone to make healthier food
choices.?#%

This study addresses several evidence gaps regarding
the use of placement strategies to improve population
diet. It draws upon the collaboration with a UK discount
supermarket chain established for our pilot study to assess
the effectiveness and cost-effectiveness of creating a
healthier store layout in supermarkets frequently used by
disadvantaged families. This study is unique in its analysis
of individual loyalty card data, in addition to store sales
data, as well as collecting dietary data from more than one
family member.2¢?” The study also assessed household
fruit and vegetable waste patterns; estimated the costs
of the intervention at the individual, retailer and societal
levels; and undertook a detailed process evaluation along-
side the outcome evaluation to provide a comprehensive
picture of the evidence.

Study objectives

Primary objective

To assess whether increasing availability of fresh fruit and
vegetables and positioning them at the front of the store in
discount supermarkets improves fresh fruit and vegetable
purchasing patterns after 6 months among women cus-
tomers aged 18-60 years compared to control customers.

Secondary objectives

1. To assess effect modification by educational at-
tainment on women'’s change in fruit and vegetable
purchasing.

2. To assess how the intervention affects women'’s di-
etary quality and daily fruit and vegetable intake, and
the dietary quality of their young children.
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3. To assess how the intervention influences weekly
store sales of fruit and vegetables.

4, To conduct an economic evaluation from individual,
retailer and societal perspectives.

5. To conduct a detailed process evaluation to examine:
(1) intervention implementation in each store and
the exposure and reach to participants, (2) mecha-
nisms of intervention impact by exploring the
experiences of participants and staff and, (3) how
contextual factors, such as social influences, spa-
tial access to supermarkets and government policy,
influence intervention effects.

Methods

Study design

The Women's Responses to Adjusted Product Placement
and its Effects on Diet (WRAPPED) study is a natural
experiment with prospective matched controlled cluster
design. It had a 6 months’ intervention period, alongside
a 3-month baseline period and 0-3 and 3-6 months’
follow-up assessments. Full details of the study protocol
were published in 2020.1*

Study setting

The WRAPPED study focused on households experienc-
ing socioeconomic disadvantage and therefore sampled
from customers who shopped at stores of the collabo-
rating discount supermarket chain. This supermarket has
over 1000 stores nationwide and holds approximately 2%
of the grocery market share in the UK.28

Intervention and control conditions

The WRAPPED intervention incorporated both placement
intervention types from the typology of interventions in
proximal physical microenvironments: availability and
position.?’ The intervention created a healthier store
layout by expanding the produce section to increase the
availability of fresh fruit and vegetables, and positioning
the section near the store entrance. The supermarket
chain implemented the intervention. The logic model
(Figure 1) specifies the intervention components and
routes of impact for the short, medium and long terms. The
model specifies that exposure to the product placement
changes increases store sales and household purchasing
of fresh fruit and vegetables (short-term outcome) that in
turn will improve dietary quality (medium-term outcomes)
and subsequently reduce inequalities in diet and obesity
(long-term outcomes). This study assessed short- and
medium-term outcomes.

The control condition was the previous layout of stores,
with a limited range of fresh fruit and vegetables, placed
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Problem | | Needs | | Evidence | | Resources | | Activities Short-term Medium-term Long-term
outcomes outcomes outcomes
Women from Effective Unhealthy Discount Implement Healthier Retailers ImgrO\t/je dl?t
deprived strategies to food supermarket product T | store layout —> adopt/keep and reduction
backgrounds —| address poor environments Refurbishing placement + healthier store n dleta.r){
have poor dietary quality exacerbate stores with changes in layout inequalities
dietary quality among T dietary healthier layout intervention Sales of fruit among women
deprived inequalities Willing to: stores, ?nd vegetables l ~ and.thelr
i women - develop e \ families |
/ \ T /V labarati ¢ /v * Improved )
! collaboration dietary quality
Poor diet Effective Discount - match control Deprived Improved among
quality is strategies to supermarkets tointervention women (18- perception of deprived Improved
associated sustaining have least stores 45 years) fruit and women weight status
with poor dietary ™ healthy - provide sales 1 shopping in T vegetables l .an'd reduc't|.on
short-and improvements in-store data intervention availability f + n mqualltles
long-term among environments stores are ¢ Improve 7/ in obesity
health deprived and can be Researchers exposed to \ dietary quality among women
outcomes for women improved | - Complex healthier Modified among andihelr
women and / intervention layout food women’s families
thf—‘”‘ young ffecti - evaluation shopping young children
children Effective 1y Placing - Health e Dietary P| behaviours
means of products in economics quality
creatlr]g prominent - Statistics assessment l T
healthier food locations - Nutrition of deprived
environments in-store - Process women (18- Improved '
prompt their evaluation 45 years) nutrition
purchase | regularly self-efficacy
Funding 4 shopping at
partner study store

PPl members

FIGURE 1 Logic model describing the WRAPPED study. PPI, patient and public involvement.

near the back of the store. Both control and intervention
stores were sampled from locations across England to
improve generalisability (Figure 2).

Eligibility criteria

The store sample was 36 stores, 18 intervention and 18
control stores, with allocation to the intervention condi-
tion at the store level. Intervention stores were selected, in
a phased approach, from the collaborating supermarket’s
ongoing refurbishment programme. Randomisation was
not possible, because it is recognised that in real world,
supermarket research randomised controlled trial designs
are problematic in this highly competitive, commercial
setting.*® Consequently, control stores were matched to
an intervention store based on: (1) sales profile, (2) cus-
tomer profile and (3) neighbourhood deprivation [Index of
Multiple Deprivation (IMD)].3* Matching on these factors
increased the similarity of intervention and control stores,
reducing effects of confounding.

Participants were women, aged 18-60 years, who held
a loyalty card with the study supermarket chain and
shopped in a study store in the 12 weeks before recruit-
ment (according to loyalty card data). Shoppers who chose
items in-store but opted for home delivery were eligible,
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but online only shoppers were not eligible to participate.
Women aged 18-60 years were the target population,
because improving the diets of women in this age group
will improve their own health and the short- and long-term
health of their children.??% Women within this age group
are also primarily responsible for domestic food-related
tasks that influence their partners’ and families’ diets.34%>

Participant recruitment

Women from matched intervention and control stores
were recruited concurrently prior to the intervention
implementation stores’ refurbishment from May 2018
to October 2021. Eligible women, identified from the
loyalty card register, were sent an invitation and informa-
tion letter by the collaborating supermarket. Participants
were not informed of the intervention. Interested women
contacted the study team via Freephone number, text or
e-mail and were screened for eligibility and consented.
In-store recruitment was also used, whereby members of
the research team approached women customers while
shopping and provided them with a study information
sheet. Interested women registered with the researcher
in-store and were subsequently phoned and consented.
This method proved effective at enhancing the diversity
of customers in a previous supermarket pricing trial®¢ and
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FIGURE 2 Location of study stores participating in the WRAPPED study. Circle, intervention store; triangle, control store. This figure

has been reproduced from Baird et al.? This is an Open Access article distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) licence which permits others to distribute, remix, adapt and build upon this work for commercial use, provided the
original work is properly cited. See: https:/creativecommons.org/licenses/by/4.0/. The figure above includes minor additions and formatting

changes to the original text.

was used in all 36 stores. All participants were offered up
to 3 x £10 Love2Shop (Liverpool, UK) or Amazon (Amazon.
com, Inc., Bellevue, WA, USA) vouchers for taking part.

Due to recruitment challenges over the COVID-19 pan-
demic, an additional wave of recruitment was undertaken
between September 2022 and February 2023 to boost
participant numbers providing purchasing data. A letter
was sent by the collaborating supermarket offering
participants 1 x £15 vouchers for completing one tele-
phone interview and providing their retrospective loyalty
card data.

All participants provided demographic information about
their age, ethnicity, marital status, highest educational
qualification, employment status, number of children in
the home, amount of money spent on groceries each week
and whether the study supermarket chain was where
they bought most of their household’s food. Participants
also provided their home postcode to enable IMD to
be identified.

Outcome measures

Store weekly sales and household purchasing data were
provided by the collaborating supermarket and covered
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three time periods: (1) baseline, 3 months before refur-
bishment, (2) 0-3 months post intervention and (3)
3-6 months post intervention. Store sales and participant
purchasing of fresh fruit and vegetables were aggregated
to numbers of items sold in each week of the study
period. Store sales and participant purchasing data sets
consisted of 11-14 weeks prior to the intervention and
24-28 weeks afterwards.

Secondary outcome data about women’s diets,®” their
young child’s diet (2-6 years),*® frequency of household
fruit waste and vegetable waste, food shopping habits,
perceptions of supermarket environment and demo-
graphic characteristics were collected by telephone survey
before refurbishment (baseline) and 1, 3 and 6 months
after. Details describing these variables can be found in
the published study protocol.

Economic evaluation was conducted from individual,
retailer and societal perspectives. Individual perspective
evaluation used participant survey data for food expend-
iture, time spent food shopping, as well as travel costs to
and from supermarkets. Retailer perspective evaluation
assessed factors likely to influence supermarket deci-
sions about investments in food product and placement
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strategies. Societal perspective costs were estimated for
resources associated with the capital investment and
ongoing costs of the store refurbishment, changes in food
expenditure, time and travel costs for individuals and
health and social care costs for related health conditions.

Process evaluation

Process evaluation assessed intervention implementation,
mechanisms of impact and context, following Medical
Research Council (MRC) guidance.® Intervention imple-
mentation was assessed in intervention and control stores
through: (1) in-store surveys to measure product position-
ing in prominent in-store locations, (2) analysis of store
planograms (visual representation of stores and product
placement) to determine fresh fruit and vegetable section
positioning and distance moved post intervention and (3)
change in fresh fruit and vegetable availability according
to study store stock-keeping units (SKUs). Intervention
dose was determined through changes in positioning and
availability pre and post intervention, and participants’
reporting of whether the study store was used for most
grocery shopping.

Mechanisms of impact were assessed by conducting
qualitative semistructured interviews with senior staff of
(n = 30) study stores.

The local food retail environment surrounding each study
store was assessed to confirm that study results were not
caused by local retail environments. Ordnance Survey
Points of Interest data identified supermarkets, conven-
ience stores and takeaways at each of the study time
points within 1 km activity spaces defined as road network
buffers around the respondent’s home and their main food
store, and a 50 m buffer around the shortest travel road
linking these two points. Participants’ scores for each
study store were combined to provide a store-level outlet
density indicator for each of the three alternative oppor-
tunities at each study time point. The broader policy con-
text was determined via semistructured interviews with
a purposive sample (n =108) of consumers, businesses,
local authority officers and health group representatives.

Data analysis

Analyses were performed using intention-to-treat multi-
level models, including three-level models with women'’s
weekly purchasing data clustered within women, who are
clustered within stores. Store sales data were analysed
using an interrupted time series analyses.*® Random
effects meta-analysis** was used to synthesise the
differences between pairs of stores at the time of inter-
vention, 3 and 6 months’ post-intervention time points.
This method enabled: (1) retention of the store pairing in
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the study design, (2) comparisons between pairs and (3)
overall statements of effect size and precision.*? The col-
laborating supermarket chain sells only packaged fruit/
vegetables (not singly), with each item averaging five
portions (= 400g). This information informed conversions
from items to portions.

