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Abstract

Background: Most food inthe United Kingdom is purchased in supermarkets, and many of these purchases areroutinely tracked
through supermarket loyalty card data. Using such data may be an effective way to develop remote public health interventions
and to measure objectively their effectiveness at changing food purchasing behavior.

Objective: The Front-of-pack food Labels: Impact on Consumer Choice (FLICC) study is a pilot randomized controlled trial
of adigital behavior change intervention. This pilot trial aimed to collect data on recruitment and retention rates and to provide
estimates of effect sizesfor the primary outcome (healthiness of ready meals and pizzas purchased) to inform alarger trial.

Methods: The intervention consisted of a website where participants could access tailored feedback on previous purchases of
ready meals and pizzas, set goalsfor behavior change, and model and practice the recommended healthy shopping behavior using
traffic light labels. The control consisted of Web-based information on traffic light |abeling. Participants were recruited viaemail
from alist of loyalty card holders held by the participating supermarket. All food and drink purchases for the participants for the
6 months before recruitment, during the 6-week intervention period, and during a 12-week washout period were transferred to
the research team by the participating supermarket. Healthiness of ready meals and pizzas was measured using a predevel oped
scale based solely on the traffic light colors on the foods. Questionnaires were completed at recruitment, end of the intervention,
and end of washout to estimate the effect of the intervention on variables that mediate behavior change (eg, belief and intention
formation).
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Results: We recruited 496 participants from an initial email to 50,000 people. Only 3 people withdrew from the study, and
purchase data were received for all other participants. A total of 208 participants completed all 3 questionnaires. There was no
difference in the healthiness of purchased ready meals and pizzas between the intervention and control arms either during the
intervention period (P=.32) or at washout (P=.59).

Conclusions:  Although the FLICC study did not find evidence of an impact of the intervention on food purchasing behavior,
the unique methods used in this pilot trial are informative for future studies that plan to use supermarket loyalty card data in
collaboration with supermarket partners. The experience of the trial showcases the possibilities and challenges associated with

the use of loyalty card datain public health research.

Trial Registration:
at http://www.webcitation.org/761V ZOWjK)

International Registered Report Identifier (IRRID):

ISRCTN Registry ISRCTN19316955; http://www.isrctn.com/I SRCTN19316955 (Archived by WebCite

RR2-10.1186/s40814-015-0015-1

(IMIR Form Res 2019;3(2):€9910) doi: 10.2196/formative.9910
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Introduction

Background

Poor diet is amajor risk factor for noncommunicable diseases
(NCDs) inthe United Kingdom, responsible for morethan 10%
of all morbidity and mortality [1]. Food purchasing precedes
and affects food consumption, which makes food purchasing
environments a prime setting for intervention studies aimed at
improving diet and nutrition. In the United Kingdom, most food
shopping is conducted in supermarkets [2], and supermarket
purchases have been shown to correlate well with food and
nutrient consumption [3].

Front of pack (FOP) nutrition labeling on food packaging has
been used in the United Kingdom since the mid-2000s [4]. In
October 2012, traffic light labeling of nutrients was
recommended by the UK Government for FOP labeling [5],
and it is currently being used by many UK manufacturers and
retailers. Traffic light labeling invol ves a col or-coded assessment
(greenfor low, amber for medium, and red for high) of the level
of total fat, saturated fat, sugar, and salt (see Figure 1 [6]).

Supermarket loyalty card data are a potential source of “big
data” that could allow for remote, objective monitoring of food
purchasing behavior, enabling interventionsaimed at improving
the healthiness of food purchasesthat could be delivered at scale
to alarge population asthey require no additional burden beyond
continued use of loyalty cards during routine food purchasing.
However, loyalty card data are owned by the supermarket
industry, and little is known about the feasibility of using such
data for the development of public health interventions that
incorporate tailored feedback on previous purchases. This is

because loyalty card data are commercialy sensitive and
consumers have privacy concerns over the handling of loyalty
card data [7]; as such, it is typically difficult to access.
Therefore, the use of such dataisrarein the evaluation of public
health interventions [8-11].

This study reports on a pilot 2-arm equal alocation parallel
randomized controlled trial (RCT) of adigital intervention that
incorporated a number of behavior change techniques. The
intervention consists of a password-protected website where
users can access tailored feedback on previous purchases of
ready meals and pizzas, set goas for behavior change, and
model and practice the recommended healthy shopping behavior.
A theoretical approach based on selection of the most relevant
behavior change mechanismswas adopted rather than utilization
of an entiretheoretical framework, asit has been suggested that
this is an optimal approach in a food context [12]. The
intervention was aimed at increasing the use of traffic light
labeling to encourage hedlthier purchase decisions when
purchasing ready meal s and pizzas, thereby leading to purchases
lower in total fat, saturated fat, sugar, and salt. Design of the
i ntervention was based on reviews of behavior changeliterature,
and previous research has shown that remotely delivered
interventionsthat providetail ored feedback on previous behavior
can improve dietary behavior [13].

Thepilot trial was part of the Front-of-pack food L abels: Impact
on Consumer Choice (FLICC) project. The protocol for the
pilot trial hasbeen previously published and includes adetailed
description of development of the intervention design and
content [14], and the pilot trial was registered at the ISRCTN
registry (ISRCTN19316955).

Figure 1. Example of the type of front of pack labeling recommended by the UK Government for a packet of 4 beef burgers, containing numeric

information, percentage of reference intakes, and traffic light color coding.

Each grilled burg

er (94g) contains

of an adult’s reference intake
Typical values (as sold) per 100g: Energy 966kJ / 230kcal
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Objectives

The objectives of thetrial wereto assessthe feasibility of afull
RCT by measuring recruitment, retention, and data compl etion
rates of participants, producing estimates for the potential effect
size of the intervention on healthiness of purchased own-brand
ready meals and pizzas—the primary outcome measure, and
producing estimates for the potential effect size of the
intervention on al food purchases, purchases of fruit and
vegetables, and psychosocial variables associated with label
use—secondary outcome measures.

Our hypotheses were that the intervention would increase the
healthiness of purchased ready meals and pizzas, while not
affecting thetotal amount of ready meals and pizzas purchased,
nor affecting purchasing behavior in other food categories. We
hypothesized that the intervention would operate by impacting
on mechanisms affecting beliefs and behavioral intention
formation as well as those associated with planning and goal
setting and the adoption and maintenance of the behavior of
interest, namely, traffic light labeling use during purchases of
ready meals and pizzas. Due to constraints in the availability
of dataand the fact that not all branded products contain traffic
light labels, we limited our analysesto supermarket’s own-brand
products only. We hypothesized that the majority of ready meal
and pizza purchases would be own-brand products, and so,

Figure 2. Outline of trial calendar, illustrating data collected at each stage.
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restricting analyses to these product lines would have limited
effect on results.

Methods

Data collection for the FLICC pilot trial took place over 58
weeks from November 11, 2014, to December 23, 2015. The
data collected comprised food purchase data obtained from the
supermarket loyalty card database and self-completion
participant questionnaire data. Thetrial was split into 4 distinct
time periods. 26 weeks of baseline historical shopping data
(T-1), 4 weeks of recruitment (TO), 6 weeks of intervention
(T1), and 12 weeks of follow-up without intervention (T2). A
further 10 weeks between the end of TO and the start of T1 were
used to request, receive, and process the shopping history data
for use in the intervention. The trial stages and types of data
collected at each point are shown in Figure 2.

The primary focus of this trial was purchases of own-brand
ready meals and pizzas. These food categories were chosen
because they are highly likely to carry traffic light labeling in
the participating supermarket; there is considerable nutritional
variation in these food categories, alowing participants scope
for buying healthier products; and ready meals and pizzas
represent a large and growing proportion of food sales in the
United Kingdom [14,15].

Study stage and dates

Data collection

Electronic sales data

T-1
Historical shopping data
11 Nov 2014 to 11 May 2015

6 months of
baseline participant
shopping data

h 2
T0
Recruitment
11 May 2015 to 8 Jun 2015

A4
T1

Intervention or control available

17 Aug 2015 to 30 Sep 2015

Participant
shopping data
duringintervention
or control stage
and washout

h 4
T2
Postintervention
1 Oct 2015 to 23 Dec 2015

Questionnaires Process evaluation

TO recruitment
questionnaire

T1 questionnaire ‘ ‘ Web analytics

T2 questionnaire
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Ethical Approval

Ethics was granted by the University of Oxford Central
University Research Ethics Committee (SSD/CUREC1/14-008)
and the University of Surrey Ethics Committee
(EC/2014/153/FAHS).

