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Prominent positioning and food swaps are
effective interventions to reduce the
saturated fat content of the shopping
basket in an experimental online
supermarket: a randomized controlled trial
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Abstract

Background: Interventions to reduce the saturated fat (SFA) content of food purchases may help reduce SFA
consumption and lower cardiovascular risk. This factorial RCT aimed to examine the effect of altering the default order
of foods and being offered a swap on the SFA content of food selected during an online shopping experiment.

Methods: UK adults who were the primary grocery shoppers for their household were recruited online and invited to
select items in a custom-made experimental online supermarket using a 10-item shopping list. Participants were
randomly allocated to one of four groups (i) to see products within a category ranked in ascending order of SFA
content, (ii) receive an offer to swap to a product with less SFA, (iii) a combination of both interventions, or (iv) no
intervention. The primary outcome was the difference in percentage energy from SFA in the shopping basket between
any of the four groups. The outcome assessors and statistician were blinded to intervention allocation.

Results: Between March and July 2018, 1240 participants were evenly randomised and 1088 who completed the task
were analysed (88%). Participants were 65% female and aged 38y (SD 12). Compared with no intervention (n = 275)
where the percentage energy from SFA was 25.7% (SD 5.6%), altering the order of foods (n = 261) reduced SFA by
[mean difference (95%CI)] -5.0% (− 6.3 to − 3.6) and offering swaps (n = 279) by − 2.0% (− 3.3 to − 0.6). The combined
intervention (n = 273) was significantly more effective than swaps alone (− 3.4% (− 4.7 to − 2.1)) but not different than
altering the order alone (− 0.4% (− 1.8 to 0.9)), p = 0.04 for interaction.

Conclusions: Altering the default order to show foods in ascending order of SFA and offering a swap with lower SFA
reduced percentage energy from SFA in an experimental online supermarket. Environmental-level interventions, such
as altering the default order, may be a more promising way to improve food purchasing than individual-level ones,
such as offering swaps.

Trial registration: ISRCTN13729526 https://doi.org/10.1186/ISRCTN13729526 26th February 2018.
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Introduction
Reducing the dietary intake of saturated fat (SFA) can
lower low-density lipoprotein cholesterol and reduce
cardiovascular disease risk [1, 2]. The recent WHO draft
guidelines recommend reducing the intake of SFA to less
than 10% of total energy intake [3]. However, average
SFA intake in the UK (13.5% of energy intake) remains
more than a third higher than recommended [4]. Similar
high SFA intakes are observed in the USA and other
high- and middle- income countries [5, 6], and progress
in reducing SFA through public education programs has
been slow. Hence, novel approaches are needed to
achieve this target at the population level.
Food purchasing is a key determinant of food con-

sumption and interventions targeting the nutritional
quality of food during shopping present a clear oppor-
tunity for an intervention with wide reach. Individual-
level interventions previously identified in systematic re-
views as effective behaviour change techniques (e.g. tai-
lored dietary advice, information, self-monitoring and
personalised feedback) can be easily applied in the con-
text of online supermarket shopping [7, 8]. A previous
study recommending lower SFA options at the point of
purchase showed a significant reduction in total SFA
from online food purchases with no difference in ex-
penditure [9].
Individual-level interventions require reflection and ana-

lytical decision-making, but, in practice, many decisions
about food are not reflective, conscious choices but are
automatic reactions prompted by environmental cues [10].
Given this, there is also growing interest in environmental-
level interventions to change eating behaviours by altering
the defaults at the point of choice, so called choice architec-
ture or nudging interventions [11]. Preliminary evidence
suggests that these environmental-level interventions might
achieve a meaningful impact on behaviours and could be
applied in the retail environment to influence food purchas-
ing [7]. Given that both types of interventions have been
shown to be effective, we hypothesised that their combin-
ation will lead to larger effects sizes.
The aim of this trial was to test the effectiveness of an

environmental-level intervention (i.e. altering the default
order of foods to show foods in ascending order of SFA)
and an individual-level intervention (i.e. an explicit offer to
swap to an alternative food with lower SFA) on the SFA
content of online food shopping. In this proof-of concept
trial, we used an experimental online research shopping
platform to explore the effectiveness of these interventions,
alone or in combination, compared to no intervention.

Subjects and methods
Design and setting
This was a prospectively registered 2 × 2 factorial rando-
mised controlled trial conducted in a custom-made

simulated online supermarket platform (www.woodssu-
permarket.co.uk) developed by Cauldron, UK (http://
cauldron.sc/clients#woods). The supermarket was devel-
oped to emulate a real online supermarket website as
previously described [12]. It contains a food database
with ~ 11,000 products, downloaded from a real UK gro-
cery retailer (Tesco.com API, February 2012), which in-
cludes standard UK branded products. Nutrient
composition information per 100 g was supplemented by
manual linkages with food labels at online supermarket
websites and with data provided by Kantar WorldPanel
and the Medical Research Council Human Nutrition Re-
search food and nutrient database [13]. Data were col-
lected and managed using the supermarket platform and
the REDCap (Research Electronic Data Capture) elec-
tronic data capture tools hosted at the University of Ox-
ford [14]. REDCap is a secure, web-based application
designed to support data capture for research studies, pro-
viding: 1) an intuitive interface for validated data entry; 2)
audit trails for tracking data manipulation and export pro-
cedures; 3) automated export procedures for seamless data
downloads to common statistical packages; and 4) proce-
dures for importing data from external sources. The
protocol was implemented without changes except minor
prospective revisions, made prior to analysis which are
noted in the analysis plan (Additional file 1).

