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Abstract

Background: Thereisgrowing interest in the use of information communication technologies to treat obesity. An intervention
delivered by smartphone could be a convenient, potentially cost-effective, and wide-reaching weight management strategy.
Although there have been studies of texting-based interventions and smartphone applications (apps) used as adjuncts to other
treatments, there are currently no randomized controlled trials (RCT) of a stand-alone smartphone application for weight loss
that focuses primarily on self-monitoring of diet and physical activity.

Objective: Theaim of thispilot study wasto collect acceptability and feasibility outcomes of aself-monitoring wei ght management
intervention delivered by a smartphone app, compared to a website and paper diary.

Methods: A sample of 128 overweight volunteers were randomized to receive a weight management intervention delivered by
smartphone app, website, or paper diary. The smartphone app intervention, My Meal Mate (MMM), was developed by theresearch
team using an evidence-based behavioral approach. The app incorporates goal setting, self-monitoring of diet and activity, and
feedback viaweekly text message. The website group used an existing commercially avail able slimming website from a company
called Weight Loss Resources who also provided the paper diaries. The comparator groups delivered a similar self-monitoring
intervention to the app, but by different modes of delivery. Participants were recruited by email, intranet, newdl etters, and posters
from large local employers. Trial duration was 6 months. The intervention and comparator groups were self-directed with no
ongoing human input from the research team. The only face-to-face components were at baseline enrollment and brief follow-up
sessions at 6 weeks and 6 months to take anthropometric measures and administer questionnaires.

Results: Tria retention was 40/43 (93%) in the smartphone group, 19/42 (55%) in the website group, and 20/43 (53%) in the
diary group at 6 months. Adherence was statistically significantly higher in the smartphone group with a mean of 92 days (SD
67) of dietary recording compared with 35 days (SD 44) in the website group and 29 days (SD 39) in the diary group (P<.001).
Self-monitoring declined over time in al groups. In an intention-to-treat analysis using baseline observation carried forward for
missing data, mean weight change at 6 months was -4.6 kg (95% ClI —6.2 to —3.0) in the smartphone app group, —2.9 kg (95% ClI
—4.7t0-1.1) in the diary group, and —1.3 kg (95% Cl —2.7 to 0.1) in the website group. BMI change at 6 months was—1.6 kg/m?
(95% Cl —2.2 to —1.1) in the smartphone group, —1.0 kg/m? (95% CI —1.6 to —0.4) in the diary group, and —0.5 kg/m? (95% ClI
—0.9 t0 0.0) in the website group. Change in body fat was —1.3% (95% Cl —1.7 to —0.8) in the smartphone group, —0.9% (95%
Cl -1.5t0 -0.4) in the diary group, and —0.5% (95% CI —0.9 to 0.0) in the website group.

Conclusions: The MMM app is an acceptable and feasible weight lossintervention and afull RCT of this approach iswarranted.
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Introduction

Obesity is estimated by the World Health Organization to be
the fifth leading risk for global deaths [1], and it is associated
with arange of serious and difficult to treat conditions, such as
diabetes, some cancers, and heart disease. In the United
Kingdom, obesity isamajor public health concern reported to
affect aquarter of the adult population [2]. The economic burden
to the National Health Service (NHYS) is significant, with the
direct cost of spending on overweight and obesity estimated at
£4.2 billion in 2007 [3]. The effective treatment of obesity and
overweight is challenging and NHS primary care struggles to
provide effective support to meet demand [4]. A large
community-based survey showed that individuals desire
alternatives to face-to-face weight loss treatments and, if given
the choice, some would be interested in engaging with minimal
contact weight management programs [5].

Weight management interventions based on information and
communication technology (ICT) provide an opportunity to
engage a wide audience in a potentially flexible and
cost-effective way. In recent years, research into mobile devices
to facilitate dietary and physical activity self-monitoring and
weight-related behavior change has grown. Mobile phones, in
particular, are an intuitively appealing intervention platform
given that they are ubiquitous, engaging, and portable [6].
Researchers have investigated text message short message
service (SMYS) interventions to promote change in diet [7-9]
and physica activity [10,11]. For example, in a small
randomized controlled trial (RCT) (N=75) an SMSintervention
lasting 16 weeks led to a mean weight loss of 2.1 kg (95% ClI
-3to-1) in agroup receiving daily text messages compared to
0.4 kg (95% CI -1to 1) in the control group [7]. However, in a
follow-up study, alarger 12-month RCT of an SMSintervention
in 170 overweight and obese adults showed no statistically
significant difference in weight loss between the intervention
and control group [12]. In that study, adherence to the
text-messaging intervention was found to be related to greater
weight loss and the authors concluded that text messages might
be auseful adjunct to aweight loss program. Researchers have
also investigated dietary self-monitoring-based electronic
interventions using personal digital assistants (PDAS), electronic
portable devices that share some of the features of mobile
phones. A 6-month RCT compared a PDA alone and a PDA
with feedback to a paper diary in a sample of 210 overweight
adults. The PDA group (combined with feedback) had the
highest proportion of participants achieving greater than 5%
weight loss (63% compared with 46% in the PDA aone and
49% in the food diary alone) after 6 months [13].

A number of smartphone applications (apps) that use the
computational ahilities of the phone for self-monitoring rather
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than just the SM S component have been developed (14-17) and
tested. For example, a mobile app developed for a Nokia
platform, Wellness Diary, alows users to record health-related
data such as weight, sleep, and physical activity, and receive
feedback on input [14-16]. The Patient-Centered Assessment
and Counseling Mobile Energy Balance (PmEB) app alows
users to log food intake from a limited database of foods and
track calorie balance [18]. Another app, UbiFit, was devel oped
to promote change in physical activity [19]. However, none of
these apps have been formally evaluated in an RCT. In arecent
6-month RCT, 96 overweight and obese participants were
randomized to either a group receiving podcasts only or an
enhanced group using the podcasts, Twitter, and a smartphone
app called FatSecret for self-monitoring [20]. In this study, the
enhanced group were not found to have greater weight lossthan
the podcast-only group.

We devel oped asmartphone app for weight losscalled My Meal
Mate (MMM). The enhanced computational ability of a
smartphone alows detailed self-monitoring (of diet, physical
activity, and weight) and feedback via text message to be
combined into 1 intervention. The MMM app uses an Android
operating system so it can be trialed on an up-to-date and
popular handset. The app has been benchmarked against
commercialy available systems, such as MyFitnessPal [21],
and contains alarge, detailed UK-branded food database [22].
These factors are important to engage users with the app in a
real-life setting. Although there have been RCTs using
text-messaging interventions for weight management, PDAS
for self-monitoring and smartphone apps as adjuncts to other
weight management interventions, to our knowledge there have
not been any RCTs of a smartphone app as a weight loss
intervention in itself using both self-monitoring and
text-messaging functions. A trial of this type is necessary
because smartphone apps are readily available to the public to
download and likely to be used as a stand-alone intervention
rather than as an adjunct to another intervention (such as
podcasts or face-to-face advice). The aim of this pilot was to
test the acceptability and feasibility (recruitment, dropout, and
adherence) of MMM with aview to informing alarger trial.