Recruitment

To be eligible for the FLICC pilot trial, individuals needed to
be UK residents, have had aloyalty card with the participating
supermarket for at least 6 months at recruitment, be older than
18 years, do most of their shopping at stores larger than 8000
square feet (this criterion wasto ensure that participants would
have access to a large supply of own-brand ready meals and
pizzas), be the primary food shopper for their household, not
be planning to leave the United Kingdom for longer than 3
weeks during the study period, and have purchased at |least 10
ready meals and pizzasin the previous 6 months (self-reported).

On the basis of apower calculation shown in the protocol [14],
we aimed to recruit 1300 participants by email from a loyalty
card database of the participating supermarket, using a passive
approach—a recruitment method that requires a potential
participant to make the first contact with the study following
an invitation [16]. The supermarket chain emailed 50,000
cardholders selected at random in batches of 3000 from the
whole population of cardholders, after filtering to exclude
individuals who would not meet the first 4 inclusion criteria.
The recruitment email included information on the trial and a
link to a FLICC registration website, where participants were
screened for the remaining 3 eligibility criteria, provided extra
information for alocation through block randomization, and
gave informed consent for participation in the trial.

Allocation

Block randomization was used to alocate individuas to the
intervention or control arm, stratifying by sex and whether or
not participants had dependent children. Participants were told
the study was about the influence of traffic light labels on
purchasing decisions but not informed whether they wereinthe
intervention or control arm. A total of 2 researchers (RAH and
PS) implemented the randomization and had access to the list
of control and intervention participants during the study.

Intervention

A full description of theintervention is provided in the published
trial protocol [14]; however, asummary of the key components
isgivenin Table 1. A theoretical approach based on the selection
of the most relevant behavior change mechanisms was adopted
[12,17], and the intervention contains both passive components
(information delivery via the Web application) and interactive
components (participant is encouraged to engage with the Web
application). The passive and interactive elements of the
intervention are highlighted in Table 1. Overall, theintervention
was designed to help people make intracategory decisions (eg,
to compare pizza A and pizza B) and by focusing only on the
use of thetraffic light element (ie, colors) of the nutrition label.

Participants in each arm were sent an email containing a URL
to apassword-protected Web application, which remained open

http://formative.jmir.org/2019/2/€9910/
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for 6 weeks (T1). The control group received a subset of the
digital intervention: information on the importance of healthy
eating, a description of traffic light 1abeling, and the message
“Green is better than amber but amber is better than red!”
Screenshots of the intervention are available from the Centre
on Population Approachesfor NCD Prevention website[18] or
by request to the corresponding author.

Data Collection

Data on food purchases by the participants were collected by
the participating supermarket’sloyalty card system. Dataon all
foods and drinks purchased (while using the loyalty card) by
the participantsin any store across the United Kingdom during
the T-1 period were transferred by the participating supermarket
to the research team after recruitment had closed. A second
transfer of equivalent data covering the periods T1 and T2 was
conducted after the study had finished. Where participants
withdrew from the study, food purchase data were transferred
only up to the withdrawal date, and their questionnaire data
were not included for secondary outcome analyses.

The participating supermarket also provided data on the
nutritional quality of all own-brand food products currently on
sale at 2 time points (before recruitment and after the study had
completed), which were used to derive traffic light labels and
to calculate outcome measures. Nutrition data for own-brand
products found in the shopping history datathat were not present
in the supermarket nutrition dataset were extracted from the
Brandbank database [19].

Demographic (age, sex, ethnicity, educational status, and
household size) and socioeconomic (income and job
classification) data were collected in the first of 3 Web-based
guestionnaires delivered at recruitment (T0). Psychosocial
variables were collected at TO and at theend of T1 and T2. In
addition, Web analytics were collected to provide data on
participants’ engagement with the intervention. A single
reminder was sent out for completion of the second and third
guestionnaires, which were incentivized by a £10 online gift
voucher.

M easures

Thispilot trial collected data on recruitment and retention rates
and estimates of effect size for the primary and secondary
outcome variables. The primary outcome measure for thistrial
was the healthiness of own-brand ready meals and pizzas that
had traffic light labeling measured at both T1 and T2, where
“healthiness’ of each item was calculated from a combination
of the information provided on the traffic light label. The score
ranges from O (for 4 red lights) to 1 (for 4 green lights). Foods
are awarded 0.15 points for each amber light and 0.25 points
for each green light. The weighting for the different colors was
derived from a choi ce experiment [20] where participants were
asked to decide between the healthiness of 2 foods based purely
on the traffic light label information, thereby revealing the
different prominence awarded to each color in the
decision-making process.
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Table 1. Intervention components.
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Behavior change techniques

Intervention components

Behavioral mechanisms impacted

Provide information on consequences
of behavior to the individual

Provide instruction (how to perform
the behavior)

Provide information about the traffic

light label

Goal setting

Modeling the behavior

Prompt practice

Action planning

Therisks of eating adiet high in fat, saturated fat, salt, and sugar and
the prominence of these nutrientsin ready meals and pizzas are reported

(passive)?. Personalized feedback on the traffic light profile of the 6
months of ready meals and pizzas purchased by the participant in T1
study period aredelivered. Participants are presented with an infograph-
ic summarizing the 6 months of data and are able to interrogate the
previous datain simple tables, with comparisons made with other
available products (interactive).

A descriptionisprovided of thetraffic light labeling that the participants
will find in the participating supermarket and what the traffic light

colors mean (passive)?.

Information about the traffic light label profile of a selection of the
ready meals and pizzas that are available from the participating super-
market isprovided in atabular form that the participant can interrogate.
Designed to highlight the potential for nutritional improvement within
the ready meals and pizzas categories (interactive).

The following outcome goal is provided: “ Usetraffic light labelswhen
you are shopping in (participating supermarket) for ready meals and
pizzas. Comparethetraffic light label s between products and try to buy
healthier ready meals and pizzas than you would normally. You can
do this by reducing the number of red lights on the label and increasing
the number of green lights on the label” (passive).

A short video showing individual s performing the behavior in areal
store will be provided (passive).

An experiential task is provided, which allows participants to increase
their self-efficacy in using traffic light food labels. This consists of
multiple-choice tests asking participants to choose healthier versions
of ready meals or pizzas with and without traffic light information
provided. Theintention isto demonstrate that the traffic light informa-
tion can make these decisions easier to make (interactive).

Participant is encouraged to plan when and where they will perform
the desired behavior viathe devel opment of intention statementswhich
they then enter into the Web application (interactive).

Mechanisms affecting belief forma-
tion and cognitive mechanisms: at-
tention bias, optimistic bias

Mechanisms of intention formation:
outcome expectancies, (action) self-
efficacy, and perceived behavioral
control; heuristics

Planning and goal setting

Mechanisms of intention formation:
Outcome expectanciesand (Action)
self-efficacy; perceived behavioral
control

Mechanisms of intention formation:
(Action) self-efficacy; perceived
behavioral control

Planning and goal setting

This element is provided to participants in both the intervention and the control arm.

In asample of 406 ready meals and pizzas from the participating
supermarket collected in November 2013, the healthiness score
was reasonably normally distributed with a mean of 0.63 and
SD of 0.21. Foods with scores of 0 and 1 were identified in the
sample, demonstrating that the full range of the score was used.

The secondary outcome measures were as follows:

1. Thenumber of ready meals and pizzas purchased in TL/T2

2. Expenditure (measured in £) on ready meals and pizzas
purchased in TL/T2

3. Thetotal amount (measured in grams) of fat, saturated fat,
sugar, and salt in ready mealsand pizzaspurchased in TL/T2

4. Expenditure (measured in £) on al foods purchased in
TUT2

http://formative.jmir.org/2019/2/€9910/

RenderX

5 Expenditure (measured in £) on fruit and vegetables
purchased in TL/T2

6. Psychosocial variables including “ Stage model of health
awareness’ [21,22], “Perceived intake,” “Perceived need
to change,” “ Expectation and Intention” [23], and “ Potential
barriersto labelling use” [24-26] measured in TL/T2.

