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Abstract

Background: Laboratory studies suggest that eating more ‘attentively’ (e.g. attending to food being eaten and
recalling eating episodes) can reduce food intake among participants with both healthy weight and overweight.
The aim of this trial was to assess whether a smartphone application that encourages a more attentive eating style
reduces energy intake and promotes weight loss.

Methods: In an open-label, single centre, parallel groups, individually randomised controlled trial, 107 adults
with overweight/obesity in Merseyside, UK used an attentive eating smartphone application along with
standard dietary advice (intervention group) or standard dietary advice only (control group) for 8 weeks. The
primary outcomes were change in body weight at 8 weeks and energy intake at 4 and 8 weeks. Additional
outcomes included self-reported eating behaviours measured at 8 weeks. Differences between groups were
assessed with linear regression (adjusted) using multiple imputation for missing data. Study protocol
registered prospectively at (https://doi.org/10.17605/0sf.io/btzhw).

Results: There was no significant difference between the intervention and control group in weight lost at 8 weeks, or
change in self-reported 24 h or objective taste-test energy intake at 4 or 8 weeks. Mean weight loss in the intervention
group (n=53) was 1.2 kg and 1.1 kg in the control group (n = 54), adjusted difference of —0.10 (— 1.6 to 1.3) kg. Self-
reported eating behaviours at 8 weeks also did not differ across groups. The intervention was largely used as intended
and a per protocol analysis confined to participants in the intervention group that used the attentive eating
smartphone application regularly and as intended also showed no effect on energy intake or weight loss.

Conclusions: A smartphone based attentive eating intervention and standard dietary advice did not result in reduced
energy intake or greater weight loss at 4 or 8 week follow-up than standard dietary advice alone.

Trial registration: ClinicalTrials.gov, NCT03602001. Registered retrospectively on 26th July 2018.
Prospectively registered on the Open Science Framework on 11th August 2017.
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Background

Across English-speaking high-income countries, obesity
rates currently exceed 30% and this is predicted to rise
[1]. The health problems often associated with obesity,
including type 2 diabetes, cardiovascular disease, hyper-
tension and several types of cancer are substantial [2—4].
Easily implementable interventions that help people re-
duce their food intake and aid weight loss are therefore
needed. Moreover, with approximately 76% of UK adults
now owning a smartphone, smartphones may provide a
cost effective platform for delivering behavioural inter-
ventions [5].

Eating ‘on the go’ and while distracted may be contrib-
uting to overeating. Laboratory studies suggest that eat-
ing while distracted can increase concurrent food intake,
hunger afterwards, and later snacking [6—9] which may
occur because failing to attend to food being eaten im-
pairs memory for what has been eaten. In line with this,
laboratory studies also indicate that memory for recent
eating episodes are factored into subsequent food intake
decisions [10-12]. For example, increasing awareness of
recent eating episodes has been found to reduce later
snacking [13] and paying more attention to food as it is
being consumed has been found to reduce later snacking
in most [14-16], (but not all [17]) laboratory studies in
participants with healthy weight and overweight. These
promising results from the laboratory suggest that an
intervention approach that promotes a more ‘attentive’
style of eating by encouraging participants to attend to
food being eaten and recall eating episodes may be an
effective way of reducing food intake and aiding weight
loss [18]. Moreover, because such an approach would
not rely on conscious and vigilant calorie counting, it
may be relatively acceptable to users [19].

To examine the potential of an attentive eating inter-
vention approach, we previously developed and tested
initial feasibility of a smartphone based application that
encourages users to eat more attentively [20]. The
smartphone application encouraged an attentive eating
style by requiring users to photograph their meals and
attend to food while eating (utilising present moment
awareness [21]). They were also required to review what
else they had eaten that day before entering their next
meal, with an overall aim of encouraging a more atten-
tive eating style [20]. Participants with overweight and
obesity used the application in a small scale feasibility
trial and reported in qualitative interviews that they
found the smartphone application easy to use, increased
their awareness of what they had been eating and that
the frequency of application usage was acceptable. To
date, there has been no examination of whether an at-
tentive eating based intervention is effective in reducing
energy intake and promoting weight loss. The aim of
this randomised control trial was to test initial proof of
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concept for effectiveness of an attentive eating smart-
phone application to reduce energy intake and promote
weight loss.