Participant purchasing data were dichotomised to indicate
whether each week resulted in any purchases of the food
category under consideration. A difference-in-differences
approach was used so that each logistic regression model
included fixed effects for intervention group, time period
and the interaction between intervention group and time
period. Planned subgroup analyses focused on differing
effects for level of educational attainment (marker of dis-
advantage) and intervention dose.

The effects of the intervention on changes in dietary
quality from baseline to 3 and 6 months post intervention
were explored using linear regression models with diet as
the outcome and intervention group and diet at baseline
as predictors. Linear regression models were fitted in
each pair of stores separately, and random effects meta-
analysis** synthesised the differences between pairs.
Other quantitative data were analysed using descriptive
statistics and linear regression analyses for continuously
distributed outcomes.*® Adjusted regression models
included confounding variables determined using directed
acyclic graphs (DAGs).** All analyses were performed in
Stata 14 (StataCorp LP, College Station, TX, USA).

Individual and retailer economic evaluation results are
presented as simple cost-consequence analysis tables,
with estimates of monetary costs or savings shown in a
‘balance sheet’ alongside summary statistics.!* For the
societal perspective, cost-utility analysis was conducted,
to assess the efficiency of the investment in store refur-
bishment in relation to future costs and savings to public
and private bodies and health effects for the women, as
well as the impact on health inequalities. Health effects
[quality-adjusted life-years (QALYs)] and related treatment
and care costs were estimated using a Markov model.

Qualitative data were analysed using inductive reflexive
thematic analysis and rapid qualitative analysis follow-
ing Braun and Clarke’s guidelines and Vindrola-Padros's
approach, respectively to ensure that themes and sub-
themes were derived from the raw data.**% Themes
and subthemes were compiled together with verbatim
guotes, following an iterative processing of coding frame
development. The analysis was conducted in a manner
that considered differences between intervention and
control stores.
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Additional research activities

Two literature reviews were also completed; one was a
systematic review of the evidence of the effectiveness
of placement interventions to improve healthy eating in
retail outlets,?! and the second was a synthesis of evidence
from systematic reviews of interventions conducted in
supermarkets to improve healthy eating published as a
book chapter.?°

A case study synthesis of the opportunities, challenges and
lessons of partnering with national supermarket chains
to conduct public health research and build high-quality
evidence for future food policy was conducted with col-
leagues in the Netherlands and Australia.*®

Public Health Research 2026 Vol. 14 No. 14

Results

Sample characteristics

A total of 580 women aged 18-60 years who regularly
shopped at one of the 36 study stores were recruited;
300 participants were from control stores and 280 from
intervention stores (Figure 3). A total of 475 women pro-
vided purchasing data [248 from control stores and 227
from intervention stores which provides 85% power at 5%
significance level (two-sided)], and 360 women provided
information about their dietary and household fruit and
vegetable waste patterns (190 from control stores and 170
from intervention stores). Out of these 360 women, 250
reported living with children (aged < 18 years) and 127

n=36

Recruitment of stores,

v

Intervention stores from refurbishment schedule
Control stores matched to an intervention store (area deprivation, sales and customer profile)

v

-

Intervention,
n =18 stores

!

Control,
n = 18 stores

475 with purchasing data and

Not completed (n = 285)
- not met criteria (n = 48)

Women assessed for eligibility, n = 865

360 with dietary data
255 with both dietary and
purchasing data

- non-contact/other (n = 116) | <
- withdrawn (n = 35) v
- dropped (n = 86) Baseline assessment, n = 580
D'?;a:ég)a = Purchasing Dl(,e;t:r{;loa)ta Purchasing
Child(n=62) || dataln=22) Child(n=66) || 92ta(n=248)
< >
Lost to follow-up A Lost to follow-up
(n=22) 3 months’ dietary follow-up and analysis,n =313 (n=25)
Dl('eqtirz/ 4d;)ta Purchasing D'(it:r{ 6dsa)ta Purchasing
Child (n = 50) data (n=227) Child (n = 52) data (n=248)
< >
Lost to follow-up v Lost to follow-up
(n=14) 6 months’ dietary follow-up and analysis, n = 290 (n=9)

Dietary data hasi
(n=134) Purchasing
Child (n=43) || data(n=227)

Dietary data hasi
no1sg || furchasig
Child (n=4g) | | data(n=248)

FIGURE 3 Flow diagram of the WRAPPED study participants.
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provided data about their child aged 2-6 years. Attrition
rates for diet and waste data were 13% at 3 months’ and
19% at 6 months’ follow-ups.

There were slight differences in participant characteristics
at baseline between intervention and control partici-
pants, with intervention women less likely to identify as
being of White ethnicity and more likely to live in more
deprived neighbourhoods (Table 1). More than half of the
sample were aged 31-45 years, 72% identified as being
White British, 40% had low educational attainment (no
qualifications beyond age 16 years) and 63% were in paid
employment. Almost a third reported that the collaborat-
ing supermarket chain was where they purchased most of
their groceries (31%).

Primary outcome results

There were 5077 store visits made by the 475 participants
with purchasing data, 2704 from control store participants
and 2373 from intervention store participants. Modelled
proportions of fruit and vegetable purchasing show an
overall decline over time (Figure 4). The proportion of con-
trol participants purchasing fruit and vegetables decreased
from baseline to 3 months {-1.4% [95% confidence inter-
val (Cl) -5.4% to 2.5%]} and from baseline to 6 months
[-4.9% (95% Cl -8.7% to -1.0%)]; among intervention
participants, the reduction was less marked than among

TABLE 1 Baseline characteristics of all participants (n = 580)

Characteristic

Total (n = 580)

Public Health Research 2026 Vol. 14 No. 14

control participants at 3 months [-0.8% (95% CI -5.1% to
3.6%)] and at 6 months [-1.4% (95% Cl -5.7% to —2.3%)]
(Table 2).

When stratifying by intervention dose using distance pro-
duce section moved, the reduction in proportion purchas-
ing fruit and vegetables among intervention participants
compared to control participants was less marked (though
not statistically significant) (Table 2). Among participants
whose main supermarket was the study store, those shop-
ping at intervention stores showed somewhat less-marked
reductions in fruit and vegetable purchasing at 3 and
6 months’ follow-ups compared to those who shopped at
control stores.

Results for stratification by educational qualification
showed that the proportion purchasing fruit and vege-
tables among intervention participants increased some-
what from baseline among those with fewer educational
qualifications compared to those with more educational
qualifications, with the greatest difference at 6 months
(Table 2). The same contrast was not observed among
control participants.

Secondary outcome results
Results from the meta-analysis of store sales are shown
in Figure 5, illustrating results at baseline and 3 and

Control (n = 300) Intervention (n = 280)

Age group, % (n) 0.45
18-30 years 16% (90) 17% (51) 14% (39)

31-45 years 51% (298) 50% (151) 53% (147)

46-60 years 33% (192) 33% (98) 34% (94)

White ethnicity, % (n) 72% (417) 80% (239) 64% (178) <0.001
Married/civil partnership/cohabiting, % (n) 61% (354) 66% (197) 56% (157) 0.05
Low education (no qualifications beyond age 16), % (n) 40% (224) 40% (117) 39% (107) 0.36
Most deprived half of neighbourhood deprivation (IMD), % (n) 69% (400) 61% (183) 78% (217) < 0.001
Paid employment, % (n) 63% (361) 66% (193) 60% (168) 0.16
Main supermarket used is study supermarket, % (n) 31% (177) 29% (85) 33% (92) 0.25
Pounds (£) spent on food per week, median (IQR) 70 (50-100) 70 (50-100) 70 (50-100) 0.74
Number of children in the house, median (IQR) 1(0-2) 1(0-2) 1(0-2) 0.30

IQR, interquartile range.
Source

This table has been reproduced from Vogel et al.* This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) licence which permits others to distribute, remix, adapt and build upon this work for commercial use,
provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table above includes minor additions

and formatting changes to the original text.

8

NIHR Journals Library www.journalslibrary.nihr.ac.uk


https://creativecommons.org/licenses/by/4.0/

DOI: 10.3310/KSDT8756 Public Health Research 2026 Vol. 14 No. 14

= 0.4+
o
=%
(%}
2% 034
23
5 g
£ 35 024 Control stores
g_i —— Intervention stores
5% 01-
£ T
8 &
o
o 0

T T T T T T T

0 6 12 18 24 30 36

Study week

p-value for difference in difference baseline to 3 months post intervention = 0.72
p-value for difference in difference baseline to 6 months post intervention = 0.29

FIGURE 4 Modelled proportion of women purchasing food items in intervention and control stores. This figure has been reproduced from
Vogel et al.! This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence
which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.
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TABLE 2 Effect of intervention on change in proportion of fresh fruit and vegetable purchasing from baseline to 3 and 6 months’ follow-up

Control Intervention
- @ 0 Number Numberof Number p-value forcontrol p-value for
Change (95% Cl) Change (95% Cl) of stores women of visits  vs. intervention interaction
All participants® -1.4%  (-5.4% to 2.5%) -0.8% (=5.1% to 3.6%) 0.83
Baseline to 3 months
36 475 4793
Baseline to 6 -48% (-8.7%to-1.0%) -1.4% (-5.7% to 2.9%) 0.23
months
Moved 2 14 m forwards®
Baseline to 3 -3.7%  (-8.9% to 1.6%) -1.6% (-7.8% to 4.7%) 0.61
months
18 242 2462
Baseline to 6 -6.1% (-11.2%to -0.9%) -1.0% (=7.2% to 5.2%) 0.20
months
Moved < 14 m forwards
Baseline to 3 12%  (-4.8%to 7.2%) 0.0% (-6.0% to 6.2%) 0.80 0.44
months
18 233 2331
Baseline to 6 -3.5% (-9.2% to 2.2%) -1.8% (-7.8% to 4.2%) 0.69 0.50
months
Study store is main store®
Baseline to 3 -3.5% (-10.5% to 3.4%) 0.0% (-7.5% to 7.6%) 0.49
months
33 138 1755
Baseline to 6 -10.3% (-16.9% to -3.7%) -1.0% (-8.5% to 6.3%) 0.07
months
Study store is not main store
Baseline to 3 -0.4%  (-5.2% to 4.4%) -1.3% (-6.6% to 4.1%) 0.82 0.49
months
36 337 3038
Baseline to 6 -20% (-6.8% to 2.7%) -1.7% (-7.0% to 3.6%) 0.91 0.18
months
continued
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TABLE 2 Effect of intervention on change in proportion of fresh fruit and vegetable purchasing from baseline to 3 and 6 months’

follow-up (continued)

Control Intervention

(95% Cl)

Change Change (95% Cl)

Number
of visits

Number Number of
of stores women

p-value for control
vs. intervention

p-value for
interaction

Educated up to age 16 years?

