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Abstract

Objectives:Most electronically delivered lifestyle interventions are labor intensive,

requiring logging onto websites and manually recording activity and diet.

Cumbersome technology and lack of a human coach may have contributed to the

limitations of prior interventions. In response, the current program of research

created a comprehensive electronically delivered lifestyle intervention using a user‐
friendly, interactive, smartphone app‐based model, and evaluated it in a randomized
controlled trial.

Methods: Twenty‐eight adults, body mass index 25–42 kg/m2, with smartphones

and sedentary jobs, were randomized to the intervention, along with conventional

outpatient weight‐management visits every 3 months, or to a wait‐listed control

group that received only weight‐management visits. The intervention included

wearable activity trackers, smartscales, food photography logs, physician‐driven
app‐based behavioral coaching, and peer support via the app. The prespecified

primary outcome was a comparison of change in weight in kilograms, in the inter-

vention versus control group at 6 months.

Results: At 6 months, the intervention group experienced a statistically significant

weight change of −7.16 ± 1.78 kg (mean ± SE, 95% CI −11.05 to −3.26, p < 0.01),

whichdiffered fromtheweight change in controls by−4.16±2.01 kg (95%CI−8.29 to

−0.02, p < 0.05, prespecified primary outcome). Weight change in the control group

was −3.00 ± 1.05 kg (95% CI −5.27 to −0.73, p < 0.05). Waist circumference and

hemoglobin A1c significantly improved (intervention vs. control: p < 0.01, p < 0.05,

respectively, prespecified secondary outcomes). Weight change in the intervention

group correlatedwith numbers of food photographs participants shared (rho= −0.86,

p < 0.01), numbers of their textmessages (rho= −0.80, p < 0.01), number of times and

days each participant stepped on the smartscale (rho= −0.73, p < 0.01; rho= −0.608,

p < 0.05, respectively), and mean daily step counts (rho = −0.55, p < 0.05).
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Conclusion: This app‐based electronically delivered lifestyle intervention produced
statistically significant, clinically meaningful weight loss and improved metabolic

health. Engagement with the intervention correlated strongly with weight loss.

Given the limited sample size, larger and longer studies of this intervention are

needed.
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1 | INTRODUCTION

There is an urgent need to create realistic interventions capable of

achieving sustained weight loss to reduce the heightened cardio-

vascular and other health risks associated with increasing weight.1,2

The problem has become more acute as increases in mean daily

energy intake have occurred in tandem with reductions in energy

expenditure at work, with the widespread transition to an informa-

tion (digital) economy.2,3

Lifestyle interventions using conventional in‐person approaches

produce weight loss and improve health, but can be difficult to

implement and sustain.4,5 High‐intensity comprehensive weight‐loss
interventions, which include self‐monitoring and extensive person-

alized feedback, are effective at producing weight loss of up to 5 kg at

6–12 months, but these interventions are too costly in time and

personnel to be implemented in typical resource‐limited primary‐
care practices. On the other hand, low‐ to moderate‐intensity
lifestyle interventions for weight loss are more affordable but have

not been shown to be effective.6 Along similar lines, a review of

randomized controlled trials (RCTs) found that behavioral weight‐
loss interventions by primary‐care physicians have achieved only

very small declines in body weight over 12 months in patients with

obesity or who are overweight.7,8 In contrast, clinically meaningful

weight loss typically requires high‐intensity comprehensive lifestyle

interventions provided in individual or group sessions by a trained

interventionist, with ≥14 face‐to‐face sessions in 6 months.6 A

comprehensive lifestyle intervention that combines dietary, physical

activity, and behavioral components is key to achieve and maintain

weight loss.6 While conventional high‐intensity comprehensive

approaches can produce clinically meaningful weight losses of

7%–9%, access and adherence to such programs are limited by

barriers such as program availability, patient proximity, trans-

portation concerns, and time constraints on healthcare providers and

patients.3,9 In addition, few studies of lifestyle interventions have

been successful at producing lasting weight loss, owing to poor long‐
term compliance, with typical annual attrition rates of over 30%.10–12

There is a growing interest in the use of electronically delivered

lifestyle interventions for weight loss (e.g., by Internet or telephone).

Electronically delivered programs may reduce many of the barriers,

listed above, that are characteristic of conventional lifestyle

interventions.9 Unfortunately, trial data so far of weight‐loss in-

terventions that involved diet and activity tracking via apps have

shown mixed results, with some studies of technology‐based
interventions showing no statistically significant difference in

weight loss between the study groups13,14 or were less effective than

expected, that is, showing paradoxically less weight loss in the group

receiving the technology‐based intervention or using wearable

activity trackers.15 Some emerging evidence supports the efficacy of

electronically delivered lifestyle interventions, provided that they

incorporate personalized feedback by a trained coach,6,9,16 a feature

that adds expense and time commitment, that is, two key barriers

seen with conventional high‐intensity interventions.9 Even so, only a
few Internet‐based interventions to date have produced clinically

significant weight losses of 5% or greater.9,16 For example, one short‐
term web‐based weight‐loss intervention was shown to be effective

over 12 weeks in primary‐care patients with obesity.16 Evidence from
an RCT showed that 38.2% of participants in an intervention group