These psychosocial variables were selected to measure the
effectiveness of the mechanisms we employed in the
intervention design (Table 2) in terms of their potential to shift
participantsto using traffic light labeling (stage model of health
awareness) by impacting on belief formation (perceived intake
and perceived need to change), intention formation, and
expectation. Potential barriers to labeling use were aso
measured.
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Table 2. Psychosocial variables questions and response options.
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Variable

Intervention text

Response

Stage model of health
awareness adapted from
Weinstein & Sandman and
Renner & Schwarzer [21,22]

Perceived intake adapted
from Raats et al [23]

Perceived need to change
adapted from Raats et a
[23]

Expectation adapted from
Raats et a [23]

Intention adapted from
Raats et al [23]

Potential barriersto labeling
use informed by Cowburn,

Thinking about the color-coded nutrition labels often referred to
as “traffic light labels,” which can be found on the front of food
packaging, please select 1 of the following statements which most
applies to you.

Thinking about the number of reds on thetraffic light |abels of the
ready meal §/pizzas that you typically purchase, how low or high
do you think thisis?

To what extent do you feel that you need to use traffic light 1abels
over the next 6 weeks to help you choose ready meal s/pizzas that
are healthier?

How likely/unlikely isit that you will use traffic light labels over
the next 6 weeks to help you choose ready mealS/pizzas that are
healthier?

| intend to use traffic light labels over the next 6 weeksto help me
choose healthier ready meals/pizzas?

Inmy opinion trafficlight labelling...is confusing to use; istruthful;
isaccurate; is hard to understand; is interesting to use; means you

(2) | have never thought about using Traffic Light
Labelswhen | shop. (2) | have thought about using
Traffic Light Labels when | shop but | don’t need
to do anything. (3) | have thought about using
Traffic Light Labelswhen | shop but | am still un-
decided. (4) | have already planned to use Traffic
Light Labelswhen | shop but | haven’t done any-
thing yet. (5) | am using Traffic Light Labelswhen
| shop and intend to continue doing so in future.

(1) Extremely low-(7) extremely high

(2) Definitely do not need to-(7) definitely need to

(2) Extremely unlikely-(7) extremely likely

(2) Definitely do not-(7) definitely do

(2) Strongly disagree-(7) strongly agree

Cowburn & Stockley and
Grunert & Wills [24-26]

have to do math; means you need to know alot about nutrition.

Statistical Analysis

All analyseswere conducted in accordance with apredetermined
dtatistical analysisplan, available from the Centre on Population
Approaches for NCD Prevention website [18] or by request to
the corresponding author. For normally distributed outcomes,
analysis of covariance was used to assess differences between
intervention and control arms at periods T1 and T2, adjusted
for sex, whether or not the participants had dependent children,
and measures collected in T-1 using the following model
proposed by Vickersand Altman [27], illustrated by the primary
outcome analysis at T1, where beta are regression coefficients,
€ isanerror term, and “ group” refersto allocation to intervention
or control:

HealthinessTl = B 0 + [3 1*SeX + B 2*Dependents+ [3
s*Healthiness 1., + B ,*Group + €

Where not normally distributed, differences were assessed using
Mann-Whitney U tests not adjusted for sex, dependent children,
or measures collected at T-1. Predetermined subgroup analyses
of the primary outcome measure were conducted, stratified by
socioeconomic status based on job classification (National
Statistics Socio-economic Classification (NS-SEC) 1 or 2vs 3
to 5) using a standard UK definition [28].

Within this study, missing outcome data (MOD) occurred for
anumber of reasons. For both the sales data and questionnaire
data, MOD were generated by participants withdrawing post
randomization. For the questionnaire data, MOD were generated
by failure to complete some or al of the questions within a
guestionnaire. The primary outcome variable (average
healthiness of ready meal s and pizzas purchasedin T-1, T1, and

http://formative.jmir.org/2019/2/€9910/

T2) included MOD if the participant did not purchase any
own-brand ready meals or pizzas using their loyalty card in any
of the 3 study phases. A systematic review of methods used to
copewith MOD in intention-to-treat analyses demonstrated that
there is no consensus toward a preferred approach, with
arguments for restricting to complete case analysis and for
imputation of missing data[29]. For the FLICC study, we dealt
with MOD in the sal esdataby employing imputati on techniques
(multipleimputation for the primary outcome variable and single
imputation for the secondary outcome variables). Theimputation
method used regression analysiswith sex and dependent children
as predictor variables asthese were used in the block all ocation,
so there was no chance of missing data. The imputation datasets
wereall observationswithin T-1for MOD at T-1 and equivalent
for periods T1 and T2. We assessed the nature of the MOD from
the primary outcome variable by conducting chi-square tests of
the presence of missing data at any of the 3 study periods with
sex and dependent children. For the questionnaire data, where
retention rates were expected to be lower, we conducted analysis
on a complete case basis (defined as being participants that
provided el ectronic sales data and questionnaire dataat all time
points) as predetermined by our statistical analysis plan.

Results

Resultsto Predeter mined Analyses

Of the 50,000 loyalty cardholders who received invitation
emails, 869 clicked the link to the FLICC recruitment website.
Of these, 496 were eligible and completed the consent process.
These figures are illustrated in the flowchart in Multimedia
Appendix 1. Our passive recruitment method recruited
approximately 1% (496/50000) of the participant pool.
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Table 3. Recruitment, retention, and data completeness by sex, dependents, socioeconomic status, ethnicity, age, educational status, general health
interest, and dietary considerations because of health status.

Characteristic Intervention group  Control group Participants with Participantswith  p 5P
(n=246), n (%) (n=250), n (%) complete? data incomplete data
(n=208), n (%) (n=288), n (%)
Sex
Male 82(33.3) 81(32.4) 70(33.7) 93(32.3) .89
Female 164 (66.7) 169 (67.6) 138 (66.3) 195 (67.7) .89

Dependent children

Yes 80 (32.5) 80 (32.0) 62 (29.8) 98 (34.0) 33
No 166 (67.5) 170 (68.0) 146 (70.2) 190 (66.0) 33
Socioeconomic status
Manageria and professional occupations 140 (56.9) 135 (54.0) 149 (71.6) 126 (43.8) 40
I ntermediate occupations 15(6.1) 10 (4.0) 10 (4.8) 15(5.2) 40
Small employers and own account workers 14 (5.7) 19 (7.6) 16 (7.7) 17 (5.9) 40
L ower supervisory and technical operations 9 (3.7) 9(3.6) 7(3.4) 11(3.8) 40
Semiroutine and routine occupations 20(8.1) 21 (8.4) 24 (11.5) 17 (5.9) 40
Undisclosed or missing data 48 (19.5) 56 (22.4) 2(1.0) 102 (35.4) 40
Ethnicity
White 192 (78.0) 188 (75.2) 198 (95.2) 182 (63.2) 62
Mixed/multiple ethnic groups 1(0.4) 0(0) 1(0.5) 0(0) .62
Asian/Asian British 0(0) 3(1.2) 2(1.0 1(0.3) .62
Black/African/Caribbean/Black British 1(0.4) 2(0.8) 1(0.5) 2(0.7) .62
Other ethnic group 1(0.4) 0(0) 1(0.5) 0(0) .62
Undisclosed or missing data 51 (20.7) 57 (22.8) 5(2.4) 103 (35.8) .62
Age (years)
18-25 5(2.0) 5(2.0) 4(19) 6 (2.1%) 78
26-35 24.(9.7) 16 (6.4) 26 (12.5) 14 (4.9) 78
36-45 41 (16.7) 45 (18.0) 45 (21.6) 41 (14.2) 78
46-55 62 (25.2) 50 (20.0) 59 (28.4) 53 (18.4) 78
56-65 37 (15.0) 54 (21.6) 48(23.1) 43(14.9) 78
66-75 24.(9.7) 21 (8.4) 21(10.1) 24(8.3) 78
76+ 5(2.0) 4(16) 4(19) 5(L7) 78
Undisclosed or missing data 48 (19.5) 55 (22.0) 1(0.5) 102 (35.4) .78

Educational status®

) 6 (2.4) 4(1.6) 6(2.9) 4(1.4) 51f
© 14 (5.7) 6 (2.4) 8(3.8) 12 (4.2) 51
® 27 (11.0) 25 (10.0) 25 (12.0) 27 (9.4) 5
4 0(0) 1(0.4) 0(0) 1(03) 51f
(5) 38 (15.5) 38(15.2) 46 (22.1) 30 (10.4) 51f
(6) 65 (26.4) 74.(29.6) 74.(35.6) 65 (22.6) 51f
© 41 (16.7) 46 (18.4) 45 (21.6) 42 (14.6) 51f
® 6 (2.4) 2(0.8) 2(1.0) 6(2.1) 51
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Characteristic Intervention group

(n=246), n (%)

Control group
(n=250), n (%)

Participants with

complete® data
(n=208), n (%)

Participants with
incomplete data
(n=288), n (%)

P value?