Participants
Participants were recruited between March and July
2018 through an online research agency [15]. Invitations
were sent to a random subsample of a pool of 6968 who
had all been pre-screened as eligible. Due to a technical
limitation, the invitation and response rates were not re-
corded. Participants were eligible if they lived in the UK,
were aged 18 years or over, were the main (or shared)
grocery shopper for their household, were able to read
English, had access to a computer and Internet connec-
tion (by virtue of being part of the Prolific participant
pool), and were willing and able to provide informed
consent. People were not eligible if they were following
any restricted diet such as a vegetarian, vegan, dairy-free,
sugar-free, or gluten-free diet. Following online screen-
ing for these criteria, participants provided consent elec-
tronically. Following consent, they answered standard
demographic questions as well as a few additional ques-
tions on shopping habits and health status at baseline
(Additional file 1: Appendix B).

Randomization
The statistician generated the randomization sequence
using the R package ‘blockrand’ [16] and the lead re-
searcher uploaded the sequence in REDCap. Following
the baseline questionnaire, participants were allocated to
trial groups by REDCap via computerised random
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number generation on a 1:1:1:1 basis with random block
sizes. Allocation concealment was achieved, as partici-
pants were recruited from Prolific independently of the
research team and automatically randomised without
human involvement.

Shopping task
Following randomization, participants were redirected to
the supermarket website that introduced the shopping
task. The website explained how to complete the task.
As with real online supermarkets, participants could find
items by browsing the supermarket departments and
shelves or using a search function. They were asked to
select 10 ‘everyday’ foods from a pre-specified shopping
list. They were instructed to imagine they were doing
their own grocery shopping and to choose foods that
they and their household would want to eat. The 10
foods were major sources of SFA in the UK, within food
categories where lower SFA options are also available.
Participants were not prevented from selecting as
many items as they wished, in unlimited quantities,
but the instructions requested selection of only a sin-
gle item per category from the shopping list below.
The list comprised:

� Milk for everyday use
� Butter or margarine for everyday use
� Cheese for use in sandwich or light meal
� Ready-to-eat savoury entree item (e.g. cured meats,

samosas)
� Ready-to-eat individual chilled dessert
� Meat/fish/vegetarian alternative to cook for 4

people
� Dessert for a meal of 4 people
� Something to eat with a hot drink
� A sweet snack item to eat now
� A savoury snack item to eat now

In the consent process, all participants were informed
in one sentence that: “This study aims to investigate if
two different ways of making healthier choices when
shopping online are acceptable to shoppers and effective
in reducing the saturated fat in the foods in their bas-
ket.” However, this sentence was among many in the
participant information pages and no further reference
was made to SFA afterwards except in the swap condi-
tion as a necessary part of that intervention (see below).
Following completion of this task, participants were
redirected to REDCap to complete a survey assessing
the intervention acceptability, their usual shopping be-
haviour, and an open-ended box for comments. Upon
completion, participants were reimbursed with £5 for
their participation.

Interventions
Participants were randomly allocated to one of the fol-
lowing groups:

Swaps (individual-level intervention)
Participants were offered an explicit swap with less SFA.
Swaps were offered if an alternative product within the
same category had at least 2 percentage points less SFA
(i.e. 2 g less SFA per 100 g of product), was between 60
and 140% of the weight of the original product, and was
between 0 and 200% of the price of the original product.
Swaps were offered at the point of selection, immediately
after selecting an item to be added to their shopping
basket. If multiple swaps were available, the one of the
same brand as the base product was offered and if no
products of the same brand were available a swap that
met the criteria was randomly offered. An example swap
is shown in Fig. 1a. Before commencing the task, partici-
pants in this group were advised that they might be of-
fered a swap with lower SFA. They were advised to
choose the food with lower SFA only if they would
choose this food if offered in their normal shop, choose
it if they and their family would eat it gladly, or are pre-
pared to eat it to lower their SFA intake. They were ad-
vised not to choose the product if they wouldn’t be
willing to eat it. If they refused the swap, no further
swaps for that food were offered.

Altering the default order (environmental-level intervention)
When searching or browsing foods, participants viewed a
list of products in ascending order of SFA content (i.e. the
products with the lowest SFA content appeared at the top
of the screen) but this order was not made explicit to par-
ticipants. Moreover, the SFA content of the food was not
displayed in the product list but, in common with all UK
online supermarkets, the SFA content along with other
nutrients from the nutrient facts panel was shown if the
participant clicked on a product in search of more infor-
mation. The SFA order was applied to each list of foods
offered to participants when searching for products. An
example of the intervention is shown in Fig. 1b.