that received exclusively remote support achieved 5% weight loss or

greater after 24 months, compared with 41.4% of participants who

received in‐person along with remote support, suggesting that

electronically delivered lifestyle interventions can be effective tools

for weight loss.17 Nevertheless, electronically delivered weight‐loss
interventions have generally produced less weight loss than

conventional high‐intensity interventions involving face‐to‐face
counseling.6,9 To date, most electronically delivered lifestyle in-

terventions have relied primarily on labor‐intensive features, such as
email, logging onto websites for educational materials, and/or

manually recording physical activity and dietary data.18–20

The current study was based on the hypothesis that small ben-

efits or adverse effects in previous studies of electronically delivered

lifestyle interventions for weight loss could be attributed, at least in

part, to the cumbersome nature of the applications (apps) and

wearables from even just a few years ago, as well as the absence of

regular physician support through the apps. Thus, a key objective was

to create a comprehensive electronically delivered lifestyle inter-

vention that could be implemented entirely on a user‐friendly,
interactive smartphone app‐based platform, to improve adherence,

sustainability, and efficacy. The United States has a high smartphone

penetration rate, with 69.6% of the population using a smartphone in

2018.21 This figure represents a significant increase from 2012, when

the country's penetration rate stood at just under 40%.21 Modern

smartphone apps can be designed, chosen, or modified to avoid

tedious features, such as logging on to websites and manual tracking

of weight, activity, and caloric intake.22 Here, the user‐friendly,
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interactive, smartphone app‐based lifestyle intervention was

designed to incorporate the three core aspects of a comprehensive

lifestyle intervention (diet, physical activity, and behavioral strate-

gies)6 and allowed for convenient monitoring with limited burden on

the participants and the professional coach. Accordingly, the inter-

vention included easy access to smartphone app‐based professional

coaching (physician support) for feedback, peer‐to‐peer support

(group chat in a social network on the app), along with automated

quantitative tracking of weight (smartscales) and physical activity

(wearable three‐axis accelerometers), as well as a food photography
log (Smart Food Diary™) to monitor diet. The app‐based lifestyle

intervention was added to conventional outpatient weight manage-

ment visits that occurred every 3 months. An endpoint at 6 months

was chosen because noncompliance is often evident by then.23

Objective parameters of retention and engagement with the

intervention were assessed as well. The experimental objective of

this study was to determine the effectiveness of the app‐based
lifestyle intervention in adults with obesity or who are overweight

in a 6‐month prospective randomized controlled clinical trial. Thus,

the trial design tested if this convenient, interactive smartphone

app‐based weight‐loss intervention would produce clinically

meaningful improvements in weight and metabolic health, with high

user retention and engagement.

2 | METHODS

2.1 | Study design

The prospective RCT was conducted at Temple University Hospital, a

tertiary‐care academic medical center in Philadelphia, Pennsylvania,

United States, from November 2016 to December 2017. Informed

consent was obtained from all participants. There was no monetary

compensation for study participation, nor could participants

randomized to the intervention group keep the smartscales or

wearable accelerometers after completing the 6‐month program.

Study sponsors were the Temple University Department of Medicine

and the Obesity Treatment Foundation. No commercial entity

donated any funds, goods, or services to this research. The trial,

including prespecified primary and secondary outcomes listed below,

was registered at ClinicalTrials.gov (NCT02742662). The study was

approved by the Temple Institutional Review Board.

2.2 | Study participants

Participants were recruited by flyer advertisements and email

listservs at Temple University Hospital and its affiliated hospital sites.

Inclusion and exclusion criteria are shown in Table S1. In brief, key

inclusion criteria were age 18–65 years, body mass index (BMI) 25–

42 kg/m2, employment in a sedentary job as assessed below,

ownership and daily use of a smartphone before enrollment, ability to

engage in moderate‐intensity exercise, willingness to track and share

data on food and physical activity with other participants in the

intervention group, and ability to comply with study requirements,

such as attending study visits. Key exclusion criteria were diabetes

mellitus, psychiatric diagnoses such as anxiety disorders or clinical

depression under treatment, eating disorders, use of weight‐loss
medications, and other serious comorbid conditions listed in Ta-

ble S1. At the time of screening, details on the nature of each par-

ticipant's job, including the number of hours spent seated during the

day, were obtained. Participants' jobs were considered sedentary if

they involved sitting for a majority of the workday. Sedentary jobs

are a major contributor to obesity,2,3 and this evaluation was aimed

at keeping the baseline physical activity levels comparable among

study participants. Comorbid conditions and psychiatric diagnoses

were assessed based on self‐reported history. Participants under-

went preliminary screening over the telephone followed by an

in‐person screening visit that included a physical exam, a compre-

hensive metabolic panel, hemoglobin A1c level (HgbA1c), and a

thyroid‐stimulating hormone level. Participants underwent an over-

night dexamethasone suppression test if they had signs suggestive of

Cushing's syndrome such as hirsutism or striae. A total of 247

participants were screened for eligibility, of whom 186 did not meet

inclusion/exclusion criteria. The most common reasons for exclusion

were BMI out of range in 22.2%, psychiatric disease in 11.5%,

musculoskeletal problems in 9.7%, and diabetes mellitus in 6.4%.