(9) Undisclosed or missing 49 (19.9) 54 (21.6) 2(1.0) 101 (35.2) 51f
General health interest®
Low health interest 17 (6.9) 18(7.2) 20 (9.6) 15 (5.2) 42
High health interest 189 (76.8) 187 (74.8) 188 (90.4) 188 (65.3) 42
Missing data 40 (16.3) 45 (18.0) 0(0) 85 (29.5) 42
Dietary considerations because of health status®
Coronary heart disease’high blood pressure
Yes 64 (26.0 72(28.8) 66 (31.7) 70 (24.3) 55
No 142 (57.7) 133 (53.2) 142 (68.3) 133 (46.2) 55
Missing data 40 (16.3) 45 (18.0) 0(0) 85 (29.5) 55
Weight management/obesity
Yes 96 (39.0) 105 (42.0) 101 (48.6) 100 (34.7) .89
No 110 (44.7) 100 (40.0) 107 (51.4) 103 (35.8) .89
Missing data 40 (16.3) 45 (18.0) 0(0) 85 (29.5) .89
Type 2 diabetes
Yes 27 (10.9) 30 (12.0) 30 (14.4) 27 (9.4) 74
No 179 (72.8) 175 (70.0) 178 (85.6) 176 (61.1) 74
Missing data 40 (16.3) 45 (18) 0(0) 85 (29.5) 74

% Partjcipants with complete data” refersto al participants for which a complete set of electronic sales data and questionnaire data at 3 time pointsis
available. Some missing data still arise from within the questionnaire data where participants chose not to respond to a particular question. For all
variables, the difference was assessed excluding missing data.

bDifference between compl ete versus incomplete data participants. Difference is assessed with Pearson chi-square test excluding missing data.

(1) No qualifications; (2) 1-4 O levels/certificate of secondary education (CSE)/general certificate of secondary education (GCSEs; any grades), entry
level, foundation diploma, national vocational qualification (NVQ) level 1, foundation general national vocational qualification (GNVQ), basic/essential
skills; (3) 5 or more O level (passes)/CSEs (grade 1)/GCSEs (grades A*-C), school certificate, 1 A level/2 to 3 advanced subsidiary levels/Victorian
Certificate of Education (V CEs), intermediate/higher diploma, intermediate diploma, NVQ level 2, intermediate GNVQ, City and Guilds Craft, BTEC
first/general diploma, Royal Society of Arts (RSA) diploma; (4) apprenticeship; (5) 2 or more A levels/'VCES, 4 or more AS Levels, higher school
certificate, progression/advanced diploma, NVQ Level 3—advanced GNVQ, City and Guilds Advanced Craft, ONC, OND, BTEC, National, RSA
advanced diploma; (6) degree (eg, BA and BSc), higher degree (eg, MA, PhD, and PGCE), NVQ Level 4-5, HNC, HND, RSA higher diploma, BTEC
higher level, foundation degree; (7) professional qualifications (eg, teaching, nursing, and accountancy); (8) other: vocational /work-related qualifications,
qualifications gained outside the United Kingdom; and (9) undisclosed or missing.

dGeneral health interest [30].

Dietary considerations due to health status: “When buying food for yourself or your family do you have to consider dietary requirements relating to
any of the following? Coronary Heart disease/High blood pressure; Weight management/Obesity; Type 2 Diabetes.” Response options Yes/No.

fChi-square test performed on combined groups to avoid low numbersin cells.

Of the recruited participants, 3 withdrew without reason after
randomization but before the T1 period commenced—compl ete
purchase data were collected for al other participants. The
completion ratesfor the recruitment (T0), second (T1), and third
(T2) questionnaires were 79% (394/496), 54% (270/496), and
63% (313/496), respectively. A chi-square test showed no
evidence of difference in provision of complete data by
allocation group. Of the 496 recruited participants, 208 (42%)
provided complete data (ie, completed all 3 questionnaires and
allowed transferal of purchasing data for the complete study

than three-quarters of the sample reported a high interest in
health using a predefined measure [30].

During theintervention period, 438 ready mealsand pizzaswere
available to purchase through the participating supermarket. A
tota of 317 (72.4%) of the products were supermarket
own-brand and 121 (27.6%) were branded products. Of 10,416
ready meal and pizza purchases used in the analyses, 8263
(79.3%) were supermarket own-brand and 2153 (20.7%) were
branded products.

period). The majority of the participants were older than 46
years, white, female, with no dependent children, and were in
high socioeconomic groups (NS-SEC 1 or 2; Table 3). More

http://formative.jmir.org/2019/2/€9910/

In all 3 data collection periods, there were high levels of MOD
for both control and intervention groupsfor the primary outcome
(average healthiness of traffic light and ready meals), indicating
zero recorded purchases of own brand ready meals and pizzas
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(Table 4). Assessments of the association between the presence
of MOD and the 2-block randomization variables (sex and
dependent children) showed no evidence of association (P>.2
inall cases), suggesting that the MOD were missing compl etely
at random. The results for the primary outcome showed no
difference between intervention and control groups during
periods T1 (P=.32) and T2 (P=.59). Predetermined subgroup
analyses stratified by socioeconomic status also did not find
any differences between intervention and control groups
(Multimedia Appendix 1). Exploratory analyses did not find a
significant interaction between allocation group and
Socioeconomic status.

The difference between the control and intervention arms for
the food purchasing secondary outcome measures are shownin
Table 5 and reveal no evidence that the intervention changed
purchasing behavior. In terms of the psychosocial secondary
outcome measures (Table 6), these similarly demonstrate no
difference between intervention and control groupsfor the effect
of theintervention.

In the context of the lack of an observed effect in the primary
outcome for this intervention, it is interesting to note that just

Harrington et a

over half the participants in the intervention arm (54%) logged
onto the FL I CC website (as measured by Web analytics) during
the study period, and therefore, many participants did not receive
or engage with the intervention material at all. Similar levels
of engagement were observed in the control arms (48%). In
terms of some of the key elements of the intervention content
reported in Table 7, in all cases, less than half the intervention
arm participants engaged with these.

Post Hoc Results

A complete case analysis of the primary outcome variable,
where participants are only included if they purchased at least
one ready meal or pizza in both the baseline and either
intervention period (n=213) or washout period (n=266), showed
asignificant increasein the healthiness of food purchasesinthe
intervention group of 0.04 (P=.03)—roughly equivalent to
switching 1 red light for 1 amber light for every 3 ready meals
or pizzas purchased. There was no difference between
intervention and control groups at washout in the complete case
analysis.

Table 4. Primary outcome measure results—healthiness of ready meals and pizzas purchased by intervention and control arms in 3 study phases.
Healthiness score range between 0 and 1, with a higher score indicating healthier food purchases (n=496).

Allocation group, followed by differ-

ent definitions of missing data for ready meals and pizzas®, T-1

Average healthiness of traffic lights  Average healthiness of traffic lights  Average healthiness of traffic lights
for ready meals and pizzas® T1

for ready meals and pizzas®, T2

Mean (SE) P value Mean (SE) P value Mean (SE) P value
Control 0.561 (0.008) 12 0.561 (0.009) 32 0.557 (0.010) .59
Intervention 0.582 (0.008) a2 0.581 (0.010) .32 0.555 (0.009) .59
Missing data because of zero pur- 111 (22.4) _c 258 (52.0) — 196 (39.5) —
chases of ready meals and pi zzab, n
(%)
Missing data because of withdraw- 0 (0) — 3(0.6) — 3(0.6) —

a® n (%)

8Results of analysis of covariance comparing intervention and control adjusted for sex and dependent children at T-1 and sex, dependent children, and

healthiness of ready meals and pizzas purchased at T-1 at other time points.

BMulti ple imputation using stochastic regression with sex and dependent children as predictors was used to replace missing datain analyses.

®Not applicable.
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Table 5. Secondary outcome measure results with purchase data using multiple imputation for missing data (3 cases for al variables because of
participant withdrawal ; n=496).