Baseline to 3 34%  (-2.9% to 9.8%) 2.8% (-4.0% to 9.8%) 0.94
months
36 180 1863
Baseline to 6 -27%  (-8.8% to 3.3%) 5.0% (-1.8% to 11.8%) 0.09
months
Educated over 16 years of age
Baseline to 3 -3.3% (-8.6%to 1.9%) -2.5% (-8.2% to 3.3%) 0.79 0.32
months 35 283 2812
Baseline to 6 months  -5.0%  (-10.3% to -0.9%) -4.7% (-10.3% to 1.0%) 0.66 0.19

a These analyses were pre-defined in the study protocol.**

b These analyses were defined from the process evaluation findings of intervention implementation? and offer potentially important

policy-relevant information

Source

This table has been reproduced from Vogel et al.* This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution
(CC BY 4.0) licence which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.
See: https://creativecommons.org/licenses/by/4.0/. The table above includes minor additions and formatting changes to the original text.

6 months post intervention implementation. Increases
in sales of fresh fruit and vegetables were greater in
the intervention stores than would be predicted by
the model counterfactuals at the time of intervention
[difference = 0.32 standard deviations (SDs) (95% CI
0.10 to 0.53); p = 0.002], with a reduction in effect at
3 months post intervention [difference = 0.23 SDs (95%
Cl -0.05 to 0.52), p = 0.10] and 6 months post inter-
vention [difference = 0.18 SDs (95% Cl| -0.16 to 0.52);
p = 0.29]. These changes are approximately equivalent
to 2525 (95% Cl 775 to 4115), 1940 (95% CI 380 to
3950) and 1450 (95% CI -945 to 3950) extra fruit and
vegetable portions per store per week at intervention
and 3 and 6 months post intervention implementation,
respectively.

As shown in Table 3, there were somewhat greater
increases in sales of fresh fruit and vegetables in the
intervention stores which received a greater interven-
tion dose, where the produce section moved forwards
more than 14 m compared to stores where the fruit
and vegetables moved less far forwards. The changes
in stores where fruit and vegetables moved forwards
more than 14 m are approximately equivalent to 3645
(95% Cl 2350 to 5305), 3115 (95% Cl 960 to 5350) and
2350 (95% CI 720 to 6045) greater fruit and vegetable
portions per store per week at intervention and 3 and
6 months’ follow-up, respectively. More mixed findings
were observed when intervention dose was defined
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as being in the first, compared to the last half of the
first aisle.

The intervention showed a positive effect on women'’s
dietary quality at 6 months post intervention [0.25 SDs
(95% CIl 0.10 to 0.40)]. The effect was small, however, at
1 month’s follow-up [0.07 SDs (95% CI -0.09 to 0.23)] and
in the opposite direction at 3 months’ follow-up [-0.15
SDs (95% CI -0.33 to 0.03)]. Analyses of children’s dietary
quality demonstrated positive effects of the intervention
on dietary quality at 1 and 3 months’ follow-up [0.34 SDs
(95% Cl1-0.30t00.98) and 0.43 SDs (95% CI -0.39 to 1.25),
respectively], although uncertainty is indicated by wide
conference intervals. There were no effects at 6 months
post intervention [0.06 SD (95% CI -0.13 to 0.24)].

The intervention effect on reported household fruit and
vegetable waste revealed little change in frequency of
fresh fruit and vegetables being thrown away at 1 [-0.01
times per week (95% Cl -0.24 to 0.22) and -0.02 times per
week (95% CI -0.20 to 0.17), respectively] and 3 months’
follow-up [0.07 times per week (95% Cl| -0.18 to 0.32)
and -0.02 times per week (95% Cl -0.25 to 0.20), respec-
tively]. After 6 months, however, frequency of vegetable
waste was more evident among women from intervention
than control stores [0.20 times per week (95% Cl 0.07 to
0.32)] and fruit waste was also somewhat greater among
intervention participants [0.12 times per week (95% CI
-0.12 to 0.35)].
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Study % Study %
ID ES (95%Cl) Weight D ES (95%Cl) Weight
Store pair 1 |—— 0.70(0.41t00.98) 6.08 Store pair 1 H—— 0.70(0.01t0 1.38) 6.16
Store pair 2 ks 0.28 (0.07 t0 0.49) 6.42 Store pair 2 +— 0.34(-0.13t00.82) 7.62
Store pair 3 |- 0.70(0.44t00.97)  6.16 Store pair 3 —— 0.77(0.16t0 1.37)  6.68
Store pair 4 — 0.06 (-0.28t00.41) 5.79 Store pair 4 —_— 0.01(-0.78t00.80) 5.47
Store pair 5 —— 0.79(0.27 to 1.31) 478 Store pair 5 —_— 1.42(0.24 to 2.59) 3.58
Store pair 6 -O-i 0.10(-0.11t00.32) 641 Store pair 6 o -0.19(-0.67t00.29) 7.57
Store pair 7 o 088(0.50t01.25)  5.61 Store pair 7 — 098(0.14t01.83)  5.15
Store pair 8 * | -0.39(-0.54t0 -0.25) 6.64 Store pair 8 = -0.52(-0.75t0-0.29)9.13
Store pair 9 — -0.13(-0.76 t0 0.49) 4.20 Store pair 9 —_—— -0.17(-1.70t0 1.35) 2.51
Store pair 10 —IO-{- 0.09(-0.34t00.53) 5.24 Store pair 10 —_— -0.59(-1.47t00.28) 5.00
Store pair 11 —— -0.08 (-0.55t00.38) 5.09 Store pair 11 — -0.34(-1.27t0 0.60) 4.69
Store pair 12 . 0.60(0.20t01.00) 546 Store pair 12 e 0.55(-0.25t01.36)  5.38
Store pair 13 —fe— 0.14(-0.34t00.62)  5.01 Store pair 13 —— 0.32(-0.63t0 1.27) 4.61
Store pair 14 e 052(0.31t00.74) 640 Store pair 14 —— 0.05(-0.38t00.47) 7.97
Store pair 15 e 0.59(0.30t00.89)  6.03 Store pair 15 — 0.44(-0.13t0 1.02) 6.88
Store pair 16 —4—- -0.03(-0.63t00.57) 4.35 Store pair 16 — -0.28(-1.78t0 1.22) 2.57
Store pair 17 - 0.48(0.15t00.81)  5.83 Store pair 17 —— 0.36(-0.40t0 1.11)  5.68
Store pair 18 T 0.33(-0.24t00.90)  4.50 Store pair 18 4 0.94(-0.29t02.18) 3.36
Overall ¢ 0.32(0.11t00.53) 100.00 Overall <> 0.23(-0.05t00.52) 100.00
. p-valuefor pooled effect size = 0.002 ' p-value for pooled effect size = 0.010
T T T T L
-4 -2 0 2 4 714 f|2 0 é lll
At intervention 3 months’ follow-up

Study %

ID ES(95%Cl) Weight

Store pair 1 —-;—*— 0.70(-0.45t01.85) 6.55

Store pair 2 - 0.41(-0.38t01.19) 11.09

Store pair 3 — 0.83(-0.19t0 1.86)  7.80

Store pair 4 —— -0.04(-1.38t0 1.30) 5.18

Store pair 5 ————————— 2.04(0.08 to 4.00) 2.70

Store pair 6 — -0.48(-1.28t00.32) 10.76

Store pair 7 —-i—v— 1.09(-0.32t02.50) 4.76

Store pair 9 : -0.21(-2.86t02.44) 1.55

Store pair 10 —_—— -1.28(-2.71t00.16) 4.64

Store pair 11 — -0.59(-2.10t00.92) 4.24

Store pair 12 _t 0.51(-0.82t01.84) 5.25

Store pair 13 —_— 0.50(-1.05t02.05)  4.07

Store pair 14 —0—-:' -0.43(-1.12t00.25) 12.87

Store pair 15 —— 0.29(-0.65t01.23) 8.81

Store pair 16 L -0.53(-3.19t02.13) 1.54

Store pair 17 —_— 023(-1.02t01.49) 573

Store pair 18 ———%—————  156(-049t03.61) 248

Overall < 0.18(-0.16t00.52)  100.00

! p-value for pooled effect size = 0.29
T T T T
-4 -2 0 2 4
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6 months’ follow-up

FIGURE 5 Meta-analysis of total sales of fresh fruit and vegetables at three time points. This figure has been reproduced from Vogel et
al.* This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See:
https://creativecommons.org/licenses/by/4.0/. The figure above includes minor additions and formatting changes to the original text.

Economic evaluation results

A summary of the economic and health impacts of the
intervention is shown in Table 4. From a household
perspective, the purchasing data indicates a positive
effect on the quantity of fresh fruit and vegetables
bought over 6 months, which was not associated with
an increase in reported spending on supermarket foods.
Effects on the reported time spent on food shopping or
travel distance to the main food shop, and wastage of
fruit and vegetables were not substantial. Extrapolating
the mean effect on fruit and vegetable purchasing in the
health economic model, we estimated small reductions
in the incidence of cardiovascular disease and cancer
for individuals, which would translate to a meaningful
health gain at the population level (1.2 QALYs gained
per 1000 population).
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From a retailer perspective, there is an initial capital cost
to relocate the fresh fruit and vegetables, and additional
costs for maintaining a larger volume and range of pro-
duce. The financial net impact of effects on sales is difficult
to quantify. There was no evidence that increased spend-
ing on fresh fruit and vegetables was offset by reduced
spending on frozen or tinned fruit and vegetables or other
items in the intervention stores.

The overall economic and health effects of the intervention
at a societal level are difficult to estimate, due to uncer-
tainty over some key model parameters. For our illustrative
base case analysis, we assumed an intervention effect of
0.11 portions of fruit and vegetables per day (0.15 items
per week), waning of the effect to zero between 4 and
8 years after the intervention, a one-off refit cost of £185
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TABLE 3 Increase in-store sales of fresh fruit and vegetables (SDs) in intervention stores compared to that predicted by model counterfactu-

als at intervention, and 3 and 6 months’ follow-up post intervention by dose (positioning)

Store location

All stores?

At intervention

12 weeks post intervention

24 weeks post intervention

Fruit and vegetables moved > 14 m forwards®
At intervention

12 weeks post intervention

24 weeks post intervention

Fruit and vegetables moved < 14 m forwards
At intervention

12 weeks post intervention

24 weeks post intervention

Fruit and vegetables to first half of first aisle®
At intervention

12 weeks post intervention

24 weeks post intervention

Fruit and vegetables to last half of first aisle
At intervention

12 weeks post intervention

24 weeks post intervention

Overall effect size SD (95% ClI)

0.32(0.11 to 0.53)
0.23 (-0.05 to 0.52)
0.18 (-0.16 to 0.52)

0.48 (0.30 to 0.67)
0.40 (0.12 to 0.68)
0.30(-0.13 to 0.74)

0.15(-0.16 to 0.45)
0.01 (-0.38 to 0.40)
-0.01 (-0.57 to 0.56)

0.41(0.25 to 0.57)
0.27 (0.02 to 0.53)
0.12 (-0.27 to 0.52)

0.09 (-0.37 to 0.56)
0.15(-0.52 to0 0.81)
0.61(-0.24 to 1.47)

p-value Number of stores
0.002 36
0.10 36
0.29 36

<0.001 18
0.005 18
0.17 18
0.35 18
0.97 18
0.98 18

<0.001 26
0.04 26
0.53 26
0.69 10
0.67 10
0.16 10

a These analyses were pre-defined in the study protocol.!!
b These analyses were defined from the process evaluation findings of intervention implementation? and offer potentially important

policy-relevant information.
Source

This table has been reproduced from Vogel et al.* This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) licence which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table above includes minor additions

and formatting changes to the original text.

per customer and annual discount rates of 1.5% for QALYs
and 3.5% for costs. Overall analyses showed an incremen-
tal cost-effectiveness ratio of £156,574 per QALY gained,
which is higher than the usual threshold applied for public
sector health investments. However, this result was highly
sensitive to assumptions about the cost of the refit, and
the waning of the intervention effect over time.