2.3 | Study intervention

The new electronically delivered lifestyle intervention is a smart-

phone app‐based monitoring and coaching system designed to

enhance behavior modification with the goal of increasing energy

expenditure and reducing energy intake. The intervention was

designed to objectively track physical activity, weight, and diet as

automatically and seamlessly as possible. The informed consent form

explicitly stated that data on physical activity and diet will be

viewable within the apps by the professional coach and by study

peers. Consistent with the goal of encouraging social support, daily

weights were specifically excluded from the data shared among the

participants. Daily weights were shared only with the coach.

The app‐based electronically delivered lifestyle intervention

used new, small, convenient wearable devices and a networking

system to connect users with each other and with the professional

coach. The professional coach throughout the study was an Obesity

Medicine Board‐certified Endocrinologist (CLV). Subjects randomized
to the intervention group received two “smart” devices—a wrist‐
worn three‐axis accelerometer to monitor physical activity (Fitbit

Charge Heart Rate™) and a smartscale (Fitbit Aria™) at the baseline

visit, which was 40–50 min in duration. At this visit, participants in

the intervention group were logged onto three apps: the Fitbit™ app

that links to the activity tracker and smartscale, and commercially

available messaging and photo‐sharing apps. Research staff gave

participants basic instructions on how to use the devices and apps.

Daily weights were tracked from the smartscales, which were Wi‐Fi
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enabled and synced to automatically send weights to each individual

participant's smartphone for self‐monitoring and to the study

database for monitoring by the professional coach. Participants in the

intervention group were instructed to step on the smartscale every

morning, without clothing, right after arising from bed and while still

fasted. The app was programmed to automatically send out a

reminder to each user to motivate him or her to meet the target for

physical activity for that day, based on continuous activity data

obtained from the wearable activity tracker. Participants in the

intervention group were instructed to wear the activity tracker as

close as possible to 24 h per day, 7 days per week, and any day with

<500 recorded steps indicated a tracking problem. Participants were
also instructed to keep the device charged and received automated

private reminders via the app to charge their trackers if the battery

was low. Research staff monitoring the study database would send

additional reminders to charge trackers if needed.

Early lifestyle modification programs prescribed low‐fat,
high‐carbohydrate diets.3,24 Research over the past 15 years, how-

ever, has shown that a variety of dietary approaches, including low‐
carbohydrate high‐protein, Mediterranean‐style, and low‐glycemic‐
load diets can aid weight loss, if they facilitate the achievement of

caloric deficits.3,6 Therefore, in the current study, each participant was

allowed to choose a diet plan from a selection of low glycemic index,

low fat, low carbohydrate, or Mediterranean style. Diet plans were

formulated using academic resources and guidelines andwere tailored

to be shared in an online format via the app.6,7 An individualized rec-

ommended caloric intake was calculated on the first day of the inter-

vention, with the goal of producing 5%weight loss in the next 3months

by using each participant's baseline and projected increase in physical

activity and each participant's baseline data (age, sex, height, and

weight).25 As soon as a participant met the initial 5% weight‐loss
target, he or she was given a new goal of additional 5% weight loss.

To conveniently track intake, participants were instructed to enable

the photo‐sharing app to allow them to take and share photographs of

their meals using their smartphones as an easy, quick, qualitative

alternative to cumbersome, inaccurate, traditional dietary logs.2,26

Food photographs were shared with all the other participants in the

intervention group andwith the professional coach, forming the Smart

Food Diary™. The Smart Food Diary™ assisted with behavior modifi-

cation by enabling the individual, the professional coach, and other

participants to observe food intake of all participants in a visually

appealing, organized manner, and allowed the coach to provide

positive reinforcement with “stars” on healthy meals. The hypothesis

was that sharing photographs of meals with other participants and the

coach would enhance self‐awareness of dietary intake, feelings of

accountability, and motivation.

Peer social networking occurred via the smartphone app that

connected participants in the intervention group with each other.

Participants could observe each other's physical activity levels and

food photographs. Thus, participants had access to an online peer‐
based social support network as they progressed through the

study. Remote professional coaching by the physician consisted of

feedback delivered via group and private messaging using shared

activity data, shared food photography logs, daily weights captured

from smartscales, and a virtual reward system for behavior change,

SmartReward™, that consisted of competitions on levels of physical

activity and dietary adherence, with emoticons as well as convenient

icons to signal approval with a single click, without having to type

anything (“likes”). During the course of the 6‐month intervention, the
professional coach sent out tailored text messages that provided

advice on strategies for behavior modification, such as stimulus

control, goal setting, and problem solving via group messaging on the

app. Coaching messages were sent out to the group based on

physician judgment and did not involve a preset protocol for fre-

quency of delivery. Participants entered competitions and received

virtual rewards via the app in the form of “trophy” emoticons for

maintaining physical activity targets and “stars” for food photographs

that indicated dietary adherence. Thus, the intervention was

designed to encourage participants to stay well connected with the

professional coach and with each other during the study.