Combination of individual- and environmental-level
interventions
Participants allocated to this arm received both interven-
tions as described above. Participants were exposed to
the environmental-level intervention while searching for
items and the individual-level intervention after selecting
specific items. Accordingly, the environmental-level
intervention was viewed before the individual-level one.

Control
Participants in this arm shopped using the default ver-
sion of the website with a random order of the foods
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Fig. 1 An example of the individual-level intervention when selecting butter whereby an explicit swap is offered matched for category, weight,
price, and brand (a) and an example of the environmental-level intervention when searching for milk whereby products are shown in ascending
order of saturated fat content (b)
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displayed in response to searching or browsing with no
swaps offered.

Blinding
Investigators were not blinded to intervention allocation,
but they were not able to manipulate any study param-
eter following the initial study set up, as all study proce-
dures took place in the online platform. The outcome
assessment was blinded, as it happened automatically in
the online platform. The statistician was blinded to
intervention allocation. Participants were necessarily un-
blinded and were aware of the study aims.

Primary outcome
The primary outcome was the difference in the SFA con-
tent of the basket measured as the difference in the per-
centage of total energy between each of the four trial
groups. We adjusted for total energy, because it places
the focus on the nutritional composition of the foods se-
lected and not the total amount of food purchased, as it
would be the case if we used an absolute amount of sat-
urated fat. Furthermore, it makes the outcome compar-
able to the nutritional recommendations for saturated
fat, which are expressed as percentage of energy.

Secondary outcomes
We examined the differences between the baskets in
each group:

i. the proportion of products with less than 1.5 g of
SFA per 100 g of product (1.5% SFA) [17]

ii. cost of the basket, expressed as £/100 g
iii. total energy (kcal), energy density (kcal/100 g), sugar

(percentage of total energy), and salt (g/100 g).

We also examined the differences between offering
swaps alone and the combined intervention arm in:

i. the percentage of energy from SFA per swap
accepted

ii. the proportion of swaps accepted out of those
offered

iii. the proportion of swaps accepted out of those
offered by median observed change in SFA (high
SFA change vs low SFA change)

iv. the proportion of swaps accepted out of those
offered for (a) butter, margarine, and spreads, (b)
cheese, (c) milk, (d) meat and meat products, and
(e) sweets and desserts, including chocolates,
sweets, ice cream, cakes, pies, biscuits, and sweet
items from the bakery

v. the proportion of accepted swaps out of the
number of items selected.

Sample size
The relationship between SFA intake and cardiovascular
outcomes is linear and so at a population-level even very
small reductions in SFA intake will be of public health
significance. We made a pragmatic decision to power
this study based on a 2% reduction in energy from SFA.
This magnitude of reduction is estimated to be associ-
ated with an 11% lower risk of cardiovascular disease
mortality [18]. Assuming 7% standard deviation in the
total basket between any of the 4 groups and using
intention to treat analyses with 90% power and two-
sided α = 0.05, we required 258 participants per group
(total n = 1032). A final sample of 1240 participants
would account for 20% attrition of participants not com-
pleting the shopping task.

Statistical analysis
We followed a pre-specified statistical plan (Additional file 1)
published in advance of the analysis in the ISRCTN registry
(ISRCTN13729526). An independent trial statistician ana-
lysed the primary outcome and secondary outcomes i-iii
using two-way analysis of variance. As the comparisons had
been pre-specified, we did not correct for multiple testing
[19]. We also tested for interaction between the two inter-
ventions and the main outcome by introducing an inter-
action term in the regression model [20]. Secondary
outcomes iv-viii are presented as medians with interquartile
range (IQR). We analysed data from participants who bought
at least one product from at least 5 out of 10 categories of
the shopping list and, when participants bought more than
the 10 items requested, we included all items bought. We
performed pre-specified subgroup analyses by sex, age
(below or above the median), ethnic group (white vs non-
white), obesity, education (none/secondary vs higher), and
household income (low/middle vs higher). Estimates of com-
parative effectiveness for all outcomes are reported as mean
differences with 95% confidence intervals (CI). Two re-
searchers analysed the open-ended comments using manifest
content analysis counting the frequency and grouping spe-
cific content evident in the comments [21]. All statistical
analyses were conducted in R (version 3.5.0, Vienna, Austria)
.