Variable T1 T1 T2
Mean (SE) P value Mean (SE) P vaue Mean (SE) P value

Number of ready meals/pizzas purchased (items per week)?
Control 0.32 (0.03) 81 0.32 (0.04) 97 0.32 (0.04) 57
Intervention 0.37 (0.04) 81 0.34 (0.05) .97 0.32 (0.03) 57

Amount (£) of ready meals/pizzas pur chased?®
Control 0.85 (0.09) .99 0.84 (0.10) .73 0.77 (0.09) 52
Intervention 0.93 (0.10) .99 0.88(0.12) .73 0.84 (0.09) 52

Total fat (gram) purchased per week?
Control 809(0.7) 81 798(0.8%) .75 7.81(0.89) 51
Intervention 9.15 (0.84) 81 7.83 (0.96) 75 8.03 (0.79) .51

Saturated fat (gram) purchased per week?
Control 340(031) 91 337(038) .62 326(040) .49
Intervention 386(037) .91 318(041) 62 337(035 49

Total sugar (gram) purchased per week?
Control 3.27(0.30) .90 3.31(0.37) 82 3.33(0.37) 56
Intervention 3.56 (0.31) .90 3.29 (0.42) .82 3.19(0.31) .56

Salt (gram) purchased per week?
Control 080(007) .91 0.77(0.09) .98 078(0.09) 55
Intervention 089(0.09) .91 080(0.10) .98 079(0.08) .55

Amount (£) of fruit and vegetables purchased®

Control 216(0.19) .21 2.00(0.200 .21 164(0.14) 24

Intervention 209(022) 21 182(020) .21 164(0.19) .24
Amount (£) of all food purchased

Control 18.99(137) .60 1749 (134) .43 17.45(1.29) .41

Intervention 19.03(1.38) .60 17.23(1.37) 43 16,57 (1.35) 41

3P values for difference between control and intervention adjusted for sex, dependent children, and results at T-1 using analysis of covariance or from
unadjusted Mann-Whitney U test for non-normally distributed variables.
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Table 6. Secondary outcome measure results for psychosocial variables for participants (n=208) with complete data (ie, al participants for which a
complete set of electronic sales data and questionnaire data at 3 time pointsis available. Some missing data still arise from within the questionnaire data
where participants chose not to respond to a particular question).

Psychosocia variable TO T1 T2
Mean (SE) P value Mean (SE) P vaue Mean (SE) P value

Stage model of health awareness[21,22]
Control 3.62(0.16) 53 422 (0.13) 14 4.47 (0.11) .78
Intervention 3.81(0.14) 53 4.39(0.12) 14 4.50 (0.10) .78

Per ceived intake® [23]

Control 4920120 .90 475(0.13) .99 482(0.15 .97

Intervention 492(010) .90 474(013) .99 481(014) .97
Per ceived need to change [23]

Control 527(0.14) .70 518(0.16) .47 5.25(0.15) .09

Intervention 5.16 (0.15) 70 5.05 (0.15) 47 4.92 (0.15) .09

Expectation [23]
Control 542(0.14) 44 514(0.16) 55 553(0.16) .36
Intervention 530(0.14) .44 533(0.13) .55 541(0.15 .36
Intention [23]
Control 568(0.15) .05 517(0.18) .92 554(0.15 .32
Intervention 533(0.14) .05 532(0.15) .92 535(0.15) .32
Potential barriersto labeling use [24-26]

Confusing to use

Control 2.33(0.13) .89 210(0.12) .78 1.98(0.11) .97

Intervention 2.29 (0.10) 89 2.07 (0.12) 78 1.99 (0.11) 97
Truthful

Control 525(012) .21 532(012) 43 540(0.11) .33

Intervention 503(0.11) .21 525(0.11) .43 524(0.11) .33
Accurate

Control 501(0.13) .25 519(0.13) .42 534(0.11) .31

Intervention 4.89 (0.10) .25 5.14 (0.10) 42 5.18 (0.11) 31

Hard to under stand
Control 201(0.12) .08 202(013) .62 1.85(0.10) 41
Intervention 220(0.11) .08 1.83(0.09) .62 1.96(0.10) 41
Interesting to use
Control 510(0.12) .66 498(0.14) .79 503(0.13) .73
Intervention 4.94(0.13) .66 5.01 (0.11) .79 4.92 (0.14) .73
Means you have to do maths
Control 210(0.13) .89 216(0.14) .63 203(0.12) .66
Intervention 2.07(0.12) .89 1.98(0.11) .63 210(0.12) 66
Means you need to know alot about nutrition
Control 262(0.16) .24 251(0.15) .22 226(0.14) 27
Intervention 276 (0.14) .24 218(0.11) .22 240(013) .27

@Differences assessed between control and intervention adjusted for sex and dependent children using repeated measures analysis of variance; all other
differences are assessed by unadjusted Mann-Whitney U test for non-normally distributed variables.
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Table 7. Participant engagement with the intervention measured by Web analytics (excluding withdrawn participants).

Activity Randomized sample (n=493), Control arm (n=248), Intervention arm (n=245),
n (%) n (%) n (%)

L ogged onto FLICC? website 251 (50.6) 120 (48.4) 131 (53.5)

Watched video _b — 78 (31.8)

Using traffic lights/experiential task page — — 101 (41.2)

FLICC task and aims — — 122 (49.8)

Set their own goa — — 89 (36.3)

3FLICC: Front-of-pack food Labels: Impact on Consumer Choice.
BNot applicable.

Discussion

Principal Findings

The FLICC pilot trial was an example of a partnership between
academia and the supermarket industry to alow for a
randomized trial of abehavior change intervention that utilized
supermarket loyalty card data for(1) recruitment, (2) provision
of tailored feedback on previous purchases, and (3) objective
and remote measurement of participant food purchases. The
pilot study showed that remote delivery of dietary studies across
wide populations allowsfor speedy recruitment (abeit recruiting
only 1% of the participant pool), that measurement of outcomes
using loyalty cards can lead to very high retention rates, but
that engagement with remotely delivered digital behavior change
interventions can be low. The trial did not provide evidence to
suggest this specific intervention would be effective at changing
purchasing behavior, but the process of conducting thetrial has
revealed much information about using supermarket loyalty
card data for both the delivery of public health interventions
and for trials of their effectiveness—issues that are growing in
relevance [31-33].

Supermarket loyalty card data provide benefitsto public health
research; however, the use of such dataisrarein the evaluation
of public health interventions [8-11]. This study revealed both
benefits and limitations attached to the use of loyalty card data.
The benefits include high retention rates and the potentia to
recruit quickly from a wide population. Limitations include
generic problemswith drawing conclusions about consumption
from purchase data (discussed below) and specific issues
associated with data sharing between academia and the
supermarket industry. Loyalty card data are commercialy
sensitive, and supermarkets have a duty to ensure that
individual-level data are handled with an appropriate level of
security as consumers have privacy concerns over the handling
of loyalty card data[7]. Recruiting from aloyalty card database
means we had little control over recruitment methods, and a
low participation rate may not have resulted in arepresentative
sample. These issues are discussed here to highlight practical
issues that researcherswill need to consider if pursuing similar
arrangements in the future. In the case of the FLICC study, the
agreement of terms and conditionsfor transferal of dataand the
subsequent signing of contracts took over 12 months, and this
was far longer than anticipated by either party. This caused
significant amendments to the planned timetable for the study.

http://formative.jmir.org/2019/2/€9910/

For practical reasons, the participating supermarket was only
able to provide us with 2 data extracts over the course of the
project, which precluded us from providing participants with
multiple updates on their shopping history as the tria
progressed. For such collaborative studies to achieve the most
success in the future, we advise that at an early stage, all
collaborative partners develop an understanding of what can
and cannot be delivered by the collaboration. We are grateful
that the participating supermarket remained flexible to our needs
throughout the research process, without which this study would
not have been possible.