2.4 | Study procedures

Participants who met the eligibility criteria and consented were

assigned by block randomization, block size of two, using the

Randomizer for Clinical Trial Medsharing software, to receive

the app‐based lifestyle intervention, or to a wait‐listed control group.
The control group was wait‐listed to receive the smart lifestyle

intervention after the initial 6‐month period, but only if the trial met
its prespecified primary outcome. Both the intervention and the

control group received conventional outpatient weight‐management
visits at baseline and at 3 and 6 months. The outpatient weight‐
management visits for both groups were performed in the Section

of Endocrinology, Diabetes, & Metabolism by the same physician who

performed the coaching. The visits included a diet plan, goals for

physical activity and weight, and a standard, but minimal, amount of

behavioral feedback, all of which were printed on the after‐visit
summary for the patient, following routine practice in our weight‐
loss clinic.6 All participants had weight, blood pressure, and waist

circumference measured at baseline and at the 3‐ and 6‐month visits.
In our clinic, the weight was measured by a medical assistant, who

was not purposefully blinded to the study condition, using a single

designated research smartscale (Fitbit Aria™), which was the same

type of scale that participants in the intervention group used to

monitor daily weights. Waist circumference was measured in a

standing position, midway between the lower rib margin and the iliac

crest. Laboratory tests were performed at baseline and at 6 months.

Insulin resistance for handling glucose was calculated using the

homeostatic model assessment (HOMA‐IR).

2.5 | Prespecified primary and secondary outcomes

Prespecified primary outcome: comparison of the changes in body

weight in kilograms, from baseline

558 - VAZ ET AL.



to 6 months, in the intervention group versus the control group.

Prespecified secondary outcomes: comparison of the changes in

waist circumference, systolic and diastolic blood pressure, HOMA‐IR,
HgbA1c, and plasma concentrations of triglycerides, from baseline

to 6 months, in the intervention group versus the control group; and

comparison of the changes in body weight, from baseline

to 3 months, in the intervention group versus the control group.

2.6 | Statistical analyses

Sample size to adequately power the clinical trial was estimated using

published data from a previous 6‐month technology‐based behavioral
weight‐loss interventional study that included physical activity

monitoring and a stated goal of ≥5% weight loss.27 Calculations based

on this prior work indicated that 1 standard deviation (SD) for weight

loss at 6months corresponds to approximately 5.96 kg of bodyweight,

which would be a clinically meaningful difference. The original design

of the current study had 80% power to detect 1 SD difference from

zero in the prespecified primary outcome with 16 subjects in each

group, with a two‐sided significance level of 0.05. Once the actual

sample sizes (n = 13 and n = 15) were finalized, revised calculations

indicated that the study had 75.1% power to detect an effect size of 1

SD in the primary outcome between the two groups.

Data are given as mean ± SE for continuous, normally distributed

parameters. Baseline characteristics and all primary and secondary

outcomes that involved comparisons between the two study groups

were analyzed by the unpaired Student's t‐test for continuous, nor-
mally distributed parameters and by the chi‐squared test for

categorical parameters. Within each group, changes in continuous

variables from baseline to 3 or 6 months were analyzed by the paired

Student's t‐test. Spearman's rank correlation coefficients were

calculated to test relations of weight change with quantitative

parameters that indicated several different aspects of participant

engagement (numbers of food photographs, numbers of text mes-

sages in the group chat, two assessments of smartscale use, and mean

daily step counts). All statistical tests were two‐sided with p < 0.05

considered significant. A modification of the standard intention‐
to‐treat approach, described immediately below, was used to

compare weight change at 6 months between the two study groups.

After completing our screening procedures, 31 participants in

total were randomized, 15 to the intervention, and 16 to the wait‐
listed control group. After randomization, two participants assigned

to the intervention arm were not reachable for the study and thus did

not have any baseline measurements and could not begin any

intervention. An additional participant from the control group

developed clinical depression requiring medication and was excluded

before starting the study. Therefore, the analysis included all

participants who were seen for the baseline visit (n = 28 total). An

additional participant from the control group was lost to follow‐up
after the baseline visit but was included in the analysis as last

observation carried forward. Thus, statistical analyses were

performed on all 28 randomized participants with baseline

measurements for the prespecified primary outcome of difference in

weight change at 6 months between the two study groups, and the

prespecified secondary outcomes of differences in changes in waist

circumference and in systolic and diastolic blood pressure, between

the two study groups. For the prespecified secondary outcomes of

differences in changes in HOMA‐IR, HgbA1c, and plasma concentra-

tions of triglycerides, all of which involved laboratory analyses, a per‐
protocol analysis was performed by including participants who had

blood drawn at baseline and within 7 days of trial completion

6 months later. This study design placed a premium on precise timing

of the 6‐month laboratory values, because the wait‐listed controls

began the app‐based electronically delivered lifestyle intervention at
the 6‐month mark, and many of those secondary parameters are

known to improve within just days of increased activity and

decreased caloric intake. Study retention and several different as-

pects of engagement, listed above, were measured to test feasibility

and acceptance of the intervention.

3 | RESULTS

3.1 | Baseline characteristics of study participants

Baseline characteristics are shown in Table 1. In the intervention

group, participants were 85% female, age 40.15 ± 3.72 years

(means ± SE, n = 13), initial weight 94.13 ± 3.4 kg, and BMI

34.46 ± 1.24 kg/m2. In the control group, participants were 87%

female, age 45.93 ± 3.29 years, initial weight 92.25 ± 4.37 kg, and

BMI 34.35 ± 1.47 kg/m2 (n = 15). Two participants in each group met

criteria for the metabolic syndrome. There were no significant

differences in body weight, gender or ethnic distributions, average

age, or any other baseline clinical characteristics between the

intervention and control groups (Table 1).