Results
Out of the 6968 eligible participants, 1240 consented
and were evenly randomised to the four groups. Data
from 1088 (88%) who completed the task were analysed
(Fig. 2). Participants were on average (SD) 38 (12) years
old, two thirds were female, a third were affected by
obesity (BMI ≥ 30 kg/m2), 90% were of white background
and about three quarters had shopped online for grocer-
ies at least once in the last year (Table 1).
On average, participants spent 21 min (SD 9) complet-

ing the study, browsed 29 pages of products (SD 15),
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and bought 12 products (SD 5). There were no signifi-
cant differences in number of items or length of time to
complete the task by group allocation (Additional file 2:
Table S1). The percentage energy from SFA in the control
shopping basket (n = 275) was 25.7% (±5.6%) (Fig. 3). Com-
pared with no intervention, altering the default order of
products to show foods in ascending order of SFA (n = 261)
reduced SFA by − 5.0% (95%CI: − 6.3 to − 3.6)), and offering
an explicit swap with lower SFA (n = 279) reduced it by
− 2.0% (95%CI: − 3.3 to − 0.6). Altering the default order
reduced the percentage energy from SFA significantly
more than offering swaps (− 3.0% (95% CI: − 4.3 to − 1.6).
The combined intervention (n = 273) was significantly
more effective than control (− 5.4% (95%CI: − 6.7 to − 4.1))
and swaps alone (− 3.4% (95%CI: − 4.8 to − 2.1)), but there
was no difference from altering the default order alone
(− 0.4% (95%CI: − 1.8 to 0.9), p = 0.04 for interaction).
These effects remained significant after a post-hoc analysis
adjusting for multiple comparisons for the number of tests
at an alpha of a = 0.05/28 = 0.001. The interaction between
the two interventions was significant only for the primary
outcome (p = 0.04). Interactions and main effects are
presented in the Additional file 2: Table S2.
The proportion of products that contained less than

1.5% SFA in the shopping basket was significantly higher

in each of the interventions compared with control. It
was also significantly higher in the altering the default
order group than for offering swaps (mean difference
6.5, 95% CI: 3.3 to 9.7) group. The cost of the shopping
basket (£/100 g) did not significantly differ between
groups (Table 2).
Altering the default order of products alone or in com-

bination with swaps significantly reduced the total en-
ergy and energy density of the shopping basket
compared with no intervention or swaps alone. Altering
the order and the combination of the interventions sig-
nificantly increased the percentage energy from total
sugars compared to swaps alone or control, whereas
swaps alone did not significantly change the percentage
energy from total sugars compared to control. There
was no evidence of a difference in salt between any of
the four study groups (Table 2).
The percentage of participants who were offered at

least one swap was 100 and 94% in the swap alone group
and combined group, respectively. The swaps alone
group was offered a median of 7 (IQR 4) swaps whereas
the combined group was offered 4 (IQR 4) swaps. The
percentage of participants who accepted at least one
swap was 63 and 40% in the in the swap alone group
and combined group, respectively (Additional file 2:

Fig. 2 CONSORT flow diagram
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Table 1 Baseline characteristics of the trial participants

Control Swaps Altering order Combined
(n = 310) (n = 310) (n = 310) (n = 310)

Age, years, mean ± SD 37.5 ± 11.7 37.8 ± 12.9 38.2 ± 12.7 37.2 ± 11.7

Sex, female, n (%) 193 ± 62.3 207 ± 66.8 214 ± 69 203 ± 65.5

BMI, kg/m2, mean ± SD 27.8 ± 7.2 27.9 ± 7.3 27.8 ± 6.4 27.4 ± 6.3

BMI category, n (%)

< 18.5 5 (1.6) 5 (1.6) 7 (2.3) 7 (2.3)

18.5–24.9 113 (36.5) 130 (41.9) 113 (36.5) 123 (39.7)

25–29.9 101 (32.6) 79 (25.5) 89 (28.7) 90 (29)

> 30 87 (28.1) 95 (30.6) 96 (31) 86 (27.7)

Missing 4 (1.3) 1 (0.3) 5 (1.6) 4 (1.3)

Ethnic group, n (%)

White 272 (87.7) 285 (91.9) 285 (91.9) 280 (90.3)

Asian/Black 20 (6.5) 10 (3.2) 13 (4.2) 16 (5.2)

Mixed/Other 18 (5.8) 14 (4.5) 11 (3.5) 13 (4.2)

Missing 0 (0) 1 (0.3) 1 (0.3) 1 (0.3)

Education, n (%)

None 7 (2.3) 11 (3.5) 17 (5.5) 10 (3.2)

Secondary 74 (23.9) 105 (33.9) 108 (34.8) 86 (27.7)

Higher 229 (73.9) 193 (62.3) 184 (59.4) 213 (68.7)

Missing 0 (0) 1 (0.3) 1 (0.3) 1 (0.3)

Household income, n (%)

Lower (£25 k) 124 (40) 142 (45.8) 135 (43.5) 125 (40.3)

Middle (£26-39 k) 93 (30) 70 (22.6) 77 (24.8) 79 (25.5)

Higher (£40 k) 83 (26.8) 90 (29) 83 (26.8) 95 (30.6)

Missing 10 (3.2) 8 (2.6) 15 (4.8) 11 (3.5)

Household size, median (IQR) 3.0 (2–4) 3.0 (2–4) 3.0 (2–4) 3.0 (2–4)

Household average supermarket expenditure, £, median (IQR) 70.0 (50–100) 60.0 (45–90) 60.0 (50–85) 60.0 (50–100)

