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Abstract

Background

Behavioral interventions for weight loss have been less effective in lower income and black
women. These poorer outcomes may in part be related to these women having more frequent
exposures to social and physical situations that are obesogenic, i.e., eating and sedentary cues
or situations.

Objectives

Working with obese, lower income black and white women, Addressing People and Place
Microenvironments (APP-Me) was designed to create awareness of self-behavior at times and
places of frequent eating and sedentary behavior.

Design

APP-Me is being evaluated in a randomized controlled trial with 240 participants recruited from
federally qualified health centers located in a single Midwestern city. All participants complete
four weeks of ecological momentary assessments (EMA) of situations and behavior. At the end
of the four weeks, participants are randomized to enhanced usual care (UC) or UC plus APP-
Me.

Methods

APP-Me is an automated short messaging system (SMS). Messages are text, image, audio, or
a combination, and are delivered to participants’ mobile devices with the intent of creating
awareness at the times and places of frequent eating or sedentary behavior. The EMA data
inform the timing of message deliveries.

Summary

This project aims to create and test timely awareness messages ina subpopulation that has not
responded well to traditional behavioral interventions for weight loss. Novel aspects of the study
include the involvement of a low income population, the use of data on time and place of
obesogenic behavior, and message delivery time tailored to an individual's behavioral patterns.

Keywords: Randomized controlled trial; weight loss; mobile health; health disparities; user-
centered design



Introduction

Obesity rates are high among middle-aged adults,[Ogden] which we here define as 35-64. This
is true among poorer and minority adults in particular. Adults living in poverty, for example,
have rates that are 50% higher than adults not living in poverty. (1) Racial disparities are also
large, and largest in middle-age where 59% of black women have a body-mass index (BMI) of
30 or greater (indicating obesity) while only 36% of white middle-aged women have an obese
BML(2)

Notably, the National Academy of Medicine (formerly the IOM) identified obesity in the urban
poor as high priority research. (3) For middle-aged black women, four of five leading causes of
death are obesity-related.(4) The concluding article in an October 2014 Obesity Reviews
Special Issue on Achieving Healthy Weight in Black American Communities reports that studies
of obesity prevention and treatment in black adults are few and insufficient. The authors
recommend exploration of electronic health approaches.(5)

Weight loss trials have generally had low representation of adults living in poverty.(6) And while
black adults have been represented in large weight loss trials such as the Diabetes Prevention
Program (DPP) and Look Ahead,(7) black women in these trials have consistently lost less
weight compared to white women.(8-13) Reasons for this are unclear but qualitative studies
point to frequent exposure to obesogenic situations for black women.(5, 14) Social support for
healthy weight in particular has been hypothesized to be low among black women relative to
white.(15-17) [] Regardless, limited success in weight loss among black and poor women
translates into significant racial and socioeconomic disparities in health and longevity—a
relatively modest weight loss of 2kg has been shown to meaningfully reduce one’s risk of
hypertension and diabetes.(18)(19)

Several recent studies have tested short message service (SMS) “text” messaging as an
approach to monitoring and supporting behaviors conducive to weight loss. (20-24) The
theoretical frameworks guiding these studies are social cognitive and self-regulation theories,
and transtheoretical model. These studies sent messages from the study staff or machine. The
frequency of text messaging ranged from two per week to six times a day. Only one study
attempted to send text messages that were coordinated with a participant’s reported daily
schedule. (23)

Weight loss success was variable across the studies. However, consistently across all of the
studies, participants who interacted most with messaging had greater weight loss. Furthermore,
only one study enrolled low-income or black women. (23) Attrition was well over 50% at 6
months in this trial, but among those who did not attrit, weight loss was 3.7 kilograms for those
receiving supportive texts versus those in standard care.

Our project first measures and compares obesogenic behavior and situations to which urban
poor black and white middle-aged women are exposed and, second, tests whether timely
messaging via a smartphone application can offset some of the influence of these situations.
Based upon the theory of automaticity(25, 26)[] and the input of middle-aged, urban poor
women who participated in our iterative user-centered design process, both of which are further
discussed below, the messages are intended to give timely awareness for physical activity and
portion control, as well as general inspiration for health. The black and white women in the
proposed study live in the same neighborhoods of a single urban county and seek care in the
same safety-net health system. This health system operates a lifestyle weight loss program
called Healthy Me, (10, 27) which is part of enhanced usual care. The purpose of this paper is
to describe the study design, assessments, and intervention.



Methods

Addressing People and Place Microenvironments (APP-Me) is funded by the National Institute
of Heart, Lung, and Blood Institute. The study is approved by the Indiana University Institutional
Review Board and registered in clinicaltrials.gov (NCT03083964).

Setting and population

This study will recruit a sample of 150 non-Hispanic black women and 150 non-Hispanic white
women ages 35—-64 who receive care in one of eight federally qualified health centers (FQHC).
Participants will reside in Indianapolis, Indiana, a city with slightly less than one million persons
as of 2016—66% non-Hispanic white and 28% black—and a median household income of
$42,168 (28).

