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..
...
.. ABSTRACT
..............................................................................................................................................
..
...
... Objectives: The supermarket industry now services many customers through online food
... shopping over the Internet. The Internet shopping process offers a novel opportunity for the
... modification of dietary patterns. The aim of this study was to evaluate the effects on
..
.. consumers’ purchases of saturated fat of a fully automated computerised system that provided
..
... real-time advice tailored to the consumers’ specific purchases recommending foods lower in
..
.. saturated fat.
...
...
..
.. Design: This study was a blinded, randomised controlled trial.
..
...
..
.. Setting: The study was conducted in Sydney, New South Wales, Australia.
..
...
..
.. Participants: The participants were consumers using a commercial online Internet shopping
..
... site between February and June 2004.
..
..
..
... Interventions: Individuals assigned to intervention received fully automated advice that
.. recommended specific switches from selected products higher in saturated fat to alternate
..
..
... similar products lower in saturated fat. Participants assigned to control received general non.. specific advice about how to eat a diet lower in saturated fat.
..
..
..
..
... Outcome Measures: The outcome measure was the difference in saturated fat (grams per
.. 100 g of food) in shopping baskets between the intervention and control groups.
..
..
...
.. Results: There were 497 randomised participants, mean age 40 y, each shopping for an
..
.. average of about three people. The amount of saturated fat in the foods purchased by the
...
... intervention group was 0.66% lower (95% confidence interval 0.48–0.84, p , 0.001) than in the
... control group. The effects of the intervention were sustained over consecutive shopping
...
... episodes, and there was no difference in the average cost of the food bought by each group.
...
...
... Conclusions: Fully automated, purchase-specific dietary advice offered to customers during
... Internet shopping can bring about changes in food purchasing habits that are likely to have
... significant public health implications. Because implementation is simple to initiate and
..
.. maintain, this strategy would likely be highly cost-effective.
..
..
..
...
..
..
..
...
..
..
..
...
..
..
..
...
..
..
..
...
..
..
..
..
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Editorial Commentary

high cost associated with providing such advice has precluded
the widespread implementation of some of the most effective
programs.
Over the last decade many supermarkets have introduced
online food purchasing facilities. The computer interface
offers a unique new opportunity to deliver automated,
purchase-speciﬁc dietary advice to large numbers of individuals at low cost [14–16]. We report here the results of a
randomised trial designed to determine whether the provision of such advice could result in reductions in the amount
of saturated fat in foods purchased by consumers using a
commercial Internet shopping facility.

Background: Current evidence from randomized trials and observational
studies indicates that people in the developed world should try to lower
their intake of saturated fat, in order to reduce the risk of cardiovascular
diseases such as heart attacks and strokes. However, achieving this aim
in the population is not straightforward, partly because of the high cost
of personalized interventions and, often, their limited success. One
possible way of delivering dietary advice that might help people to make
healthier food choices is through Internet shopping systems. In the trial
reported here, which was carried out in Sydney, New South Wales,
Australia, people using an Internet food shopping system and who were
about to complete their purchases were offered the chance to
participate in the trial. If they agreed, participants were immediately
randomized to receive either general dietary advice (the trial’s control) or
tailored advice delivered by a computer program that prompted
shoppers to replace specific items in their shopping basket with
alternatives lower in saturated fat. The main outcome the trial
researchers were interested in was the percent of saturated fat in the
food bought, compared between the two arms of the trial. The
researchers also looked at the cost per gram of the food that was
bought.

METHODS
The Dietary Intervention in e-Shopping Trial was a blinded,
randomised controlled trial conducted in collaboration with
an established supermarket providing an Internet shopping
service in Sydney, New South Wales, Australia. The software
program was developed in conjunction with Simbient
Solutions (North Sydney, New South Wales, Australia).
Recruitment and follow-up was done between February and
June 2004. The study was approved by the Ethics Committee
of the University of Sydney, and all participants provided
informed consent online.