Methods
Design and sample
The trial methods and analysis strategy were

pre-registered on the open science framework (https://doi.
org/10.17605/osf.io/btzhw). This study was a single centre,
parallel, two arm, individually randomised 8 week con-
trolled trial. Participants were randomly allocated to re-
ceive either an attentive eating smartphone application
along with a standard dietary advice booklet and the same
dietary advice delivered by text message once a week
(intervention group), or the dietary advice booklet and
weekly text messages only (control group). Assessments
were conducted at baseline, 4 and 8 weeks. The inclusion
of basic dietary information and weekly text messages re-
peating this information in both the control and interven-
tion group ensured that, in line with recommendations of
best practice [22, 23], our control group were actively try-
ing to lose weight, but the resources they were provided
with were minimal and not expected to promote a large
amount of weight loss. In addition, this design ensured
that both the control and intervention group were re-
quired to use their smartphone during the trial.

A 2 kg difference in weight loss between the two groups
across 8 weeks was considered meaningful, with a conserva-
tive estimate of the standard deviation of weight loss across
conditions of 2.5kg (based on [24]). To detect this differ-
ence in weight loss (alpha level = 0.05, 90% power, GPower
3.1) we required a minimum sample size of N =68. How-
ever, due to greater participant interest in the trial than an-
ticipated, we recruited above this number during a 7 week
baseline data collection period (see pre-registered protocol).

To be eligibile to take part participants had to be
classed as overweight or obese based on their BMI (BMI
>25.0kg/m? and report that they would like to lose
weight by changing their dietary behaviour. Participants
were also required to have no history of eating disorders
or food allergies (self-reported by participant), be aged
18-65 years, be fluent English speakers, not taking medi-
cation that affects appetite, not pregnant, not scheduled
for weight loss surgery during the trial, own an Android/
Apple smartphone (Android operating system versions
4.4-7.1, Apple operating system iOS 8—10) and not cur-
rently on a structured weight loss programme. Partici-
pants with diabetes were able to take part, providing
they were not using insulin or other diabetes medication
that affects appetite.

Randomisation and blinding
The randomisation sequence was created using the com-
puter programme ‘Trandom allocation software’ [25] and
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was stratified by baseline body mass index (BMI, 2
strata: 25-32.5kg/m? >325kg/m?) with a 1:1 alloca-
tion, using random block sizes of 2 and 4. A colleague
outside the research team generated this sequence and
placed the allocations inside sequentially numbered
sealed opaque envelopes (ensuring allocation conceal-
ment). Participants were not blind to condition alloca-
tion, neither were staff delivering the intervention and
collecting baseline and follow-up measures.

Interventions

Standard dietary advice booklet

The booklet contained information and tips adapted from
British Heart Foundation materials [26] on healthy eating
and weight loss (e.g. components of a balanced diet, redu-
cing calories and lower calorie swaps, consuming fruits
and vegetables, avoiding foods high in fat and sugar,
drinks, shopping and eating out) and brief information
about the importance of physical activity. The intervention
materials used can be found on the open science frame-
work: https://doi.org/10.17605/osf.io/btzhw.

Weekly text messages

Participants also received once weekly tips via text mes-
sage that related to content from the dietary advice
booklet (the full list of text messages is provided in the
pre-registered trial protocol on the open science frame-
work: https://doi.org/10.17605/ostf.io/btzhw). Text mes-
sages were sent at the same time on the same day each
week.

Attentive eating application

The approach to designing the attentive eating smart-
phone application was described in detail in the feasibil-
ity trial [20]. The attentive eating application was
designed to promote attentive eating by encouraging
users to photograph food and drink being consumed
and then review this information when making dietary
decisions throughout the day. Prior to eating/drinking a
food or beverage users accessed the camera function of
their phone and selected the meal type they wished to
record (breakfast, lunch, dinner, snack, drink, other). Al-
ternatively, users could select a photograph that was
already stored on their phone or they could write a de-
scription of the food. After an adjustable time period,
the application sent a notification reminding users to
complete questions about their consumption experience
once they had finished the meal. After finishing the
meal/drink, users accessed the consumption experience
questions and the photograph of the recently consumed
food/drink was displayed, with information about the
meal type consumed. With this image on the screen,
users selected drop down answers to the questions ‘Did
you finish it all?” and ‘How do you feel? Once an entry
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was completed the consumption episode was logged in a
food gallery. The food gallery consisted of a chrono-
logical slide show of the consumption episodes recorded
so far during that day, and presented the meal photo-
graph and all information recorded from the consump-
tion experience questions. Users could navigate forwards
and backwards through consumption episodes. Prior to
deciding what and how much to eat for a meal during
the day, users accessed this gallery to review everything
they had eaten/drank so far that day. The application
sent a notification reminding users to review the gallery
shortly before their usual meal times. Users were able to
programme what time they usually had breakfast, lunch
and dinner on week days and weekends and were able to
customise when the reminders were sent prior to that
meal time. These components formed the main func-
tions of the application and they were included in order
to increase awareness of what was being consumed, en-
hance memory for eating episodes during the day and
prompt users to think about previous eating episodes
when making dietary decisions (see [20] for more de-
tailed information).

