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Abstract

Background: Supermarket Healthy Eating for Life (SHELf) was a randomized controlled trial that operationalized a
socioecological approach to population-level dietary behaviour change in a real-world supermarket setting. SHELf
tested the impact of individual (skill-building), environmental (20 % price reductions), and combined (skill-building
+ 20 % price reductions) interventions on women’s purchasing and consumption of fruits, vegetables, low-calorie
carbonated beverages and water. This process evaluation investigated the reach, effectiveness, implementation, and
maintenance of the SHELf interventions.

Methods: RE-AIM provided a conceptual framework to examine the processes underlying the impact of the
interventions using data from participant surveys and objective sales data collected at baseline, post-intervention
(3 months) and 6-months post-intervention. Fisher’s exact, χ2 and t-tests assessed differences in quantitative survey
responses among groups. Adjusted linear regression examined the impact of self-reported intervention dose on food
purchasing and consumption outcomes. Thematic analysis identified key themes within qualitative survey responses.

Results: Reach of the SHELf interventions to disadvantaged groups, and beyond study participants themselves, was
moderate. Just over one-third of intervention participants indicated that the interventions were effective in changing
the way they bought, cooked or consumed food (p < 0.001 compared to control), with no differences among
intervention groups. Improvements in purchasing and consumption outcomes were greatest among those who
received a higher intervention dose. Most notably, participants who said they accessed price reductions on fruits and
vegetables purchased (519 g/week) and consumed (0.5 servings/day) more vegetables. The majority of participants
said they accessed (82 %) and appreciated discounts on fruits and vegetables, while there was limited use (40 %) and
appreciation of discounts on low-calorie carbonated beverages and water. Overall reported satisfaction with, use, and
impact of the skill-building resources was moderate. Maintenance of newly acquired behaviours was limited, with less
than half of participants making changes or using study-provided resources during the 6-month post-intervention
period.

Conclusions: SHELf’s reach and perceived effectiveness were moderate. The interventions were more effective among
those reporting greater engagement with them (an implementation-related construct). Maintenance of newly acquired
behaviours proved challenging.

Trial registration: Current controlled trials ISRCTN39432901.

Keywords: Process evaluation, Dietary behaviours, Fruits and vegetables, Carbonated beverages, Water, Food
consumption, Food purchasing, Women, Supermarkets, RE-AIM

* Correspondence: kylie.ball@deakin.edu.au
1Centre for Physical Activity and Nutrition Research, Deakin University, 221
Burwood Highway, Burwood, VIC 3125, Australia
Full list of author information is available at the end of the article

© 2016 Olstad et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Olstad et al. International Journal of Behavioral Nutrition
and Physical Activity  (2016) 13:27 
DOI 10.1186/s12966-016-0352-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-016-0352-3&domain=pdf
http://www.controlled-trials.com/ISRCTN39432901
mailto:kylie.ball@deakin.edu.au
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Unhealthy dietary patterns are among the leading public
health concerns worldwide given their significant contri-
bution to the global burden of disease [1]. Shifting dietary
behaviours in health promoting directions is challenging
however, given the ubiquity and relatively entrenched na-
ture of unhealthy dietary patterns. In Australia, although
most individuals ≥ 2 years of age consume fruits and vege-
tables (FV) on a daily basis, fewer consume sufficient
quantities of fruits (54 %) and vegetables (7 %) for health
benefits [2]. Intake of discretionary foods such as confec-
tionary, cakes, sweet biscuits, pastries and soft drinks
appear to be displacing intake of healthy foods such as FV
within the Australian population, with more than one-
third of daily energy intake contributed by these and other
discretionary foods [2]. Strategies to promote purchase
and consumption of FV and other healthy foods are there-
fore the subject of intense investigation.
Until recently, a paradigm of individual responsibility

for health behaviours predominated within the nutri-
tion community, such that many past investigations
sought to improve dietary behaviours through increas-
ing individual-level nutrition-related knowledge, motiv-
ation, and self-efficacy for healthy eating [3]. However,
although intrapersonal factors are important correlates
of food intake patterns [4–8], individual-level behaviour
change interventions have generally yielded only mod-
est outcomes [9, 10]. Indeed, behaviour change is not
easily achieved nor maintained in the absence of struc-
tural supports, and therefore recent initiatives have
sought to modify the context within which individual
behaviours occur by creating environments that sup-
port healthy eating. Socioecological approaches inte-
grate these diverse perspectives by acknowledging the
joint contribution of individual, social and environmental
factors to dietary behaviours [11, 12].
The current study is based on the Supermarket

Healthy Eating for Life (SHELf) project, which was a
randomized controlled trial (RCT) that operationalized a
socioecological approach to population-level dietary be-
haviour change in a real-world supermarket setting [13,
14]. SHELf tested the impact of individual (skill-building),
environmental (price reductions), and combined (skill-
building + price reductions) interventions on women’s
food purchasing and consumption behaviours. The study
complemented past ecologically-informed supermarket-
based RCTs performed in other nations. In a New Zealand
study, 12.5 % price discounts on healthier foods led to in-
creased purchasing of FV and other healthier foods, while
in the Netherlands a 50 % discount on FV with and with-
out additional education increased purchasing and con-
sumption of FV [15, 16]. Education alone had no impact
in either of these studies. Findings from the SHELf project
differed somewhat from these earlier studies and were not

always consistent with expectations. Specifically, in the
immediate post-intervention period purchase of FV in-
creased in the price reduction group, and purchase of fruit
increased in the combined group, while no changes were
found within the skill-building group. In addition, small
unexpected increases in consumption of high-calorie car-
bonated beverages were observed in the skill-building and
price reduction groups. Some of these behaviours were
maintained at 6-months post-intervention, while others
were not. These mixed and sometimes unexpected find-
ings suggested a need to investigate the processes under-
lying these results.
Given the increasingly complex nature of public health

interventions, and the need to evaluate their impacts in
real-world contexts, it is no longer sufficient to confine
evaluative activities to the realm of efficacy testing. A
focus on program efficacy without attention to process
contributes to a reductionist paradigm that oversimpli-
fies reality and ignores essential details regarding why an
intervention did or did not achieve its intended effects
[17]. Process evaluation provides a means to monitor
and document the implementation of health promotion
programs in order to better understand why a program
was or was not successful, and how any effects were
achieved [18]. However despite its importance, few inter-
ventions within food shopping environments have under-
taken process evaluation [19], and RCTs similar to SHELf
have only examined selected aspects of reach and imple-
mentation [16, 20–23]. Limited availability of process-
related data constrains efforts to apply lessons from past
studies to improve the design and execution of future in-
vestigations. The purpose of this study was to conduct a
process evaluation to investigate the reach, effective-
ness, implementation, and maintenance of the SHELf
interventions.