3.2 | Prespecified primary and secondary outcomes
with exploratory analyses

From baseline to 6 months, the intervention group underwent a

clinically and statistically significant change in body weight of

−7.16 ± 1.78 kg (95% CI −11.05 to −3.26, p < 0.01), which differed

from the weight change in the control group by −4.16 ± 2.01 kg (95%

CI −8.29 to −0.02, p < 0.05, prespecified primary outcome) (Figures 1

and 2). To explore these results, additional analyses of body weight

were performed that were not prespecified in our study design. The

percentage change in body weight in the intervention group was

−7.92% ± 2.15% (95% CI −12.6 to −3.23, p < 0.01). The control

group showed a statistically significant, but clinically inadequate,

weight change from baseline

to 6 months of −3.00 ± 1.05 kg (95% CI −5.27 to −0.73, p < 0.05) and

a % weight change of −3.15% ± 1.20% (95% CI −5.73 to −0.56
p < 0.05) (Figure 2 and Table 2). Individual changes in body weight

from baseline to 6 months for each participant in the two groups are
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shown in Figure 3. Of note, 8 participants out of 13 (61.5%) in the

intervention group lost ≥5% of their body weight (vertical arrows in

Figure 3A), compared with only four controls out of 15 (26.7%;

vertical arrows in Figure 3B). Achievement of ≥10% weight loss

showed a similar pattern: five participants in the intervention group

(38.5%) met this threshold, versus only one of the controls (6.7%).

Regarding the prespecified secondary outcomes, waist circum-

ference significantly improved by −5.70 ± 2.04 cm (95% CI −9.91 to

−1.50 p < 0.01), intervention versus control (Figure 4A and Table 2).

Waist circumference data by gender are available in Table S2.

HgbA1c significantly improved by −0.25 ± 0.08% (95% CI −0.44 to

−0.06 p < 0.05), per‐protocol analysis, intervention (n = 9), versus

control (n = 8) (Figure 4B and Table 2). There was no statistically

significant difference in the changes in systolic or diastolic blood

pressure, HOMA‐IR, or plasma triglyceride concentrations between

the two study groups at 6 months (Table 2).

3.3 | Subject retention and engagement during the
intervention

All 13 participants who began the intervention completed the entire

6 months of the intervention and engaged in all of its key compo-

nents, that is, wearing the activity tracker, sharing food photographs,

using their smartscales, and staying connected with the coach and

other participants on the apps (data on the participants' degree of

engagement are analyzed immediately below). All 13 participants

attended each of the three in‐person study visits. Thus, 100%

retention of study participants who initiated the intervention in-

dicates that the program was well received and acceptable. Study

participants reported no adverse events.

Changes in weight of each participant in the intervention group

were statistically associated with objective measurements of several

different aspects of engagement in the app‐based intervention.

Attention to caloric intake, assessed by the total number of food

photographs sent via the app (“shared”), was the strongest correlate

with weight change (Figure 5A: Spearman's rho = −0.87, p < 0.01),

followed closely by engagement with the app‐based coaching model

within the social network, assessed by the total number of text mes-

sages sent by each participant (Figure 5B: rho = −0.81 , p < 0.01). The

number of food photographs shared by each participant was

0.41 ± 0.12 (mean ± SE) per day, and quantitative data for each

participant can be seen along the x‐axis of Figure 5A and in Table S3.

The number of messages each participant sent in the group chat was

0.36 ± 0.09 per day (see Figure 5B and Table S3 for individual data).

Weight change also correlated significantly with weight‐monitoring
behaviors, assessed by the total number of times each participant

stepped on the smartscale (Figure 5C: rho = −0.74, p < 0.01), and the

number of unique days each participant checked his or her weight on

the smartscale (Figure 5D: rho= −0.61, p < 0.05). The number of times

each subject stepped on his or her smartscale per day was 0.77± 0.11,

and the proportion of days that each participant stepped on the

smartscale at least once (daily weighing rate) was 0.47 ± 0.06.

Consistent with known effects of physical activity on energy balance,

weight change significantly correlated withmean daily accelerometer‐
tracked step counts (Figure 5E: rho = −0.55, p < 0.05).

F I GUR E 1 Prespecified primary outcome: comparison of the
changes in body weight in kg, from baseline to 6 months, in the
intervention group versus the control group. Values are mean ± SE.
n = 13 intervention, n = 15 control, p = 0.0488 by the unpaired

two‐tailed t‐test

F I GUR E 2 Body weights in the intervention and control groups

over the 6 months of the study. Values are mean ± SE. *p < 0.05 for
the comparisons of the changes in body weight at 3 months
(prespecified secondary outcome) and at 6 months (prespecified
primary outcome) between the two treatment groups (unpaired

two‐tailed t‐test). Body weights at baseline were not statistically
distinguishable between the two groups (Table 1). n = 13
intervention, n = 15 control. Calculated p‐values can be found in

the legend to Figure 1 and in Tables 1 and 2
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Changes in waist circumference in the intervention group also

correlated with the number of food photographs shared (Figure 6A:

rho = −0.59, p < 0.05), the total number of text messages that each

participant sent to the group chat (Figure 6B: rho = −0.61, p < 0.05),

and each participant's mean daily step counts (Figure 6C:

rho = −0.57, p < 0.05). The distributions of diet plans chosen by

participants in each study group are shown in Table S4.