An additional feature of the application that was added
for this trial was an audio clip (2.5 min) that users could
listen to whilst eating. The audio clip encouraged lis-
teners to pay more attention to what they were eating,
specifically by instructing users to pay attention to the
smells, textures and tastes of the food whilst they were
eating, as well as how full they felt. They were also en-
couraged to eat slowly, one mouthful at a time, and to
periodically think about how much food was on their
plate at the beginning and how much they had eaten
(see Additional file 1 for audio clip transcript). The in-
structions were based on the audio clip instructions used
in previous laboratory studies that have been found to
enhance memory of recent eating episodes and reduce
later snack intake [14, 15].

In order to motivate application usage, users could
achieve in application ‘stars’ for reviewing the food gal-
lery before a main meal, listening to the audio clip after
taking a photograph of a main meal and completing a
diary entry for a main meal (breakfast, lunch and din-
ner). An entry was considered complete when users took
a photograph of the meal, completed the consumption
experience questions after eating and the meal was
logged in the gallery. Users were awarded a daily
achievement badge if they obtained all available applica-
tion stars during a single day. To further encourage
regular use of the application, participants in the inter-
vention group were told they would receive an add-
itional £10 compensation (in addition to the £40
compensation all participants received for their time) for
continued use of the application. Participants were told
that continued use was recording most meals every day
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and listening to the audio clip a few times per week. In
addition to the smartphone application participants also
received a short paper based leaflet that explained the
principles of attentive eating and other ways to eat atten-
tively (e.g. avoiding eating whilst distracted). This re-
source can be found on the open science framework:
https://doi.org/10.17605/0sf.io/btzhw.

Outcomes

Primary outcomes

Primary outcomes were body weight (kg) at 8 weeks and
energy intake (kcal) at 4 and 8 weeks. Weight was mea-
sured with the Tanita BC-418 MA body composition ana-
lyser (Tanita Corporation, Tokyo, Japan). Two measures
of energy intake were taken, self-reported 24 h energy in-
take and an objective laboratory measure of food intake in
a bogus taste-test scenario [27]. Self-reported 24 h energy
intake was measured using MyFood24, an online auto-
mated 24 h dietary assessment system developed and vali-
dated for use in the UK [28, 29]. Recommendations by the
National Cancer Institute [30] suggest that the use of indi-
vidual 24 h recalls pre and post intervention is a valid in-
strument to examine intervention effects on energy
intake. The bogus taste-test is a laboratory standardised
objective measure of food intake [27]. In the bogus
taste-test participants were provided with 3 bowls of 50 g
each of three biscuits (Maryland chocolate chip cookies ~
249 kcal, Cadbury’s chocolate fingers ~ 240kcal and
McVities digestives ~ 241 kcal), broken up into small
pieces to be comparable with previous laboratory studies.
Participants were told that this was a taste perception task
and given 10 min to rate the biscuits on 100-point visual
analogue scales (anchors ‘not at all’ and ‘extremely’) on a
number of features (e.g. crunchiness, flavoursome). Partic-
ipants were also told that they could eat as many biscuits
as they wished. Participants were asked not to eat for 1 h
prior to the assessment sessions in order to standardise
hunger. As some participants were attending the labora-
tory quite early (~ 8 am), asking participants not to eat for
1 h prior seemed reasonable. The biscuits were weighed
afterwards in order to calculate the amount of biscuits
consumed and converted to total kcals.

Secondary outcomes

Secondary outcomes were weight (kg) at 4 weeks and
body fat percentage at 4 and 8 weeks. Both were mea-
sured with the Tanita BC-418 MA body composition
analyser.