Methods
Participants and setting
Full methodological details of the SHELf study have
been previously described [13, 14] and are briefly sum-
marized here. SHELf was a socioecologically informed
intervention conducted in two Coles® supermarkets (the
second largest grocery chain in Australia) from May,
2011 to November, 2012. The Australian Bureau of Sta-
tistics’ Socioeconomic Index for Areas (SEIFA), derived
from aggregate measures of social and economic infor-
mation from the population census (such as the propor-
tion of low-income households and the proportion of
adults with a tertiary education) [24], was used to ran-
domly select one advantaged and one disadvantaged
neighbourhood that were serviced by a Coles supermar-
ket within 25 km of Deakin University in Melbourne,
Australia. Two target stores from within these areas
were then purposively selected, and a random sample of
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3000 women identified via customer loyalty cards (Fly-
Buys) who shopped regularly at these, or any other Coles
stores with a 5 km radius, received a mail-out of a study
recruitment pack. Women were targeted for recruitment
because they tend to assume the majority of household
food-related responsibilities [25, 26].
Women who responded to the mail-out (n = 693; 23 %

response rate) were invited to participate if they met the
following eligibility criteria: aged 18–60 years, the main
household food shopper, shopped regularly at Coles super-
markets in one of the two catchment areas, held a Coles
store loyalty card and were willing to use it when they
shopped at Coles during the study period, able to speak,
read and write in English, willing to disclose household in-
come, and the only woman in their household taking part
in the study (n = 674 women met inclusion criteria). The
study was approved by the Deakin University Faculty of
Health Human Ethics Advisory Group. All women pro-
vided written, informed consent prior to participating.

Interventions
Following baseline measures (n = 32 did not return a
baseline survey at all or in time to participate), 642
women were randomized using a computer-generated
block randomization sequence into one of four study
conditions: 1) Control (n = 161), 2) Price reductions (n =
161), 3) Skill-building (n = 160), or 4) Combined price
reductions + skill-building (n = 160). The sample size
provided 90 % power to detect an increase in vegetable
consumption of at least 0.5 servings/day. Retrospective
retrieval of 3 months of electronic purchasing data was
followed immediately by a 3-month intervention period,
with a subsequent 6-month no-intervention follow-up
phase. Women in the control group did not receive any
interventions during the study period, and were asked to
maintain their usual shopping habits. The price reduc-
tion intervention aimed to reduce the cost of targeted
healthier foods through 20 % price discounts on the pur-
chase of all FV (including all varieties of fresh, canned,
dried and frozen FV, excluding fruit juice, frozen hot
chips and fried potatoes), low-calorie carbonated bever-
ages, and water. Discounts were applied at the checkout
counter upon swiping a FlyBuys card and were in
addition to existing store promotions and discounts. Par-
ticipants received a list of discounted items at the start
and mid-way through the intervention. The skill-
building treatment arm was developed on the basis of
social cognitive theory and addressed theoretical con-
structs of nutrition-related self-efficacy, knowledge, and
perceived facilitators and barriers for healthy eating
through key messages provided in eight mailed newslet-
ters and accompanying resources (e.g. recipes, goal-
setting and self-monitoring exercises), and access to a
dietitian-facilitated web-based forum that contained

discussion boards and threads that coincided with news-
letter content. Women in the combined price reduction
+ skill-building treatment arm received 20 % price dis-
counts and all skill-building resources and supports.

Theoretical framework
RE-AIM provides a conceptual model for understanding
the impact of public health interventions [17, 27]. Overall
impact is modelled as a function of five factors: reach, ef-
fectiveness, adoption, implementation, and maintenance
[17]. We used RE-AIM as an organizing framework to
investigate the reach, effectiveness, implementation and
maintenance of the SHELf interventions (i.e. excluding
adoption). This framework was selected because of its
comprehensiveness, robustness demonstrated through sev-
eral decades of use in a variety of fields, and adaptability to
different purposes and contexts [27–29]. Kessler et al. [30]
have outlined specific items across RE-AIM dimensions
that represent comprehensive application of the full model.
Our measures included these items with adaptations, addi-
tions and exclusions in some instances to accommodate
the study design and availability of data. Factors at the
organizational level (i.e. adoption, which refers to the pro-
portion and representativeness of settings that adopt a pro-
gram, along with maintenance of new programs at the
organizational level) were not considered relevant given
that study sites were pre-selected and were not expected
to maintain the interventions beyond the study period.

Data collection
Items for the process evaluation were assessed via
completion of self-report surveys at baseline (T1),
post-intervention (T2: 3 months) and 6-months post-
intervention (T3: 9 months). We aimed to achieve a
broad coverage of major issues relating to the impact
of the interventions. It was not our intent to explore
the hidden meanings underlying why participants did
or did not find the interventions to be impactful, thus
a brief survey was most appropriate to our aims. To
promote retention, all participants received small gifts, in-
cluding a A$20 shopping voucher for each of three survey
completions, 1000 FlyBuys rewards points (approximately
equivalent to A$15 value), and water bottles, shopping
bags, spice packs and tea bags. Questions for the process
evaluation were purpose-developed for the SHELf study
and tailored according to treatment group assignment and
contained a mix of closed- and open-ended questions.
Core measures were identical on all surveys (e.g. sociode-
mographic details), however questions relating to specific
elements of each intervention differed by intervention
group (e.g. frequency of use of recipes, receipt of price dis-
counts) as described below. The specific closed-ended
questions asked and response options provided are pre-
sented in Tables 1, 2 and 3.
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Reach
Reach refers to the proportion of the target population
that participates in an intervention and their representa-
tiveness [17]. Participants self-reported sociodemo-
graphic characteristics including age, highest educational
qualification, household income, country of birth, mari-
tal status and number of children living in the home.
Demographic characteristics of participants were com-
pared to 2011 census data for the Greater Melbourne
area [31] to determine the representativeness of partici-
pants. We additionally examined the reach of the inter-
ventions within participants’ social circles by asking
whether they had shared skill-building intervention ma-
terials or price discounts with others, and whether par-
ticipants thought their partner and/or children (where
applicable) were more willing to eat FV as a result of
their participation in the study.