The main strengths of our study are the strong internal validity
associated with the RCT design, the remote nature of the
delivery of theintervention and collection of data (allowing for
scalability of an intervention if shown to be effective), and the
use of the supermarket loyalty card dataset for recruitment,
which allowed quick and efficient recruitment of alarge number
of participants. The pilot study was able to answer questions
about the practicality and feasibility of conducting trialsin a
supermarket setting in partnership with a supermarket chain,
highlighting both the advantages and disadvantages of such a
partnership while providing evidence on essential study features
that could not have been known in advance. Of the examples,
1 includes the average amount of food purchasing that was
recorded by study participants. In the FLICC study, the average
amount of money spent on food captured by the loyalty cards
was less than £20 per week, whereas the average amount of
money spent on food and nonalcoholic drinks in the United
Kingdom is £56.80 per household per week [2], which suggests
that purchasesin our study were a subset of all food purchases
made by the participants. This hasimplicationsfor whether our
outcome measures truly reflect consumption behavior.
Supermarket loyalty cards can only measure food purchases
when aloyalty cardisused, which may not be at every occasion
that participants visit the supermarket. They also restrict the
range of a study to include purchases in 1 supermarket chain
only, which may not reflect shopping behavior in many people
who regularly frequent more than 1 supermarket chain. They
may also be shared by friends and family, so may not collect
data from the individual recruited to the study [34]. Although
only own-brand ready meal and pizza purchases were included
for our analyses and some other branded products may have
traffic light labels, we have shown that 79.3% of all purchases
were of own-brand products, and thus, we have captured the
vast majority of relevant purchasing behavior.
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Another limitation was the amount of MOD for the primary
outcome variable, which was a result of participants' loyalty
card data showing zero purchases of own-brand ready meals or
pizzas in T1 and/or T2 (despite participants’ self-reporting at
recruitment that they were frequent purchasers of these
products). | deally, we would havefiltered the recruitment email
so that only individuals who have shown frequent purchases of
own-brand ready meal and pizzasin their loyalty card datawere
contacted to take part in the study—unfortunately this was not
possible, as the recruitment email was delivered by a market
research company aligned with the participating supermarket
who had access to geographic and demographic data on loyalty
card holders but not on previous purchases. Our screening
guestion at recruitment was “ Thinking about the last 6 months,
on average have you purchased either Ready Meals or Pizzas
at least twice per month? (It doesn’'t matter if the Ready Meals
or Pizzas were for you or for other members of your
household).” However, 22% of the recruited participants did
not have any records of own-brand ready mea or pizza
purchases on their loyalty card datafrom the previous 6 months
(T-1). Thiswas afar higher percentage than we anticipated and
increased to 52% during the intervention period (T1). Our
predetermined statistical analysis plan stated that we would
conduct analyses with imputation for the primary outcome
variable but because of the amount of MOD, the imputation
effectively overwhelms the analysis.

We measured engagement with our digital intervention using
Web analytic tools. Similar methods are now regularly used to
measure the engagement of participants with Web-based
interventions [35]. We found that overall engagement with the
intervention was low but at a similar level (50%) found in a
systematic review of use of Web-based behavior change
interventions [36]. Other studies have found that engagement
with digital interventions can be boosted by telephone-based
coaching [37] or professional support [38]; however, thiswould
affect the potential reach of such an intervention delivered at
scale. Provision of frequent updates of the intervention, which
was not possible in our study because of the data-sharing
relationship with the participating supermarket, has also been
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shown to increase engagement with digital behavior change
interventions [38,39].

Other trials have investigated the impact of remotely delivered
tailored feedback on dietary behavior and found more
encouraging results. Alexander et al [40] conducted an RCT of
2540 participants, where arms 2 and 3 received a website with
tailored feedback on previous diet compared with a control of
a nontailored dietary advice website, and found that the
intervention increased consumption of fruit and vegetables
reported in a food frequency questionnaire by 2.7 and 2.8
portions per day, respectively, compared with 2.3 portions per
day for the control group (P=.177 for arm 2, P=.050 for arm
3). Huang et a [41] found that awebsite that provided tailored
advice resulted in areduction in saturated fat of 0.66% of food
energy infood purchasesfrom an online supermarket compared
with acontrol of nontailored advice (P<.001), in arandomized
trial of 497 participants. Tapper et al [42] found an increasein
fruit and vegetable consumption reported in a food frequency
guestionnaire in intervention compared with control group
(P=.08) in an RCT of a website providing tailored dietary
feedback with 100 participants. The interventions studied in
these trials were more intensive and required a larger time
commitment from participants than the intervention in the
FLICC study. A recent randomized trial of a phone app that
provides feedback on potential food purchases (suggesting
switches for lower salt products) found a significant reduction
of salt in food purchases of 0.3 g/MJ (95% CI 0.03-0.58) in a
study of 66 adults with diagnosed cardiovascular disease [43],
suggesting feedback on nutritional content of foods combined
with proposed alternatives could be an effective mechanism for
improving diets.

Conclusions

Although the FLICC study did not find evidence of an impact
of the intervention on food purchasing behavior, the unique
methods used inthispilot trial areinformative for future studies
that plan to use supermarket loyalty card datain collaboration
with supermarket partners. The experience of thetrial showcases
the possihilities and challenges associated with the use of loyalty
card datain public health research.
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Multimedia Appendix 2
CONSORT 2010 checklist for the FLICC study.

[PDE File (Adobe PDF File), 136K B-Multimedia Appendix 2]

References

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

Newton J, Briggs A, Murray C, Dicker D, Foreman KJ, Wang H, et a. Changesin health in England, with analysis by
English regions and areas of deprivation, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2015 Dec 05;386(10010):2257-2274 [ FREE Full text] [doi: 10.1016/S0140-6736(15)00195-6] [Medline: 26382241]
Office for National Statistics. 2017. Expenditure on food and non-alcoholic drinks by place of purchase, Table A2 URL:

https://www.ons.gov.uk/peopl epopul ationandcommunity/personal andhousehol dfinances/expenditure/datasets/

expenditureonfoodandnonal coholicdrinksbypl aceof purchaseukfinancial yearending2016tablea? [accessed 2019-02-18]
[WebCite Cache ID 761B0gOyt]

Neal B, Sacks G, Swinburn B, Vandevijvere S, Dunford E, Snowdon W, INFORMAS. Monitoring the levels of important
nutrients in the food supply. Obes Rev 2013 Oct;14(Suppl 1):49-58. [doi: 10.1111/0br.12075] [Medline: 24074210]
Storcksdieck GB, Celemin LF, Larrafiaga A, Egger S, Wills M, Hodgkins C, et al. Penetration of nutrition information on
food labels across the EU-27 plus Turkey. Eur J Clin Nutr 2010 Dec;64(12):1379-1385 [FREE Full text] [doi:
10.1038/€jcn.2010.179] [Medline: 20808336]

Gov.uk. 2013. Final design of consistent nutritional |abelling system given green light URL : https.//www.gov.uk/government/
news/final -desi gn-of -consi stent-nutritional -1abel ling-system-given-green-light [accessed 2019-02-18] [WebCite Cache ID
761BksFBR]

Gov.uk. 2016. Guide to creating a front of pack (FoP) nutrition label for pre-packed products sold through retail outlets
URL: https://assets.publishing.service.gov.uk/government/upl oads/system/upl oads/attachment_ data/file/566251/
FoP_Nutrition_labelling UK _qguidance.pdf [accessed 2019-02-18] [WebCite Cache ID 761 EtVHvVK]

Graeff T, Harmon S. Collecting and using personal data: consumers’ awareness and concerns. J Consum Market 2002
Jul;19(4):302-318. [doi: 10.1108/07363760210433627]

Sacks G, Rayner M, Swinburn B. Impact of front-of-pack ‘traffic-light' nutrition labelling on consumer food purchasesin
the UK. Health Promoation International 2009 Oct 8;24(4):344-352. [doi: 10.1093/heapro/dap032] [Medline: 19815614]
Ball K, McNaughton SA, Le H, Andrianopoulos N, InglisV, McNeilly B, et a. ShopSmart 4 Health — protocol of a
skills-based randomised controlled trial promoting fruit and vegetabl e consumption among socioeconomically disadvantaged
women. BMC Public Health 2013 May 14;13(1). [doi: 10.1186/1471-2458-13-466] [Medline: 23668896]

Bal K, McNaughton S, LeH, Gold L, Mhurchu CN, Abbott G, et a. Influence of price discountsand skill-building strategies
on purchase and consumption of healthy food and beverages: outcomes of the Supermarket Healthy Eating for Life
randomized controlled trial. Am J Clin Nutr 2015 May;101(5):1055-1064. [doi: 10.3945/ajcn.114.096735] [Medline:
25877492

Mhurchu CN, Blakely T, Jiang Y, Eyles H, Rodgers A. Effects of price discounts and tailored nutrition education on
supermarket purchases: a randomized controlled trial. Am J Clin Nutr 2010 Mar;91(3):736-747. [doi:
10.3945/ajcn.2009.28742] [Medline: 20042528]

Jensen BB, L&hteenméki L, Grunert KG, Brown KA, Timoatijevic L, Barnett J, et al. Changing micronutrient intake through
(voluntary) behaviour change. The case of folate. Appetite 2012 Jun;58(3):1014-1022. [doi: 10.1016/j.appet.2012.03.004]
[Medline: 22407133]

Teasdale N, Elhussein A, Butcher F, Piernas C, Cowburn G, Hartmann-Boyce J, et al. Systematic review and meta-analysis
of remotely delivered interventions using self-monitoring or tailored feedback to change dietary behavior. Am J Clin Nutr
2018 Feb 1;107(2):247-256 [FREE Full text] [doi: 10.1093/ajcn/ngx048] [Medline: 29529158]

Scarborough P, Hodgkins C, Raats M, Harrington R, Cowburn G, Dean M, et a. Protocol for a pilot randomised controlled
trial of an intervention to increase the use of traffic light food labelling in UK shoppers (the FLICC trial). Pilot Feasibility
Stud 2015:21. [doi: 10.1186/s40814-015-0015-1]

MarketLine. Ready Mealsin the United Kingdom. London: MarketLine; 2013.