Additional outcomes
Ideal portion size at 8 weeks One way eating atten-

tively may reduce food intake is by altering beliefs about
the satiating effects of food and in turn reducing ideal
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meal size. This was assessed using a computer-based
visual portion size task, where participants were asked
to indicate their ideal serving size for 18 meals;
adapted version of Brunstrom and colleagues [31].
The average kcal content of the 18 meals was taken
as the outcome measure. For more detailed informa-
tion, see Additional file 1.

Self-reported trait eating behaviour at 8 weeks Some
studies have suggested that a more attentive approach to
eating could reduce aspects of over-eating, binge eating
symptoms, food cravings and increase awareness of internal
signals of satiety when eating [32, 33]. Participants there-
fore completed the Three Factor Eating Questionnaire-21
[34] in order to assess aspects of over-eating (i.e. cognitive
restraint, uncontrolled eating and emotional eating). Partic-
ipants also completed the Binge Eating Scale [35], the Food
Cravings Questionnaire [36] and the reliance on hunger
and satiety cues sub-scale of the Intuitive Eating Scale [37].

Intervention efficacy beliefs at baseline and 8 weeks
To examine whether the intervention and control group
participants differed in how effective they believed their
intervention materials would be in reducing food intake
and promoting weight loss during the baseline assess-
ment (after randomisation) and at the 8 week visit, par-
ticipants completed two questionnaire items measured
using 100-point scales (anchors ‘not at all’ and ‘ex-
tremely’): ‘How confident are you that the materials and
information provided to you during the study (e.g. paper
based and mobile phone support) will help (helped) you
eat less?” and ‘How confident are you that the materials
and information provided to you during the study (e.g.
paper based and mobile phone support) will help
(helped) you to lose weight?’

Other measures and participant characteristics
Immediately prior to the taste-test, participants com-
pleted a 100-point visual analogue scale asking ‘how
hungry do you feel right now?” (anchors ‘not at all’ and
‘extremely’). Demographic information for each partici-
pant was collected: age, gender, ethnicity and education
level achieved. Physical activity was assessed via the
International Physical Activity Questionnaire (Booth,
2000). Semi-structured interviews were conducted with
participants in the experimental group during the 8 week
follow-up visit in order to understand participants’ expe-
riences of the intervention (qualitative analyses using
this data are to be reported elsewhere). We did not an-
ticipate that adverse events related to the study would
occur and so did not include a formal recording
measure.
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Procedure

After being screened for eligibility via an online survey,
participants attended the baseline visit where eligibility
was re-confirmed in person (including measuring height
and weight to verify BMI). Participants then provided
consent to take part in the trial. Baseline measurements
of body weight, height, body fat percentage, energy in-
take (both self-reported 24h and objective laboratory
bogus taste-test energy intake), trait eating behaviour
and ideal portion size were then taken, and participants
provided demographic information and completed the
International Physical Activity Questionnaire [38]. Hun-
ger was measured immediately before the taste-test on a
100-point visual analogue scale (anchors ‘not at all’ and
‘extremely’). Participants were then randomised to con-
dition by the researcher. The researcher (a psychologist
with a PhD) then explained the dietary advice booklet
and the weekly text tips following a script. Participants
in the intervention group were then told that they would
also be using an attentive eating smartphone application.
The same researcher introduced the concept of attentive
eating and downloaded the application onto the partici-
pant’s mobile phone. The researcher then showed the
participant how to use the different functions of the ap-
plication, and how to personalise the timings of the
in-app reminder notifications. Participants were then
told that they would receive additional compensation for
continued use of the application and were given the at-
tentive eating take home leaflet. Participants in both
groups were asked not to use any other structured (e.g.
Weight Watchers) or smartphone based (e.g. My Fitness
Pal) weight loss methods and to not take part in any
other research during the trial. Participants then com-
pleted the intervention efficacy belief questions.

At the 4 week visit, body weight, body fat percentage
and energy intake (both self-reported 24 h and objective
laboratory bogus taste-test energy intake) were measured
again. Hunger was again measured immediately before
the taste-test. The researcher also asked participants
about their use of the study materials. Participants in the
intervention group were asked about their usage of the
application and the researcher resolved any problems ex-
perienced with using the application in order to bolster
use of the application for the remaining 4 weeks of the
trial.