Methods

Recruitment Strategy

Participants were recruited from large employerswithin L eeds,
United Kingdom, by advertising through email, intranet, posters,
and newsletters. Advertising material encouraged participants
to contact the research team, following which they were emailed
information sheets and an eligibility questionnaire. The
eligibility criteriawas abody massindex (BMI) of =27 kg/m?;
aged 18 to 65 years; willing to commit the necessary time and
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effort to the study; employed by alarge employer in Leeds; not
pregnant, breast-feeding, or planning a pregnancy; not taking
antiobesity medication or medication/insulin for diabetes; never
had surgery for weight loss; not taking the antidepressant
sertraline (due to associations with weight gain); able to read
and write in English; able to access the Internet; and willing to
be randomized to 1 of 3 groups. An inclusion cutoff BMI of

>27 kg/m?, as opposed to the more familiar cutoff point of 25

kg/m?, was chosen to ensure that participants had a reasonable
amount of weight to lose in 6 months before maintenance of
weight loss and also as a safety measure so that they would be
unlikely to lose so much weight that they fell below the defined
healthy BMI range given that the app would be used for 6
months without any clinical supervision.

I nterventions

Theresearchers devel oped the MMM smartphone app for weight
loss to be used on an Android operating system. Figures 1 and
2 are screenshots of the app. During development of MMM,
several commercially available systems, such as MyFitnessPal
and Calorie Counter, were informally evaluated by the
researchers and by discussion in focus groups with potential
system users. The MMM app was benchmarked in this way to
produce an app of equivalent appearance and functionality as
other apps available to the general public to download. Current
UK evidence-based obesity guidelines advocate a lifestyle
change approach to treatment [23]; therefore, in-line with this,
the key behavioral strategies of goa setting, self-monitoring,
and feedback underpin the MMM app. The MMM app alows
users to set a weight loss goal and self-monitor daily calorie
intake toward achieving that goal. Users select the food and
drink consumed from a database and log itemsin an electronic
food diary. Physical activity can also be recorded in the diary
enabling the user to receive instant feedback on their energy
expenditure. Progressistracked graphically and further support
is provided through tailored weekly text messages. A library of
text messages was created and each message was triggered
according to progress toward the users' calorie targets. The
messages aimed to enhance the users self-efficacy by
encouraging the users to rehearse their weight loss goals and
reinforce positive behavioral beliefs (about competence,
confidence, and mastery). The MMM app has several usability
features, such asthe ability to take photographs of food to serve
as a memory aid, and store favorite meal combinations and
recently used items. The app has an associated Web interface
to upload the recorded data. A unique feature of MMM is the
large UK-specific branded food database which was provided
by Weight Loss Resources, a commercial company [22]. The
database contains 23,000 food and drink records that reflect
both generic and branded items. The diet measures captured on
MMM have been found to correlate well with a reference
measure of diet [24]. There are a series of YouTube videos
which give a detailed account of each feature of the MMM app
that participants were able to directly link to for help [25].

The MMM app was compared against 2 other self-monitoring
interventions to allow comparison of self-monitoring on a
mobile phone against other approaches. The comparison groups
used either a self-monitoring slimming website [22] or afood
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diary accompanied by a calorie-counting book [26]. The
comparison interventions provided an opportunity to deliver a
similar self-monitoring intervention by different mediums
because each provides goal setting and self-monitoring by using
the same Weight L oss Resources food database.

Procedure

Thetrial design was a 3-armed parallel group randomized trial.
As a pilot tria, the primary outcomes were feasibility and
acceptability outcomes of adherence to the trial and adherence
to the interventions (frequency of use). Secondary outcomes
were anthropometric, which were objectively measured to give
anideaof effect size. Eligible participantswereinvited to attend
abaseline enrollment session at the University of Leeds where
height, weight, and percentage body fat (BF) were measured
by research assistants, and baseline questionnaires
self-completed. The questionnaires were designed to collect
information on demographics, technology usage, attitudes
toward weight loss, physical activity [27], eating behavior [28],
and avariety of psychosocia variables[29,30]. Weight (without
shoes) and BF were measured by using Weight Watchers 8958U
Body Analyser Scale portable weighing scales. Height (without
shoes) was measured using a portable stadiometer to the nearest
0.1 cm. After measurements were taken, participants were
randomized by a process of minimization using the Minim
software package [31] to 1 of 3 groups. The minimization
balanced equally at the medianson 3 factors: starting BMI, age,
and gender. Minimization was used because this method has
the advantage over simple or stratified randomization of
providing very similar balanced groupsin small samples[32].

After randomization, groups of participants were taken to
separate roomsto receive standardized training in their allocated
study equipment. Participants were instructed to use the study
equipment every day for aweek and then to use it as much as
they desired over the trial period. The smartphone group were
given a HTC Desire smartphone with the MMM app
predownloaded, the website group were given a voucher
providing 6 months access to the Weight Loss Resources
website, and the food diary group were given apaper food diary,
acalorie-counting book, and a calculator. All participants were
given accessto an Internet forum for socia support. Thebaseline
enrollment sessions took place over the month of June 2011
with participantsenrolling in small groups at atime. Participants
returned for repeat measures at 6 weeks and 6 months after
randomi zation. Eval uation questionnaires were al so administered
at 6 weeks and 6 months. At 6 months, study equipment was
returned. Because of the nature of the interventions, it was not
possibleto blind participantsto their assignment. Fieldworkers
carrying out measurements on parti cipantswere blinded to group
assignment and participants were asked not to discuss their
group allocation when measurements were taken.

Sample Size Deter mination

This was not a phase I11 trial; therefore, a forma sample size
calculation was not appropriate and there are few published
guidelines on recommended sample sizes for pilot trias. The
trial aimed to recruit a sample size of 135, which was a
pragmatic decision based partly on the amount of available
study equipment.
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Statistical Analysis

Statistical analysis was carried out using Stata Statistical
Software Release 11 (StataCorp L P, College Station, TX, USA).
Most analyses are descriptive because this was a pilot trial and
not powered to detect weight change. The effectiveness of the
minimization procedure was assessed by determining baseline
balance among the groups. When analyzing differences among
the 3intervention groups, 1-way analysisof variance (ANOVA)
was used for continuous outcomes found to be normally
distributed or the Kruska-Wallis test when data were not
normally distributed. For the analysis of completers versus
noncompleters, t tests were used for continuous outcomes that
were normally distributed and the Wilcoxon rank sum test for
non-normally distributed outcomes. Differences among groups
for categorical datawere analyzed by using Chi-square tests.

This pilot trial was not statistically powered to detect change
in anthropometric measures; however, results are displayed for
interest and to provide information on effect size. A regression
analysis was used to test between-group differences in change
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in anthropometric measures adjusting for the 3 factors used in
randomization at baseline (age, gender, and starting BMI). Two
analyses were conducted because there was a proportion of
missing data and unequal dropout between groups: an
intention-to-treat analysis in which all are included but using
baselineweight carried forward for missing data, and an analysis
in just those who completed 6-month follow-up.

Ethical Approval

Thistrial was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects were approved by the University of Leeds,
Faculty of Medicine and Health Research ethics committee
(ethics reference no: HSLTLM/10/002). Written informed
consent was obtained from all trial participants. In accordance
with the requirements of the International Committee of Medical
Journal  Editors (ICMJE), this trial was registered
(Clinical Trials.gov NCT01744535) and reported in accordance
with the CONSORT-EHEALTH checklist [33]. The version
number of the app tested in the pilot trial was 1.0.23.
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Figure 1. Screenshot of the My Meal Mate (MMM) homepage.
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Figure 2. Screenshot of the My Mea Mate (MMM ) food diary page.
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Results

Baseline Characteristics

Table 1 shows the baseline characteristics of the pilot study
participants by group. There were no statistically significant
differencesfound among the 3 intervention groupsfor thefactors
balanced at minimization: gender (P=.97), age (P=.82), and
BMI (P=.74). Of the 128 adults enrolled, 77% (99/128) were
female and 91% (117/128) were white. The mean age of
participants was 42 years (SD 9) and over half (58%, 74/127)
were employed in managerial and professional occupations.