What this trial shows: The researchers recruited 456 participants into
the trial. They found that the participants who received tailored advice
bought foods containing less saturated fat, on average, than the
participants who received only general advice. The difference between
the two groups amounted to around 10% of the average quantity of
saturated fat in food chosen before the advice was offered, and this
difference was statistically significant. Finally, there was no significant
difference in the average cost of food between the two arms of the trial.

Participants
All customers of the online supermarket service that made
any purchase after the trial commencement date (February
2004) were offered the opportunity to participate until
recruitment was closed (April 2004). Recruitment was via an
online electronic pop-up message. The opportunity to
participate was offered after the selection of items for
purchase had been completed, just prior to online checkout.
Interested participants were ﬁrst asked to read an online
participant information sheet and then to complete an online
consent form. Once this was done, a simple baseline data
collection form comprising questions about basic demographics, shopping habits, and selected medical conditions
was provided for completion. The entire trial enrolment
process was estimated to take only 5–10 min.

Strengths and limitations: The trial recruited enough participants to
evaluate whether this intervention had an effect on the main outcomes,
and the randomization procedures used and outcomes measured were
appropriate. A potential strength of this study is that it evaluates a lowcost technology that might be useful alongside other strategies for
reducing saturated fat intake. However, the trial was conducted among
people who are technically aware, and may not therefore represent the
general population as a whole. In the trial, the outcomes measured were
limited to information about the foods bought, and the effects on
cardiovascular risk or health outcomes were not examined.
Contribution to the evidence: Systematic reviews of existing randomized trials already show that offering dietary advice can bring about
improvements in diet (such as saturated fat intake) and cardiovascular
risk. This trial adds to that evidence by showing that tailored advice such
as can be delivered via an Internet shopping system is likely to be a
useful method of encouraging healthier food purchases.

Interventions

The Editorial Commentary is written by PLoS staff, based on the reports of the
academic editors and peer reviewers.

A comprehensive list of all food products purchased online
listed in order of frequency of purchase was obtained from
the commercial partner operating the Internet shopping
service. In total, 383 commonly purchased food items that
contained 1% or more saturated fat (range 1% to 92%) were
selected, and a suitable lower-fat alternate was identiﬁed for
each. There were 524 discrete foods identiﬁed in this process.
Food items that were not prepackaged, such as some meat
products, were excluded from our study since reliable
information about saturated fat content was not easily
available.
Intervention. Participants assigned to intervention received advice tailored to the food items they had selected
for purchase (Figure S1). This was done automatically by a
computer program that compared the food items selected for
purchase against the list of identiﬁed items containing 1 g or
more of saturated fat per 100 g of food. For each such item
that was identiﬁed the participant was presented with the
opportunity to either retain it or to swap it for the alternate

INTRODUCTION
Fats consumed in food are an important cause of dyslipidaemia and cardiovascular disease [1–3]. There is clear evidence
from randomised controlled trials that signiﬁcant improvements in blood lipid parameters can be achieved by
modifying dietary fat intake [4], and for some time there
has been a consensus that reduced consumption of saturated
fat should be a goal for the populations of many higherincome countries [5,6]. A broad range of strategies for the
modiﬁcation of dietary fat consumption have been designed
and implemented with varying degrees of success [7–10]. Key
factors for efﬁcacy of dietary interventions appear to be the
intensity of advice offered and the tailoring of suggestions to
individual’s speciﬁc purchases [11–13]. Unfortunately, the
www.plosclinicaltrials.org
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the sum in grams of all the saturated fat by the sum in grams
of all the food, for the 524 foods studied. Primary analyses
were based on the ﬁrst shopping episode for each individual
that included one of the 524 foods in either a ‘‘before advice’’
or ‘‘after advice’’ shopping basket. For the 41 (8%) individuals
that never purchased one of the 524 foods, the saturated fat
content before and after was imputed using the method of
multiple imputation [18]. The difference in mean saturated
fat content of the ‘‘after’’ compared to the ‘‘before’’ shopping
baskets was calculated separately for intervention and control
and compared between groups using linear regression
models. The linear regression models included the amount
of saturated fat selected prior to advice being offered, since
there was by chance a small imbalance in this value between
the randomised groups (control 5.9%, intervention 7.1%)
[19]. An arcsine square-root transformation of the saturated
fat content (in grams per 100 g of food) was used since the
data were skewed, with the results transformed back after
analysis. A series of sensitivity analyses were done to test the
stability of the main result: the effect estimate was ﬁrst
recalculated excluding participants with missing values for
the primary outcome, and then recalculated with these
participants included but having the change in saturated fat
set as zero. Second, the results were calculated without
adjustment for saturated fat, and separate linear regression
models were ﬁtted with adjustment for a series of possible
confounders including age, gender, body mass index, and a
variable indicating whether the participant usually tried to
buy low-fat food before being recruited on the trial.
Subgroup analyses were also done to explore the constancy
of the intervention across the participant population by
including in the linear models a randomised group by
covariate interaction term. The effects of repeated presentation of the advice were determined by using linear mixed
effects models [20]. All the statistical analyses were done using
SAS/STAT version 8.2 (SAS Institute, Cary, North Carolina,
United States).