In the final 8 week visit, body weight, body fat percent-
age, energy intake (both self-reported 24 h and objective
laboratory bogus taste-test energy intake), trait eating
behaviour, ideal portion size and intervention efficacy
beliefs were measured again. Hunger was measured im-
mediately before the taste-test. Participants also com-
pleted the International Physical Activity Questionnaire.
Semi-structured interviews were then conducted with
participants in the intervention group.
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Statistical analyses

Statistical analyses were conducted in SPSS 24 [39].
Missing data for primary and secondary outcomes were
imputed using multiple imputation implementing a
multivariate imputation by chained equations logarithm.
Twenty-two percent of participants had some missing
data, and therefore 22 imputations were created. For the
full list of variables included in the imputation models,
see Additional file 1.

The effect of condition on primary and secondary out-
comes was examined using regression analyses with 4
and 8 week measurements as the DVs, condition as the
IV, controlling for baseline measurement of the DV and
baseline BMI (as participants were stratified to condition
based on BMI). Pre taste-test hunger was also controlled
for in the analyses for objective laboratory measurement
of bogus taste-test energy intake. To check the robust-
ness of the multiple imputation results, the pooled re-
sults for primary outcomes were compared to two other
approaches: last observation carried forward (LOCF)
and complete cases only (CC). Results were considered
significant if p < 0.05 for the main analyses.

For the additional outcomes analyses, missing data
was imputed using the last observation carried forward
method' and the data was analysed using the same re-
gression approach as for the primary and secondary out-
comes. To account for multiple comparisons in our
additional analyses, results were considered statistically
significant if p < 0.01 for all additional outcome analyses.
The two questions measuring intervention efficacy be-
liefs were correlated at baseline and at the 8 week assess-
ment (both r’s=0.8) and so the average of the two
questions was calculated for each assessment session
and used in the analysis to reduce multiplicity. In sensi-
tivity analyses, we assessed the impact of protocol viola-
tions on the results for primary, secondary and
additional outcomes by excluding data from participants
who violated the protocol.

Intervention adherence

Whether the proportion of trial days participants
accessed the application predicted weight change at 8
weeks (intervention group and only those with follow-up
data) was also examined, controlling for baseline weight
using linear regression. In a per-protocol analysis we also
compared participants who used the application as
intended to the control group on primary and secondary
outcomes using the same linear regression approach as
for the main analyses. Participants who used the applica-
tion as intended were defined as those who accessed the
application on the majority of trial days and recorded 4
diary entries per day on at least half of the trial days. In
addition, any participants who routinely completed en-
tries immediately after taking the meal photograph (e.g.
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less than 1min), with fewer than 0.5 gallery views per
day and did not listen to the audio clip at all during the
trial were excluded and not considered to be frequent
users. There were 27 participants who used the applica-
tion as intended. Results were considered statistically
significant if p < 0.01, and analyses included only partici-
pants with follow-up data.

Results

Sample

Between September 2017 and February 2018, 107 partic-
ipants were recruited and randomised to condition. Par-
ticipants were on average 42 years old, mostly female,
white and educated. See Table 1 for full sample charac-
teristics. Eighty-six participants (80%) completed the 4
week assessment and 85 (79%) participants completed
the 8 week assessment. There were slightly more drop
outs in the intervention group than control group. All
participants were maintained in the analyses (data im-
puted) for our main primary, secondary and additional
outcomes. See Fig. 1 for the study flowchart.

Groups appeared to be well balanced on baseline char-
acteristics, except for physical activity MET (metabolic
equivalent) minutes (see Table 1.). Including MET mi-
nutes as a covariate in the analyses for primary and sec-
ondary outcomes did not affect the results, therefore the
results reported here are those without MET minutes as
a covariate (as originally planned).

Application usage

Participants who completed the 8 week assessment
(N =39) accessed the application on 74% (SD =27%)
of trial days, on average. The mean number of diary
entries per day was 2.7 (SD = 1.6). The mean time taken
to complete a diary entry (the time period between taking
the photograph and answering the consumption experi-
ence questions) was 34.4 min (SD = 24.7 min), indicating
that on average participants remembered to complete the
entry within a reasonable time and thus were using the
application as instructed. Participants listened to the audio
clip on average 1.0 times a day (SD = 0.8), indicating good
use of the audio clip.