Regarding professional coaching, messages from the physician

were sent out to the entire intervention group on 140 out of 185

unique days, which was approximately 75% of days during the study

intervention. There were 22 competitions over the course of the

intervention, that is, nearly 1 per week. Thus, the intervention

successfully encouraged participants to stay well connected with the

professional coach and with each other during the study, and several

quantitative indicators of individual engagement correlated with

individual changes in waist circumference and strongly correlated

with changes in body weight.

4 | DISCUSSION

This study demonstrated that the user‐friendly, interactive,

app‐based electronically delivered lifestyle intervention met the

prespecified primary outcome of reducing weight over control, as

well as prespecified secondary outcomes of reducing waist circum-

ference and HgbA1c. The intervention required a substantial

commitment of time and effort by the participants, who received no

financial compensation and, once the study was completed, could not

keep any devices provided by the study. Thus, unusually high

participant retention and engagement support the feasibility of this

intervention. In this study, participants in the intervention group lost

an average of 7.16 kg at 6 months, corresponding to a nearly 8%

weight loss. A 5% lower body weight has been shown to reduce the

risk of type 2 diabetes mellitus by 9% in women and 11% in men.28

The degree of weight loss achieved with this electronically delivered

lifestyle intervention was similar to the weight‐loss trend at the

6‐month time point in the Diabetes Prevention Program (DPP),

reported as a reduction of 6.79 kg.29 The current intervention also

produced significant reductions in waist circumference, with a mean

change of −7.57 cm, amounting to −7.23%. For every 5% less waist

circumference, the risk of developing type 2 diabetes mellitus has

been reported to drop by 21% in women and 23% in men.28

Accordingly, we also saw a decrease in HgbA1c in the intervention

group compared with controls. Thus, this electronically delivered

lifestyle intervention produced significant metabolic health benefits.

Several components of the current intervention distinguish it

from previous technology‐based programs. First, prior studies of

app‐based lifestyle interventions that did not produce a statistically

significant difference in weight loss between the study groups had

used monitoring apps but without any human interface.13 A basis for

the design of the current intervention was that feedback from a

human coach may be required to produce meaningful behavioral

changes. Second, studies reporting that their smartphone‐based

interventions did not enhance weight loss had included social

networking with counselors and study participants but, unlike our

approach, did not include feedback from the monitoring app.14 Third,

studies of wearable activity trackers, such as the IDEA clinical trial,15

concluded that devices that monitor and provide feedback on

physical activity actually detract from standard behavioral weight‐
loss approaches. The IDEA trial reported that the addition of a

wearable technology device to a standard behavioral intervention

resulted in less weight loss over 24 months15 Of note, the wearable

activity trackers in that trial were too large to be placed on the wrist

(product dimensions 3.8 � 8.8 � 6.3 cm), requiring upper arm

placement instead, and were worn for an average of only 4 h a day,

and therefore would not reflect the convenience of the more

contemporary wrist‐worn devices used in the present study. In

addition, the IDEA trial did not initiate use of the wearable device at

the onset of the intervention, a factor that might have impeded how

readily the participants adopted and used the technology.

The use of online social networks for weight management is still

in its early stages. Only a few studies have shown promise, with the

optimal use of electronically delivered lifestyle interventions and

their eventual efficacy for weight loss remaining undetermined.18,30

Accordingly, a systematic review of weight‐loss interventions

delivered by online social networks found that only one study

F I GUR E 3 Weight change in kilograms from baseline to
6 months for each participant in the intervention group (panel A)
and in the control group (panel B). The vertical arrows in each panel
indicate participants who achieved ≥5% weight loss, a standard

threshold for a clinically meaningful change. “X” denotes a
participant who achieved <5% weight loss
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F I GUR E 4 Changes in waist circumference (panel A) and hemoglobin A1c (panel B) over 6 months. Values are mean ± SE. **Changes in

waist circumference at 6 months, intervention versus control, p = 0.0097. n = 13 intervention, n = 15 control. *Changes in hemoglobin A1c at
6 months, intervention versus control, p = 0.0131. n = 9 intervention, n = 8 control

F I GUR E 5 Correlations of each participant's weight change in the intervention group with objective indicators of different aspects of each

participant's engagement with the app‐based lifestyle intervention over the 6 months of the study. Shown are correlations of weight change
with total number of food photographs sent via the app (“shared”) (A), total number of text messages sent (B), total number of times on the
smartscale (C), total number of unique days when the smartscale was used at least once (D), and average daily step counts (E). Displayed are