The mean participant BMI was 34 kg/m? (SD 5) with over
three-quarters of participants (77%, 98/128) classified as obese

(BMI1=30 kg/m?).

Recruitment

Recruitment to thetrial took 3 months between March and May
2011. Figure 3 is a CONSORT diagram [34] showing the
participant flow through thetrial. A total of 336 (73.5% female)
people initially expressed an interest in taking part in the trial
and 231 (68.8%) of these were assessed for eligibility to take
part. The largest proportion (43.2%) of people who responded
were from Leeds City Council, followed by the University of
Leeds (27.4%). Of those screened, 49 (21.2%) were excluded
for not meeting the inclusion criteria, and almost half (49.0%)
were excluded because their self-reported BMI was less than

27 kg/m?.
In total, 182 people met the eligibility criteriaand wereinvited

to abasdline appointment. Of thoseinvited, 21 (11.5%) declined
to participate, 13 (7.1%) did not respond, and 19 (10.4%) agreed

Carter et d

to attend but did not show up to appointments. This left 129
people who attended baseline appointments. One person was
excluded at baseline because their BMI was found to be below

27 kg/m?. In total, 128 people were randomly allocated to 1 of
the 3 groups. These 128 represented 38.1% of those who had
originally expressed an interest in taking part, and 70.3% of
those who had been invited to take part who met the eligibility
criteria. With regard to sources of recruitment, the University
of Leeds provided the most study participants (42.2%) and
Leeds City Council provided the second highest proportion
(39.0%). Most participants (83.6%) heard about the study from
an electronic source, either by email (61.7%) or intranet (21.9%).

AdherencetotheTrial

In terms of tria retention, 94 (73.4%) people returned for
6-week follow-up measurements and 79 (61.7%) returned at 6
months. Table 2 shows the differences between those who
completed 6-month follow-up compared to noncompleters.
Compared totrial completers, noncompletershad astatistically
significantly greater baseline BMI and BF. There was a
statistically significant difference in self-reported health status
at baseline between completers and noncompleters, with more
completers reporting their health status as good or excellent
(P=.001). Trial dropout was statistically significantly different
among the groups (P=.001) with 3 people not attending 6-month
follow-up in the smartphone group compared with 23 people
not attending 6-month follow-up in the diary group and 23
people not attending 6-month follow-up in the website group.
The reasons given for nonattendance are shownin Table 3. The
most popular reasons given for nonattendance were didlike of
the study equipment (n=12) and personal issues (n=6).

Table 1. Baseline characteristics of the participants enrolled in the 3 arms (smartphone application, website, or diary) of the 6-month pilot randomized

controlled trial (N=128).

Smartphone (n=43) Diary (n=43) Website (n=42)

Age (years), mean (SD) 41.2 (8.5) 425 (8.3) 41.9 (10.6)
Weight (kg), mean (SD) 96.4 (16.0) 97.9 (18.7) 96.4 (19.9)
Body massindex (kg/m?), mean (SD) 33.7(4.2) 345(5.7) 34,5 (5.6)
Body fat (%), mean (SD) 35.9 (3.8) 35.9 (4.8) 36.2(3.9)
Gender (female), n (%) 33(76.7) 33(76.7) 33(78.6)
Race/ethnicity (white), n (%) 43 (100.0) 35(83.3) 39(92.9)
Smoking status (current smokers), n (%) 2(4.8) 8(19.1) 2(4.8)
Occupation (managerial professions), n (%) 32(74.4) 22(51.2) 20 (48.8)
Has a university degree, n (%) 31(72.1) 24 (55.8) 22 (52.4)
Owns a smartphone, n (%) 18 (41.9) 19 (44.2) 14 (34.2)

aThe occupation variable was dichotomized into managerial professions or not; it was originally measured as managerial and professional occupations,
intermediate occupations, small employersand own account workers, lower supervisory and technical occupation, and semiroutine and routine occupations.
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Figure 3. Flow of participants through a randomized, 3-armed, 6-month pilot trial of the My Meal Mate (MMM) smartphone application for weight

loss (N=128).
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Table 2. Differencesin baseline characteristics between trial completers and noncompleters at 6-month follow-up.

Carter et d

Noncompleters Completers
Participant characteristics (n=49) (n=79) pa
Age (years), mean (SD) 43.2(9.0) 41.2 (9.3) .23
Weight (kg), mean (SD) 1015 (18.9) 94.1(17.1) .03
BMI (kg/m?), mean (SD) 36.1(5.8) 33.1(4.5) .001
Body fat (%), mean (SD) 37.4(4.2) 35.3 (4.0 .01
Baseline physical activity (MET-min/week), mean (SD)P 1468.8 (1207.9) 16385 (1412.3) 67
Motivation to lose weight, mean (SD)¢ 8(2 8(1) 40
Confidence in ability to lose weight, mean (SD)° 7(2) 7(2 74
Number of previous weight loss attempts, mean (SD) 11.9(16.1) 6.9(7.9) A1
Consideration of future consequence score, mean (SD)® 32.5(85) 30.7(7.2) 22
Conscientiousness score, mean (SD)f 796 (11.8) 76.3(11.3) 15
Female, n (%) 38(78) 61 (77) 96
Obese (BMI=30) (yes), n (%) 39(86.7) 55 (69.6) .05
Race/ethnicity (white), n (%) 39 (88.6) 74 (93.7) 44
Smoking status (current smokers), n (%) 7(15.9) 5(6.4) .09
Occupation (manageria professions), n (%) 21 (46.7) 50 (64.1) .06
Reported health status as excellent or good, n (%) 26 (59.1) 68 (86.1) .001
Main shopper (yes), n (%) 34 (75.6) 66 (83.5) 27
Main preparer (yes), n (%) 33(73.3) 58 (73.4) .99
Currently dieting (yes), n (%) 31(68.9) 59 (74.7) .69
Constant dieter (yes), n (%) 25 (56.8) 36 (46.2) .38
Ever kept afood diary (yes), n (%) 26 (57.8) 47 (59.5) .85

@ Significant difference between completers and noncompleters assessed by 1-way t test.

b Measured by International Physical Activity Questionnaire (IPAQ); MET-min/week=metabolic equivalent of task (MET) level x minutes of activity
X events per week.

€ Based on a 10-paint scale (1=not motivated at all; 10=extremely motivated).
dBased ona 10-point scale (1=not confident at al; 10=extremely confident).

€ Measured by consideration of future consequences scale.

f Measured by International Personality Item Pool (IPIP) conscientiousness scale.

Table 3. Reasons for nonattendance at 6-month follow-up for trial noncompleters.