Online grocery shopping, n (%)

> =1/week 21 (6.8) 18 (5.8) 27 (8.7) 32 (10.3)

1–3 times/month 42 (13.5) 38 (12.3) 54 (17.4) 62 (20)

4–11 times in the last year 78 (25.2) 76 (24.5) 79 (25.5) 74 (23.9)

1–3 times in the last year 91 (29.4) 91 (29.4) 71 (22.9) 72 (23.2)

Never or not in the last year 78 (25.2) 87 (28.1) 78 (25.2) 69 (22.3)

Missing 0 (0) 0 (0) 1 (0.3) 1 (0.3)

Online non-grocery shopping, n (%)

> =1/week 35 (11.3) 43 (13.9) 27 (8.7) 33 (10.6)

1–3 times/month 137 (44.2) 124 (40) 129 (41.6) 133 (42.9)

4–11 times in the last year 102 (32.9) 105 (33.9) 119 (38.4) 115 (37.1)

1–3 times in the last year 30 (9.7) 31 (10) 30 (9.7) 25 (8.1)

Never or not in the last year 6 (1.9) 7 (2.3) 4 (1.3) 3 (1)

Missing 0 (0) 0 (0) 1 (0.3) 1 (0.3)

History of, n (%)

Heart Disease 0 (0) 1 (0.3) 4 (1.3) 3 (1)

High cholesterol 26 (8.4) 20 (6.5) 25 (8.1) 12 (3.9)
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Table S3). The change in percentage energy from SFA
(the primary outcome) increased with the number of
swaps accepted as shown in Fig. 4. These results did not
differ significantly by the pre-specified subgroups of sex,
age, ethnic group, BMI, education, or income (Table 3
and Additional file 2: Table S4).
The median acceptance rate was 14 and 0% in the

swaps alone and combined intervention, respectively
(Table 4). There were no between-group differences in
the acceptance rate by specific food groups, i.e. butter,
cheese, milk, meat, and sweets. The median proportion
of accepted swaps out of the total bought items was not
different between the swaps alone and combined
interventions.

Following completion of the task, participants reported
that the three most important factors to be considered
when choosing foods or drinks to buy were price, taste,
and healthiness (Additional file 2: Table S5). These were
also reflected in the open-ended comments. About a quar-
ter (24%) reported checking the nutrition labels for satu-
rated fat content either often or always (Additional file 2:
Table S6). About three quarters (76%) of those in the
groups that were offered swaps agreed that swaps are a
feature that they would like to see in their usual shopping
with only 10% of them disagreeing and the rest being in-
different to this feature. About 17% (n = 187) left open-
ended comments. Although we did not ask about the ac-
ceptability of altering the default order, both interventions

Table 1 Baseline characteristics of the trial participants (Continued)
Control Swaps Altering order Combined
(n = 310) (n = 310) (n = 310) (n = 310)

High blood pressure 26 (8.4) 31 (10) 28 (9) 20 (6.5)

Diabetes 12 (3.9) 11 (3.5) 7 (2.3) 5 (1.6)

Cancer 5 (1.6) 9 (2.9) 6 (1.9) 7 (2.3)

Chronic Obstructive Pulmonary Disease 5 (1.6) 2 (0.6) 4 (1.3) 3 (1)

Fig. 3 Mean (95% Confidence Intervals) percentage energy from saturated fat by group allocation (primary outcome)
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emerged as mostly acceptable in the comments. (“The
auto healthy swap option is brilliant as many people
would rather have the healthier option given the choice
and often don’t have the time or patience to compare prod-
ucts.”, “When looking at food categories, the top few results
seemed to always be the lighter/healthier options - this is a
good idea!”). A minority of participants (n = 8) commen-
ted that the shopping list did not reflect their habitual pur-
chasing pattern, because they usually buy less treats or
cook from scratch (“The shopping list was very unrealistic
for me. We mostly cook from scratch and rarely buy ready
meals or desserts”). Further comments evolved around the
functionality of the website (“The site was slow when I was
choosing the product but everything went well”), the enjoy-
ment of taking part in the study (“Very interesting study, I
enjoyed taking part”), and factors influencing their usual
shopping and eating behaviours, which resembled the fac-
tors captured with the quantitative data (“As a household,
we food shop to keep the costs low”).

Discussion
Altering the default order to show foods in ascending
order of SFA and offering an explicit swap with lower
SFA during an online shopping experience significantly
reduced the percentage energy from SFA of the selected
foods. Altering the default order was significantly more
effective than offering swaps and there was no evidence
that providing swaps in addition to altering the order
augmented the effect of the intervention. There was no
evidence that the intervention affected the expected cost
of products selected.