Process evaluation results

Staff survey data assessing intervention implementation
showed that 41% of intervention stores positioned the
fresh produce section in the front half of the first aisle
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compared to 27% of control stores before intervention
implementation (p = 0.39).2 At 1 month post intervention
implementation, fresh fruit and vegetables were posi-
tioned in the front half of the first aisle in all intervention
stores (100%) compared with less than a quarter (23%) of
control stores (p < 0.001). At 6 months post implementa-
tion, 94% of intervention stores reported fresh produce in
the front half of the first aisle compared to 39% of control
stores (p = 0.001). There were no significant differences
between intervention and control stores in the positioning
of other products frequently placed in the front half of the
first aisle (all p > 0.10).2
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TABLE 4 Economic balance sheet: summary effects of intervention on change

Units

Time period

Estimated effect (95% Cl)

Intervention vs. control Source

Household perspective
Fruit and veg purchased Items per week?

£ per person per
week

Supermarket food spend

Main food shop time Minutes per week

Main store distance Mean km
Estimated QALY gain QALYs per woman
Retailer perspective
Refit cost

Running costs

Sales impact

Satisfaction: choice Very good or good
Satisfaction: service Very good or good
Satisfaction: value Very good or good
Societal perspective Base case estimates
Net cost of intervention £ per woman
Health effect QALYs per woman

Incremental ratio £ per QALY gained

Change 0-6 months

Change 0-6 months

Change 0-6 months
Change 0-6 months

Lifetime projection

Reports of £211,000 per store for a mini refit to £362,00 for a full refit

Additional costs for stocking and wastage for fresh fruit and vegetables

Approximately 1450 extra fruit and vegetable portions per store per week
Change 0-6 months
Change 0-6 months

Change 0-6 months

Lifetime projection
Lifetime projection

Lifetime projection

+0.15 (-0.04 vs. -0.19) Purchasing dataP

-1.07 (-3.26 to 1.12) Survey

+9.4(-11.2 to 29.9) Survey

+1.3(-6.47 to 8.98) Postcode analysis
0.0012 Economic model®
Trade press

Store staff
interviews

Purchasing data

OR 1.17 (0.70 to 1.94) Survey
OR 0.92 (0.55 to 1.55) Survey
OR 0.80(0.48 to 1.33) Survey

£187 Economic model©
0.0012 Economic model®
£156,574 Economic model®

OR, odds ratio.
a Fresh fruit and vegetables, approximately 5 portions per item.

b Negative binomial model, reduction of 0.04 items (-0.23, 0.16) in intervention vs. reduction of 0.19 (-0.35, -0.02) items in control stores.
¢ Base case estimate, assumes waning of effect between 4 and 8 years after intervention; discounting at 3.5% for costs, 1.5% for QALYs.

Planogram data from all 36 study stores (18 intervention
and 18 control) showed that the distance of fresh fruit and
vegetables from the store entrance was markedly shorter
in intervention compared to control stores after interven-
tion implementation.? The median distance for interven-
tion stores was 8.0 m [interquartile range (IQR) 5.0-10.0]
compared with 23.8 m (IQR 21.0-30.0) for control stores
(p < 0.0001). The mean distance that the fresh fruit and
vegetable section moved forwards in intervention stores
from baseline to post implementation was 14 m (SD 9.7)
(b < 0.0001).

Analysis of SKU data showed that the mean number of dif-
ferent fruit and vegetable products available was higher in
intervention compared with control stores post interven-
tion implementation.?2 The mean value among intervention
stores was 69.8 (SD 16.1) compared with 57.9 (SD 13.0)
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among control stores (p = 0.02). The mean change from
baseline to post-intervention implementation in number
of different fruit and vegetables available in intervention
stores was 15.3 (SD 16.7) (p = 0.01).

Semistructured interviews with senior staff working in
study stores described three themes related to interven-
tion implementation.? The first outlined the processes by
which the company supported intervention implemen-
tation. In particular, the provision of detailed floor plans
(planograms) which guide product positioning and supply
chains matching the additional demand for fresh fruit and
vegetables with regular deliveries. The second described
the autonomy that store managers and staff had for the
positioning of product displays that were not fixed. They
described drawing upon their knowledge of their cus-
tomers’ preferences to make decisions about the types
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of products placed in these moveable display units, which
were often less healthy and prominently positioned. The
third, highlighted staff support for prominent positioning
of the fresh produce section near the store entrance
because it boosted sales and supported customers in
making healthier choices.

To assess the possibility that results might be affected by
changes in the wider food retail environment, Ordnance
Survey Points of Interest data were used to identify
supermarkets, convenience stores and takeaways at
each of the study time points within participant’s local
food retail activity spaces or within 1 km radius around
study stores. Activity spaces were defined as 1 km road
distance buffers around the participant’s home and their
main food store together with a 500 m buffer around the
shortest travel road linking these two points. These data
provided an indication of alternative food retail oppor-
tunities. Scores for each study store were combined to
provide a store-level outlet density indicator for each of
the three food retail outlets at each time point. Paired
t-tests found no significant difference between control

and enforcement officers) that is free, mobile, updated
regularly and is inclusive of traditional and cultural foods
to support consistent and accurate identification of in-
scope products

a Provide a central HFSS calculator (for businesses

e Refine legislation to enhance intent and clarity
by providing purpose of the legislation, information
on products that can still be promoted in prominent
locations and require information on premises
measurements to be readily available to enable efficient
implementation and enforcement of regulations.

Conduct a robust evaluation to assess intended and
unintended consequences including independent short-
term evaluation of (1) implementation and enforcement
activities across all business types including evidence

of compliance or use of loopholes, (2) changes in sales

and purchasing patterns across all HFSS categories and
alternative products, (3) changes in marketing strategies
used in retail settings to continue promoting HFSS or to
promote healthier products, and long-term evaluation of
(a) changes in societal attitudes, dietary patterns and obesity
rates (b) changes in business outcomes and (c) broader food
system changes

Public Health Research 2026 Vol. 14 No. 14

and intervention sites at baseline in terms of each of the
three alternative food retail outlets. One-way analysis
of variance confirmed by non-parametric testing found
no significant change in any of the three aspects of the
wider food retail environment for either control or inter-
vention sites across the study time points. These results
suggest that the WRAPPED study findings are unlikely
to have been impacted by changes in the wider food
retail environment.

Data from semistructured interviews with 108 stakehold-
ers across the food system about the Food (Promotion
and Placement) Regulations 2021 identified that there
was widespread support for the regulations but concerns
about prioritisation and capacity which could hinder
implementation and enforcement activities.?* As shown
in Figure 6, six policy recommendations were identified
by participants. Three key recommendations included the
need for resources to identify in-scope products, ring-
fenced funding for enforcement activities and greater
support for smaller businesses to enable them to offer
more healthy foods to customers.

through increased funding for culturally accessible local
authority support and incentives/subsidies for small
retailers and their suppliers to improve the range of
healthful products available

o Provide greater support for smaller businesses

Provide ring-fenced resources to local authorities

via government funding in the form of a specific project
with targeted outcomes and enable provision of support
for all business types and store visits

° Create and communicate a long-term food and

health roadmap to unify stakeholders’ priorities and
timescales for actions required and build a healthier and
sustainable food system within 20-30 years

‘Smaller businesses do need more support in

understanding the legislation [and] some funding for
supporting those smaller businesses. And some very clear
guidance, aimed at smaller shops because they’ve got a
smaller floor area, they’ve got narrow aisles, they’ve got end

of aisles nearer to tills. [Previously] the Government funded
for business support visits. That would help enormously.

13039, Enforcer, Environmental Health

FIGURE 6 Six policy recommendations identified from stakeholders to optimise effectiveness of the Food (Promotion and Placement)

Regulations.
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Discussion

Principle findings and achievements

This study took place in a UK discount supermarket chain
and showed that enhancing the placement (positioning
and availability) of fresh fruit and vegetables resulted in
promising results across a range of outcome variables.
At the household level, the intervention showed a some-
what protective effect on declining fresh fruit and vege-
table purchasing patterns, particularly after 6 months of
intervention implementation. There was a less-marked
reduction in fruit and vegetable purchasing among inter-
vention compared to control families at a time when fruit
and vegetable purchasing was declining across the overall
UK population. Among families using the study store for
most of their groceries, and those experiencing low socio-
economic position (measured by educational attainment),
the intervention showed a marginally more beneficial
effect with a greater proportion of intervention families
purchasing fresh fruit and vegetables compared to control
families; these differences became stronger over time.

At the population (store) level, fresh fruit and vegetable
sales increased, particularly when fruit and vegetables
moved further forwards from their baseline position.
Among stores with the higher intervention dose, approx-
imately 3645, 3115 and 2350 additional portions of fruit
and vegetables were sold in each intervention store, per
week at the time of intervention implementation and 3
and 6 months later, respectively. Women'’s dietary quality
improved after 6 months of exposure to the intervention,
compared to women not exposed to the intervention,
although beneficial effects of the intervention were not
seen on diet at earlier time points. Children’s dietary
quality improved somewhat after the intervention, but the
effect size declined at 6 months. Self-reported household
waste of fruit and vegetables was not different between
intervention and control families immediately and shortly
after intervention exposure; however, intervention fami-
lies reported higher vegetable waste after 6 months com-
pared to baseline.

The economic balance sheet suggests that the net effect
of the intervention after 6 months is positive from an
individual or household perspective. The improvement
in reported diet quality for study participants would be
expected to have health and well-being benefits if main-
tained. Importantly, the intervention was not accompa-
nied by an increase in reported spending on supermarket
foods, or significant increases in shopping time, distance
travelled or food waste. The net economic effect of the
intervention from a retailer perspective is more difficult to
evaluate, because of limited information about the impact
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on commercial costs, revenue and profit. The effects on
customer satisfaction and reputational benefit are not
clear. Our economic analysis also indicates uncertainty
over the cost-effectiveness of the intervention from a soci-
etal perspective because of uncertainties over the cost of
the intervention, and likelihood of persistence of dietary
improvements, and subsequent health improvements.

The process evaluation revealed that implementation of
the placement intervention adhered closely to the proto-
col. Both intervention components showed high fidelity,
with more prominent positioning and increased availability
of fresh fruit and vegetables. Differences in intervention
dose across study stores were observed both for distance
the produce section moved forwards towards the store
entrance and the number of fresh fruit and vegetable items
available. No differences in local retail food environments
were observed between intervention and control groups
across the 9-month study period.