Effectiveness
Effectiveness refers to the positive and negative impacts of
interventions on outcomes [17]. To supplement previously

Table 1 Process evaluation of the skill-building intervention at
post-intervention

Survey questions Skill-building
n= 160a

% (n)

Combined
n= 160a

% (n)

P-value

Newsletters

In the past 3 months, did you
receive newsletters from us
about healthy eating?
(implementation)

0.493

Yes 98.0 (146) 99.3 (151)

No 1 (2) 0 (0)

Don’t know 0.7 (1) 0.7 (1)

If yes, how useful did you find
these newsletters? (implementation)

0.457

5 Extremely useful 14.9 (21) 17.2 (25)

4 34.0 (48) 29.0 (42)

3 30.5 (43) 35.2 (51)

2 18.4 (26) 13.8 (20)

1 Not at all useful 2.1 (3) 4.8 (7)

How many of the 8 newsletters
did you read? (implementation)

0.919

All 51.8 (75) 51.7 (78)

About 75 % 19.3 (28) 22.5 (34)

About 50 % 16.6 (24) 13.3 (20)

About 25 % 9.7 (14) 9.9 (15)

None 2.8 (4) 2.7 (4)

On average how long did it take
you to read through a newsletter?
(implementation) (mean ± SD)

11.9 ± 12.8
mins

11.8 ± 8.8
mins

0.899

Recipes

Did you use any of the recipes
provided? (implementation)

0.114

Yes 45.6 (67) 53.6 (81)

No 53.1 (78) 46.3 (70)

Don’t know 1.4 (2) 0 (0)

If yes, how many have you used?
(implementation)

0.860

All 1.5 (1) 2.4 (2)

13–15 1.5 (1) 1.2 (1)

10–12 0 (0) 1.2 (1)

7–9 1.5 (1) 4.9 (4)

4–6 30.8 (20) 24.4 (20)

1–3 64.6 (42) 64.6 (53)

How often have you used the
recipes? (implementation)

0.815

Every day 0 0

Every 2–3 days 3.0 (2) 3.7 (3)

About once a week 16.7 (11) 15.9 (13)

About once every 2 weeks 34.9 (23) 28.1 (23)

Table 1 Process evaluation of the skill-building intervention at
post-intervention (Continued)

About once a month 19.7 (13) 28.1 (23)

Less than once a month 25.8 (17) 23.2 (19)

Did you find the additional
materials useful? (e.g. the Food
for Health brochures, Food Cents
Eat Smart for 4 booklets, etc.)
(implementation)

0.335

Yes 65.1 (97) 72.8 (107)

No 18.1 (27) 12.9 (19)

Don’t know 16.8 (25) 14.3 (21)

Did you share any of the newsletters,
additional materials or recipes with
friends or family over the past 3
months? (reach)

0.853

Yes 30.4 (45) 33.1 (49)

No 68.9 (102) 66.2 (98)

Don’t know 0.7 (1) 0.7 (1)

What do you think of the amount
of materials (newsletters, recipes,
and other materials) you received
from us? (implementation)

0.969

Too many materials 21.0 (31) 21.9 (32)

About the right amount 76.4 (113) 75.3 (110)

Did not receive enough 2.7 (4) 2.7 (4)

RE-AIM constructs examined are listed in brackets after each question
Fisher’s exact tests and χ2 tests (for categorical data) and two-sided unpaired
t-tests with unequal variances were conducted to assess differences in survey
responses between treatment groups. Unadjusted multinomial logistic regression
with robust standard errors was used to assess differences between groups
where Fisher’s or χ2 tests revealed overall differences
aRepresents highest possible sample size for each question. The sample size
for each question differs due to missing responses
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reported main outcomes from the SHELf study [13], this
process evaluation assessed perceived positive and nega-
tive impacts of the interventions by asking those who
accessed discounts whether the price reductions had
caused them to purchase more of the discounted items,
and if not, why this was the case, as well as how they had
used any saved funds. All participants were asked whether
they had changed the way they bought, cooked or ate food
as a result of study participation, and to qualitatively de-
scribe any changes they had made.

Implementation
Implementation is a multi-dimensional construct that
refers to what a program consists of when it is deliv-
ered [32].

Skill-building
Participants were asked whether they had received news-
letters, how many they had read, how useful they found
them, and the average time taken to read one. Partici-
pants were also asked to qualitatively describe reasons
why they may not have read all of the newsletters, the
main messages they recalled from reading them, and the
most and least useful parts. With respect to recipes, par-
ticipants reported whether they had used recipes, how
many they had used, and how often. Those who had not
used recipes were asked to describe why this was the
case. Finally, participants indicated whether they found
the additional skill-building materials (i.e. brochures,
booklets) useful, and whether the volume of skill-building
materials provided was appropriate.

Price reductions
Participants reported whether they had accessed price
discounts on FV and on low-calorie soft drinks and

Table 2 Process evaluation of the price reduction intervention
at post-intervention

Survey questions Price reduction
n= 161a

% (n)

Combined
n= 160a

% (n)

P-value

Did you receive discounts on fruit
and vegetables as part of this
study? (implementation)

0.157

Yes 84.8 (134) 78.4 (120)

No 5.7 (9) 11.8 (18)

Don’t know 9.5 (15) 9.8 (15)

If yes, did you buy more fruit and
vegetables because of the
discount? (effectiveness)

0.474

Yes 65.4 (87) 62.7 (74)

No 28.6 (38) 33.9 (40)

Don’t know 6.0 (8) 3.4 (4)

Did you receive discounts on diet/
low-calorie soft drinks or water as
part of this study? (implementation)

0.429

Yes 43.0 (68) 36.8 (56)

No 30.4 (48) 36.8 (56)

Don’t know 26.6 (42) 26.3 (40)

If yes, did you buy more diet/low-
calorie soft drinks or water because
of the discount (effectiveness)

0.684

Yes 36.8 (25) 29.1 (16)

No 58.8 (40) 67.3 (37)

Don’t know 4.4 (3) 3.6 (2)

If you received discounts do you
think that you bought less sugar-
sweetened/full calorie soft drinks
because of the discount on diet/
low calorie soft drinks?
(effectiveness)

0.389

Yes 23.5 (16) 21.8 (12)

No 61.8 (42) 70.9 (39)

Don’t know 14.7 (10) 7.3 (4)

Please indicate how much you
liked or disliked the discounts you
were offered (implementation)

0.457

5 I liked the discounts very much 68.8 (108) 65.1 (99)

4 10.8 (17) 7.9 (12)

3 7.6 (12) 9.9 (15)

2 1.9 (3) 1.3 (2)

1 I did not like the discounts 3.2 (5) 2.0 (3)

Did not receive 7.6 (12) 21 (13.8)

If you received discounts, did you
use the ‘supermarket items
included in our 20 % price
discount’ handout we gave you to
help you work out your discount?
(implementation)

0.193

Table 2 Process evaluation of the price reduction intervention
at post-intervention (Continued)

Yes 53.1 (77) 45.8 (60)

No 33.1 (48) 43.5 (57)

Don’t know 13.8 (20) 10.7 (14)

If you received discounts did you
buy things for others using your
discount? (reach)

0.450

Yes 13.8 (20) 11.5 (15)

No 83.5 (121) 87.8 (115)

Don’t know 2.8 (4) 0.8 (1)

RE-AIM constructs examined are listed in brackets after each question
Fisher’s exact tests and χ2 tests (for categorical data) and two-sided unpaired
t-tests with unequal variances were conducted to assess differences in survey
responses between treatment groups. Unadjusted multinomial logistic regression
with robust standard errors was used to assess differences between groups
where Fisher’s or χ2 tests revealed overall differences
aRepresents highest possible sample size for each question. The sample size
for each question differs due to missing responses
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water. A subsequent question asked whether participants
had ever consulted the list of discounted items they had
been given. Participants were also requested to quantita-
tively rate and qualitatively describe the degree to which
they liked the price reductions overall.