This is the first randomised trial aiming to directly
compare an environmental-level (altering the default
order) and an individual-level (offering swaps) interven-
tion and their combination for improving the nutrition
quality of food purchases. A previous trial conducted in
a real online supermarket testing swaps with lower SFA
demonstrated a much smaller effect than observed in
the current trial [9]. However, their primary outcome
was calculated as grams of SFA per total weight of foods
in the total basket rather than as a percentage of energy.
Whether any difference in effect size is due to the simu-
lated versus real environments or due to differences in
the shopping lists, the algorithm suggesting the swap, or
the number of swaps accepted is unclear. Our interven-
tions to reduce percentage energy from SFA also re-
duced the energy density of items selected. This is in
contrast with a previous study using the same experi-
mental platform which specifically offered swaps with
lower energy density but found no effect of the interven-
tion. This might be explained by the differences in the
shopping lists, in the algorithm determining swaps, or
the exclusion of energy dense cooking ingredients, such
as butter, from their analysis [12]. A previous systematic
review of interventions to change food purchasing be-
haviours in grocery stores did not identify any other ran-
domised controlled trials on the effect of altering the
default order of foods [22]. However, a recent trial
showed no difference of altering the positioning of a spe-
cific category of foods (i.e. fruit and vegetable snacks) on
the proportion of orders in an online school canteen or-
dering system. The discrepancy with our findings might
be because that intervention was trying to make more

Fig. 4 Median (interquartile range) of percentage energy from saturated fat of the basket before being offered swaps and after accepting swaps
by number of swaps accepted

Koutoukidis et al. International Journal of Behavioral Nutrition and Physical Activity           (2019) 16:50 Page 10 of 14



Ta
b
le

3
Su
bg

ro
up

an
al
ys
es

of
th
e
pe

rc
en
ta
ge

of
en
er
gy

fro
m

sa
tu
ra
te
d
fa
t
(p
rim

ar
y
ou

tc
om

e)
by

tr
ia
lg

ro
up

%
en

er
gy

fro
m

sa
tu
ra
te
d
fa
t
(m

ea
n
±
SD

,n
)

Be
tw

ee
n
gr
ou

p
m
ea
n
di
ffe
re
nc
e
(9
5%

C
I)

C
on

tr
ol

Sw
ap
s

A
lte
rin

g
or
de

r
C
om

bi
ne

d
A
lte
rin

g
or
de

r
vs

Sw
ap
s

C
om

bi
ne

d
vs

Sw
ap
s

C
om

bi
ne

d
vs

A
lte
rin

g
or
de

r

Se
x Fe
m
al
e

25
.5
8
±
5.
62
,1
72

24
.3
±
6.
08
,1
83

21
.2
6
±
6.
12
,1
79

21
.1
1
±
6.
09
,1
74

−
3.
04

(−
4.
66

to
−
1.
42
)

−
3.
19

(−
4.
82

to
−
1.
55
)

−
0.
14

(−
1.
78

to
1.
5)

M
al
e

25
.8
1
±
5.
69
,1
03

22
.5
4
±
5.
81
,9
6

19
.5
9
±
6.
55
,8
0

18
.7
2
±
6.
91
,9
6

−
2.
95

(−
5.
39

to
−
0.
51
)

−
3.
82

(−
6.
14

to
−
1.
5)

−
0.
87

(−
3.
31

to
1.
57
)

A
ge

,y
ea
rs

M
ed
ia
n
an

d
ab
ov
e

25
.7
4
±
5.
89
,1
42

22
.9
±
6.
56
,1
44

21
.5
4
±
6.
35
,1
34

21
.0
3
±
6.
51
,1
31

−
1.
36

(−
3.
32

to
0.
59
)

−
1.
87

(−
3.
84

to
0.
1)

−
0.
51

(−
2.
51

to
1.
5)

Be
lo
w
m
ed
ia
n

25
.5
9
±
5.
37
,1
33

24
.5
4
±
5.
32
,1
35

19
.8
1
±
6.
15
,1
27

19
.5
6
±
6.
34
,1
42

−
4.
73

(−
6.
58

to
−
2.
88
)

−
4.
98

(−
6.
78

to
−
3.
18
)

−
0.
25

(−
2.
08

to
1.
58
)

Et
hn

ic
gr
ou

p

W
hi
te

25
.6
6
±
5.
73
,2
40

23
.7
7
±
5.
88
,2
56

20
.8
±
6.
29
,2
41

20
.2
2
±
6.
43
,2
44

−
2.
96

(−
4.
37

to
−
1.
56
)

−
3.
55

(−
4.
95

to
−
2.
15
)

−
0.
59

(−
2.
01

to
0.
84
)

N
on

-W
hi
te

25
.7
4
±
4.
97
,3
5

22
.9
4
±
7.
85
,2
2

19
.4
4
±
6.
57
,1
9

20
.6
5
±
6.
81
,2
8

−
3.
5
(−

8.
78

to
1.
78
)

−
2.
29

(−
7.
09

to
2.
51
)

1.
21

(−
3.
8
to

6.
22
)

BM
I,
kg
/m

2

<
30

25
.8
6
±
5.
31
,1
99

23
.7
2
±
6.
14
,1
95

20
.1
1
±
6.
35
,1
70

20
.6
4
±
6.
51
,2
00

−
3.
61

(−
5.
26

to
−
1.
97
)