The FQHCs from which participants will be recruited serve a patient population with high rates
of poverty—one recently completed study indicated that 50% of obese middle-aged adults in
these FQHCs report household incomes of less than $20,000 per year.(29) Further, two thirds
of the participants from this study self-identified as black.

Living in the same city, black and white women in the study will have been exposed to largely
the same macro physical environments (e.g., number of fast food restaurants and signs) but
perhaps not the same micro level physical or social environments (e.g., food in the household,
social network eating behavior). Given the influence of automaticity on weight-related
behaviors,(30) addressing the influence of micro level exposures is likely critical to furthering
research on disparities in weight loss.

User-Centered Design

In the creation of the awareness tool, we adopted a user-centered design process for the
development of consumer-facing health information technology.(31-35) This iterative design
process was comprised of three phases that (1) sought to understand the users, their tasks and
goals, and the different aspects of their surrounding environments (study phase), (2) design
abstract representations followed by more traditional artifacts such as wireframes or user
interface prototypes, and (3) evaluate the designs against users’ needs and goals.

Phase 1: This study phase included conducting 30-60 minute semi-structured individual
interviews with FQHC health coaches and black and white women aged 35-64 years. A basic
framework of questions served to probe and understand the characteristics of participants, their
perceptions toward nutrition and physical activities, and their corresponding motivations, goals,
and barriers. Data collected in this phase were transcribed and used to identify pain points,
concerns, needs of users, and implications for design.

We identified three key user requirements that influenced our subsequent design process: (1)
lack of information, (2) need for social engagement around weight management, and (3) support
while making decisions related to eating or physical activity.

Phase 2: Adapting the work discussed by lacucci and colleagues (36-39), the design phase
included a role-playing game that required players to enact and envision potential products or
services that will help support their needs specific to information, social engagement, and



support in healthy weight loss behaviors. This game included a board designed to mimic a city
and took into account the mobility of users, their various contexts, activities, and group
interactions. Each of three games required 4-5 players, with each player enacting a scenario,
identifying user needs for the scenario, proposing a solution, and participating in a group-based
discussion of the identified needs and solution by all the players. Participants converged on the
necessity for increased awareness of obesogenic behavior, which included healthy eating and
increased physical activity. From this, our team envisioned a short messaging system (SMS)
aimed at creating awareness at the right place and time to offset the influence of obesogenic
behaviors.

We then conducted a series of design sessions to identify the product requirements to design a
mobile SMS system. These included: (i) push messages in a timely manner (e.g., during times
when participates were likely to consume calories or remain sedentary), (i) push messages
depending on location and social context, (iii) push messages users or their close network ties
create in addition to those offered by the study, (iv) push messages in multiple modalities (text,
audio, and picture), and (v) collect or receive user feedback on each message. Phase 3: A
significant need for a timely and context-sensitive messaging system is understanding the
user’s behavior and schedule. This motivated the need for a mobile ecological momentary
assessment (EMA) system, which is capable of performing experience sampling. Hence,
working again with potential participants, our team developed a mobile EMA system. EMA
assessments occur in the moment and reduce recall bias(40) and is considered the gold
standard of experiential sampling.(41) EMA question formats were co-designed and evaluated
by users, and include eating, drinking, social interaction, physical activity, and location
guestions. To achieve maximum timely and context learning, we designed an enrollment
process where users set approximate times appropriate to receive EMA messages. From within
the EMA application, users set approximate times when they wake up, eat, sleep, and wish to
not be disturbed. This information guides the timing of EMA guestions for each participant.
APP-Me uses this EMA information to learn personalized user behavior and send awareness
messages to users at the right time.

Following the design and evaluation of EMA component, our team worked with potential
participants to develop the initial awareness messaging library. This process involved
participants co-designing some sample awareness messages, evaluating the usability of
APPME in presenting multi-modal awareness messages, creating personal awareness
messages, and providing feedback (as “like” or “dislike”) every time they received a message.

In short, our team built a native Android application, APPME, with an enrollment step, EMA
capability, personalized message creation and delivery, and user feedback regarding messages
(i.e., thumbs up/down). Participants' information and responses are stored on a secure server.
APPME uses Firebase Cloud Messaging (FCM), a cross-platform messaging solution that
supports reliable delivery of information through push notifications.

Study aim

The study Primary Aim was to randomize participants who have EMA response rates of at least
50 percent to enhanced usual care or enhanced usual care plus APP-Me messaging. APP-Me
messages were scheduled for up to four delivery times per day that were partially determined by
each participant’'s EMA patterns (e.g., times of frequent eating). It was hypothesized that,
compared to UC participants, APP-Me participants would lose more weight, including a greater
proportion achieving weight loss of 2kg or more.