Overall
Participants were asked to describe what they liked most
and least about the study.

Impact of intervention dose
Two dose-related variables were selected for each of the
skill-building and price reduction interventions to evalu-
ate whether the dose of the interventions received influ-
enced purchase and consumption of FV and beverages
at T2 (immediately post-intervention). Within the skill-
building intervention, dose-related variables selected
were those where there was sufficient variability in re-
sponses (e.g. we did not consider whether participants
had received newsletters as nearly 99 % reported receiv-
ing them), and where responses were characterized by
meaningful cut-points (e.g. number of recipes used was
not examined as most participants used 1–3 or 4–6 rec-
ipes and the difference between these was not theoretically
meaningful). Thus, the dose-related variables analysed
were: number of newsletters read (100 % vs < 100 %), use

of recipes (yes vs no), and whether price discounts on FV
(yes vs no) and beverages (yes vs no) were accessed. Out-
comes for the analysis included purchase (grams/week)
and consumption (servings/day) of FV (including all var-
ieties of fresh, canned, dried and frozen FV, excluding fruit
juice, frozen hot chips and fried potatoes), and purchase
(millilitres/week) and consumption (servings/day) of car-
bonated beverages and water. As described in a previous
publication, consumption data were self-reported via a
Food Frequency Questionnaire that used validated ques-
tions, while purchasing outcomes were assessed using
electronic sales data obtained from customer store loyalty
cards [13].

Maintenance
Maintenance measures the extent to which newly ac-
quired behaviours are maintained over time [17], and
was assessed at T3 (6-months post-intervention).

Skill-building
Participants were asked whether they had continued to
use any study materials in the post-intervention period,
to report the number of materials used, and the fre-
quency with which they had used them. Participants also
indicated whether they had shared any intervention ma-
terials with friends/family in the past 6 months.

Table 3 Process evaluation of the overall study at post-intervention

Survey questions Control
n = 161a

% (n)

Price reduction
n = 161a

% (n)

Skill-building
n = 160a

% (n)

Combined
n = 160a

% (n)

P-value

Have you changed the way you buy, cook or eat food after taking part
in this study? (effectiveness)

<0.001

Yes 14.7 (23)b 32.9 (52)c 34.5 (51)c 37.5 (57)c

No 77.6 (121) 59.5 (94) 52.0 (77) 54.6 (83)

Don’t know 7.7 (12) 7.6 (12) 13.5 (20) 7.9 (12)

(If you have children aged 12 years of younger) Do you think your child/
children are more willing to eat fruit and vegetables as a result of you
taking part in this study? (reach)

0.227

Yes 15.4 (14) 26.0 (19) 22.1 (15) 29.7 (19)

No 61.5 (56) 58.9 (43) 54.4 (37) 45.3 (29)

Don’t know 23.1 (21) 15.1 (11) 23.5 (16) 25.0 (16)

(If you have a partner) Do you think your partner is more willing to eat
fruit and vegetables as a result of you taking part in this study? (reach)

0.017

Yes 18.1 (23)d 34.7 (42)e 30.6 (34)e 37.1 (43)e

No 59.1 (75) 45.5 (55) 46.9 (52) 38.8 (45)

Don’t know 22.8 (29) 19.8 (24) 22.5 (25) 24.1 (28)

RE-AIM constructs examined are listed in brackets after each question
Fisher’s exact tests and χ2 tests (for categorical data) and two-sided unpaired t-tests with unequal variances were conducted to assess differences in survey responses
between treatment groups. Unadjusted multinomial logistic regression with robust standard errors was used to assess differences between groups where Fisher’s or
χ2 tests revealed overall differences
aRepresents highest possible sample size for each question. The sample size for each question differs due to missing responses
b,cValues for variables without a common letter differ (p < 0.0001)
d,eValues for variables without a common letter differ (p < 0.05)
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Price reductions
Participants were asked whether they had changed their
purchasing of FV and of soft drinks and water in the
past 6 months.

Overall
Participants reported whether they had changed the way
they bought, cooked or ate food as a result of the study,
and whether their partner and/or children (where applic-
able) were more willing to eat FV as a result of their in-
volvement in the study.

Data analyses
Statistical analyses
Data from all participants who completed any portion of
the T2 (n = 619) and T3 (n = 608) surveys were included,
thus the sample size differed for each question. Fisher’s
exact tests and χ2 tests (for categorical data) and un-
paired t-tests with unequal variances (for continuous
data) were conducted to assess differences in survey re-
sponses between treatment groups. Unadjusted multi-
nomial logistic regression with robust standard errors
was used to assess differences between groups where
Fisher’s or χ2 tests revealed overall differences, with ‘no’
as the reference category.
Linear regression analyses assessed differences in FV

and beverage purchasing and consumption at T2 ac-
cording to the dose-related variables selected for the
analysis. Individuals in the combined group were pooled
with those in the price reduction or skill-building groups
for interventions that both groups received (e.g. those
who accessed price reductions on FV in the price reduc-
tion and combined groups were pooled, those who used
recipes in the skill-building and combined groups were
pooled, etc.) to assess the impact of all four dose-related
variables (i.e. number of newsletters read, use of recipes,
whether price discounts on FV and beverages were
accessed). All models controlled for baseline values of
the outcome and intervention group, and for the follow-
ing a priori-determined covariates: age, country of birth,
catchment area, marital status, household income, and
the number of children living at home. Given the skewed
distributions of several outcomes, bootstrapping with
1000 resamples was used to produce more robust stand-
ard errors. Participants who withdrew from the study (n =
3) and who were missing main outcomes from T1 (n = 10)
or T2 (n = 30) were excluded. Participants who responded
‘don’t know’ (see numbers in Tables 1 and 2) to individual
questions were additionally excluded from these analyses,
as the dose received was uncertain in these cases.
All statistical tests were two-sided and the significance

level was set at p < 0.05. Stata software (version 13; Sta-
taCorp LP, TX) was used for all statistical analyses.

Qualitative data analysis
Qualitative data were coded in an inductive manner by a
single investigator using thematic analysis procedures
[33]. NVivo software (version 10.0; QSR International,
Doncaster, VIC, Australia) was used to organize the data.

Results
We present quantitative findings first, followed by qualita-
tive findings which provide context for, and help to ex-
plain the reasons underlying the quantitative results. We
chose to summarize qualitative responses rather than to
present specific quotations given the brief nature of the
open-ended responses provided. Full quotations would
not have provided additional information in this instance.