Semistructured interviews with store staff showed leader-
ship on implementation of the intervention from the super-
market chain’s head office. This leadership was achieved
through provision of store planograms to enhance protocol
adherence and robust supply chain management ensuring
regular deliveries of fresh produce. Staff also acknowl-
edged the autonomy of store managers and senior staff
in positioning mobile product display units to increase
sales. This activity may have increased the availability and
prominent positioning of unhealthy foods in intervention
stores and/or promotion of fruit and vegetables near store
entrances in control stores. Staff also described several
store-level factors which positively reinforced interven-
tion implementation, including: (1) the increased sales of
fresh fruit and vegetables observed following intervention
implementation, (2) heightened staff awareness of the
powerful role positioning items in prominent locations has
on prompting customers’ choices and (3) staff recognition
that supermarkets play an important role in supporting
healthier diets when implemented collectively.

Our study provides robust and contextually relevant
contributions to food policy, particularly in relation to the
Food (Promotion and Placement) Regulations in England.
The two literature reviews associated with this study?>%!
provided evidence in support of the introduction of this
government regulation to restrict prominent positioning
of unhealthy foods in retail outlets, namely at checkouts,
aisle ends and store entrances. The process evaluation
activities for this study included assessment of the policy
context within which our intervention trial was set.
The views of over 100 stakeholders across the system
affected by these new regulations on product placement
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were collected before the policy was introduced across
England.?* Results showed widespread support across
stakeholder groups which included women citizens, busi-
nesses, enforcement officer and health representatives.
Concerns were raised about the prospects of inconsist-
ent implementation due to resource constraints among
smaller businesses and lack of ring-fenced funding for
enforcement activities. Many stakeholders felt the reg-
ulations did not go far enough in supporting citizens to
make more healthy choices while shopping. The results
of our intervention trial provide some novel evidence to
support future refinement of the UK Food (Promotion
and Placement) Regulations to require a produce section
near supermarket entrances. Our results suggest that such
a change to the existing regulations may be particularly
effective among families relying on discount supermarket
stores or smaller supermarkets for most of their groceries
and among families experiencing greater socioeconomic
disadvantage because these stores do not routinely place
fresh produce near their entrances.*

Contribution to existing knowledge

This study makes a meaningful contribution to existing
knowledge on the topic of using product placement inter-
ventions in food retail outlets to promote healthy dietary
choices. The literature syntheses undertaken as part of

Signage/swaps

SS~——

Little benefit of Price
signage alone

Public Health Research 2026 Vol. 14 No. 14

this study?®?! have aided understanding of the position-
ing of placement strategies within the context of other
retail interventions.

A synthesis of evidence from previous systematic reviews
of healthy eating interventions within retail settings was
published as a book chapter ‘Food Retail Environments’
within the book ‘Transforming Food Environments’ edited
by Charlotte Evans.?° Key findings from this review are
illustrated in Figure 7. In brief, the literature identified that
signage interventions have been widely studied but show
little benefit when used alone. There is robust evidence of
price interventions improving diet and moderate evidence
of effectiveness for availability and positioning interven-
tions, particularly when used in combination. Limited
evidence exists for price promotion interventions because
of the small the body of literature.

Our systematic review assessing the body of evidence
from product placement interventions aimed at supporting
healthy food choices conducted in high-income countries
revealed a number of methodological difficulties for this
research field.?! These challenges were likely reflected in
the volume of studies which had results that were not sta-
tistically significant, despite being in the expected direc-
tion for health benefit. An important recommendation

Si Ay
ize of eXisting evidence base

Promise:
personalised swaps

Strong consistent
evidence for price
reductions on
healthy food along
or combined with
price increases in
unhealthy food

Availability

Mixed evidence of
increasing

availability of
healthy foods, with
enhanced effects
when combined

Positioning

Consistent evidence
of increasing

Promotions Three systematic reviews
of interventions,
28 unique articles,

2002-18

prominence of
healthy foods,
mixed evidence for

Insufficient evidence
from intervention
studies. Observational
evidence shows that Mixed evidence for

effectiveness

price promotions are
more prevalent on
unhealthy foods

Promise: fresh
produce vans

FIGURE 7 Synthesis of evidence of effectiveness across different food retail interventions.*” Larger bar, larger evidence base; Colour
coding: Red, little evidence of effectiveness; Amber, moderate evidence of effectiveness or small evidence base; Green, strong evidence of

effectiveness.
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from the review was the need for larger cluster interven-
tion studies that test both the independent and additive
effects of availability and positioning strategies.

To support other research groups achieve better study
design in this field, we collaborated with researchers
across the world who have undertaken large trials with
national supermarket chains to develop best practice
guidance.® This guidance applied a collective case study
approach to collate experiences of engaging and sustain-
ing research collaborations with large food retailers from
Australia, the Netherlands and the UK. Six recommen-
dations were identified to support the conduct of high-
quality research (Figure 8). These include: (1) using personal
contacts, knowledge of supermarket activities and engag-
ing executive management to establish a partnership and
allowing time to build trust; (2) formalising data exchange
arrangements and allocate adequate resource for data
extraction and recategorisation; (3) assessing effects at
individual/households level where possible; (4) designing

e Optimising study design

adopting novel trial designs

collection and incentives

e Measuring independence

e Using household/individual-level data
e Assess intervention effects at individual, households and store levels where possible; engage
with legal teams regarding data protection laws, appropriately cost participant recruitment, data

Public Health Research 2026 Vol. 14 No. 14

a mixed-methods process evaluation to measure interven-
tion fidelity, dose and unintended consequences; and (5)
ensuring scientific independence through formal contract
agreements. Our full-scale WRAPPED study applied
these recommendations to contribute policy-relevant and
robust findings to this field of research.

The outcome findings from our WRAPPED trial are similar
to previous intervention studies which repositioned fresh
fruit and vegetables to store entrances or other prominent
locations in food stores.#’-%° The additional contribution
of our study lies in the assessment of intervention dose
(i.e. distance produce section moved and study store
being main source of groceries) which have been rarely
undertaken in healthy product placement research.?03¢
This nuanced assessment has extended methods used
in previous literature through the use of store plano-
grams for positioning calculations and SKU counts for
availability calculations. Such measures of intervention
dose are important to provide a deeper understanding of

e Building and maintaining a mutually beneficial relationship

e Use personal contacts, knowledge of the target supermarket’s activities and contextual factors
to establish a partnership, engage executive management early and allow time to build trust and
working relationships with various supermarket staff

o Use scientifically robust study designs with appropriate sample size calculations and consider

e Accessing, managing and analysing large sales data sets

e To optimise data acquisition and analysis: request a dummy data set early, formalise data
exchange arrangements, allocate resources for data extraction and product recategorisation,
and engage statisticans and data processors during study development

e Measuring intervention fidelity, dose and unintended effects
o Design a mixed-methods process evaluation alongside the outcome evaluation to measure
intervention fidelity, dose and unintended consequences

e Ensure research independence by: developing formal contract agreements, accepting only in kind
support to maintain automony in analysis, and appoint an external Study Steering Committee

FIGURE 8 Six recommendations for conducting high-quality public health research with national supermarket chains.
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intervention effects. In particular, we found that greater
intervention dose boosted additional sales of fruit and veg-
etables at a population level, as well as protecting against
declining fruit and vegetable purchasing at the household
level. Previous studies which implemented a lower-
intensity fruit and vegetable positioning intervention,
such as co-locating produce alongside unhealthy foods or
having smaller displays, have shown no intervention effect
or only very small intervention effects.#”#7°° Assessment
of intervention dose is likely to be particularly important
for interpreting the effects of natural experiments on out-
comes of interest.

Our study illustrates a worrying decline in fresh fruit
and vegetable sales from retail outlets in the UK. Over
the timing of this study, 2018-22, British families have
experienced disruptions to produce availability and price
rises caused by the COVID-19 pandemic, Brexit, climatic
events and the war in Europe. UK household purchasing of
fruit dropped by 7.2% and vegetable purchasing dropped
by 5.3%°! over this time period. While the findings from
our study show a slight reduction in intervention effect
size on store-level sales over the 6 months’ intervention
period, which mirrors population trends, it is important
to acknowledge that even small increases in fruit and
vegetable consumption (0.3-1.0 portion/day) can reduce
an individual’s risk of coronary heart disease by 4% and
stroke by 5%.52°% Qur intervention results therefore sug-
gest a potentially meaningful effect size at the population
level despite contextual disruptions.

Our study results also indicated that the intervention
somewhat protected against these national trends, with
the difference in the proportion of fruit and vegetable
purchasing between intervention and control families
increasing over time. Our findings for household purchas-
ing of fresh produce and for women’s dietary quality show
that intervention effects were strongest after 6 months
of continued intervention exposure. This finding was par-
ticularly evident for families relying on the study store for
most of their groceries and those experiencing lower soci-
oeconomic position. Among these groups, the proportion
of families buying fruit and vegetables increased for those
who shopped at intervention stores compared to those
who shopped at control stores, especially after 6 months.
Evidence from the US found similar effects among families
receiving governmental financial support to buy nutritious
foods for their young children, with higher voucher use
after 5 months of exposure to produce sections near their
store’s entrance.®® This evidence is consistent with the
broader literature about changing health-related practices
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which suggests that new habits may take more than
12 weeks to form and can strengthen with time,>* particu-
larly if contexts or environments support those new prac-
tices.>>¢ Observational evidence from the UK indicates
that discount and small supermarkets who attract families
living with lower incomes do not provide this contextual
support, frequently not positioning fruit and vegetable
sections near store entrances.*!> Thus, positioning the
produce section near store entrances routinely could have
protective benefits, particularly for those most at risk of
low fruit and vegetable intake.

Our assessment of fruit and vegetable waste within partic-
ipants’ households, economic evaluation at the individual,
retailer and societal levels, and detailed process evaluation
provide a comprehensive analysis of the interventions’
impact beyond the outcome variables of sales, purchasing
and dietary quality. These measures of potential unin-
tended consequences enable policy-makers to make more
informed decisions and provide significant contributions
to the literature in this field.

Our findings that household waste of fruit and vegetables
increased among intervention households after 6 months
suggest that policy-makers should consider encouraging
retailers to promote the sale of loose produce to enable
greater choice in quantities of fruit and vegetables pur-
chased alongside more prominent positioning of the fresh
produce section. Our economic and process evaluation
results additionally suggest that the cost-effectiveness of
regulations supporting healthier in-store layouts could be
enhanced by a more detailed framework for policy imple-
mentation and enforcement.

Our process evaluation results indicate that head office
support for intervention implementation plays an impor-
tant role in store staff compliance and overcoming logis-
tical implications for intervention implementation, which
is consistent with previous literature.’”® Qur process
evaluation, however, also identified that store staff have
autonomy over the positioning of mobile product display
units and this freedom is used to boost sales, usually of
unhealthy foods, based on their knowledge of their store’s
customers. These findings bring new insights for the
implementation of the Food (Promotion and Placement)
Regulations in England, indicating that store staff activ-
ity may vary from a supermarket chain’s commitment
to policy implementation and subsequently undermine
policy effectiveness. Further research of this understudied
area is needed to ensure effective and implementation of
healthy food retail policies.?*
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Strengths and weakness of the study

design

To our knowledge, this is the first fresh fruit and vegetable
placement trial in supermarkets to provide 85% power
(Box 1) to detect an effect of household purchasing pat-
terns using loyalty card data. This study is also unique in
its collection and analyses of outcome data at multiple
levels, including store sales data, to measure population-
level effects, purchasing data from loyalty cards to meas-
ure household effects, dietary data from more than one
household member to aid understanding of who has been
affected by the intervention, and household waste as a
measure of sustainable food practices.