Reason for nonattendance Smartphone Diary Website Total
(n=43) (n=43) (n=42) (n=128)
Unable to contact to determine reason, n (%) 0(0) 9(20.9) 9(21.9) 18 (14.1)
Did not like study equipment, n (%) 3(6.9) 5(11.6) 4(9.5) 12 (9.4)
Holiday during follow-up, n (%) 0(0) 2(4.6) 0(0) 2(1.6)
IlIness, n (%) 0(0) 2(4.6) 2(4.7) 4(31)
Personal issues, n (%) 0(0) 3(6.9) 3(7.1) 6(4.7)
Study too time-consuming, n (%) 0(0) 1(2.3) 1(2.4) 2(1.6)
Pregnancy, n (%) 0(0) 0(0) 1(2.4) 1(0.8)
Willing to self-report weight only, n (%) 0(0) 1(2.3) 3(7.1) 4(3.1)
Total 3 23 23 49
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Frequency of Use of the I nterventions

Table 4 shows the total number of days the interventions were
used for each group at 6 weeks and 6 months (a compl ete day
is considered as a day with =500 and <5000 kcal energy
recorded). Intervention usage was highest in the smartphone
group at 6 months with a mean of 92 days (SD 67) completed
compared with 29 days (SD 39) in the diary group and 35 (SD
44) in the website group. There was found to be a statistically
significant difference in the number of days usage among the
groups at 6 weeks (P<.001) and 6 months (P=.001). Pairwise
comparison showed that this difference lies between the
smartphone group and the diary group (P<.001), between the
smartphone group and the website group (P<.001), but not
between the website group and the diary group (P=.14). At 6
months, 7 people had completed the smartphone el ectronic diary
every day, no participants were found to have complete daily
usage in the website and diary groups. Usage within each
intervention arm declined over time as shown in Figure 4. In
the smartphone group, 2 people recorded <7 days of food entry
compared with 19 in the diary group (assuming O entriesfor 16
nonreturned diaries at 6 weeks) and 10 people in the website
group. The median number of log-ins to the website over the
6-month period was 33 (interquartile range [IQR] 11-75). The
frequency of website log-ins ranged from 2 to 375.

Acceptability of Randomization and Satisfaction With
Equipment

Of those who completed the 6-week questionnaires (n=93),
91.2% of smartphone participants reported that they were
initially satisfied or very satisfied with their group allocation at
baseline compared with 23.1% in the diary group and 71.4%in
the website group (P=.01). When asked about how satisfied
they were with the study equipment at 6 weeks, 86.8% reported
that they were satisfied or very satisfied with the smartphone,
compared with 57.7% in the diary group and 50.0% in the
website group (P=.02). At 6 months, of those who completed
guestionnaires (n=77), 63.2% of smartphone participants were

Table 4. Total number of days that the interventions were used (N=128).
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satisfied or very satisfied with the study equipment compared
with 50.0% in the diary group and 42.1% in the website group
(P=.05). At 6 months, 23 (30.0%) compl etersreported that they
would not have volunteered for the tria if there had been no
offer of using a smartphone.

No statisticaly significant difference was seen between the
groups for self-reported ease of use of study equipment. In the
smartphone group, 86.8% reported that they found their study
equipment easy to use, compared with 65.0% in the diary group
and 83.3% in thewebsite group (P=.63). However, astatistically
significant difference between the groups was found for
self-reported convenience of use with 64.9% reporting that they
found the smartphone convenient, (compared with 35.0%inthe
diary group and 52.6% in the website group, P<.001). In the
smartphone group, 76.3% of participants agreed or strongly
agreed that they felt comfortable using the study equipment to
record their diet in socia settings compared with 40.0% in the
diary group and 21.1% in the website group (P<.001).

Changein Anthropometric M easures

The pilot tria is not statistically powered to detect change in
anthropometric measures; however, resultsare displayed to give
an idea of effect size. Asthereisa proportion of missing data
and unequal dropout, an intention-to-treat anaysis was
completed with basdline observations carried forward for
missing data (Table 5). In the intention-to-treat analysis using
all of the participants assigned to their original group, the mean
weight change was —4.6 kg (95% Cl —6.2 to -3.0) in the
smartphone group, —2.9 kg (95% CI —4.7 to —1.1) in the diary
group, and —1.3 kg (95% CI —2.7 to 0.1) in the website group.
There was found to be a statistically significant difference in
follow-up weight between the groups at 6 months (P=.004). At
6 months, weight change over timewas statistically significantly
greater in the smartphone group compared to the website group
(3.3 kg, 95% Cl -5.4 to 1.2), but not when the smartphone
group was compared to the diary group (P=.12).

Smartphone Diary Website
Intervention use (n=43) (n=43) (n=42) pa
Total number of days intervention used?
6 weeks (42 days), median (IQR) 36 (21-42) 29 (0-38) 15 (6-33) .004
Completing every day, n (%) 14 (33) 8(19) 3(7)
6 months (184 days), median (IQR) 82 (28-172) 18 (0-37) 15 (7-45) <.001
Completing every day, n (%) 7(16) 0(0) 0(0)
Completing O days/not returning 1(2 31 (78) 3(7)

paper diary, n (%)

agignificant difference between groups assessed by K ruskal-Wallis equality-of-popul ations rank test because adherence variable not normally distributed

and not improved after log transformation; significant difference at P<.05.

ba usage day is considered to be a day with =500 and <5000 kcal energy recorded.
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Figure 4. Intervention use in a randomized 3-arm pilot trial (N=128) of My Meal Mate (MMM). Adherence to the intervention arms (smartphone
application, website, and diary) over thetrial duration (6 months) is shown by total number of days completed in each intervention group. Data collection
was conducted between May to December 2011 (total 184 days for each participant in thetrial). A complete day is considered to be one with =500 kcal
and <5000 kcal energy recorded. Intervention use is for overall total days completed and not necessarily consecutive days.
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In the intention-to-treat analysis with baseline observation
carried forward, change in BMI at 6 months was —1.6 kg/m?
(95% CI —2.2 to —1.1) in the smartphone group, —1.0 kg/m?

(95% Cl —1.6 to—0.4) in the diary group, and —0.5 kg/m? (95%
Cl -0.9t00.0). Changein BF was—1.3% (95% Cl —1.7 t0—0.8)
in the smartphone group, —0.9% (95% CI —1.5 to —0.4) in the
diary group, and —0.5% (95% CI —0.9 to 0.0) in the website
group.

Table 6 isasubanalysisthat showsthe anthropometric measures
for study completersonly (participants who attended foll ow-up
at 6 months). In those who compl eted thetrial, the mean weight
change was —5.0 kg (95% CI —6.7 to —3.3) in the smartphone
group, —6.2 kg (95% Cl —9.8 to —2.7) in the diary group, and
—2.8 kg (95% CI -5.9 t0 0.2) in the website group. One person
allocated to the diary group reported that they had actually used

http://www.jmir.org/2013/4/e32/

a commercially available weight loss smartphone app during
the trial rather than the paper diary. This person lost 32 kg
overdl; if they are excluded from the diary group analysis, the
mean weight change in completersis—4.8 kg (95% Cl —7.1to
—2.7). There were not found to be statistically significant
differencesin foll ow-up weight between the groups at 6 months
(P=.63) or indifferencein change over time (smartphone-diary,
P=.99; smartphone-website, P=.40; diary-website, P=.47). A
similar trend in results was seen for BMI and BF.

Assuming baseline observation carried forward for those who
did not return for follow-up at 6 months, 35/128 (27.3% of all
participants randomized) achieved aclinically significant weight
loss (=5% of initial weight). This included 16/43 participants
(37.2%) in the smartphone group, 12/43 (27.9%) participants
inthediary group, and 7/42 (16.7%) participantsin the website

group.
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Table 5. Change in anthropometric measures using an intention-to-treat® analysis.