Reach
Quantitative findings
A total of 642 of the 3,000 women identified by Coles
supermarkets as shopping at least once every 2 weeks
within the target stores or any other Coles within a
5 km radius were randomized. Three individuals actively
withdrew from the study following randomization, thus
21.3 % of the target population participated. Notably,
this proportion might have been higher had we devoted
additional efforts to enrolling additional non-responders.
Demographic characteristics of participants have been
previously presented [13]. Participants were nearly evenly
split according to neighbourhood-level socioeconomic sta-
tus (SES), with 44 % of participants residing in low, and
55 % in high SES areas [13]. Comparison of participant
characteristics with the general population of females liv-
ing in the Greater Melbourne region showed that a higher
proportion of women enrolled in SHELf were born in
Australia (71 % vs 63 %), and compared to the population
of females age ≥ 20 years, a greater proportion of women
in SHELf were married (71 % vs 55 %), and had less than a
high school education (12 % vs 35 %). Compared to all
households in Melbourne, a lower proportion of women
in SHELf had a household income < $52,000 AUD/year
(24 % vs 34 %). Self-reported consumption of fruit (1.9
servings/day) and vegetables (2.5 servings/day) was higher
than the Australian average of 1.0 servings/day and 2.2
servings/day, respectively, among women ≥ 19 years [2].
The study’s reach extended to some of the families and

friends of participants. Just under one-third of partici-
pants who received skill-building materials shared them
with family/friends (Table 1), while 13 % of those who
reported they had accessed the price discounts shared
them with others (Table 2). Compared to individuals in
the control group, participants in the intervention
groups reported that their partners were more willing to
consume FV as a result of their involvement in the study
(p < 0.05), although their children were not (Table 3).
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Effectiveness
Price reductions
Quantitative findings
Nearly two-thirds of participants who reported that they
had accessed price discounts on FV said they purchased
more FV because of the discounts, while the reverse was
true among those receiving discounts on low-calorie car-
bonated beverages and water, with approximately two-
thirds reporting they did not purchase more low-calorie
carbonated beverages and water, or fewer high-calorie
carbonated beverages because of the discounts (Table 2).

Qualitative findings
Those who did not increase their purchasing of FV said
they had not done so because they already purchased
what they required and additional purchases would have
gone to waste. Others said they already purchased their
FV elsewhere, often for reasons related to perceived cost
and/or quality. Notably, a number indicated that al-
though they had not increased their overall FV purchas-
ing, they were now buying a greater proportion of their
FV at Coles to take advantage of the price discounts they
received through the study. Themes that emerged with
respect to why so many participants did not increase
purchasing of low-calorie carbonated beverages and
water in response to price discounts related to the fact
that many participants tended not to buy these bever-
ages, often because they preferred tap water or wanted
to avoid artificial sweeteners. Other participants indi-
cated that they did not increase purchasing of dis-
counted beverages simply because they did not require
more of them.
Participants were asked to report how they used the

funds they saved from the FV and beverage discounts.
Many reported using them to purchase more food over-
all, with a large constituency indicating they spent these
funds on FV specifically. Very few used the money to
purchase additional discounted beverages. Others used
their savings to fund other household-related expendi-
tures, while still others used the money to purchase ‘lux-
ury’ items they would not normally buy, such as more
expensive types of FV, restaurant meals or magazines.
One participant used the funds to purchase cigarettes.
This was the only instance in which it was possible to
ascertain that saved funds had clearly been used to pur-
chase unhealthy items. Finally, some participants did not
spend the saved funds or were unsure how they had
used them, often indicating this was because the savings
were too small to notice.

Overall
Quantitative findings
Compared to those in the control group (15 %), signifi-
cantly more participants in the intervention groups

(35 %) said they had changed the way they bought,
cooked or ate food as a result of study involvement (p <
0.001), with no differences among intervention groups
(Table 3).

Qualitative findings
Reported changes made as a result of study involvement
were very consistent, as participants overwhelmingly in-
dicated that they had increased their purchase and/or
consumption of FV, and of vegetables in particular.
Many said they had increased the variety of foods they
ate, especially of FV, and more often purchased these
items fresh. Very few participants reported changing
their beverage purchasing or consumption patterns as a
result of study involvement. Some participants described
changes they had made in more general terms, saying
they had increased healthy, and reduced unhealthy eat-
ing. Additional changes made primarily by those who re-
ceived skill-building materials included planning meals
and shopping trips more often, incorporating FV within
recipes, and increased awareness of food choices, al-
though these types of changes were also reported by in-
dividuals in the price reduction and control groups.
Individuals who received price discounts also said they
had increased purchasing of FV at Coles to take advantage
of the price discounts. Only three participants suggested
the possibility of unintended negative consequences, in-
cluding eating more unhealthy food or feeling guilty about
eating unhealthy foods during the intervention period, al-
though it was not clear whether they attributed these to
the interventions specifically.

Implementation
Skill-building
Quantitative findings
Nearly all participants randomized to receive skill-
building materials reported receiving newsletters, with
more than half reading all of them (Table 1). On average,
participants spent just under 12 min reading each news-
letter. On a 5-point scale where 5 indicates ‘extremely
useful’ and 1 indicates ‘not at all useful’, 80 % of partici-
pants who reported receiving newsletters gave them a
score of 3 or higher. Although participants said they ap-
preciated the recipes within the newsletters, only ap-
proximately half reported using the recipes provided,
with most using only 1–3 recipes and doing so on an in-
frequent basis (i.e. no more than once every 2 weeks).
Overall, three-quarters of participants thought the amount
of material provided in the skill-building intervention was
‘about right’.
The majority of participants (85 %) signed up to par-

ticipate in the web-based forums. Of those participants
who signed up, 25 % logged onto the forums at least
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once, although only 10 % actively posted on the forums
during the intervention period.

Qualitative findings
The vast majority of those who did not read all eight
newsletters failed to do so due to time constraints, with
many indicating they had put them aside to read later.
Others indicated that they had not read all of the news-
letters because the information they contained was too
simplistic and they already knew much of it. Participants
overwhelmingly appreciated the recipes that newsletters
provided. Many also liked the information about FV and
sections providing practical tips and time-efficient strat-
egies for healthy living. Most participants said there was
nothing they disliked about the newsletters. The primary
messages they recalled from reading newsletters were
often very general messages emphasizing the importance
of eating healthfully, eating more FV, and healthy lifestyles.
Most of those who did not use the recipes had not

done so because they already had a collection of recipes
they enjoyed and were accustomed to using, which in
some cases were similar to those provided by SHELf.
Others indicated they had not had the time to use the
recipes, while many said they did not find the recipes
appealing, primarily because they were too basic. A
number said the recipes did not fit with their current
diet (followed for cultural, medical or lifestyle-related
reasons).