lower in saturated fat. A simple side-by-side on-screen
presentation of the original item and the suggested alternate
was used. Once the participants had made their decisions,
they were returned to the usual online checkout process.
Control. Participants assigned to control received general
non-speciﬁc advice about how to choose a diet lower in
saturated fat (Figure S2). This advice was presented in the
form of a static Web page and was based on information
provided on the Web site of the National Heart Foundation
of Australia. Once participants had read the advice they were
prompted to make any changes to their planned purchases on
the basis of the information they had read and then returned
to the usual online checkout process.

Objectives
The objective of the study was to determine whether the
provision of fully automated and purchase-speciﬁc dietary
advice could produce reductions in the amount of saturated
fat in foods purchased by consumers using a commercial
Internet shopping facility.

Outcomes
The primary outcome was the mean percent of saturated fat
in the purchased items that were among the 524 foods
studied. The secondary outcome was the mean cost per 100 g
of these same items. Participants were offered the same form
of advice each time that they used the online supermarket
during the 5-mo recruitment and follow-up period (February
to June 2004). On each occasion after the ﬁrst they could
choose either to receive the advice or simply to proceed
straight to the online checkout. On every occasion the
contents of the online shopping basket were recorded before
and after the advice (or the opportunity to receive the advice)
was offered.

Sample Size
A sample size of 500 participants was selected to provide at
least 90% power with a ¼ 0.05 to detect a 2% or greater
difference in the mean saturated fat content (in grams per
100 g of food) of purchased foods between randomised
groups. The power calculation was based on assumptions
derived from a 1986 trial with broadly similar goals that used
an in-store computer terminal [17].

RESULTS
Participants
A total of 4,548 individuals were offered participation, and
497 were randomised (251 intervention and 246 control)
(Figure 1). Of these, 456 (224 intervention and 232 control)
completed at least one episode of shopping that included one
or more of the 524 foods studied. Median follow-up time
completed by the end of the study in June 2004 was 35 d, and
the median number of shopping episodes done by participants was three (range 1–20). The baseline characteristics
documented on the questionnaire were balanced between
randomised groups, with a mean participant age of 40 y and a
proportion female of 88% (Table 1).

Randomisation and Blinding
Once the recruitment process was completed, participants
were assigned to intervention or control at random by a
central computerised process with minimisation by age, sex,
and number of individuals the food was being purchased for.
Randomisation was done in real time as each participant was
recruited using a computer program designed and tested by
statisticians at the George Institute for International Health
in Sydney, New South Wales, Australia. Once randomised
participants were immediately provided with the form of
advice consistent with their randomised assignment. The
participants were unaware of treatment allocation, and the
principal investigator performed unblinding of the treatment
allocation once the study follow-up had ended.