Anthropometric

measurements Smartphone Diary Website pb
n  Mean (95% Cl) n  Mean (95% Cl) n  Mean (95% Cl)
Weight (kg)
Baseline 43 96.8(91.9-101.8) 43 97.9(92.2-103.6) 42 96.4(90.2-102.6)
6 weeks 43 93.9°(89.0-99.0) 43 95.9°(89.8-101.7) 42 951°(89.0-101.2) 001
6 months 43 g92¢(87.0-97.4) 43 95,0° (89.0-101.0) 42 95.1(89.0-101.3) <.001
BMI (kg/m?)
Baseline 43 33.7(32.4-35.0) 43 345(32.7-36.2) 42 345(32.7-36.2)
6 weeks 43 326°(31.3-33.9) 43 337°(31.9-355) 42 340(32.3-35.7) <.001
6 months 43 321°(30.7-335) 43 33.4(31.5-35.4) 42 34.0(32.3-35.8) <.001
Body fat (%)
Baseline 42 359(34.7-37.1) 42 36.0(34.5-37.5) 42 36.3(35.1-37.5)
6 weeks 42 350°(33.7-36.2) 42 353°(33.8-36.9) 42 360(34.7-37.2) 01
6 months 42 347°(335359) 42 35.1(33.4-36.7) 42 359 (34.5-37.2) 02

8 The baseline measures recorded have been carried forward for missing data.

b Significant difference between baseline and 6-week and 6-month follow-up assessed by paired t test. The regression analysesfor differencein endpoints
between the groups adjusts for starting weight and the 3 covariates randomized on at baseline (age, baseline BMI, and gender).

¢ Statistically significant P value of <.01.

Table 6. Change in recorded anthropometric measures at 6 weeks (n=95) and 6 months (n=79) for trial completers.

Anthropometric

measurements Smartphone Diary Website pa
n Mean (95% Cl) n Mean (95% Cl) n Mean (95% Cl)

Weight (kg)

Baseline 40  96.8(91.9-101.8) 20  97.9(92.2-103.6) 19 96.4 (90.2-102.6)

6 months 40 9215 (866-97.6) 20 8515 (78.1-94.2) 19 87.0 (79.5-94.6) 62
BMI (kg/m?)

Baseline 40  33.7(32.4-35.0) 20 345(32.7-36.2) 19 34.5(32.7-36.2)

6 months 4 30 (305335) 20 30.4(28.2-326) 19  310(289-332) 58

Body fat (%)
Baseline 39 35.9(34.7-37.1) 20 36.0 (34.5-37.5) 19 36.3(35.1-37.5)
6 months 39 34.6° (33.4-35.9) 20 32.5(30.1-34.8) 19 33.7(31.7-35.8) .89

aSignificant difference between baseline and 6-week and 6-month follow-up assessed by paired t test. The regression analysisfor differencein endpoints
between the groups adjusts for starting weight and the 3 covariates randomized on at baseline (age, baseline BMI, and gender).

b Statistically significant P value of <.01.

recruitment target. Asis common to many weight losstrials, a
large proportion of the sample (77%) were women and white
(91%). The initial response rate was lower than expected and
the recruitment period was extended to 3 months. Electronic
media was the most successful recruitment strategy.

Discussion

This pilot trial has shown the MMM app to be a feasible and
acceptable weight loss intervention.

Recruitment and Response

In terms of recruitment and response, we were able to recruit
128 participants to the pilot, which was 95% of the original
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Trial Retention

The pilot trial suffered from 38% attrition overall. Attrition is
aserious difficulty in weight loss trials because of its potential
to bias results [35]. Missing data may reflect a person’s
dissatisfaction with the dietary intervention and a rebound in
weight gain. To put thisattrition figureinto context, asystematic
review of long-term weight loss trials in obese adults reported
losses to follow-up in the range of 30% to 60% [36]. A review
focusing specifically on Web-based interventions for weight
lossfound most had attrition rates greater than 20%[37]. Inthis
trial, attrition was not equal among the groups, with more
noncompleters at follow-up in the diary and Web groups
compared to the smartphone group (P<.001). In fact, the
smartphone group had extremely high retention with 93%
returning for follow-up at 6 months (compared with 53% in the
diary group and 55% in the website group).

Unequal dropout among groups is likey to be
intervention-related [32], and a dislike of the study equipment
was the most popular reason given for nonattendance at
follow-up. Questionnaire data collected at follow-up aso
supports dissati sfaction with treatment group because at 6 weeks
and 6 months satisfaction with group all ocation was statistically
significantly lower in the diary and Web groups. Unequal
dropout is a potential source of biasin alarge RCT so thiswill
need to be considered for the full trial. Another explanation for
differencesin group retention may bethat the smartphone group
felt agreater sense of responsibility to the trial given that they
had been provided with a costly piece of study equipment and
had signed an agreement that they would return it. The diary
and website group may have felt less obliged to return for
follow-up because they did not need to physicaly return any
equipment. This may be avoidable in afuture study when it is
likely that a large proportion of the population will own a
smartphone (given therising trend in smartphone ownershipin
the United Kingdom) so the app could be downloaded onto
existing phones.

The noncompletersin thetrial were morelikely to have ahigher
BMI at baseline and report poorer health status. Other studies
have shown mixed results with regard to attrition and initial
body weight and areview of the behavioral approach to weight
loss reports that both a higher and lower initial BMI have been
linked to attrition in weight loss trials [38]. It may be that this
minimal care approach is more acceptable to patients with a
lower initial baseline BMI and a perception of good health, but
interpretation should be cautious given the small sasmple size.

Frequency of Usage of the Interventions

Adherence to dietary self-monitoring was found to be
statistically significantly higher in the smartphone group than
the website and paper diary group (P<.001). Participants were
free to use the study equipment as often as they liked so the
relatively high usage in the smartphone group isinteresting. In
all 3 groups, self-monitoring declined over time so that by 6
monthsonly 7 participants (16% of the group) in the smartphone
group had managed to record their dietary intake every day (no
participants in the diary and Web group had done this).
Adherence to self-monitoring is an important process outcome
because it has been consistently linked to weight loss [39].

http://www.jmir.org/2013/4/e32/
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Researchers have taken different approaches to measuring
adherence in studies investigating technology for weight loss
so direct comparison of resultsis difficult.

A similar decline in adherence to dietary self-monitoring over
time has been reported in other studies. In arecent RCT [13]
comparing a PDA, a PDA with feedback, and a paper diary,
53% of the PDA group were adherent at 6 months compared
with 60% of the PDA with feedback group and 31% of the paper
diary group. Adherence was measured in that study as >50%
of weekly calorie goal achieved so although the result is not
directly comparable, the trend is similar. Also supporting the
results of this pilot trial, the aforementioned study found that
the PDA groups were statistically significantly more adherent
to self-monitoring than the paper diary groups. However, in
another study of dietary self-monitoring viaPDA, no statistically
significant difference in adherence was found between a PDA
and a paper diary [40].

A key strength of this pilot is the use of a smartphone app for
ahigh-end smartphone that is able to build on the research with
PDAs (having similar self-monitoring functions) but is likely
to be a more familiar technology to users. There has been a
recent surge in smartphone ownership in the United Kingdom
with 51% of the population reporting to own asmartphone[41].
It is evident that there is consumer demand for diet tracking
apps due to the popularity of commercial systems such as
MyFitnessPal [21] and Lose It! [42]. Investigating a
researcher-devel oped app gives a unique opportunity to collect
data on usage directly from the participants. In terms of
acceptability, MMM was more highly rated in comparison to
the diary and website on a range of acceptability measures,
including overall satisfaction, convenience, and acceptability
of usein socia settings.