Price reductions
Quantitative findings
More than 80 % of individuals in the price reduction
groups reported accessing discounts on FV, with just
under 40 % reporting they had accessed the beverage
discounts (Table 2). More than two-thirds liked the col-
lective discounts ‘very much’.

Qualitative findings
Aspects of the discounts that participants most enjoyed
were that they allowed them to save money, primarily
on FV, with very few mentioning the beverage savings.
Many indicated the discounts allowed them to buy more
and/or a greater variety of FV, particularly the more ex-
pensive types. Participants said that receiving discounts
made them feel appreciated and like they were being
rewarded for making healthy choices. A number also in-
dicated that they shifted their FV purchasing from other
stores to Coles to take advantage of the discounts.
Participants expressed very few complaints related to

the discounts, and were disappointed when they ended.
Many wished the discounts had applied to more, or even
all supermarket items. Several indicated they did not like
the beverage discounts because they were not useful for
them. Some indicated the size of the discounts was too

small, and that even with the discounts they could still
purchase less expensive produce elsewhere.

Overall
Qualitative findings
When participants were asked what they liked most
about the study, increased awareness of current eating
behaviours was a strong theme across all groups, includ-
ing those in the control group. This was attributed to
the chance for self-reflection through completing sur-
veys, information provided in the skill-building interven-
tion, as well as through the foods to which discounts
were applied. Appreciation for the incentives and dis-
counts provided through the study emerged as another
strong and consistent theme. Many participants also val-
ued the opportunity to contribute to research, as they
found the study interesting and worthwhile, and enjoyed
completing the surveys. Those in the skill-building arms
found the newsletters and recipes helpful and liked
learning new things. The vast majority of participants in-
dicated that they did not dislike anything about the
study. The small number of participant-expressed con-
cerns related primarily to the surveys, as some disliked
the repetitive nature of the questions, the length of the
surveys, or that they could not always find their preferred
response options. Others disliked the non-monetary in-
centives, and felt this money could have been better spent
elsewhere. Complaints related to the discounts were rare,
whereas concerns were expressed with the newsletters, in
terms of their messaging, the frequency with which they
were received (i.e. too frequent), and their length (i.e. too
long). Finally, environmental concerns were raised regard-
ing the amount of packaging required to post non-
monetary incentives, and provision of paper-based news-
letters and surveys.

Impact of intervention dose
Quantitative findings
In adjusted analyses, individuals who said they read all
of the newsletters had a higher intake of low-calorie car-
bonated beverages and water (0.97 servings/day, 95 % CI
0.34–1.60; p < 0.01) compared to those who said they
did not read all of the newsletters immediately post-
intervention, while those who reported using the pro-
vided recipes had a higher intake of fruits (0.24 servings/
day, 95 % CI 0.03–0.45; p < 0.05) and vegetables (0.27
servings/day, 95 % CI 0.05–0.49); p < 0.05) compared to
those who did not use these recipes (Table 4). Those
who reported accessing the FV discounts purchased
(518.86 g/week, 95 % CI 158.41–879.31; p < 0.01) and
consumed (0.48 servings/day, 95 % CI 0.13–0.84; p <
0.01) more vegetables compared to those who said they
did not access discounts on FV. Those who said they
accessed beverage discounts purchased more low-calorie
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Table 4 Impact of intervention dose on purchase and consumption of fruits, vegetables and beverages at post-intervention

Dose-related
variables

Fruit purchase
(g/week)

Fruit consumption
(servings/day)a

Vegetable purchase
(g/week)

Vegetable
consumption
(servings/day)a

Low-calorie carbonated
beverage and water
purchase (mL/week)

Low-calorie carbonated
beverage and water
consumption
(servings/day)a

High-calorie carbonated
beverage purchase
(mL/week)

High-calorie carbonated
beverage consumption
(servings/day)a

β (95 % confidence interval)

Number of
newsletters
read
All vs < allb

(n = 285)

2.49 (−241.77,
246.75)

−0.06 (−0.27, 0.14) 113.82 (−103.66, 331.31) 0.06 (−0.17, 0.30) 188.98 (−502.78, 880.74) 0.97** (0.34, 1.60) 507.94 (−407.14,
1423.02)

−0.07 (−0.16, 0.01)

Used recipes
Yes vs nob

(n = 282)

128.72 (−114.44,
371.88)

0.24* (0.03, 0.45) −13.87 (−233.24,
205.50)

0.27* (0.05,
0.49)

248.27 (−317.73, 814.26) 0.38 (−0.24, 1.00) 95.23 (−635.92, 826.38) −0.05 (−0.16, 0.06)

Accessed price
discounts on fruit
and vegetables
Yes vs nob

(n = 274)

238.93 (−152.89,
630.75)

0.28 (−0.08, 0.63) 518.86** (158.41,
879.31)

0.48** (0.13,
0.84)

n/a n/a n/a n/a

Accessed price
discounts on
beverages
Yes vs nob

(n = 221)

n/a n/a n/a n/a 1004.24* (134.44,
1874.03)

0.48 (−0.23, 1.19) 1074.80 (−656.43,
2806.03)

−0.02 (−0.13, 0.08)

Beta coefficients represent the between-group mean differences in purchasing and consumption of fruits, vegetables and beverages. Linear regression models controlled for baseline values of the outcome, interven-
tion group, age, country of birth, catchment area, marital status, household income, and the number of children living at home
a1 serving of fruit = 150 g; 1 serving of vegetables = 75 g; 1 serving of beverage = 125 mL
bIndicates reference category
*p < 0.05; **p < 0.01; bolded values highlight significant differences
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carbonated beverages and water (1004.24 mL/week,
95 % CI 134.44–1874.03; p < 0.05) compared to those
who said they did not access these discounts.

Maintenance
Skill-building
Quantitative findings
Nearly 44 % of individuals who received skill-building
materials reported using them in the 6-month post-
intervention period, with 32 % using newsletters and
47 % using recipes, albeit on an infrequent basis (i.e. no
more than once every 2 weeks). Only 23 % reported
sharing skill-building materials with family/friends in the
post-intervention period.

Price reductions
Quantitative findings
A minority (27 %) of those who said they had accessed
price reductions during the intervention period reported
that they changed their purchasing of FV after the price
reductions stopped, while even fewer (9 %) reported that
they had changed their beverage purchasing patterns in
this period.

Overall
Quantitative findings
At the 6-month follow-up, similar proportions of indi-
viduals in all groups (31 %) reported that the study had
influenced the way they purchased, cooked or ate food.
There were no differences among groups in the propor-
tion of participants who reported their partners (31 %)
and/or children (28 %) were more willing to eat FV as a
result of their involvement in the study.