BOX 1 Revised sample size calculation based on numbers in analy-
sis file (n = 475)

The study sample size calculations were based on the primary
outcome being differences in fresh fruit and vegetable purchasing
between women in the intervention and control groups during

the 3-6 months post intervention. Average fruit and vegetable
purchases per week are not normally distributed, thus the sample
size calculation is based on changes in average fresh fruit and
vegetable purchases per week from the baseline period to the post-
intervention period, which are approximately normally distributed. It
was not practical to calculate a rho from the pilot study due to the
small number of clusters. We used data from our previous research
on women in Hampshire who were the same age range as the
proposed participants of this study and considered the supermarkets
at which the women shopped as clusters to estimate a rho of 0.1

as our intraclass correlation coefficient. We aimed to detect a
difference of 0.3 items (1.5 portions) per week. Assuming a SD of
0.7 items (3.5 portions) per week as seen in the pilot data, 18 stores
in each arm and 13 women per store (totalling 468 women) provides
85% power at a 5% significance level (two-sided).

This study has a number of other advantages over existing
supermarket placement research,? including: (1) use of a
matched comparison group; (2) use of robust statistical
analysis methods, particularly the interrupted time series
approach to assess intervention effects on store sales;
(3) the participant sample, including good representation
of families from lower socioeconomic backgrounds thus
providing important information about differential inter-
ventions effects; (4) assessment of the effect intervention
dose on outcomes; and assessment of economic impact
at individual, retailer and societal levels. The fact that
it was not possible to randomise stores to intervention
or control groups is a limitation because the study may
be biased by unmeasured confounding effects. Parallel
designs, like the one used in our study, offer a robust
design in real-world settings. Our findings provide valu-
able knowledge of intervention effectiveness in complex
social contexts, particularly with data collected at store,
household and individual levels that can be useful for
policy-makers. Store selection and intervention imple-
mentation was not within the control of the research
team, and some deviations from the protocol were
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identified. It was also beyond the scope of the study to
assess the contribution of other sources of food shopping
beyond assessing whether the study supermarket chain
was the source of most of the household’s food. Under-
or overestimation of intervention effects observed may,
therefore, be possible; however, stratified analyses aimed
to account for these variations. Due to interpretation of
data protection regulations, each participant was required
to specify their consent to sharing their purchasing data
from the supermarket chain to the research team. A
reasonable proportion of participants did not check this
consent; therefore, fewer than anticipated participants
provided primary outcome data limiting the certainty in
the stratified and interaction analyses and increasing the
ability to detect statistically.>® The study’s sample size was
based on household purchasing and not the secondary
outcomes. Individual dietary and household waste results
should be viewed with some caution due to difficulties
recruiting during the COVID-19 pandemic, resulting in
smaller than predicted sample sizes for these variables.
Additionally, while confounders identified by DAGs
were adjusted for in the dietary and household waste
analyses, the potential for residual confounding remains.
Nevertheless, the study’s effect sizes demonstrated
meaningful improvements in the healthiness of store sales
and indicate a somewhat protective effect on household
purchases of fresh produce. This study considered only
female adults, thus results for male shoppers may differ
from the findings of this study.

The process evaluation methods used in this study were
consistent with guidance on best practice. These methods
provide novel insights in relation to assessment of inter-
vention dose and factors affecting the fidelity. The use of a
convergent mixed-methods approach® optimised under-
standing of intervention fidelity, intervention dose and
contextual drivers of intervention implementation. The
different sources of data collected and collated during the
process evaluation helped to minimise bias that may have
arisen from reliance on a single data source and provided
a detailed picture of the influencing factors. The process
evaluation survey data, however, were not complete due
to the effects of the pandemic on staff workloads in 2020
and 2021. Nevertheless, all but two intervention stores
provided data at baseline, and all but one took part in
the final survey at 6 months; figures were equivalent for
control stores.

The self-report nature of the survey measures may intro-
duce some bias to the results; however, methods were
applied consistently across intervention and control sam-
ples to minimise impacts on final analyses. There may be
some bias in participants who agreed to participate in the
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semistructured interviews that formed part of the process
evaluation activities. The rapid qualitative approach used
to assess stakeholder views of the broader policy context
for this study enabled inclusion of views from 108 par-
ticipants and adoption of a complex systems approach,
covering views from sectors across food systems and dif-
ferent regions in England. The original sample size targets
for the qualitative interviews with store staff and stake-
holders affected by the Food (Promotion and Placement)
Regulations were extended because new findings contin-
ued to emerge, indicating the breath of views covered in
these data sets.

Reflections on the study and protocol

changes

This study is the result of a non-financial research col-
laboration with a UK discount supermarket chain which
commenced in 2015 and developed through a pilot study
into a full-scale study. This collaboration required a close
working relationship between the retailer and the research
team to achieve the robust scientific design, develop data
exchange arrangements that align with General Data
Protection Regulation (GDPR) requirements and ensure
independence of our scientific analyses through formal
contract agreements.

The WRAPPED full-scale study recruitment commenced
in May 2018 and ended in October 2021. Over the course
of the study, a number of major events, including Brexit,
COVID-19 pandemic lockdowns, climatic events and the
war in Ukraine impacted on the food retail sector, which
had consequences for our study. The collaborating super-
market responded to these events by pausing and altering
their scheduled refit programme, which required pauses to
study recruitment. For example, no stores were recruited
between December 2021 and March 2022 due to the
Christmas retail period, plus end-of-financial year budget/
pandemic constraints for the collaborating supermarket.
Additionally, the COVID-19 pandemic national lockdowns
led to lower-than-anticipated participant recruitment
numbers because in-store recruitment was not possible
and the study team were reliant on postal letters over a
time when families were experiencing extended uncer-
tainty. The restriction on in-store visits also impacted
process evaluation data collection, particularly the surveys
with senior study store staff. The introduction of GDPR
in January 2019 had implications for the research team'’s
access to the primary outcome (loyalty card data) because
the retailer required an additional stage of consent, directly
between the retailer and participants. This additional con-
sent requirement caused lower than anticipated numbers
of participants providing outcome data.
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The study team worked closely with the retailer to develop
strategies to boost recruitment of study stores and partic-
ipants. These changes were agreed with our independent
Study Steering Committee and NIHR project manager
to increase the sample size for the study. The changes
required minor alterations to the original study protocol
and an extension of the duration of the study. All protocol
changes were approved through the study’s governance
structures, were documented through protocol amend-
ments and shared in advance of changes being made.

The specific protocol changes required throughout this
study included:

e Recruiting intervention stores located within
neighbourhoods of any deprivation; the original
protocol aimed for store recruitment from the most
deprived neighbourhoods (IMD < 5).

o Expanding the age range of eligible women
participants from 18-45 years to 18-60 years.

e Offering participant incentives as both paper and
online Love2shop vouchers and Amazon vouchers as a
result of the COVID-19 pandemic when many families
chose to shop online.

e Implementing a revised recruitment strategy to boost
numbers of participants with primary outcome data to
increase the sample size; invitation letters and e-mails
were sent reinviting eligible bonus card holders to
take part in the study by sharing their purchasing
data retrospectively.

Some additional protocol changes were required for the
statistical analysis of dietary quality data and the eco-
nomic modelling of the intervention’s potential societal
impact. These changes were proposed to, and agreed by,
the independent Study Steering Committee prior to analy-
ses being undertaken.

The dietary quality data analysis to detect differences
between intervention and control groups at the follow-up
phases was due to be undertaken using three-level (women
clustered within stores within pairs) multilevel models.
These models, however, did not fit because of sparse data
(small numbers of women per store). Alternative analyses
involving linear regression models among each pair of
stores and combining the results using meta-analysis were
agreed and completed for these data. Previous research
suggests that this meta-analysis approach usually pro-
duces equivalent results to multilevel models.**

The main economic evaluation analysis was the cost-util-
ity analysis conducted from a societal perspective, using
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Treasury recommended discount rates for costs and health
effects.? The team had intended to use the published
IMPACTNCD model for this analysis,®® but this model
could not run on the University of Southampton High
Performance Computing system. We therefore developed
our own model, based on similar data sources, but with a
simplified structure. This new Markov model enabled esti-
mates of the health effects and costs for the intervention
to be calculated.

This economic model is driven by an effect on fruit and
vegetable consumption estimated from study purchasing
data, which impacts on the incidence of four diseases
(cardiovascular disease, type 2 diabetes, colorectal cancer
and breast cancer) and death from other causes.** Relative
risks for the four diseases and mortality per unit increase
in fruit and vegetable consumption are taken from the
literature.®> Data from the Health Survey for England
2016 and established risk calculators®-¢° were used to
characterise baseline fruit and vegetable consumption
and risks for the four diseases and other mortality, in a
cohort of women similar to the WRAPPED participants,
stratified by age group (decades between 20 and 70 years
of age) and by IMD quintiles. Health-related quality of life
is based on general population EuroQol-5 Dimensions
data from the Health Survey for England, with disutilities
for the four diseases from the literature.”®’* Health and
social care costs are also based on published sources.”?-75
The results were reported as an incremental cost per
QALY gained, with exploration of uncertainty in sensi-
tivity analysis, including deterministic, probabilistic and
scenario analysis.

Capacity-strengthening activities and

outcomes

This study provided several capacity building and stake-
holder engagement opportunities, including developing
the research team’s confidence in patient and public
involvement (PPI) (see Patient and public involvement and
engagement), career development, knowledge exchange
and engagement with business representatives and
policy-makers.

Members of the research team have benefited from career
development as a direct result of this study. Principal
investigator (PI) (Vogel) has been promoted twice over the
course of this study, once to associate professor in 2019
and then to Professor of Food Policy in 2022 and Director
of the Centre for Food Policy, City, University of London
in 2024. Project manager (Dhuria) was awarded a doctoral
scholarship from the University of Southampton while
working part-time on the WRAPPED study. Muir (post-
doctoral team member) and Crozier [coinvestigator (col)]
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have both received promotions, to senior research fellow
and associate professor, respectively. The study also
supported the career development of three early career
researchers in their roles as research assistant supporting
participant recruitment and data collection.

Patient and public involvement and
engagement

The entire WRAPPED research team have developed their
skills and competence in PPI activities over the course of
this study. Two members of the public new to the role of
public contributor have supported the activities of this
study from its inception through to dissemination of study
findings. Both researchers and public contributors have
attended and benefited from PPI training, delivered by
the NIHR Southampton Biomedical Research Centre, and
have developed productive relationships that have been
mutually beneficial. The strength of these partnerships is
evident from the recent inclusion of one public contributor
being named as a public col on a recent NIHR submission
on pester power (arranged by the Pl of this study who is a
col on the recent stage 1 grant submission).

Our study’s two public contributors were women with sim-
ilar demographic profiles to our study’s participants. The
PPI activities undertaken as part of this study have ensured
that all study materials, data collection methods and study
processes were conducted in ways that were acceptable
to participants. Our public contributors also raised crea-
tive ideas and methods that enabled the research team to
sustain participant involvement in the study.