Weight L oss

Although the pilot trial was not statistically powered to detect
adifferencein weight change among the groups, it has provided
some data on effect size. Completers in the smartphone group
had a mean weight loss of -5.0 kg (95% Cl -6.7 to -3.3) after 6
months. This is comparable to the weight loss achieved in a
large multicentered RCT of popular commercial diet programs
that reported an average weight loss of -5.9 kg at 6 months
across al diets [43]. The diary and website group had a
comparable mean weight change at 6 months as those who
returned for 6-month follow-up. When an intention-to-treat
analysis is used with baseline observation carried forward for
missing data, the mean weight change in the diary and Web
groups is more modest.

Strengths

This pilot trial has several strengths including its randomized
design. Although researchers have investigated dietary
self-monitoring as an adjunct or follow-up to abehavioral weight
loss intervention [44] or used a smartphone app to enhance
adherence to another intervention [45], thispilot trial hastaken
aminimal contact approach with no dietary advice at baseline.
The weight loss seen in the smartphone arm is encouraging
given that aminimal contact approach could be a cost-effective
and wide-reaching strategy. This approach could aso be

JMed Internet Res 2013 | vol. 15 | iss. 4| €32 p. 13
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

especialy beneficial to those who would prefer not to attend
face-to-face meetings. Another strength of the trial is the
up-to-date app for tracking diet and physical activity which is
comparablein appearance and functionality to commercial diet
tracking apps. Despite their apparent popularity, these
commercia apps have not been comprehensively evaluated to
date.

Limitations

Generalizability of the pilot results is limited given that the
sample are predominantly white, female, and employed in
managerial/professional occupations. The MMM app was a
prototype app and participants reported that they frequently
encountered bugs that caused the app to close. This may have
affected participant engagement. Twenty peopleinthetrial also
reported that they had used another intervention (either instead
of orinaddition to their originally alocated intervention) during
thetrial. Seven parti cipants from the smartphone group reported
using a weight loss website, 7 people from the diary group
reporting using awebsite, and 4 using a smartphone app and 2
from the website group reported to have used a smartphone app.
One participant originally randomized to thediary group enjoyed
self-monitoring but wanted to make it more convenient, so
downloaded the commercially available MyFitnessPal app and
used this for the duration of the trial. This person went on to
lose 32 kg and had a strong influence on the mean weight change
seen in the diary group. The degree of contamination seen in
the trial is a serious issue and has implications for the design
of a definitive RCT. In the pilot trial, participants knew what
interventions were available in the trial and athough they had
all agreed to sign up with the understanding that they would be
randomized to a group and not necessarily receive the
intervention of their choice, itisapossibility that thetrial raised
their awareness of newer |CT-based methods of weight loss
which they may not have already been aware of. In a definitive
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trial, the design would need to be atered to address
contamination. A delayed control may be used so that
participantsin the control group could be asked not to use other
weight management interventions during the tria and
participantswould be recruited in such away that did not reveal
what other groups were receiving.

Implications

Further analysis will be performed on the pilot data to
investigate the characteristics of successful usersin thetria to
seeif there is any scope for tailoring this approach. Given that
some participants have more success in behavioral weight loss
programs than others [38], knowing who will do well with this
smartphone approach is key to tailoring it appropriately. This
pilot trial has several implications for a future trial. Given the
unegual dropout in the comparator group, a larger trial may
need to consider what if any retention strategies are appropriate.
Two control groups were used in the pilot, but because
participants had comparable adherence and weight loss in the
diary group this may be the most cost-effective for afull trial.
Further research would also benefit from an economic analysis
to investigate the cost of implementing a smartphone app
intervention compared with other types of weight management
intervention.

Conclusion

This pilot trial of a smartphone app for weight loss has shown
that it isboth an acceptable and feasible intervention. Adherence
totheintervention and to thetrial was greater inthe smartphone
group than the comparator groups and the app wasrated highly
in satisfaction and acceptability. To our knowledge, there have
been no large RCTs of smartphone apps for weight loss and
thispilot trial provides valuable datathat could be used toinform
such atrial.

The study was funded by a National Prevention Research Initiative grant (grant number G0802108). MC was involved with the
design and running of the study, data collection, analysis and interpretation of the data, and wrotetheinitial draft of the manuscript.
JC and VB assisted in designing the study, interpretation of the data, supervision of the project, and preparation of the manuscript.
CN helped with data collection and formatting of tables. Also, thank you to Mrs Claire Mcloughlin for clerical support and help
with data collection and entry.

Conflictsof I nterest

The authors devel oped the My Meal Mate (MMM) application for the purposes of thistrial by working with a software company
(Blueberry Consultants). The University of Leeds owns full intellectual property of the MMM app. The researchers devel oped
the application and objectively evaluated it, but have no commercial intent with the app, which is available for free download.

Multimedia Appendix 1
CONSORT EHEALTH checklist V1.6.2[33].

[PDE File (Adobe PDF File), IMB-Multimedia Appendix 1]

References

1.  World Hesalth Organization. Global database on body massindex URL : http://apps.who.int/bmi/index.jsp?introPage=intro_3.
html [accessed 2012-07-24] [WebCite Cache ID 690QbEoVe]

2. Thelnformation Centrefor Health and Social Care. 2012 Feb 23. Statistics on Obesity, Physical Activity and Diet: England,
2012 URL: http://www.ic.nhs.uk/pubs/opad1? [accessed 2012-07-25] [WebCite Cache |D 69PoNojPy]

http://www.jmir.org/2013/4/e32/ JMed Internet Res 2013 | vol. 15 | iss. 4 | €32 | p. 14

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i4e32_app1.pdf&filename=fd4ee397e283b7ff7a424fc8ec15ff23.pdf
https://jmir.org/api/download?alt_name=jmir_v15i4e32_app1.pdf&filename=fd4ee397e283b7ff7a424fc8ec15ff23.pdf
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://www.webcitation.org/

                                                69OQbEoVe
http://www.ic.nhs.uk/pubs/opad12
http://www.webcitation.org/

                                                69PoNojPy
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Carter et d

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Butland B, Jebb S, Kopelman P, McPherson K, Thomas S, Mardell J. Foresight Tackling Obesities: Future Choices-Project
Report. UK: Government Office for Science; 2007. URL : http://www.bis.gov.uk/assets/foresi ght/docs/obesity/17.pdf
[accessed 2013-02-08] [WebCite Cache ID 6EHKkWf0i2]

Jolly K, Lewis A, Beach J, Denley J, Adab P, Deeks JJ, et al. Comparison of range of commercial or primary care led
weight reduction programmes with minimal intervention control for weight lossin obesity: lighten Up randomised controlled
trial. BMJ 2011;343:d6500 [FREE Full text] [Medline: 22053315]

Sherwood NE, Morton N, Jeffery RW, French SA, Neumark-Sztainer D, Falkner NH. Consumer preferencesin format and
type of community-based weight control programs. Am JHealth Promot 1998;13(1):12-18. [Medline: 10186930]
Klasnja P, Pratt W. Healthcare in the pocket: mapping the space of mobile-phone health interventions. J Biomed Inform
2012 Feb;45(1):184-198 [FREE Full text] [doi: 10.1016/}.jbi.2011.08.017] [Medline: 21925288]

Patrick K, Raab F, Adams MA, Dillon L, Zabinski M, Rock CL, et al. A text message-based intervention for weight loss:
randomized controlled trial. JMed Internet Res 2009;11(1):e1 [FREE Full text] [doi: 10.2196/jmir.1100] [Medline:
19141433]

Joo NS, Kim BT. Mobile phone short message service messaging for behaviour modification in acommunity-based weight
control programme in Korea. J Telemed Telecare 2007;13(8):416-420. [doi: 10.1258/135763307783064331] [Medline:
18078554]