−
3.
08

(−
4.
66

to
−
1.
5)

0.
53

(−
1.
11

to
2.
17
)

≥
30

25
.4
4
±
6.
14
,7
3

23
.6
1
±
5.
86
,8
3

22
.1
2
±
6.
04
,8
6

19
.3
9
±
6.
14
,6
9

−
1.
5
(−

3.
9
to

0.
9)

−
4.
22

(−
6.
76

to
−
1.
68
)

−
2.
72

(−
5.
24

to
−
0.
2)

Ed
uc
at
io
n

N
on

e/
Se
co
nd

ar
y

25
.0
9
±
5.
83
,6
8

23
.5
2
±
6.
49
,1
03

20
.0
7
±
5.
87
,9
9

19
.8
9
±
6.
69
,7
9

−
3.
46

(−
5.
73

to
−
1.
19
)

−
3.
63

(−
6.
04

to
−
1.
22
)

−
0.
17

(−
2.
6
to

2.
26
)

H
ig
he
r

25
.8
6
±
5.
57
,2
07

23
.7
9
±
5.
79
,1
75

21
.1
±
6.
55
,1
61

20
.4
1
±
6.
38
,1
93

−
2.
7
(−

4.
4
to

−
0.
99
)

−
3.
38

(−
5.
01

to
−
1.
75
)

−
0.
69

(−
2.
35

to
0.
98
)

H
ou

se
ho

ld
in
co
m
e

Lo
w
-m

id
dl
e
(£
25
-3
9
k)

25
.4
2
±
5.
57
,1
91

23
.2
1
±
6.
28
,1
88

20
.3
6
±
6.
29
,1
81

19
.8
1
±
6.
3,
17
7

−
2.
85

(−
4.
49

to
−
1.
21
)

−
3.
4
(−

5.
05

to
−
1.
76
)

−
0.
55

(−
2.
22

to
1.
11
)

H
ig
he
r
(£
40

k+
)

26
.2
±
5.
79
,7
5

24
.8
6
±
5.
38
,8
4

21
.6
7
±
6.
25
,7
0

21
.6
±
6.
54
,8
6

−
3.
2
(−

5.
71

to
−
0.
69
)

−
3.
26

( −
5.
64

to
−
0.
88
)

−
0.
07

(−
2.
56

to
2.
43
)

Koutoukidis et al. International Journal of Behavioral Nutrition and Physical Activity           (2019) 16:50 Page 11 of 14



prominent a category of food which people were not ne-
cessarily trying to buy, whereas we were trying to make
certain foods more prominent within a specific category
from which participants had been instructed to select an
item [23].
There was a small increase in the proportion of sugars

in the altering order and combined groups, which re-
flects differences in the formulation of products rather
than a specific effect of the intervention. In this experi-
ment, the effect was mostly attributable to the compos-
ition of the dessert items where the items containing
less SFA tended to have a higher proportion of sugars.
Furthermore, altering order and combined groups also
resulted in a large reduction of in total energy (~ 2000
kcal on average). This effect may outweigh the small in-
crease in the proportion of total sugars and suggests the
potential additional contribution of these interventions
to cardiovascular risk reduction through reductions in
energy intake. There was no difference in salt between
groups, but the average salt percentage in the basket was
well below the cut-off of 0.3% that qualifies a food prod-
uct as a low in salt (‘green’ in the traffic light system).
Individual-level interventions, such as providing health-

ier swaps, may require more cognitive resource than
environmental-level interventions targeting automatic
processes [24]. Under the theory of the dual-system
model, our environmental-level intervention (altering the
order) fits under the “System 1” whereby processes are
automatic and intuitive. In contrast, the individual-level
intervention (offering swaps) fits under the “System 2”
whereby processes are slow, rule-based, and analytical
[24]. Our study shows that an intervention targeting the
effortless System 1 processes leads to larger effect sizes, ir-
respective of the presence of interventions targeting the
effortful System 2 processes. However, the System 2

manipulation happened after the initial choice which may
have limited its potential effectiveness compared to the
System 1 manipulation that occurred before the initial
choice was made. Alternatively, this outcome may be ex-
plained by the smaller number of swaps offered in the
combined intervention compared with the swaps alone.
Furthermore, it has been suggested that environmental-
level interventions to promote healthier eating may be
more effective in reducing health inequalities, in contrast
with individual-level ones that require more individual
agency and greater cognitive resource [25]. To the best of
our knowledge, this is the first study to compare interven-
tions of both systems separately and in combination to fa-
cilitate healthy eating [26].
There has been a sharp rise in the proportion of

households purchasing groceries online, reaching 28% of
UK consumers in 2017 from 4% a decade earlier, with
similar upward trajectories being observed across Europe
[27], East Asia [28], and the USA [29]. This trial shows
that offering swaps and altering the default order are po-
tentially effective strategies to encourage healthier food
purchasing. Real online supermarkets usually alter the
position of foods for marketing purposes, but to our
knowledge not for health purposes. A UK online super-
market is already implementing healthier swaps at
checkout, but the algorithm is unpublished and a previ-
ous trial suggested higher acceptance of swaps at the
point of selection than at checkout [12]. In our study,
there was some indication that swaps for cheese, butter,
and sweets and desserts might have been more accept-
able than those for milk or meat. Future research could
examine whether swaps are more acceptable in certain
product categories.
Future research should also aim to test these strategies

using real online platforms and supermarkets and,

Table 4 Comparison of outcomes applicable only between swaps alone and combined groups