Foster C, Brennan G, Matthews A, McAdam C, Fitzsimons C, Mutrie N. Recruiting participants to walking intervention
studies: asystematic review. Int JBehav Nutr Phys Act 2011 Dec 15;8:137 [ FREE Full text] [doi: 10.1186/1479-5868-8-137]
[Medline: 22171531]

Michie S, Johnston M, Abraham C, Lawton R, Parker D, Walker A, "Psychological Theory" Group. Making psychological
theory useful for implementing evidence based practice: aconsensus approach. Qual Saf Health Care 2005 Feb;14(1):26-33
[FREE Full text] [doi: 10.1136/qgshc.2004.011155] [Medline: 15692000]

University of Oxford for Nuffield Department of Population Health. Front of Pack Food Labelling: Impact on Consumer
Choice (FLICC) URL.: https.//www.ndph.ox.ac.uk/cpnp/research-projects/flicc [accessed 2019-02-19] [WebCite Cache |ID

761WDvg5c]

http://formative.jmir.org/2019/2/€9910/ JMIR Form Res 2019 | vol. 3] iss. 2| 9910 | p. 14

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v3i2e9910_app1.pdf&filename=d46849dc5fddd78cf4b3c366791d4959.pdf
https://jmir.org/api/download?alt_name=formative_v3i2e9910_app1.pdf&filename=d46849dc5fddd78cf4b3c366791d4959.pdf
https://jmir.org/api/download?alt_name=formative_v3i2e9910_app2.pdf&filename=05b8c44d1538cee352f06067629a0ead.pdf
https://jmir.org/api/download?alt_name=formative_v3i2e9910_app2.pdf&filename=05b8c44d1538cee352f06067629a0ead.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(15)00195-6
http://dx.doi.org/10.1016/S0140-6736(15)00195-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26382241&dopt=Abstract
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/expenditure/datasets/expenditureonfoodandnonalcoholicdrinksbyplaceofpurchaseukfinancialyearending2016tablea2
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/expenditure/datasets/expenditureonfoodandnonalcoholicdrinksbyplaceofpurchaseukfinancialyearending2016tablea2
http://www.webcitation.org/

                                            76IB0g0yt
http://dx.doi.org/10.1111/obr.12075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24074210&dopt=Abstract
http://europepmc.org/abstract/MED/20808336
http://dx.doi.org/10.1038/ejcn.2010.179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20808336&dopt=Abstract
https://www.gov.uk/government/news/final-design-of-consistent-nutritional-labelling-system-given-green-light
https://www.gov.uk/government/news/final-design-of-consistent-nutritional-labelling-system-given-green-light
http://www.webcitation.org/

                                            76IBksFBR
http://www.webcitation.org/

                                            76IBksFBR
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/566251/FoP_Nutrition_labelling_UK_guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/566251/FoP_Nutrition_labelling_UK_guidance.pdf
http://www.webcitation.org/

                                            76IEtVHvK
http://dx.doi.org/10.1108/07363760210433627
http://dx.doi.org/10.1093/heapro/dap032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19815614&dopt=Abstract
http://dx.doi.org/10.1186/1471-2458-13-466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23668896&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.114.096735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25877492&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.2009.28742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20042528&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2012.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22407133&dopt=Abstract
http://europepmc.org/abstract/MED/29529158
http://dx.doi.org/10.1093/ajcn/nqx048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29529158&dopt=Abstract
http://dx.doi.org/10.1186/s40814-015-0015-1
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-137
http://dx.doi.org/10.1186/1479-5868-8-137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22171531&dopt=Abstract
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=15692000
http://dx.doi.org/10.1136/qshc.2004.011155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15692000&dopt=Abstract
https://www.ndph.ox.ac.uk/cpnp/research-projects/flicc
http://www.webcitation.org/

                                            76IWDvg5c
http://www.webcitation.org/

                                            76IWDvg5c
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Harrington et &

19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

Nielsen Brandbank. URL: https://www.brandbank.com/ [accessed 2019-02-18] [WebCite Cache ID 76116AbjG]
Scarborough P, Matthews A, EylesH, Kaur A, Hodgkins C, Raats M, et a. Reds are more important than greens: how UK
supermarket shoppers use the different information on atraffic light nutrition label in a choice experiment. Int J Behav
Nutr Phys Act 2015 Dec 12;12:151 [FREE Full text] [doi: 10.1186/s12966-015-0319-9] [Medline: 26652916]

Weinstein ND, Sandman PM. A model of the precaution adoption process: evidence from home radon testing. Health
Psychol 1992;11(3):170-180. [Medline: 1618171]

Renner B, Schwarzer R. Risk Appraisal. 2005. Risk and Health Behaviors: Documentation of the Scales of the Research
Project: “Risk Appraisal Consequencesin Korea” (RACK) URL: http://www.gesundheitsrisiko.de/docs/RACK English.pdf
[accessed 2019-02-18] [WebCite Cache ID 761KrXp3G]

RaatsMM, Sparks P, Geekie MA, Shepherd R. The effects of providing personalized dietary feedback. A semi-computerized
approach. Patient Educ Couns 1999 Jun;37(2):177-189. [doi: 10.1016/S0738-3991(98)00114-1] [Medline: 14528544]
Cowburn G. Oxford University Research Archive. Oxford: University of Oxford; 2017 Jan 1. The front of pack nutrition
information panel: Using novel methods to explore consumer decision making at point of choice during routine supermarket
shopping URL: https://ora.ox.ac.uk/objects/uuid:43cf47f0-5b6e-4c73-a38a-12852875aal 7/

download_file?ile format=pdf& safe filename=DPhil_GC_Final%2Bversion April%2B2017.pdf&type of work=Thesis
Cowburn G, Stockley L. Consumer understanding and use of nutrition labelling: a systematic review. Public Health Nutr
2005 Feb;8(1):21-28. [Medline: 15705241]

Grunert K, Wills J. A review of European research on consumer response to nutrition information on food labels. J Public
Health 2007 Apr 14;15(5):385-399. [doi: 10.1007/s10389-007-0101-9]

Vickers AJ, Altman DG. Statistics notes: analysing controlled trials with baseline and follow up measurements. Br Med J
2001 Nov 10;323(7321):1123-1124 [FREE Full text] [Medline: 11701584]

Officefor National Statistics. The National Statistics Socio-Economic Classification (NS-SEC): User manual URL: https:/
/www.ons.gov.uk/methodol ogy/cl assifi cationsandstandards/othercl assifi cations/

thenati onal stati sti cssoci oeconomi ccl assificationnssecrebasedonsoc2010 [accessed 2019-02-19] [WebCite Cache ID

761M Gd0Z2]

AlshurafaM, Briel M, Akl EA, Haines T, Moayyedi P, Gentles SJ, et al. Inconsistent definitions for intention-to-treat in
relation to missing outcome data: systematic review of the methodsliterature. PLoS ONE 2012 Nov 15;7(11):e49163. [doi:
10.1371/journal .pone.0049163] [Medline: 23166608]

Roininen K, Lahteenmaki L, TuorilaH. Quantification of consumer attitudesto health and hedonic characteristics of foods.
Appetite 1999;33(1):71-88. [doi: 10.1006/appe.1999.0232] [Medline: 10447981]

Khoury MJ, loannidis JP. Big data meets public health. Science 2014 Nov 27;346(6213):1054-1055. [doi:
10.1126/science.aaa?709] [Medline: 25430753]

Brownstein JS, Freifeld CC, Madoff LC. Digital disease detection--harnessing the Web for public health surveillance. N
Engl JMed 2009 May 21;360(21):2153-5, 2157 [FREE Full text] [doi: 10.1056/NEJM p0900702] [Medline: 19423867]
Gov.uk. 2017. Digita-first public health: Public Health England's digital strategy URL : https://www.gov.uk/government/
publicationg/digital-first-public-heal th/digital -first-public-heal th-public-heal th-englands-digital -strategy [accessed 2019-02-19]
[WebCite Cache ID 761MzqCHW]

Rowley J. Building brand webs: customer rel ationship management through the Tesco Clubcard loyalty scheme. Int JRetail
Distrib Manag 2005 Mar;33(3):194-206. [doi: 10.1108/09590550510588361]