Outcomes and Estimation
For the ﬁrst occasion on which advice was offered, the
amount of saturated fat in the food purchased by the
intervention group after advice was a mean of 0.66% (0.48–
0.84, p , 0.001) lower than in the corresponding foods
purchased by the control group (Table 2), which is equivalent
to an approximate 10% reduction in saturated fat content of
foods purchased (Figure 2). This difference resulted from a
decrease in the mean saturated fat content in the foods

Statistical Methods
The content of saturated fat in each shopping basket
(separately for the shopping baskets before and after advice
was provided) was calculated for each participant by dividing
www.plosclinicaltrials.org
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Figure 1. Flow Chart of Study
DOI: 10.1371/journal.pctr.0010022.g001

trol AUD$0.62 [0.58–0.67]/100 g, p ¼ 0.19). The foods higher in
saturated fat that were most commonly present in the
shopping basket prior to advice being offered but absent
after the advice had been offered were higher-fat dairy
products. Lower-fat dairy products were the items most
frequently added to the shopping basket after advice was
provided.

purchased following the advice offered to the intervention
group of 0.77% (0.60–0.94, p , 0.001), with no corresponding
decrease in the control group 0.04% (0.00–0.08, p ¼ 0.07). The
effect estimate for the primary outcome was 0.62% (0.46–
0.79, p , 0.001) if analysis was restricted to only the 456
individuals that selected one of the 524 foods studied and was
0.58 (0.39–0.77, p , 0.001) if the change in saturated fat was
set to zero for those individuals that did not select one of the
foods. The subgroup analyses provided some evidence that
the intervention had greater effects among individuals with
higher body mass index and among people above 40 y of age
(for both, homogeneity p , 0.03) (Table 3). There was no
baseline variable that substantively altered the main result as
a consequence of its inclusion or exclusion as a covariate.
A secondary outcome of the study was to assess the impact
of the intervention on the cost of foods purchased online.
The mean cost per 100 g of the foods purchased by the
intervention group was not different from that in the control
group (intervention AUD$0.63 [0.58–0.68]/100 g versus conwww.plosclinicaltrials.org

Ancillary Analyses
The effects of the intervention over repeated episodes of
shopping were explored amongst the 115 participants that
completed six shopping episodes during the study. These
analyses demonstrated that for the intervention group the
magnitude of the reduction in saturated fat achieved was
greater in earlier compared to later shopping episodes (for
trend, p ¼ 0.01) (Figure 2) and showed that there was no effect
of the control condition on saturated fat during any shopping
episode (p . 0.09 for all six shopping episodes in the control
group).
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..
...
.. Table 1. Baseline Characteristics
.........................................................................................
..
..
.. Characteristica
Intervention
Control
..
Group
Group
...
..
(n ¼ 251)
(n ¼ 246)
..
..
...
39 (10)
41 (10)
... Age (y), mean (SD)
86 (2)
89 (2)
... Female
80 (3)
80 (3)
... Married
.. Ethnicity Caucasian/European
90 (2)
83 (2)
..
.. Body mass index, kg/m2 (SD)
26 (8)
27 (7)
..
.. University education
63 (3)
62 (3)
... Employed
82 (2)
80 (3)
... Household income (AUD$), mean (SD)b
105,774
112,698
...
(73,866)
(73,920)
... Cigarette smoker
13 (2)
12 (2)
..
.. Blood cholesterol ever checked
70 (3)
71 (3)
..
6 (1)
7 (2)
... Using cholesterol-lowering drugs
64 (3)
72 (3)
... Usually try to buy low-fat products
49 (3)
51 (3)
... Percent of food bought online
... Median number of people buying
3 (1–12)
3 (1–12)
.. for, n (range)
..
.. aData more than 98% complete and presented as proportions (standard error) unless
... otherwise indicated.
.. b
.. Data about 50% complete.
.. AUD$, Australian dollars; SD, standard deviation.
... DOI: 10.1371/journal.pctr.0010022.t001