A dedicated member of the team worked closely with
our public contributors. Meetings in person initially and
maintaining regular contact throughout the study in the
form of e-mails, text messages, telephone calls and virtual
meetings have been effective methods for sustaining our
public contributors’ involvement since early 2019. Having
a dedicated member of the research team maintain regular
contact and foster these relationships has been critical for
the success of our PPI activities. Both our public contrib-
utors were paid for their time in accordance with NIHR’s
guidance throughout the duration of the study.

The level of engagement of our two public contributors
changed throughout the study depending on their other
work and family commitments. One of the members had
her second baby midway through the study, thus her
involvement became more dependent on e-mail and text
rather than meetings or calls. Offering this flexibility to our
public contributors maintained the strong relationships
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throughout the study while continuing to benefit from
public contributor input.

One of our public contributors was nominated to be
part of our Study Steering Committee. She participated
in meetings; however, there were occasions when the
research discussions became very academic. The research
team have reflected on this situation. In future studies, the
research team will actively engage with public contribu-
tors on Study Steering Committees or Advisory Groups in
advance of these meetings to prepare the public contribu-
tor and aid their confidence in actively participating during
meetings. Follow-up meetings with public contributors
will also be offered to ensure appropriate opportunities
for input are provided.

Our study'’s public contributors’ skills have been acknowl-
edged beyond this study, with them having been invited
to contribute to the development stage of other studies
relevant to their lived experiences. One of our public con-
tributors has also been acknowledged for her contribution
to the study receiving an award through the University of
Southampton’s PPI recognition scheme.

Patient and public involvement evaluation activities are
ongoing but involved asking for written feedback and
verbal feedback to an academic outside of the research
team to maximise honest feedback.

Public Health Research 2026 Vol. 14 No. 14

Equality, diversity and inclusion

This study intentionally sought a research collaboration
with a discount supermarket chain because they have
less-healthy in-store environments than other types of
supermarkets, and they attract customers with over-
representation of individuals experiencing disadvantage.
This intervention study has therefore targeted dietary
inequalities and enabled investigation of differential inter-
vention effects according to socioeconomic status using
the proxy of educational attainment. The study included
stores and participants from across England. When com-
paring our study participants to the general population of
women in England, we identified a number of similarities
(Table 5). Our study participants were of comparable mari-
tal status to national data of the same age, with 44% single,
the same as the national figure, and 46% married or in a
civil partnership, compared to 43% nationally. WRAPPED
participants were slightly more ethnically diverse than the
general population, with 72% reporting being of White
ethnicity compared to 79% nationally.

Our participants over-represented individuals experienc-
ing lower socioeconomic position than the total national
population, whereby only 25% of our participants held
a degree qualification, compared to 43% in the national
population. Similarly, 69% of our WRAPPED cohort
lived in the most deprived neighbourhoods (IMD 1-5)

TABLE 5 Representativeness of WRAPPED participants compared to national population of England

WRAPPED

National data reference National data

participants (h = 580) National data population

Characteristic

source

White ethnicity, % (n) 72% 79% English women aged 20-59 2021 census”’
Overweight or obese, % (n) 67%" 56% English women aged 16-64 HSE 202178
Current smoker, % (n) 18%P 12% English women aged 18-64 2022 ONS APS”?
Marital status, % (n) 2 English women aged 20-59 2021 census®
Single 44% 44%

Married/civil partnership 46% 43%

Separated 2% 3%

Divorced or civil partnership dissolved 7% 9%

Widowed or surviving civil partnership 1% 1%

partner

Degree level qualification or above, % (n) 25% 43% English women aged 20-59 2021 census®!
Most deprived half of neighbourhood 69% 52% English residents aged 16-59  gov.uk®
deprivation (IMD), % (n)

Paid employment, % (n) 63% 73% English women aged 20-59 2021 census®

a Main and purchasing only (demographics) cohorts combined.
b For main cohort only.
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compared to 52% nationally. The proportion of women
living with overweight or obesity (67%) and smoking
(18%) were higher in the WRAPPED cohort compared to
national data (56% overweight or obese and 12% current
smokers). Furthermore, the proportion of our participants
in paid employment (63%) was less that observed nation-
ally (73%).

The research team had representation from both male
and female researchers at early career stages as well as
senior researchers, spanning an age bracket from early
twenties to retirement age. Our WRAPPED study man-
ager is a postgraduate researcher from an ethnic minority
background; all other members of the research team are of
White ethnicity. Our two public contributors also identify
as being of White ethnicity. As a research team we have
reflected on our approach to equality, diversity and inclu-
sion (EDI). We recognise that, while our study has been
inclusive in terms of actively seeking methods that would
enhance representation of individuals experiencing soci-
oeconomic disadvantage, our methods have not actively
sought inclusion in terms of ethnicity. We did not offer
translation services to facilitate participation or take other
proactive steps towards EDI. Pl (Vogel) is now actively
seeking approaches to maximise diversity in development
of subsequent research projects she leads (NIHR203438;
NIHR156535).

Impact and learning

Findings from this study, and the pilot study that preceded
it, have been presented by the Pl Vogel during evidence
sessions for House of Lords Select Committees (i.e. Select
Committee Food, Poverty, Health and Environment in
November 2019 and Select Committee on Food, Diet and
Obesity in March 2024) and shared with colleagues at the
Department for Health and Social Care (DHSC). Written
submissions were made by the team to a number of UK
and Scottish government consultations. Presentations
about the study findings by team members have also been
delivered at numerous national and international confer-
ences. The Pl Vogel was also invited in 2020 to join the
expert group advising development of Access to Nutrition
initiative’s (ATNi) UK retailer index. She is now an invited
member of ATNi international expert group. Press cover-
age about a number of WRAPPED outputs has also been
achieved, including in The Times, The Conversation and
BBC Radio Solent, among other national and international
media outlets.

The process evaluation semistructured interviews showed
an immediate impact on the attitudes of staff working in
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study stores and among study participants. Participants
expressed that taking part in the study helped them reflect
on the consumption patterns and made them more aware
of the food choices they make. Staff from intervention
stores noted that taking part in the study had a positive
effect on their attitudes and practice. Many welcomed the
positive effect the intervention showed on store sales, and
several highlighted a change in awareness about the impor-
tance of offering healthy foods in prominent locations to
support customers to make healthy choices. Several store
managers also recognised the powerful role of supermar-
kets in influencing customers’ food choices and supported
changes across all stores to create a level playing field in a
sector fierce with commercial competition.

In May 2022, the WRAPPED team hosted a conference
with 458 registrants including businesses, local authorities
and policy-makers with the aim of supporting effective
implementation and enforcement of the Food (Promotion
and Placement) Regulations. The team arranged for
speakers from the Consumer Goods Forum, British Retail
Consortium, Association for Convenience Stores, Food
Foundation and Chartered Trading Standards Institute to
speak about product placement marketing and the incom-
ing regulations. Members of the team also presented
preliminary findings from the rapid qualitative analysis
and delegates validated and prioritised the policy recom-
mendations in the form of an online poll. A recording of
the online conference can be found on YouTube (YouTube,
LLC, San Bruno, CA, USA).8

This study has resulted in a number of subsequent
research and policy-related activities. Findings from the
policy context assessment and pre-implementation of
the UK government Food (Promotion and Placement)
Regulations identified an evidence gap of research with
the convenience store sector in the UK. The research
team, led by Vogel, developed a research application which
was successfully awarded by NIHR PHR (NIHR156535) to
address this evidence gap. The project runs from January
2024 to July 2026. This new project involves a number of
collaborations with the commercial sector, including Asian
Media, Newtrade Media and Federation of Wholesale
Distributors, as well as six local authorities across England
(Southampton, Surrey, Greenwich, Southwark, Nottingham
County, Gateshead). Vogel is also col and lead of the ‘Food
systems and food policy’ workstream in the newly formed
NIHR Policy Research Programme (PRP) Healthy Weight
Policy Research Unit (led by Professor Viner at University
College London). One of the first projects this policy
research unit is undertaking is investigating convenience
store food systems from January 2024 to December
2025. Additionally, a stage 2 application for a NIHR
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PRP commissioned call on the evaluation of the Food
(Promotion and Placement) Regulations, led by Vogel, has
been funded and commenced in January 2025. This study
involves collaborations with the same six local authorities
and industry leaders such as the British Retail Consortium.
Vogel is also an invited member of Public Health Scotland’s
evaluation advisory group for the Scottish government’s
restrictions on promotions of HFSS food and drinks.

Our synthesis of experiences and lessons learnt from sci-
entific trials with national supermarket chains in Australia,
the Netherlands and UK provides unique insight into
the challenges and opportunities of conducting research
partnerships with commercial supermarket chains who
have nationwide reach into the shopping trolleys of mil-
lions of families. We identified six recommendations that
can help guide the development of future intervention
studies that will generate more evidence from scien-
tifically robust studies in this field. Additional evidence
from real-life supermarket interventions is needed to aid
identification of sustainable strategies that can improve
population diet and maintain necessary commercial out-
comes. Scientifically robust study designs are appropriate
for partnerships with commercial supermarket chains
because of the routine data that are collected at store
and household levels, and because of the large number of
stores available to achieve adequately powered trials. Due
to the nature of working with large supermarket chains,
research teams need to ensure independence in analysis
and transparent contractual negotiations because these
contracts are of great importance to both commercial and
academic institutions. While our experiences are drawn
from studies conducted in high-income countries, the
recommendations also apply to working with large super-
market chains in low- and middle-income countries, thus
having widespread applicability.

Vogel moderated a webinar hosted by the Food and
Agricultural Organisation in July 2024, entitled ‘Aligning
policies for healthy food environments: Exploring the
role of food retail environments for improved diets’. More
than 100 participants attended, including numerous
member states from the Global South. This moderation
has led to an opportunity to work with the Pakistani and
Canadian governments in their development of food
policies to improve the environments of retail outlets. A
number of other international collaborations have also
developed from this study including: (1) the WRAPPED
team sharing learnings in May 2024 with state and ter-
ritory governments in Australia and Julie Brimblecombe’s
research team at Monash University, Melbourne, about
interventions and regulations to improve the healthful-
ness of retail food outlets; (2) Vogel and Muir contributing
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to the development of an International Network for
Food and Obesity/non-communicable diseases Research,
Monitoring and Action Support (INFORMAS) research
project developing and testing a tool to benchmark and
monitor online retail environments in 2023-4; (3) Vogel
and Crozier contributing to an international research
study in 2023-4 that pooled data from real-world super-
market trials to increase power to assess the modifying
role of socioeconomic and demographic characteristics on
the effectiveness of healthy eating interventions led by
colleagues at Amsterdam UMC and (4) Vogel joining and
presenting in May 2024 to the United States Nutrition and
Obesity Policy Research and Evaluation Network’s work-
ing group on Healthy Food Retail.