Qualitative findings
With respect to their maintenance of intervention-
promoted behaviours, participants described attempts to
increase healthy eating, primarily through including
more or a greater variety of FV in their diets, and to
drink more water. Participants also mentioned attempts
to reduce unhealthy eating, such as through drinking
fewer sugar-sweetened beverages. Many had become more
aware of the importance of healthy eating. Others de-
scribed more frequently planning their meals and shop-
ping, and using more, or a greater variety of recipes.

Discussion
SHELf was a RCT that compared the impact of individ-
ual, environmental and a combined approach to promot-
ing healthy eating in the supermarket setting, a key
environment for influencing food selection and con-
sumption [34]. Process evaluation was undertaken with
the aim of elucidating factors implicated in the study’s
previously reported main outcomes [13]. The RE-AIM

framework proved valuable in guiding this analysis, and
in collating the most consequential and policy-relevant
findings. Overall, the reach of the SHELf interventions
to disadvantaged groups, and beyond study participants
themselves was moderate. Participants indicated limited
appreciation for, and use of beverage compared to FV
discounts. All of the interventions were at least moder-
ately efficacious in changing the way participants
bought, cooked or ate food, with the strongest impacts
observed among those who received a greater interven-
tion dose. Finally, maintenance of newly acquired behav-
iours proved challenging.
It is important to understand the degree to which a

program reaches those most in need of intervention
[17]. Socioeconomic disadvantage is a risk factor for
poor dietary quality, including low FV consumption [4,
35–39] and therefore we sought to ensure equal repre-
sentation of high and low SES groups through targeted
recruitment procedures. Although the sample was nearly
evenly split according to neighbourhood-level SES, less
than a quarter of participants were from lower income
groups according to household-level measures. Dispar-
ities in study participation have also been reported in
other supermarket-based studies despite the use of tar-
geted recruitment strategies [16, 20]. SHELf had some
success in reaching participants’ friends and family, with
nearly one-third of participants sharing skill-building
materials, 13 % sharing discounts, and an increased will-
ingness of some participants’ partners (34 %) to consume
FV due to the study. Moreover, community-wide impacts
of SHELf were evident, as rollout of Coles’ fresh produce
‘super-specials’ was informed by study findings [13].
Relative to those in the control group, significantly

more participants in the intervention groups reported
that the study had influenced the way they purchased,
cooked or consumed food at post-intervention, with no
differences among intervention groups. This suggests
that the skill-building intervention may have had modest
positive impacts that were not captured in our earlier
analysis, either because our measures were not suffi-
ciently inclusive or because they lacked sensitivity. The
former appears most likely, as those who received skill-
building materials indicated that study involvement
prompted them to plan shopping trips and meals more
often, to incorporate more FV during cooking, to be
more aware of their dietary behaviours, and to make
other changes we did not previously assess. A focus on
purchasing and consumption outcomes may have been
responsible for similarly null findings in other educa-
tional interventions in supermarkets [15, 16], pointing to
the need for broader outcome assessments to capture
the potential benefits of skill-building interventions in
this context. While health benefits can only be achieved
through improved dietary behaviours, behaviour change

Olstad et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:27 Page 11 of 15



is an iterative process. Thus it remains important to
quantify changes in attitudes and beliefs arising from
this study as they might prompt future dietary change.
In the SHELf study researchers controlled the dose of

skill-building materials delivered to participants, how-
ever the dose received was under individual control.
Thus, participants had to actively engage with the inter-
vention by reading newsletters, using recipes, and com-
pleting skill-building exercises. While approximately half
of participants said they read all eight newsletters and
used recipes, they spent an average of just 12 min read-
ing each newsletter, and most used between one and
three of the recipes provided. Thus, a low level of en-
gagement with skill-building materials may partly ex-
plain their lack of impact on food purchasing and
consumption in the full sample, as among those who re-
ceived a higher dose of intervention, positive, albeit
modest, benefits were observed. At least two important
implications emerge from these findings. First, newslet-
ters and recipes may be core aspects of the skill-building
intervention that should be retained in future studies,
and second, a more intensive, structured and/or more
engaging intervention format might be required to en-
sure a sufficient dose. The challenge in the former in-
stance will be to balance intervention intensity with
program reach, as participants’ time constraints may
limit participation in a more intensive study. Moreover,
given the low usage of the web-based forums compared
to the mailed resources, we would recommend combin-
ing web- and paper-based strategies in future studies, as
evidence suggests that the internet is the predominant,
and an increasing source of nutrition information for
consumers [40], and that messages may be reinforced
when delivered through multiple channels [41].
Price reductions on FV proved extremely popular,

with > 80 % of participants reporting they had accessed
these, compared to < 40 % who accessed beverage dis-
counts. Herman et al. [42] also found that FV discounts
were highly accessed, with redemption rates for FV
vouchers of 90 % among low-income women, whereas
Waterlander et al. [16] recorded much lower redemption
rates of 15–45 %. Qualitative comments further substan-
tiated these findings, as participants overwhelmingly in-
dicated that they appreciated and used FV discounts,
whereas only a small fraction mentioned liking beverage
discounts. Indeed, many deemed the beverage discounts
useless because they tended not to buy carbonated bev-
erages and water. This coincides with results from the
2011–12 Australian Health Survey, where a majority of
females reported consuming fruits (65 %) and vegetables
(77 %) on a given day, whereas fewer consumed regular
(17 %) and diet (9 %) soft drinks [2]. These findings
highlight factors underlying the absence of positive im-
pacts of beverage discounts in our previous analysis, and

may also explain similar null findings by others [43].
Comments indicating that some participants who re-
ceived price discounts displaced their FV purchasing
from other venues into study supermarkets to take ad-
vantage of price discounts should encourage supermar-
kets to offer FV at affordable prices. Such comments
also suggest implications for the validity of food pur-
chasing data in supermarket-based pricing interventions
(i.e. apparent increases in FV purchasing could be partly
related to a displacement effect), and will therefore be
examined in a subsequent quantitative study.
Notably, although less preferred, this process evaluation

revealed that the beverage discounts were not entirely
without effect, as one-third of those who accessed bever-
age discounts reported purchasing more low-calorie car-
bonated beverages and water as a consequence, while
those who reported accessing beverage discounts pur-
chased an additional litre of these beverages per week.
Purchase of low-calorie carbonated beverages and water
did not displace purchases of high-calorie carbonated bev-
erages among these individuals, however, as purchasing of
high-calorie carbonated beverages remained stable. Thus
the true impact of the beverage discounts is unclear. It is
possible that these beverages are not direct alternatives
and that the impacts observed were due to individuals
who already regularly purchased low-calorie carbonated
beverages and water using price discounts to “stock up”
on these items.
The current findings support our previously reported