DISCUSSION
Interpretation
This study clearly demonstrates that it is possible to
signiﬁcantly inﬂuence consumers’ Internet shopping habits
with a simple automated computer algorithm that provides
advice tailored to planned food purchases at the point of sale.
Changes in saturated fat purchasing habits of the type
achieved in this trial are likely to produce long-term
reductions in cardiovascular disease mediated through favourable changes to blood lipid proﬁles [4,9]. Furthermore, the
computer algorithm was designed and implemented at a total
cost of just a few tens of thousands of dollars and required little
maintenance during the 5-mo study period. While periodic
updating of the lists of products deﬁned as high in saturated
fat and their alternates would be required if implementation
were longer term, the resource implications would be small.
With anticipated growth in online shopping in Australia [21]
and other developed countries, the type of approach proven
here could be a cost-effective, long-term, non-drug strategy for
the prevention of cardiovascular disease.

Figure 2. Effects of Repeated Advice in the Intervention (n ¼ 115) and
Control Group (n ¼ 121)
Squares are placed at the point estimate of the effect observed in the
intervention (A) and control (B) groups, and the vertical lines extend to the
95% confidence intervals around the estimate. The p-value for trend in the
intervention group indicates a progressive decrease in effect size with
repeated shopping episodes. There was no significant decrease in saturated
fat at any time point in the control group, nor any trend over time (all p . 0.09).
DOI: 10.1371/journal.pctr.0010022.g002

both systematic and random errors were minimised and that
the study ﬁndings are both reliable and precise. As only about
one in ten of the consumers that accessed the Internet
shopping service during the study period actually participated in the trial, the study participants are clearly not a

Generalisability
The Dietary Intervention in e-Shopping Trial was a large
randomised controlled trial, which should have ensured that

..
...
.. Table 2. Effects of Intervention on Primary Outcome
.........................................................................................................................................................................................
..
..
.. Group
n
Decrease in Percent Saturated
p-Value within
Decrease in Percent Saturated
p-Value between
..
Fat after Advice, % (95% CI)
Treatment Group
Fat in Intervention versus
Treatment Groups
...
..
Control, % (95% CI)
..
..
...
251
0.04 (0.00–0.08)
0.07
0.66 (0.48–0.84)
,0.001
... Control
.. Intervention
246
0.77 (0.60–0.94)
,0.001
..
.. The primary outcome was the mean percent of saturated fat in the purchased items that were one of the 524 foods studied.
.. CI, confidence interval.
..
. DOI: 10.1371/journal.pctr.0010022.t002
www.plosclinicaltrials.org
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..
...
.. Table 3. Effects of Intervention on Primary Outcome in Main Participant Subgroups
.........................................................................................................................................................................................
...
... Characteristic
Subgroup
n
Magnitude of Greater Decrease in
p-Value for Difference
..
..
Percent Saturated Fat in Intervention
between Subgroups
..
versus Control, % (95% CI)
...
..
..
.. Sex
Women
436
0.64 (0.45–0.82)
0.44
...
Men
61
0.84 (0.30–1.39)
..
.. Age
,40 y
280
0.47 (0.27–0.66)
0.03
..
40 y
217
0.95 (0.64–1.25)
...
Yes
181
0.79 (0.49–1.08)
0.21
... University education
No
312
0.61 (0.39–0.82)
...
... Employed
Yes
91
0.72 (0.37–1.07)
0.64
..
No
406
0.65 (0.45–0.85)
..
.. Cigarette smoker
No
436
0.68 (0.50–0.86)
0.51
...
Yes
61
0.56 (0.06–1.06)
..
.. Blood cholesterol ever checked
No
151
0.66 (0.32–1.01)
0.99
...
Yes
346
0.66 (0.46–0.85)
... Using cholesterol-lowering therapy
No
470
0.61 (0.44–0.78)
0.15
...
Yes
27
1.63 (0.33–2.93)
..
.. Body mass index
,25
261
0.47 (0.28–0.67)
0.02
..
25
233
0.85 (0.57–1.12)
...
a
Below AUD$90,000
161
0.65 (0.36–0.94)
0.53
... Income
Above AUD$90,000
178
0.55 (0.26–0.85)
...
... Usually try to buy low fat
No
160
0.89 (0.47–1.30)
0.41
..
Yes
337
0.59 (0.40–0.78)
..
.. Married
No
100
0.95 (0.48–1.42)
0.08
...
Yes
393
0.59 (0.41–0.77)
..
.. aAUD$90,000 is the median income level in New South Wales, Australia.
..
... CI, confidence interval.
. DOI: 10.1371/journal.pctr.0010022.t003
changes in meats and desserts. We postulate that this
difference is likely due to the fact that items such as milk
and cheese are more likely to be purchased using the Internet
shopping facility, whereas more expensive food items, such as
meat and desserts, are purchased using more conventional
means. The lesser effect of the intervention in later shopping
episodes may have been because from the second shopping
episode onwards the intervention group appeared to have
learned to select foods with a lower percentage of saturated
fat before receiving the advice. Second, the decisions to select
items lower in saturated fat inﬂuenced shopping purchases
not just for the index case but also for an average of two other
individuals that the index case was shopping for. Third, half
of all the food purchased by the participants for their
household was exposed to review by our system. Fourth, while
the apparently greater effects of the intervention among
those with higher body mass index and older age could be
chance ﬁndings, these results may also indicate that the
intervention is of particular use among a group that is at
increased risk of cardiovascular disease. Finally, changing
dietary patterns of the currently young and healthy should
translate into substantial long-term beneﬁts with increasing
age [7].
The tool we developed speciﬁcally targeted purchases of
saturated fat. It is easy to imagine an adaptation of the system
that could provide advice about salt intake or more
sophisticated versions able to address multiple nutritional
determinants of health simultaneously and provide broader
‘‘heart healthy’’ dietary advice. However, as Internet supermarket shopping currently accounts for only a small
proportion of all groceries consumed, such a system should
be used in conjunction with more conventional methods for
delivering dietary advice. It is also possible to conceive of