Spearman's rank correlation coefficients (rho) and the corresponding p‐values. In panel A, one participant achieved a weight change of
−5.48 kg and shared 60 food photographs, and another participant had a weight change of −5.53 kg and shared 59 food photographs, and so
their data points mostly overlap on the graph; these numerical data are given in Table S3
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reported a clinically meaningful weight loss of ≥5%.31 Moreover,

electronically delivered lifestyle interventions have yet to be stan-

dardized: a systematic review of technology‐assisted interventions

for weight loss found that prior studies used various forms of

personnel, technology, and interventional strategies for behavioral

change.18 Trials most frequently utilized medical doctors (44%),

web‐based applications (63%), and self‐monitoring (81%). In-

terventions that included clinician‐guiding software or feedback from
personnel appeared to promote more weight loss than fully auto-

mated interventions.18 While there was some evidence of benefit,

studies often did not utilize pragmatic methodology and rarely pro-

vided publicly available technology, thereby limiting scalability of the

interventions.18

Another component of the current intervention that distin-

guishes it from previous weight‐loss programs is the way participants
in the intervention group were assisted in setting weight‐loss goals.
Goal setting for weight management has been shown to be effective

in other studies of electronically delivered lifestyle interventions.32

Previous weight‐loss studies have shown numerous health benefits

from weight loss of 7%–10%.24,33,34 The DPP set a fixed, study‐wide
weight‐loss goal of 7% of initial body weight, based on previous

weight‐loss trials and epidemiologic data supporting this level of

weight loss as effective in reducing diabetes risk.24,29 In the Look

AHEAD trial, each study center was expected to obtain a mean loss

≥7% of initial weight during the first year, although individual par-

ticipants were each given a fixed goal of losing 10% or more of initial

body weight.34 After 1 year, the participants had lost a mean of 8.5%

of initial weight.35 Published evidence does not demonstrate that

setting smaller goals causes more weight loss.36 Therefore, the

approach in the current study to goal setting was different from

these prior approaches in that here, the aim was to personalize, and

thereby maximize, each participant's weight loss. This approach

thereby avoided a fixed study‐wide weight‐loss goal, but instead set

an individualized, moving target: each participant was constantly

given a new weight target along with a virtual reward once he or she

achieved the previous goal. It is possible that DPP participants might

have lost more weight if a more stringent goal or a moving goal had

been set. The current study did not limit each participant's weight

loss goal to 7%, and so the intervention was able to enhance indi-

vidual weight‐loss efforts beyond that number.

The current study was designed to provide ongoing feedback,

both through the automated technology interface and through

technologically facilitated interactions with the professional coach.

The current study incorporated a human interface into an electron-

ically delivered lifestyle intervention via incorporation of professional

and peer coaching, which presumably enhanced the effectiveness of

the intervention. In addition, the act of daily weight monitoring and

tracking was made as seamless as possible, based on prior literature

that frequent weighing aids weight loss.37 As noted above, the data in

Figure 5C,D and Table S3 show that the participants in the inter-

vention group adhered to this health behavior. Further studies would

be needed to determine how much of the treatment effect here was

driven by each of these distinguishing features, particularly profes-

sional coaching and peer support, the method for setting individual-

ized moving weight‐loss targets, the self‐monitoring apps, and the

convenient, user‐friendly wearable devices and smartscales. Thus,

while self‐monitoring apps and wearable devices may enhance

effectiveness of a weight‐loss intervention, their efficacy in the cur-

rent study was tested exclusively in the setting of professional and

peer support delivered via an interactive, user‐friendly, convenient
system. In another prior study, a fully automated behavioral inter-

vention for diabetes prevention, delivered via email, Internet, and

automated phone calls to participants with prediabetes, produced a

mean difference in HgbA1c reduction of only 0.08% in the

F I GUR E 6 Correlations of each participant's change in waist circumference in the intervention group with objective indicators of different

aspects of each participant's engagement with the app‐based lifestyle intervention over the 6 months of the study. Shown are correlations of
changes in waist circumference with total number of food photographs shared (A), total number of text messages sent (B), and average daily
step counts (C). Displayed are Spearman's rank correlation coefficients (rho) and the corresponding p‐values
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intervention versus control groups.38 Several factors may be

responsible for the greater reduction in HgbA1c achieved in the

current study, including the Smart Food Diary™, physician‐driven
professional coaching, and modern, convenient wearable activity

trackers.

The current electronically delivered lifestyle intervention

allowed easy access to app‐based behavioral coaching from a

physician, who then directed the social networking interface among

study participants. By staying connected on the app with the

physician‐coach, participants possibly had increased conscientious-

ness, motivation, and diligence with the behavior‐modification stra-

tegies. The participants' awareness of being “tracked” by their doctor

would serve to reinforce their new healthy habits over the 6‐month
time frame. While automated systems that monitor and encourage

behavioral changes can improve adherence to electronic health in-

terventions, human support may enhance adherence to a significantly

greater degree.39 Therefore, the current intervention was designed

to include clear, process‐oriented expectations that each participant

was involved in determining.40 Reciprocity in the relationship,

through which the participant derived clear benefits, was explicit in

the coaching model. Human support increases adherence through

supportive accountability to a coach who is seen as trustworthy,

benevolent, and having expertise.40 People may respond more posi-

tively to accountability demands from a coach who is perceived as

legitimate.41 Moreover, the therapeutic bond is an important pre-

dictor of outcome in distance treatments, particularly when those

treatments focus on providing behavioral training, a key component

of our smartphone app‐based lifestyle intervention.42 Therefore, it

was decided to have just one physician, with expertise in weight

management and electronic health interventions, to serve as the

professional coach throughout the study. Participants derived moral

support from being connected to the coach and to each other within

the social network. The novel SmartReward™ system increased

participants' competitiveness, which furthered their motivation.