Implications for decision-makers

The findings from our large-scale intervention trial offer
evidence to support expansion of the Food (Promotion
and Placement) Regulations to include the positioning
of fresh produce sections near store entrances in all
large food stores (> 2000 square feet) to boost fruit and
vegetable sales and improve diet at the population level.
Evidence from our systematic review showed that con-
currently positioning healthy foods in prominent locations
and moving unhealthy foods from these locations to
less-prominent locations is more beneficial for diet-related
outcomes than colocating unhealthy and healthy items in
prominent locations or implementing only one positioning
strategy.?! Refining the legislation to also require the posi-
tioning of certain healthy foods, like fruit and vegetables,
at the prominent position of store entrance would likely
help maximise the regulation’s population impact. By illus-
tration, findings from the pilot phase of our study, which
concurrently increased the placement (availability and
positioning) of produce and removed unhealthy items from
checkouts and aisle ends opposite (replaced with non-food
items), showed an increase of approximately 9820 addi-
tional fruit and vegetable portions per store per week after
6 months.?? Comparatively, the current full-scale study,
which only improved the placement of produce, revealed
an increase of approximately 1450 additional portions per
store per week after 6 months. These collective findings
demonstrate the added benefit from combining place-
ment strategies for both healthy and unhealthy products
and align with stakeholders calls for UK food policy to go
further in curbing unhealthy food promotions.

The WRAPPED research team is working with Public
Policy Southampton to organise a roundtable that will
bring together interested stakeholders from DHSC, busi-
nesses and other organisations to discuss further policy
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and research priorities to improve the healthfulness of
retail environments. The research team plan to share key
WRAPPED findings, early insights about the impact of the
Food (Placement and Promotions) Regulations on com-
mercial and health-related outcomes in the convenience
store sector, and insights about enforcement needs of
businesses and local authorities.

Itis clear from our WRAPPED study findings, our evidence
synthesis results and the broader literature that commit-
ment from food retailers is vital to effective implementa-
tion of healthy food retail interventions and policies both
in terms of leadership and resource provision. The pivotal
role of store managers in overseeing implementation of
in-store interventions remains an understudied area but
one which has important implications for the introduction
of food retail policies and interventions. The positive
changes to the attitudes of store managers resulting from
participation in the intervention study are an encouraging
finding and may go some way to overcome some of the
barriers to policy change; however, greater evidence of
the commercial impacts and opportunities is required.

Research recommendations

Future research would benefit from building the evidence
in the following areas:

e Undertaking large, adequately powered real-world
supermarket intervention studies using robust
scientific study designs.

e Conducting studies that pool data from previous
real-world supermarket studies to provide important
information about the differential effects of healthy
retail interventions on subgroups (e.g. socioeconomic,
ethnicity, gender, age and so on).

e Using robustly designed online/virtual supermarket
intervention studies and/or modelling approaches (e.g.
agent-based modelling) to test interventions which are
not possible or acceptable in real-world supermarkets
due to commercial risk/palatability (e.g. testing
removal of all ultra-processed foods from prominent
positions, testing removal of price promotions from
HFSS or ultra-processed products, testing limited
availability of HFSS or ultra-processed products and
SO on).

e Conducting robust process and outcome evaluations
of food policies aiming to improve the healthfulness
of retail environments [e.g. Food (Promotion and
Placement) Regulations and so on].
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e Undertaking through process and economic
evaluations, alongside outcome evaluations, of
large adequately powered real-world supermarket
intervention studies.

Conclusions

This study provides a comprehensive assessment of a
fruit and vegetable placement intervention whereby both
positioning and availability were enhanced in discount
supermarkets across England. The results of this study
reveal that fresh fruit and vegetable sales increased at the
population level, although this effect reduced over time.
Among stores where the intervention dose was higher,
approximately 3645, 3115 and 2350 additional portions of
fruit and vegetables were sold in each intervention store,
per week at the time of intervention implementation and
3 and 6 months later, respectively. The findings from our
study show a reduction in intervention effect size at the
population level over the 6-month intervention period.
The pattern mirrors reductions in population trends in fruit
and vegetable purchasing over recent years, caused by the
COVID-19 pandemic, Brexit and cost-of-living crisis. It is
important to note, however, that even small increases in
fruit and vegetable consumption (0.3-1.0 portion/day)
can reduce an individual’s risk of coronary heart disease
or stroke by up to 5%. Thus, these results suggest a poten-
tially meaningful effect size at the population level despite
contextual disruptions.

Small protective intervention effects were also indi-
cated for household fruit and vegetable purchasing and
household member’s dietary quality whereby the fruit
and vegetable placement intervention buffered against
widescale reductions in fruit and vegetable purchasing.
This effect was somewhat more successful among fami-
lies using the study store for most of their groceries and
among families experiencing greater socioeconomic dis-
advantage. One unintended consequence was observed:
self-reported household waste of fruit and vegetables
was higher among intervention families after 6 months of
intervention exposure.

The economic balance sheet suggests that the net effect
of the intervention after 6 months is positive from an
individual or household perspective, with health and
well-being benefits and no increases in money spent or
shopping time. The cost-effectiveness of the interven-
tion from retailer and societal perspectives are generally
positive; however, there are uncertainties over the cost
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of the intervention and the likelihood of persistence of
dietary improvements.

Assessment of intervention implementation and the policy
context within which this intervention study was imple-
mented showed that across the food system, stakeholders
largely support supermarkets’ efforts to make healthier
choices easier for citizens. Many stakeholders also sup-
port the UK government’s ban on placing unhealthy prod-
ucts in prominent locations, such as checkouts, aisle ends
and store entrances, in large retail chains across England.
Concerns were raised, however, that the ban does not go
far enough in making the layouts of retail outlets healthier.
There were concerns that loopholes would be exploited
by businesses to sell unhealthy products, and insufficient
resources for enforcement would lead to inconsistencies
in regulations’ implementation.

Collectively, the results of this study provide novel evi-
dence to support refinement of the UK Food (Promotion
and Placement) Regulations to require a produce section
near supermarket entrances. Policy strategies to reduce
household waste of fresh produce could also be consid-
ered to avoid unintended consequences of such a policy
change. For example, promoting the sale of loose produce
to enable greater choice in quantities purchased is a rec-
ommended strategy for reducing household waste of fruit
and vegetables.

Future research should continue to build the evidence on
which healthy eating interventions are effective in retail
outlets. Undertaking large, adequately powered real-world
supermarket intervention studies using robust scientific
study designs is required, alongside process and economic
evaluations, to provide sufficient evidence on effective
food policy recommendations to address poor diet and
inequalities in the UK and internationally.
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intervention to improve food purchasing and dietary behaviours
of women (WRAPPED study) in England: a prospective matched
controlled cluster design. BMJ Open 2020;10:e036758. https:/
doi.org/10.1136/bmjopen-2020-036758

Shaw S, Ntani G, Baird J, Vogel C. A systematic review of the
influences of food store product placement on dietary related
outcomes. Nutr Rev 2020;78:1030-45. https://doi.org/10.1093/
nutrit/nuaa024

Vogel C, Piernas C. The Retail Food Environment (Chapter 5). In
Evans C, editor. Transforming Food Environments. 1st edn. Boca
Raton, FL: CRC Press; 2022. pp. 63-78.

Muir S, Dhuria P, Vogel C. Government must proceed with land-
mark anti-obesity regulations in England. BMJ 2022;378:02358.
https:/doi.org/10.1136/bm;j.02358

Muir S, Dhuria P, Roe E, Lawrence W, Baird J, Vogel C. UK
Government’s new placement legislation offers a solid start
to creating healthy retail outlets: a rapid qualitative analysis
of consumer, business, enforcement and health stakeholder
perspectives. BMC Med 2023;21:33. https://doi.org/10.1186/
s12916-023-02726-9

Dhuria P, Muir S, Lawrence W, Roe E, Crozier S, Cooper C, et
al. Women consumers’ views on legislation to restrict prom-
inent placement and multibuy promotions of high fat, sugar
and salt products in England: a qualitative perspective. Int J
Health Policy Manag 2023;12:7597. https://doi.org/10.34172/
ijhpm.2023.7597
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Dhuria P, Muir S, Jenner S, Roe E, Lawrence W, Baird J, Vogel
C. ‘If government is saying the regulations are important,
they should be putting in funding to back it up’ In-depth
analysis of enforcement officers’ perspectives of landmark
The Food (Promotions and Placement) (England) regulations
2021. BMC Med 2024;22:514. https://doi.org/10.1186/
$12916-024-03720-5

Dhuria P, Muir S, Shaw S, Lawrence W, Roe E, Baird J, Vogel C. ‘It
will sort of drive us to rethink our approach to high fat salt and
sugar product’ - a qualitative analysis of businesses’ reactions
to the landmark Food (Promotions and Placement) regulations
in England. BMC Med 2025;23:576. https://doi.org/10.1186/
$12916-025-04384-5

Cooper K, Takahashi MT, Vogel C, Baird J, Dhuria P, Crozier S,
Lord J. Cost effectiveness of an intervention to increase fruit
and vegetable consumption for women customers of discount
supermarkets. Under review.

Dhuria P, Muir S, Bird A, Lawrence W, Roe E, Baird J, Vogel C.
The Food (Promotions and Placement) regulations begin to
shift the onus for healthier choices from individuals to busi-
nesses: in-depth perspectives from health experts. BMC Med
2025;23:686. https://doi.org/10.1186/s12916-025-04484-2

Policy-relevant outputs to date

Christina Vogel was invited to give oral evidence to the House
of Lords Select Committee on Food, Poverty, Health and
Environment in November 2019. Among other evidence, she
described the pilot study results and full-scale trial design that
was underway.

The WRAPPED study team submitted a response to the DHSC
consultation on the proposal to restrict promotions of products
HFSS by location and multibuy promotions in April 2019.

The WRAPPED study team submitted a response to the DHSC
consultation on the proposed regulations to restrict promotions
of products HFSS by location and multibuy price promotions,
including enforcement activities, in February 2021.

Members of the study team published an article in The
Conversation outlining the importance of the UK government
Food (Promotions and Placement) regulations which were imple-
mented in October 2022, amid fears implementation would be
delayed alongside the promotions component.

Policy brief developed to summarise policy-relevant findings
from the WRAPPED process evaluation on the policy context
and pre-implementation evaluation of the Food (Promotions and
Placement) regulations, February 2023.
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Janis Baird participated in the working group of the Science
Advice to Policy by European Academies (SAPEA) on the
Scientific Opinion on sustainable food consumption, June 2023.

Christina Vogel was invited to give oral evidence to the House
of Lords Select Committee on Food, Diet and Obesity in March
2024. Among other evidence, she described a range of findings
from the WRAPPED study outcome and process evaluation.

The WRAPPED study team submitted a response to the House
of Lords Select Committee on Food, Diet and Obesity consulta-
tion on food and health policy options in April 2024.

The WRAPPED team submitted a response to the Scottish
consultation to restrict promotions of food and drink high in fat,
sugar or salt - consultation on the detail of proposed regulations
in May 2024.

The WRAPPED study team submitted written evidence to the
House of Commons Select Committee on Food and Weight
Management consultation in September 2025.

Christina Vogel was invited to give oral evidence to the House
of Commons Health Select Committee on Food and Weight
Management in November 2025. Among other evidence, she
described a range of findings from the WRAPPED study out-
come and process evaluation.
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