Primary and secondary outcomes

In the intervention group, mean weight change at 8
weeks (primary outcome) was - 1.2kg (SD =3.1), and
-1.1kg (SD=3.4) in the control group, with a mean
difference of - 0.1 (95% CI =- 1.6, 1.3), which equated
to a 1.1% decrease in body weight in both groups.
There was no significant effect of trial condition on
body weight, self-reported (24h recall) or objective
(laboratory measured) taste-test energy intake at 4 or
8 weeks. See Table 2. Use of LOCF and CC analyses
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Table 1 Baseline sample characteristics as a function of

condition
Intervention group Control group
mean (SD/%) mean (SD/%)
n=>53 n=>54
Age (y) 428 (10.5) 445 (10.7)
Gender (% female) 774 704
Ethnicity
White 49 (92.5%) 51 (94.4%)
Mixed/Multiple 1 (1.9%) 1 (1.9%)
Asian/Asian British 3 (5.7%) 2 (3.7%)
Black/Black British 0 (0.0%) 0 (0.0%)
Other 0 (0.0%) (0 (0.0%)
Education level®
Entry level or equivalent 0 (0.0%) 4 (7.4%)
GCSE's or equivalent 9 (17.0%) 8 (14.8%)
A/AS level or equivalent 12 (22.6%) 8 (14.8%)
Undergraduate degree 20 (37.7%) 18 (33.3%)
or equivalent
Higher degree 9 (17.0%) 15 (27.8%)
or equivalent
Other 3 (5.7%) 1 (1.9%)
BMI (kg/m?) 359 (6.8) 352 (6.2)
Weight at baseline (kg) 100.5 (204) 100.0 (17.6)
Body fat at baseline (%) 426 (80) 40.9 (8.2)

Self-reported energy intake 2047.9 (696.6) 1944.0 (942.3)

at baseline (kcal)

Taste-test energy intake 120.8 (105.0) 1074 (101.8)
at baseline (kcal)

Ideal portion size (kcal) 4557 (115.8) 459.1 (153.0)
Cognitive restraint’ 2.3 (05) 2.3 (04)
Uncontrolled eating® 26 (0.5) 24 (05)
Emotional eating @ 26 (0.8) 25(0.7)
Binge eating® 16.6 (7.6) 16.5 (7.5)
Reliance on hunger and 26 (0.7) 2.8 (0.8)
satiety (intuitive eating)®

Food cravings® 72.9 (23.0) 713 (234)

MET minutes per week® 24732 (1793.0) 34319 (2683.8)

2Cognitive restraint, uncontrolled eating and emotional eating possible score
range = 1-4; binge eating possible score range = 0-46; reliance on hunger and
satiety (intuitive eating) possible score range = 1-5; food cravings possible
score range = 21-126. Higher scores on all scales indicates

greater endorsement

PMET minutes = metabolic equivalent minutes

“Percentages may not add up due to rounding

did not affect the results for primary outcomes (not
reported here).

Additional outcomes

There was no effect of trial condition on ideal portion
size, cognitive restraint, uncontrolled eating, emotional
eating, reliance on hunger and satiety (intuitive eating),
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Assessed for eligibility

(n=375)
Excluded (n=268)
¢ Did not meet inclusion criteria
(n=108)
* Declined to participate or could
—> not attend first session before
deadline (n=160)

Randomized (n=107)

A

AN

: Allocation v

Allocated to intervention group (n=53)
Received allocated intervention

(n=53)

Competed 4 week assessment (n=40)
Withdrew from study or unable to
contact (n=13)

l Follow-Up v
A\

Allocated to control group (n=54)
Received allocated intervention
(n=54)

\4

Competed 4 week assessment (n=46)
Withdrew from study or unable to
contact (n=7)

Unable to attend session (n=1)

J

Competed 8 week assessment (n=39)
Unable to attend session (n=1)

S

Competed 8 week assessment (n=46)
Unable to attend session (n=1)

Main analyses with imputed missing data
(n=53)

Fig. 1 Flowchart of participants’ progress through the trial

Main analyses with imputed missing data
(n=54)

binge eating and food cravings at 8 weeks. See Table S1
in Additional file 1. There was also no evidence that the
intervention significantly affected efficacy beliefs at base-
line, B=7.1, 95% CI -0.9 to 15.0, p=0.08, and at 8
weeks, B=9.2, 95% CI -1.6 to 19.9, p = 0.09.

Sensitivity analyses

Excluding participants due to protocol violations (n =4:
1 likely measurement error for weight, 2 tried alternative
weight loss methods during the trial, 1 did not receive
all of the text tips) had no effect on the results for pri-
mary, secondary and additional outcomes.