Couper MP, Alexander GL, Zhang N, Little RJ, Maddy N, Nowak MA, et al. Engagement and retention: measuring breadth
and depth of participant use of an online intervention. JMed Internet Res 2010 Nov 18;12(4):e52 [FREE Full text] [doi:
10.2196/jmir.1430] [Medline: 21087922]

Kohl LF, Crutzen R, de Vries NK. Online prevention aimed at lifestyle behaviors: a systematic review of reviews. JMed
Internet Res 2013 Jul;15(7):e146 [ FREE Full text] [doi: 10.2196/jmir.2665] [Medline: 23859884]

DennisonL, MorrisonL, Lloyd S, PhillipsD, Stuart B, Williams S, et al. Does brief tel ephone support improve engagement
with aweb-based wei ght management intervention? Randomized controlled trial. JMed Internet Res 2014 Mar 28;16(3):€95
[FREE Full text] [doi: 10.2196/jmir.3199] [Medline: 24681761]

Kelders SM, Kok RN, Ossebaard HC, van Gemert-Pijnen EW. Persuasive system design does matter: a systematic review
of adherence to web-based interventions. J Med Internet Res 2012 Nov 14;14(6):e152 [FREE Full text] [doi:
10.2196/jmir.2104] [Medline: 23151820]

Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et al. Which intervention characteristics are related
to more exposure to internet-delivered healthy lifestyle promotion interventions? A systematic review. JMed Internet Res
2011 Jan 6;13(1):€2 [FREE Full text] [doi: 10.2196/jmir.1639] [Medline: 21212045]

Alexander GL, McClure JB, Calvi JH, Divine GW, Stopponi MA, Rolnick SJ, MENU Choices Team. A randomized clinical
trial evaluating onlineinterventionsto improvefruit and vegetable consumption. Am JPublic Health 2010 Feb;100(2):319-326
[FREE Full text] [doi: 10.2105/AJPH.2008.154468] [Medline: 20019315]

Huang A, Barzi F, Huxley R, Denyer G, Rohrlach B, Jayne K, et al. The effects on saturated fat purchases of providing
internet shoppers with purchase- specific dietary advice: arandomised trial. PLoS Clin Trials 2006 Sep 22;1(5):€22 [FREE
Full text] [doi: 10.1371/journal .pctr.0010022] [Medline: 17013429]

http://formative.jmir.org/2019/2/€9910/ JMIR Form Res 2019 | vol. 3| iss. 2| €9910 | p. 15

(page number not for citation purposes)


https://www.brandbank.com/
http://www.webcitation.org/

                                            76II6AbjG
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0319-9
http://dx.doi.org/10.1186/s12966-015-0319-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26652916&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1618171&dopt=Abstract
http://www.gesundheitsrisiko.de/docs/RACKEnglish.pdf
http://www.webcitation.org/

                                            76IKrXp3G
http://dx.doi.org/10.1016/S0738-3991(98)00114-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14528544&dopt=Abstract
https://ora.ox.ac.uk/objects/uuid:43cf47f0-5b6e-4c73-a38a-12852875aa17/download_file?file_format=pdf&safe_filename=DPhil_GC_Final%2Bversion_April%2B2017.pdf&type_of_work=Thesis
https://ora.ox.ac.uk/objects/uuid:43cf47f0-5b6e-4c73-a38a-12852875aa17/download_file?file_format=pdf&safe_filename=DPhil_GC_Final%2Bversion_April%2B2017.pdf&type_of_work=Thesis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15705241&dopt=Abstract
http://dx.doi.org/10.1007/s10389-007-0101-9
http://europepmc.org/abstract/MED/11701584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11701584&dopt=Abstract
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010
http://www.webcitation.org/

                                            76IMGd0Z2
http://www.webcitation.org/

                                            76IMGd0Z2
http://dx.doi.org/10.1371/journal.pone.0049163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23166608&dopt=Abstract
http://dx.doi.org/10.1006/appe.1999.0232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10447981&dopt=Abstract
http://dx.doi.org/10.1126/science.aaa2709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25430753&dopt=Abstract
http://europepmc.org/abstract/MED/19423867
http://dx.doi.org/10.1056/NEJMp0900702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19423867&dopt=Abstract
https://www.gov.uk/government/publications/digital-first-public-health/digital-first-public-health-public-health-englands-digital-strategy
https://www.gov.uk/government/publications/digital-first-public-health/digital-first-public-health-public-health-englands-digital-strategy
http://www.webcitation.org/

                                            76IMzqCHW
http://dx.doi.org/10.1108/09590550510588361
http://www.jmir.org/2010/4/e52/
http://dx.doi.org/10.2196/jmir.1430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21087922&dopt=Abstract
http://www.jmir.org/2013/7/e146/
http://dx.doi.org/10.2196/jmir.2665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23859884&dopt=Abstract
https://www.jmir.org/2014/3/e95/
http://dx.doi.org/10.2196/jmir.3199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24681761&dopt=Abstract
http://www.jmir.org/2012/6/e152/
http://dx.doi.org/10.2196/jmir.2104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151820&dopt=Abstract
http://www.jmir.org/2011/1/e2/
http://dx.doi.org/10.2196/jmir.1639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212045&dopt=Abstract
http://europepmc.org/abstract/MED/20019315
http://dx.doi.org/10.2105/AJPH.2008.154468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20019315&dopt=Abstract
http://dx.plos.org/doi/10.1371/journal.pctr.0010022
http://dx.plos.org/doi/10.1371/journal.pctr.0010022
http://dx.doi.org/10.1371/journal.pctr.0010022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17013429&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Harrington et &

42.

43.

Tapper K, Jiga-Boy G, Maio GR, Haddock G, Lewis M. Development and preliminary evaluation of an internet-based
healthy eating program: randomized controlled trial. JMed Internet Res 2014;16(10):e231 [FREE Full text] [doi:
10.2196/jmir.3534] [Medline: 25305376]

EylesH, McLean R, Neal B, Jiang Y, Doughty R, McLean R, et al. A salt-reduction smartphone app supports lower-salt
food purchasesfor peoplewith cardiovascular disease: findings from the SaltSwitch randomised controlled trial. Eur JPrev
Cardiol 2017 Dec;24(13):1435-1444. [doi: 10.1177/2047487317715713] [Medline: 28631933]

Abbreviations

FLICC: Front-of-pack food Labels: Impact on Consumer Choice
FOP: front of pack

MOD: missing outcome data

NCD: noncommunicable disease

NS-SEC: National Statistics Socio-economic Classification
RCT: randomized controlled trial

Edited by G Eysenbach; submitted 23.01.18; peer-reviewed by A Grunseit, A Booth; comments to author 11.07.18; revised version
received 05.12.18; accepted 30.12.18; published 08.04.19

Please cite as:

Harrington RA, Scarborough P, Hodgkins C, Raats MM, Cowburn G, Dean M, Doherty A, Foster C, Juszczak E, Ni Mhurchu C,
Winstone N, Shepherd R, Timotijevic L, Rayner M

A Pilot Randomized Controlled Trial of a Digital Intervention Aimed at Improving Food Purchasing Behavior: The Front-of-Pack
Food Labels Impact on Consumer Choice Sudy

JMIR Form Res 2019; 3(2):€9910

URL: http://formative.jmir.org/2019/2/e9910/

doi: 10.2196/formative.9910

PMID: 30958277

©Richard A Harrington, Peter Scarborough, Charo Hodgkins, Monique M Raats, Gill Cowburn, Moira Dean, Aiden Doherty,
Charlie Foster, Edmund Juszczak, Cliona Ni Mhurchu, Naomi Winstone, Richard Shepherd, Lada Timotijevic, Mike Rayner.
Originally published in IMIR Formative Research (http://formative.jmir.org), 08.04.2019. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Formative
Research, isproperly cited. The complete bibliographic information, alink to the original publication on http://formative.jmir.org,
aswell asthis copyright and license information must be included.

http://formative.jmir.org/2019/2/€9910/ JMIR Form Res 2019 | vol. 3| iss. 2| €9910 | p. 16

RenderX

(page number not for citation purposes)


http://www.jmir.org/2014/10/e231/
http://dx.doi.org/10.2196/jmir.3534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25305376&dopt=Abstract
http://dx.doi.org/10.1177/2047487317715713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28631933&dopt=Abstract
http://formative.jmir.org/2019/2/e9910/
http://dx.doi.org/10.2196/formative.9910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30958277&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