representative sample of the general population and may not
even be representative of those that do Internet shopping.
However, the analyses presented here demonstrate that the
intervention was similarly effective in most of the subgroups
studied, suggesting that the tool is potentially beneﬁcial to a
broad range of individuals that utilise Internet shopping
services. Furthermore, signiﬁcantly greater uptake might be
expected in other circumstances. Speciﬁcally, in a non-trial
setting, consumers would not be required to read a lengthy
participant information sheet, enter personal details on an
online consent form, or complete a baseline questionnaire. In
conjunction with marketing activities suitable for a health
promotion campaign but inappropriate for a research
project, these changes would likely greatly increase the
proportion of individuals making use of the service.

Overall Evidence
The absolute cardiovascular risk of most of our study
participants would have been low, and the immediate effects
of this intervention on cardiovascular events would be
limited. However, if a longer-term view is taken it is clear
that the potential of this strategy is substantial. First,
participants using the system appeared able to learn to select
foods, particularly dairy items, that were lower in saturated
fat after receiving advice on just one occasion; retention was
probably aided by the fact that computer shopping programs
store prior shopping lists for future use. The high fat content
of dairy items, such as full-fat milk and cheese, combined with
a wide range of lower-fat substitutes that are currently
available, would partly explain why these food items were
particularly popular switch-over items with consumers in this
current study. By contrast, in the Women’s Health Initiative
trial [22], reduction in fat intake primarily came from
www.plosclinicaltrials.org
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interfaces able to provide advice to consumers with speciﬁc
disease states such as diabetes, high blood pressure, or high
cholesterol. With the concept of automated consumertailored computer advice now of proven beneﬁt in a
commercial setting, the challenge will be to see the results
translated into practice. This will require imaginative
approaches developed in collaboration with public health
advocacy groups, regulatory bodies, and the food retail
industry.
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