results showing positive outcomes of FV discounts [13], as
nearly two-thirds of participants indicated that they pur-
chased more FV due to the discounts. Those who re-
ported using the FV discounts, and who therefore
received the intended FV “discount dose”, used it primar-
ily to purchase and consume more vegetables, rather than
fruit. This coincides with qualitative findings, as partici-
pants indicated a particular focus on increasing purchase
and consumption of vegetables. Price reductions on FV
appeared more effective than price reductions on bever-
ages. Overall, study findings are therefore consistent with
the notion that price elasticities differ across foods [44,
45]. Price discounts were clearly not sufficient to induce
all participants to purchase and consume more of the
discounted items, as consumers do not select foods solely
based on price. Thus, multi-component interventions
that simultaneously target multiple determinants of
food selection and consumption are essential to im-
prove population-level dietary behaviours.
Main outcomes from the SHELf study suggested the

possibility of unintended negative consequences, as indi-
viduals in some groups increased purchase and/or con-
sumption of high-calorie carbonated beverages at T2
and T3 [13]. We previously speculated that participants
may have used saved funds to purchase more high-
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calorie beverages (a substitution effect), or that behav-
iour change activities may have unintentionally pro-
moted increased intake of these beverages [13]. This
process evaluation, however, found no evidence for these
suppositions, as participants did not specifically mention
using saved funds to purchase high-calorie beverages, al-
though they did report using saved funds to purchase
additional unspecified ‘foods’, which conceivably could
have included high-calorie beverages. In addition, very
few participants recalled any beverage-related messaging
associated with the skill-building intervention, and those
messages that were recalled were positive (e.g. drink
more water). Thus, the observed increase in purchase
and consumption of high-calorie carbonated beverages
appears unrelated to the SHELf interventions.
While substituting healthier for less healthy products

in the diet is desirable, simply adding more food, even
healthy foods such as FV, can lead to weight gain. Stud-
ies conducted in real-world supermarket settings have
reported no change in overall food expenditures [15, 16],
purchase of unhealthy foods [15], or total caloric intake
[43] in response to price discounts on FV and healthier
beverages. At least three studies in simulated supermar-
ket environments have, however, reported counterpro-
ductive outcomes of pricing interventions whereby
discounting of healthy foods has led to higher calorie
purchases [46, 47], purchase of more items overall [47]
or of additional unhealthy foods [46, 48]. Qualitative
comments indicating that some participants used their
savings from price discounts to purchase more food
overall, or more FV specifically, suggest the possibility of
unintended negative consequences (i.e. increased caloric
intake, although recognizing that increased FV intake
confers health benefits) that should be probed in future
analyses. In addition, the broader economic and health
implications of food-related price reductions should be
examined, as individuals could theoretically use saved
funds on a variety of other more or less healthy items or
activities.
While many interventions have been successful in pro-

ducing short-term behaviour change, benefits often
erode over time with the resumption of previous behav-
ioural patterns [49]. Maintenance of newly established
behaviours proved challenging in the SHELf study, al-
though successes were achieved in some areas. Overall,
positive perceived impacts of the interventions on the
way participants bought, cooked and consumed food
were largely maintained in the post-intervention period,
but were no longer statistically significant, seemingly
due to positive impacts of the study on these behaviours
amongst participants in the control group in the post-
intervention period (i.e. ~31 % of participants in all
groups reported that the study had positively influenced
the way they bought, cooked or ate food). Qualitative

responses suggest that these positive impacts may have
been partly related to the opportunity for additional self-
reflection on personal eating behaviours occasioned by
completion of a second survey at T2. Similarly, positive
impacts of the study on the reported willingness of inter-
vention participants’ partners to increase their FV con-
sumption at T2 disappeared at T3 largely due to reported
study-associated increases in FV consumption among part-
ners of control group participants in the post-intervention
period.
There is currently a strong focus on evaluating the im-

pact of health promotion interventions, however less
emphasis is placed on process evaluation [50]. This
study was unique because of its strong design, real-
world supermarket setting, grounding in an explicitly
socioecological approach, multi-sectoral partnerships
(i.e. Heart Foundation, Coles® supermarkets), and collec-
tion of quantitative and qualitative process-related data
at multiple time points. These data can help to ascertain
which aspects of the SHELf interventions were most
useful, and provide more complete information for deci-
sion makers in deciding whether it is worthwhile to initi-
ate or continue to support similar programs.
Our sample was more highly educated and had a

higher income than the general population of women
living in Melbourne, and therefore the generalizability of
study findings is unclear. The process measures were
self-reported, and may therefore be influenced by social
desirability and recall biases, however these should be
relatively balanced across groups. Survey questions were
not validated or examined for their reliability, nor were
we able to use multiple methods (e.g. individual interviews)
to triangulate findings. The consistency of responses within
and across questions, however, suggests that participants
correctly understood the nature of the questions. Finally,
we did not have purchasing and consumption data for all
foods and beverages, and we were therefore limited in our
ability to assess substitution effects.

Implications and conclusions
Given the resources required to implement public health
programs, the potential value of new programs should
not be judged solely on the basis of their efficacy, but on
a thorough and comprehensive analysis of all aspects of
a program. SHELf was the first supermarket-based RCT
to perform a thorough process evaluation assessing the
reach, effectiveness, implementation and maintenance of
a skill-building, price discount, and combined interven-
tion. Process evaluation proved critical to a correct inter-
pretation of study outcomes by enabling a more holistic
assessment of intervention impact, and by accounting
for factors such as their level of implementation. Based
on these findings we have formulated several recom-
mendations for future nutrition-related interventions in
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supermarkets. First, given our mixed success in recruit-
ing disadvantaged women into the SHELf study (i.e.
while 44 % of women lived in disadvantaged neighbour-
hoods, participants were more advantaged than average
Melbournians according to individual-level SES measures)
more specific actions may be required to minimize socio-
economic disparities in study participation where examin-
ing impact on disadvantaged populations is an explicit
goal. Second, given that intervention impact varied ac-
cording to the dose received, future studies should exam-
ine the impact of multiple doses of intervention. Third,
given the importance of ensuring delivery of a sufficient
intervention dose without overburdening participants, fu-
ture studies could vary intervention intensity to assess
feasibility and impact. Fourth, our inability to examine
food substitution effects limited our conclusions related to
the ultimate health impacts of our findings, and thus fu-
ture studies should examine these where possible. Finally,
future studies could also measure additional relevant out-
comes such as change in food preparation, shopping and
awareness of food selection, as these may contribute to
additional behaviour change over time.
Supermarkets represent a critical, yet so far underuti-

lized venue for influencing dietary behaviours at a
population-level. This study points to the potential to le-
verage the power of supermarkets within food systems
to virtuous ends, contributing to accomplishment of key
public health objectives that might otherwise be more
difficult, and take much longer to achieve. Despite mod-
est reported effectiveness, even small changes among
some population segments can shift population-level
dietary intake distributions in healthier directions. It is
hoped that the collective successes and failures of the
SHELf intervention described herein will inform devel-
opment and implementation of more effective policies
and programs to optimize food selection in this setting.
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