Haapalal, Barengo NC, Biggs S, Surakka L, Manninen P. Weight loss by mobile phone: a 1-year effectiveness study.
Public Health Nutr 2009 Dec;12(12):2382-2391. [doi: 10.1017/S1368980009005230] [Medline: 19323865]

Fjeldsoe BS, Miller YD, Marshall AL. MobileMums: arandomized controlled trial of an SMS-based physical activity
intervention. Ann Behav Med 2010 May;39(2):101-111. [doi: 10.1007/s12160-010-9170-7] [Medline: 20174902]
Hurling R, Catt M, Boni MD, Fairley BW, Hurst T, Murray P, et al. Using internet and maobile phone technology to deliver
an automated physical activity program: randomized controlled trial. JMed Internet Res 2007;9(2):e7 [EREE Full text]
[doi: 10.2196/jmir.9.2.e7] [Medline: 17478409]

Shapiro JR, Koro T, Doran N, Thompson S, Sallis JF, CalfasK, et al. Text4Diet: arandomized controlled study using text
messaging for weight loss behaviors. Prev Med 2012 Nov;55(5):412-417. [doi: 10.1016/j.ypmed.2012.08.011] [Medline:
22944150Q]

Burke LE, Conroy MB, Sereika SM, Elci OU, Styn MA, Acharya SD, et al. The effect of electronic self-monitoring on
weight loss and dietary intake: arandomized behavioral weight losstrial. Obesity (Silver Spring) 2011 Feb;19(2):338-344
[FREE Full text] [doi: 10.1038/0by.2010.208] [Medline: 20847736]

Mattila E. Design and evaluation of a mobile phone diary for personal health management. Vuorimiehentie, Finland: VTT
Technical Research Centre of Finland; 2010. URL: http://www.vtt.fi/inf/pdf/publications/2010/P742.pdf [accessed
2013-02-08] [WebCite Cache ID 6EHI7]Y CB]

Mattila E, Korhonen I, Salminen JH, Ahtinen A, Koskinen E, Séreld A, et al. Empowering citizens for well-being and
chronic disease management with wellness diary. IEEE Trans Inf Technol Biomed 2010 Mar;14(2):456-463. [doi:
10.1109/T1TB.2009.2037751] [Medline: 20007055]

MattilaE, Lappalainen R, Parkka J, Salminen J, Korhonen |. Use of amobile phone diary for observing wei ght management
and related behaviours. J Telemed Telecare 2010;16(5):260-264. [doi: 10.1258/jtt.2009.091103] [Medline: 20483880]
Lee W, Chae YM, Kim S, Ho SH, Choi |. Evaluation of a maobile phone-based diet game for weight control. J Telemed
Telecare 2010;16(5):270-275. [doi: 10.1258/jtt.2010.090913] [Medline: 20558620]

Tsai CC, Lee G, Raab F, Norman GJ, Griswold WG, Patrick K. Usability and feasibility of PmEB: amobile phone application
for monitoring real time caloric balance. 2006 Presented at: Pervasive Health Conference and Workshops, 2006; Nov 29
2006-Dec 1 2006; Innsbruk, Austria p. 1-10. [doi: 10.1109/PCTHEALTH.2006.361659]

Consolvo S, McDonald DW, Toscos T, Chen MY, Froehlich J, Harrison B, et a. Activity sensing in the wild: afield trial
of ubifit garden. In: Proceedings of the twenty-sixth annual SIGCHI conference on human factors in computing systems.
2008 Presented at: Conference on Human Factors in Computer Systems; April 5-10, 2008; Florence, Italy p. 1797-1806.
Turner-McGrievy G, Tate D. Tweets, Apps, and Pods: Results of the 6-month Maobile Pounds Off Digitally (Mobile POD)
randomized weight-loss intervention among adults. J Med Internet Res 2011;13(4):e120 [FREE Full text] [doi:
10.2196/jmir.1841] [Medline: 22186428]

MyFitnessPal. URL: http://www.myfitnesspal.com/ [accessed 2012-07-24] [WebCite Cache ID 6900QhV 7f5]

Weight Loss Resources. URL : http://www.wei ghtlossresources.co.uk/ [accessed 2012-07-24] [WebCite Cache ID
690QIvXnX]

National Institutefor Health and Clinical Excellence, National Collaborating Centrefor Primary Care. Obesity: the prevention,
identification, assessment and management of overweight and obesity in adults and children. 2006 Dec. URL: http://www.
ncbi.nlm.nih.gov/books/NBK 63696/pdf/ TOC.pdf [accessed 2013-02-08] [WebCite Cache ID 6EHmUsIDu]

Carter MC, Burley VJ, Nykjaer C, Cade JE. 'My Meal Mate' (MMM): validation of the diet measures captured on a
smartphone application to facilitate weight loss. Br JNutr 2012 May 3:1-8. [doi: 10.1017/S0007114512001353] [Medline:
22717334]

YouTube. My Meal Mate videos URL: http://www.youtube.com/user/michcart1Xeature=mhee [accessed 2012-10-19]
[WebCite Cache ID 6BWpTZiR7]

http://www.jmir.org/2013/4/e32/ JMed Internet Res 2013 | vol. 15 | iss. 4| €32 | p. 15

(page number not for citation purposes)


http://www.bis.gov.uk/assets/foresight/docs/obesity/17.pdf
http://www.webcitation.org/

                                                6EHkWfoi2
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=22053315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22053315&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10186930&dopt=Abstract
http://europepmc.org/abstract/MED/21925288
http://dx.doi.org/10.1016/j.jbi.2011.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21925288&dopt=Abstract
http://www.jmir.org/2009/1/e1/
http://dx.doi.org/10.2196/jmir.1100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19141433&dopt=Abstract
http://dx.doi.org/10.1258/135763307783064331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18078554&dopt=Abstract
http://dx.doi.org/10.1017/S1368980009005230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19323865&dopt=Abstract
http://dx.doi.org/10.1007/s12160-010-9170-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20174902&dopt=Abstract
http://www.jmir.org/2007/2/e7/
http://dx.doi.org/10.2196/jmir.9.2.e7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17478409&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2012.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22944150&dopt=Abstract
http://europepmc.org/abstract/MED/20847736
http://dx.doi.org/10.1038/oby.2010.208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20847736&dopt=Abstract
http://www.vtt.fi/inf/pdf/publications/2010/P742.pdf
http://www.webcitation.org/

                                                6EHl7jYCB
http://dx.doi.org/10.1109/TITB.2009.2037751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20007055&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2009.091103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20483880&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2010.090913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558620&dopt=Abstract
http://dx.doi.org/10.1109/PCTHEALTH.2006.361659
http://www.jmir.org/2011/4/e120/
http://dx.doi.org/10.2196/jmir.1841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22186428&dopt=Abstract
http://www.myfitnesspal.com/
http://www.webcitation.org/

                                                69OQhV7f5
http://www.weightlossresources.co.uk/
http://www.webcitation.org/

                                                69OQlvXnX
http://www.webcitation.org/

                                                69OQlvXnX
http://www.ncbi.nlm.nih.gov/books/NBK63696/pdf/TOC.pdf
http://www.ncbi.nlm.nih.gov/books/NBK63696/pdf/TOC.pdf
http://www.webcitation.org/

                                                6EHmUsiDu
http://dx.doi.org/10.1017/S0007114512001353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22717334&dopt=Abstract
http://www.youtube.com/user/michcart1?feature=mhee
http://www.webcitation.org/

                                                6BWpTZiR7
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Carter et d

26.
27.