Major strengths of this study include its prospective randomized

controlled design; achievement of the prespecified primary outcome;

clinically and statistically significant weight loss in the intervention

group but not clinically adequate weight loss in the control group; a

large effect size in the primary outcome and in key secondary out-

comes of changes in waist circumference and HgbA1c; measurement

of HgbA1c levels by clinical laboratory, not by in‐home HgbA1c kits,

thereby increasing reliability; frequent objective measures of par-

ticipants' body weights with smartscales that automatically transmit

readings, thereby reducing chances of erroneous or omitted weight

readings from manual data entry; use of the food photography log

that avoided much of the inaccuracy and tediousness associated with

conventional food diaries; frequent objective measures of physical

activity that were also automatically transmitted and recorded; the

user‐friendly interactive design of the intervention; a high rate of

retention of participants who began the intervention, in contrast to

most weight‐loss studies, which report high rates of attrition10–12;

and objective measures that show high rates of participant engage-

ment. Importantly, there were no statistically significant differences

in key baseline characteristics, such as body weight, ethnicity, or age,

between the two treatment groups.

The major limitation of the study was a small sample size. A

future goal will be to replicate the study with a larger n. Although

there were unusually high rates of retention overall, two participants

in the intervention group were lost to follow up before the baseline

visit, and two participants in the control group were also lost from

the study (one developed clinical depression requiring medication

and the other was lost to follow‐up after the baseline visit). Loss of

participants, who are often nonadherers, can affect results. By

necessity, this was an un‐blinded study, and the wait‐listed control

group was aware of the precise nature of the intervention because all

participants gave consent to participate before randomization. Thus,

some controls may have initiated components of the intervention on

their own, before completing the full 6 months. As noted above, one

participant dropped out of the control group; misgivings about

treatment assignment may have played a role in this decision,

because this participant reported enrolling in a weight‐loss program
that included weight‐loss medications. Because the same physician

was the lead investigator and also delivered the coaching during the

outpatient weight management visits to both study groups and

performed coaching via the smartphone, there could have been some

confounding. On the other hand, the control group also lost a

statistically significant amount of weight at 6 months, and the degree

of their weight loss is entirely consistent with prior literature on the

efficacy of conventional coaching.

This study's recruiting method via flyers and emails, rather than

by physician referrals, required an active step by potential partici-

pants to approach research staff. Thus, the study purposefully

enrolled from a self‐selected sample of participants who may have

entered the trial more motivated to change their lifestyle than the

average patient with obesity. Selecting participants who were in the

preparation phase of behavior change43 increased the likelihood of

success of a lifestyle intervention—although it also increased the

likelihood of weight loss in our control group. Participants with BMI

>42 kg/m2, joint disease, type 2 diabetes mellitus, and/or psychiatric

disease, such as anxiety disorders or clinical depression, were

excluded from this study. Thus, the study population was not fully

representative of the entire population with obesity, in which

arthritis, type 2 diabetes, and clinical depression are prevalent. The

patient demographic was predominantly female, which is common in

behavioral weight‐loss interventions. Some participants had delays in
laboratory testing, and because the wait‐listed control group began

to receive the app‐based electronically delivered lifestyle interven-

tion promptly at the 6‐month mark, we had to exclude these delayed
laboratory measurements from our analyses. Thus, the sample size

for the prespecified secondary outcomes of HgbA1c, HOMA‐IR, and
plasma triglycerides was reduced.

Because both the professional coaching through the app and the

in‐person weight management visits were physician‐driven, the cost
of scaling up this exact intervention would be high. on cost‐effec-
tiveness and efficacy of this intervention using alternatives to

physician support, such as nurse practitioners and nutritionists, may
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be required to allow scalability. Further studies will also be needed to

determine which individual components of this electronically deliv-

ered lifestyle intervention, such as remote coaching, competitions,

food photographs, or activity tracking, produced the most effect and

whether some components should be omitted, reduced, or intensi-

fied. Modification of the intensiveness of the intervention may in-

crease its sustainability for a longer period.

5 | CONCLUSIONS

This app‐based electronically delivered lifestyle intervention met the
prespecified primary outcome of clinically meaningful and statisti-

cally significant weight loss at 6 months over control. Consistent with

the magnitude of weight loss, the intervention improved metabolic

health, as assessed by reductions in waist circumference and HgbA1c.

Weight loss in the intervention group strongly correlated with

several specific aspects of the participants' engagement in

technology‐based coaching—namely, their attention to caloric intake,
engagement with the social network, weight‐monitoring behaviors,

and physical activity. Moreover, unusually high participant retention

and engagement support the feasibility of the intervention. Thus,

weight loss comparable to the DPP goal of 7% may become more

broadly achievable.

This app‐based electronically delivered lifestyle intervention

could become a useful tool to promote weight loss, improve meta-

bolic health, and possibly prevent type 2 diabetes. Given the small

sample size of this trial, larger and longer studies of the lifestyle

intervention in different demographic groups will be valuable next

steps. Importantly, this intervention produced a large, beneficial

effect compared with other electronically delivered lifestyle

interventions. Qualitative analyses of each component of this weight‐
loss intervention will be required to understand the reasons for the

successful outcome and to guide potential improvements.
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