Intervention adherence analyses

The proportion of trial days that intervention group par-
ticipants used the application did not significantly
predict weight at 8 weeks, B=-1.8, 95% CI -4.3 to 0.7,
p=0.15. The per protocol analyses (n=27 in

intervention group vs. n =45 in control group) revealed
no significant effects of trial condition on weight, body
fat percentage, self-reported 24h or objectively mea-
sured taste-test energy intake. See Table 3.

Discussion

In the first randomised control trial testing the efficacy
of an attentive eating smartphone application, we found
no effect of the intervention on energy intake or body
weight in adults seeking to lose weight. Sensitivity ana-
lyses for loss to follow-up, protocol violations and per
protocol analyses did not change the results. There was
also no evidence that the intervention affected other as-
pects of eating behaviour.

One possible explanation for finding that the attentive
eating smartphone application did not produce greater
reductions in weight or eating habits than the control
group is that participants did not use the application
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Table 2 Pooled descriptive statistics and regression results for intervention effect on primary and secondary outcomes

Intervention group Control group B (95% Cl) p

mean (SD) mean (SD)

(n=53) (n=54)
Primary outcomes
Weight change 8 weeks (kg) -12@3.1) -1.1(34) -01(=16,13) 0.89
Self-reported energy intake change at 4 weeks (kcal) —396.0 (6954) —3269 (985.2) 3.7 (= 2575, 264.9) 0.98
Self-reported energy intake change at 8 weeks (kcal) —216.5 (844.8) —2239(1017.2) 749 (- 2734, 4233) 067
Taste-test energy intake change at 4 weeks (kcal) 3.0 (75.8) 219 (87.8) —23.7 (- 56.2, 89) 015
Taste-test energy intake change at 8 weeks (kcal) 414 (86.7) 17.7 (954) 25.1 (=121, 62.3) 0.19
Secondary outcomes
Weight change at 4 weeks (kg) -07 (2.1 -0.7 (2.2) -0.1(=10,08) 0.88
Body fat change at 4 weeks (%) 0.1 (2.3) -0.5(2.0) 06 (=04, 15) 0.24
Body fat change at 8 weeks (%) -04 (1.8 —-0.5 (20) 0.1 (=0.7,09) 0.81

enough to promote these changes. However, application
usage data indicates that participants tended to use the
mobile phone application frequently. Furthermore, al-
though smaller in sample size, analyses comparing par-
ticipants who used the application as intended vs. the
control group did not show any effects of intervention
on weight loss and energy intake. The proportion of trial
days participants accessed the application also did not
predict weight loss. Poor usage of the application ap-
pears unlikely to explain the lack of effect. Across both
the intervention group and control group participants
lost a modest amount of weight by 8 weeks (1.1-1.2 kg)
and self-reported 24 h energy intake was lower at 4 and
8 weeks compared to baseline in both groups. This

amount of weight loss is similar to that observed among
people losing weight without behavioural support [40].
These modest weight losses imply, however, that the lack
of effect is not due to ceiling effects i.e. users adhering
to such strict dietary regimens that the application had
no prospect of effect.

Short-term laboratory studies suggest encouraging an
attentive eating style reduces food intake in participant
with healthy weight and overweight [14—16]. However,
other recent laboratory research did not replicate these
effects or demonstrate any effects of focused attention
on memory for recent food intake [17]. Given that the
present study was the first to examine the applied rele-
vance of attentive eating outside of the laboratory it is

Table 3 Descriptive statistics and regression results for intervention effect on primary and secondary outcomes in the per protocol