28.

29.

30.

31.

32.
33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Kellow J, Costain L, Beeken L. Calorie, Carb & Fat Bible. Peterborough, UK: Weight L oss Resources; 2011.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
guestionnaire: 12-country reliability and validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-1395. [doi:

10.1249/01.M SS.0000078924.61453.FB] [Medline: 12900694]

Stunkard AJ, Messick S. The three-factor eating questionnaire to measure dietary restraint, disinhibition and hunger. J
Psychosom Res 1985;29(1):71-83. [Medline: 3981480]

Strathman A, Gleicher F, Boninger DS, Edwards CS. The consideration of future consequences: weighing immediate and
distant outcomes of behavior. Journal of Personality and Social Psychology 1994 1994;66(4):742-752. [doi:
10.1037/0022-3514.66.4.742]

Goldberg LR, Johnson JA, Eber HW, Hogan R, Ashton MC, Cloninger CR, et a. The international personality item pool
and the future of public-domain personality measures. Journal of Research in Personality 2006 Feb 2006;40(1):84-96. [doi:
10.1016/}.jrp.2005.08.007]

Evans S, Royston P, Day S. Minim: allocation by minimisationinclinical trials. URL: http://www-users.york.ac.uk/~mb55/
guide/minim.htm [accessed 2013-02-08] [WebCite Cache ID 6EHN7EFX0]

Altman DG. Practical Statistics for Medical Research. London: Chapman and Hall; 1991.

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. J Med Internet Res 2011 Dec 2011;13(4):e126 [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]

Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 statement: updated guidelinesfor reporting parallel
group randomised trials. BMJ 2010;340:¢332 [ FREE Full text] [Medline: 20332509]

Ware JH. Interpreting incomplete datain studies of diet and weight loss. N Engl JMed 2003 May 22;348(21):2136-2137.
[doi: 10.1056/NEJM e030054] [Medline: 12761370]

Douketis JD, Macie C, Thabane L, Williamson DF. Systematic review of long-term weight loss studies in obese adults:
clinical significance and applicability to clinical practice. Int JObes (Lond) 2005 Oct;29(10):1153-1167. [doi:
10.1038/5.ij0.0802982] [Medline: 15997250]

Neve M, Morgan PJ, Jones PR, Collins CE. Effectiveness of web-based interventions in achieving weight loss and weight
loss maintenancein overweight and obese adults: a systematic review with meta-analysis. Obes Rev 2010 Apr;11(4):306-321.
[doi: 10.1111/j.1467-789X.2009.00646.x] [Medline: 19754633]

Wing RP, Phelan S. Behavioural treatment of obesity: strategiesto improve outcome and predictors of success. In: Obesity:
Mechanisms and Clinical Management. Philadelphia, PA: Lippincott Williams & Wilkins; 2003:415-435.

Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. JAm Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]

Yon BA, Johnson RK, Harvey-Berino J, Gold BC. The use of a personal digital assistant for dietary self-monitoring does
not improve the validity of self-reports of energy intake. JAm Diet Assoc 2006 Aug;106(8):1256-1259. [doi:
10.1016/j.jada.2006.05.004] [Medline: 16863723]

Kantar Worldpanel. URL: http://www.kantarworldpanel.com/ [accessed 2012-07-24] [WebCite Cache ID 690QpM xsu]
iTunes. Lose It! By FitNow URL: https://itunes.apple.com/calapp/l ose-it!/id2973686297mt=8 [accessed 2013-02-08]
[WebCite Cache ID 6EHnubDpC]

Truby H, Baic S, deLooy A, Fox KR, Livingstone MB, Logan CM, et al. Randomised controlled trial of four commercial
weight loss programmes in the UK: initial findings from the BBC "diet trials'. BMJ 2006 Jun 3;332(7553):1309-1314
[FREE Full text] [doi: 10.1136/bmj.38833.411204.80] [Medline: 16720619]

Burke LE, Conroy MB, Sereika SM, Elci OU, Styn MA, Acharya SD, et al. The effect of electronic self-monitoring on
weight loss and dietary intake: arandomized behavioral weight losstrial. Obesity (Silver Spring) 2011 Feb;19(2):338-344
[FREE Full text] [doi: 10.1038/0by.2010.208] [Medline: 20847736]

Turner-McGrievy GM, Campbell MK, Tate DF, Truesdale KP, Bowling JM, Crosby L. Pounds Off Digitally study: a
randomized podcasting weight-loss intervention. Am J Prev Med 2009 Oct;37(4):263-269 [FREE Full text] [doi:
10.1016/j.amepre.2009.06.010] [Medline: 19765496]

Abbreviations

ANOVA: analysis of variance

BF: body fat

BMI: body massindex

ICT: information and communication technology
IPIP: International Personality Item Pool

MET: metabolic equivalent of task

MMM: My Meal Mate

NHS: National Health Service

PDA: personal digital assistants

http://www.jmir.org/2013/4/e32/ JMed Internet Res 2013 | vol. 15 | iss. 4| €32 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12900694&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3981480&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.66.4.742
http://dx.doi.org/10.1016/j.jrp.2005.08.007
http://www-users.york.ac.uk/~mb55/guide/minim.htm
http://www-users.york.ac.uk/~mb55/guide/minim.htm
http://www.webcitation.org/

                                                6EHn7EFx0
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://europepmc.org/abstract/MED/20332509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332509&dopt=Abstract
http://dx.doi.org/10.1056/NEJMe030054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12761370&dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0802982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15997250&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2009.00646.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19754633&dopt=Abstract
http://europepmc.org/abstract/MED/21185970
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185970&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2006.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16863723&dopt=Abstract
http://www.kantarworldpanel.com/
http://www.webcitation.org/

                                                69OQpMxsu
https://itunes.apple.com/ca/app/lose-it!/id297368629?mt=8
http://www.webcitation.org/

                                                6EHnubDpC
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=16720619
http://dx.doi.org/10.1136/bmj.38833.411204.80
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16720619&dopt=Abstract
http://europepmc.org/abstract/MED/20847736
http://dx.doi.org/10.1038/oby.2010.208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20847736&dopt=Abstract
http://europepmc.org/abstract/MED/19765496
http://dx.doi.org/10.1016/j.amepre.2009.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19765496&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Carter et d

PmEB: Patient-Centered Assessment and Counseling Mobile Energy Balance
RCT: randomized controlled trial
SMS: short message service

Edited by G Eysenbach; submitted 25.07.12; peer-reviewed by J Johnston, S Sethi, D Spruijt-Metz; comments to author 25.09.12;
revised version received 23.10.12; accepted 02.01.13; published 15.04.13

Please cite as.

Carter MC, Burley VJ, Nykjaer C, Cade JE

Adherence to a Smartphone Application for Weight Loss Compared to Website and Paper Diary: Pilot Randomized Controlled Trial
J Med Internet Res 2013;15(4): €32

URL: http://www.jmir.org/2013/4/e32/

doi: 10.2196/jmir.2283
PMID: 23587561

©Muichelle Clare Carter, Victoria Jane Burley, Camilla Nykjaer, Janet Elizabeth Cade. Originaly published in the Journal of
Medical Internet Research (http://www.jmir.org), 15.04.2013. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is
properly cited. The complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis
copyright and license information must be included.

http://www.jmir.org/2013/4/e32/ JMed Internet Res 2013 | vol. 15 | iss. 4| €32 | p. 17
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