Swaps Combined Median difference (95% CI)

Median (IQR) n Median (IQR) n

% swaps accepted out of swaps offered

total 14.3 (0–28.57) 279 0.0 (0–25) 273 14.29 (0 to 2.78)

High SFA changea 23.5 (14.3–37.5) 167 33.3 (20–50) 99 − 9.80 (− 13.33 to − 4.17)

Low SFA changea 0.0 (0–0) 112 0.0 (0–0) 174 0.00 (0 to 0)

Cheese 0.0 (0–100) 279 0.0 (0–0) 273 0.00 (0 to 0)

Butter, margarine, spreads 0.0 (0–50) 279 0.0 (0–0) 273 0.00 (0 to 0)

Sweets and desserts 0.0 (0–33.33) 279 0.0 (0–20) 273 0.00 (0 to 0)

Milk 0.0 (0–0) 279 0.0 (0–0) 273 0.00 (0 to 0)

Meat 0.0 (0–0) 279 0.0 (0–0) 273 0.00 (0 to 0)

% of accepted swaps out of total number of basket items 20.0 (15.4–27.27) 105 18.2 (14.9–22.44) 32 1.82 (− 1.39 to 4.78)

SFA Saturated fat. aproportion of swaps accepted out of those offered by median observed change in SFA (high SFA change vs low SFA change). The majority of
participants were offered a maximum of one swap per product category, as they were intrusted to buy only one product. Therefore, the percentage of swaps
accepted out of those offered would have a value of either 0% or 100% in most cases. There was more variation in desserts, as participants bought more than
one desserts
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contingent on their effect in the short term, study their
long-term impact on food purchasing habits. In the mean-
time, online supermarkets should be encouraged to play a
more proactive role in shaping heathier choices for their
customers and can capitalise on the results of this study by
offering either or both interventions knowing that they are
potentially effective strategies for reducing percentage en-
ergy from SFA without increasing cost to their customers.
Strengths of this study include the randomised factor-

ial design, blinded statistical analysis, high completion
rate, precision of the estimate of the treatment effect,
and the use of products typically present in real super-
markets in a convincing simulated grocery store website.
Open text responses from a small number of partici-
pants at the end of the study implied that participants
had fully engaged with the shopping experience.
Limitations of the study include the use of an experi-

mental research platform in which participants neither
spent their own money nor received the food they
chosen. The shopping list in the trial comprised food
categories of products, that although typically bought,
were focused on foods which are sources of SFA. There-
fore, the effect of the swap intervention is likely to be
smaller during a real shopping experience where a
broader range of products are likely to be purchased.
The experimental nature of the study might have overes-
timated the effect of altering the order of products, as
the desire to perform the experiment rapidly without
much thought to foods being selected might have led to
a bias towards choosing the items at the top of the list.
However, our process evaluation showed that partici-
pants spent about 14–18 min on average in the super-
market to buy 11 products and this time period was
similar across all groups. Participants also browsed about
three times more pages than the number of products
they added to the basket in each condition. This poten-
tial bias might be quantified in future trial through the
use of eye-tracking technology [30]. Bias towards the
lower saturated fat option to meet the study aims (de-
mand characteristics) is plausible, especially in the swap
interventions. However, the acceptance rate of swaps
was relatively low (14% in the swap group and 0% in the
combined) to suggest this risk is low. Participants who
did not buy exactly 10 items as instructed were included
in the analysis, but the proportion of these participants
did not differ by group. All the above process evaluation
measures highlight the validity of the supermarket task.
We sent invitations for study participation to a random
subsample from a pool of 6968 participants who had all
been pre-screened as eligible, but we were not able to
record the invitation and response rates to the study,
which may limit the generalisability of our findings. BMI
was similar to national average. However, the recruit-
ment pool and, subsequently, study participants reported

higher than average education and participants reported
spending more money on weekly food shopping (£70)
than the national average (median: £58) [31]. Although
we did not observe differences in the effectiveness of the
intervention based on socio-economic status or demo-
graphic characteristics, our ability to detect differences
may be limited by the characteristics of the sample and
because we did not power the study to detect subgroup
differences.

Conclusions
In conclusion, altering the default order to show foods
in ascending order of SFA and offering a swap with
lower SFA reduced percentage energy from SFA in an
experimental online supermarket. Environmental-level
interventions, such as altering the default order, may be
a more promising way to improve food purchasing than
individual-level ones, such as offering swaps.
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