analyses
Intervention group Control group B (95% Cl) Beta p
mean (SD) mean (SD)
(n=27) (n=45)
Baseline
Weight at baseline (kg) 952 (22.2) 1004 (17.8)
Body fat at baseline (%) 415 (9.0) 40.3 (8.5)
Self-reported energy intake at baseline (kcal) 1968.2 (646.6) 20426 (981.5)
Taste-test energy intake at baseline (kcal) 121.3 (97.5) 1064 (93.8)
Primary outcomes
Weight change at 8 weeks (kg) -1222 - 1.1 (3.0 -03(=16,1.1) -0.01 0.71
Self-reported energy intake change at 4 weeks (kcal) —3222(513.6) —406.8 (989.8) 27.3 (= 2204, 275.0) 0.03 0.83
Self-reported energy intake change at 8 weeks (kcal) — 2209 (681.7) —300.0 (989.8) 25.7 (—297.8, 349.2) 0.02 0.87
Taste-test energy intake change at 4 weeks (kcal) — 1.3 (75.5) 144 (85.6) -19.5 (=57.1,18.2) -0.1 031
Taste-test energy intake change at 8 weeks (kcal) 386 (71.8) 12.3(90.3) 296 (86, 67.7) 0.1 013
Secondary outcomes
Weight change at 4 weeks (kg) -08(1.2) -0.7 (2.0) -02(=1.0,0.7) —0.004 0.69
Body fat change at 4 weeks (%) 02 (2.2 -05(1.6) 0.7 (=02, 1.6) 0.04 0.12
Body fat change at 8 weeks (%) -02(0.3) -04 (1.8 0.1 (=0.7,09) 0.01 0.75
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difficult to conclude whether the impact attentive eating
has on food intake has been overestimated in laboratory
studies or whether other aspects of the present interven-
tion study design explain the lack of effect of attentive
eating on energy intake and weight loss. For example, la-
boratory studies do not tell participants about the value
of and aims of eating attentively, but this might be ex-
pected to increase not decrease the effectiveness of an
intervention.

Understanding why the attentive eating application did
not produce significant weight loss may be informative.
One possibility is that increased attention to food during
active weight loss does not promote further reduced
food intake because it reminds individuals that they are
eating less than usual. Another possibility is that the ap-
plication did not have the intended psychological impact.
Although we were able to record participant adherence
to the intervention we were unable to include a direct
measurement of the extent to which the smartphone ap-
plication increased attention to food during eating and
improved memory of food eaten.

Strengths and limitations

Given that this was the first proof-of-concept trial of the
effect of attentive eating, energy intake and weight loss
were examined at only 4 and 8 week follow up. Although
this approach is consistent with other proof-of-concept
trials examining the effect of psychologically informed
weight loss interventions [24], it prevents us from mak-
ing conclusions about the longer term effectiveness of
attentive eating. However, we know of no intervention
that leads to long-term weight loss that does not also
lead to short-term weight loss and thus we can be rea-
sonably confident that this intervention is unlikely to be
effective in the long-term. A limitation of the current
study is that only 25% of the study sample was male,
which is not representative of the UK population
[41], but is similar to other weight loss trials [42]. A
strength of the present study was the use of an active
control group [22, 23] and that our control and inter-
vention group were rated similarly by participants in
terms of expected efficacy, as a failure to account for
expectancy effects when examining efficacy of behav-
ioural interventions can lead to incorrect conclusions
about intervention efficacy [43]. A further strength of
the current study was the use of both self-reported
and objective measures of food intake, as these mea-
sures used in isolation both have their weaknesses
[44, 45]. The consistent non-significant effect of the
intervention on both measures of energy intake sup-
ports the robustness of the findings, regardless of the
limitations of the individual methods. The robustness
of the trial findings is also supported by the
consistency of the results across the several methods
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used to handle missing data and the sensitivity ana-
lyses. Further, the dropout rate in the present trial
(21%) is similar to that observed in other weight loss
trials [46, 47]. We were not able to measure whether
the attentive eating application improved memory for
recent eating during the trial, so although we can
conclude the attentive eating application was ineffect-
ive in promoting weight loss, it is less clear whether
it is a useful tool by which to study the effects of
memory for recent eating outside of the laboratory.
Future work would benefit from more directly meas-
uring the effect of the application on attention paid
to food and memory for recent eating. Further, it is
likely that participants did not report all meals and
drinks consumed, however adherence to the applica-
tion was reasonable. Whilst there was a reasonable
range of intake in the bogus taste-test, intake was less
than observed in laboratory studies that are not
weight loss trials [15], suggesting that there could
have been a floor effect on food intake in the bogus
taste-test. In addition, we did not measure partici-
pants’ history of weight loss attempts or use of diet-
ary mobile phone applications which may be useful to
measure in future research for descriptive purposes.

Conclusions

A smartphone based attentive eating intervention and
standard dietary advice had no effect on energy intake or
weight loss at 4 or 8 week follow-up compared to stand-
ard dietary advice alone.

Endnotes

'In the pre-registered protocol we planned to use mul-
tiple imputation to impute missing data for additional
outcomes, however, values for additional outcome vari-
ables could not be obtained within a reasonable number
of case and parameter draws, and so last observation
carried forward was used instead.
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