Theoretical framework

The theory of automaticity proposes that behavior is largely based on learned habits, with
awareness of behavior low or absent.(25) Habits, and therefore behaviors, are triggered by
familiar situations and environments. (26)

Both social and physical environments have been shown to have powerful effects on automatic
weight-related behaviors.(42, 43) Experiments have shown that caloric consumption increases
from 28% of usual intake while eating with one other person to over 70% while eating with six or
more.(30) Moreover, research has shown that, compared to normal weight individuals, obese
individuals have an attentional bias when exposed to calorically dense, palatable food cues.(44,
45) Prior research has identified that changing cue exposures may change the behavior. A cue
can be virtually anything that triggers a desire, thought, or action in an individual. A laboratory-
based study exposed obese individuals to diet words (i.e., a cues) and found less attentional
bias toward palatable food words.(44) A recent European randomized trial with overweight
dieters offered an “all-you-can-eat”, free bite-sized meat snacks from a tray placed in the corner
of a meat store. Participants from this trial entered the meat shop with the smell of grilled
chicken coming from a large visible grill in the store. This trial included an experimental arm
presenting a prominent poster and a control arm with no poster. The poster exposed
participants to an advertisement for a low-calorie recipe available in the store. Control arm
participants consumed 40% more snacks than those in the experimental arm.(44) The Theory
of Automaticity suggests that exposure to the diet word ‘low calorie’ affects short-term
awareness—our brains give more attention to certain stimuli in a situation. Thus we suppose
that timely messages may affect attention, positively (more attention to the stimuli) or negatively
(less attention to the stimuli).(9)

Participant selection, recruitment and randomization protocol

Recruitmentinvolves several steps. First, health system data managers with access to
electronic medical records (EMR) identify patients who meet study BMI and demographic
criteria and received a Healthy Me referral. Second, study research assistants (RAs) seek
permission from FQHC providers to contact potentially eligible participants. Third, potentially
eligible participants are approached at a FQHC visit or receive a telephone call from an RA who
invite the patient’s participation in the study. Those indicating interest complete a brief
telephone screen. Fourth, those who are eligible are invited to schedule a home visit for
informed consent, baseline assessment, and enrollment for EMA. At the end of four weeks of
EMA, participants were randomly assigned to the intervention and control groups at a one-to-
one ratio and stratified by race, according to a randomization list provided by our biostatistical
team. Treatment assignments for individual participants were concealed in envelopes and used
sequentially by the study RAs. To select participants with a higher probability of study
completion, only those who respond to at least 50 percent of the EMA question “eating these
past 15 minutes?” are eligible for randomization. Finally, at 6 months, blinded RAs complete the
6-month follow-up assessment and collect any study equipment. Participant’s weight change
from baseline to 6 months was used as the primary outcome of the analysis. Proportions of
participants achieving 2 kg weight reduction were compared between the two treatment groups.



Figure 1. Study Recruitment, Randomization, and Assessments.
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Inclusion and Exclusion Criteria

As noted, eligibility requirements include women within the age range of 35—-64yrs, with a BMI of
30 or greater, and who received a Healthy Me referral. In addition, participants are required to
be English speaking and self-identify as being non-Hispanic black or non-Hispanic white.
Recruitment s stratified such that an equal number of black and white women will be recruited.
Those with conditions that may affect weight management are excluded (e.g., psychosis,
current cancer treatment, pregnancy or nursing within 6 months, prior bariatric surgery), Current
cigarette smokers and alcohol or substance abusers as indicated by their electronic medical
record, are also excluded.

Interventions

Enhanced Usual Care. All participants have access to enhanced usual care, which includes
access to the Healthy Me program.(10, 27) The Healthy Me program, structured around the
5A’'s of behavior change,(46) operates in Eskenazi FQHCs with a health coach (47) counseling
adult obese patients. The Healthy Me patients are typically referred by their primary care
providers after they receive a message about the patient’s high BMI in the EMR system. A
primary care provider may refer a patient with a BMI of 30 or greater to meet with a Healthy Me
coach. Healthy Me coaches are certified in behavior change counseling and fithess instruction,
and are present two or more days per week in each of 12 FQHC.

The Healthy Me program emphasizes increased physical activity, healthy food choices, and
portion control. Referred patients can meet with coaches to have their current weight-related
behavior assessed, receive assistance in problem-solving, and set an action plan for weight
loss. The action plan is entered into a Healthy Me database and becomes part of the patient’s
EMR. Health coaches give patients guidance and information on community-based
opportunities for physical activity and also provide weekly FQHC based exercise and nutrition



classes. In addition, dietary and physical activity self-monitoring instructions and logs are
provided. A “passport to wellness” incentive program gives patients points for participation that
earn them small incentive rewards (e.g., t-shirt, produce coupons, gym trial). If desired, patients
can also meet with the FQHC dietitian for nutrition guidance. A consistent message of the
program is “eat less, move more.”

APP-Me. The APP-Me intervention is in addition to Healthy Me and consists of personalized,
automated messages. The messages are intended to bring participants’ attention and
awareness back to healthy eating and physical activity. The messages that achieve this are
likely very personal. Hence, the system we created allows participants to create and rate
messages. Messages are coded by broad themes (e.g., activity, food, neutral) and subthemes
(e.g., gardening, inspiration, grocery shopping, eating out, walking, family, religion, celebrities).
An example of a food themed message with a religion subtheme is shown in Figure 2. This
message was created by the study team. An example of a neutral themed inspirational
message created by a participant during design work is shown in Figure 3.

-~ :

" Therefdre; whether yotheat
or drimk, or whatever you do

do all to the glory of God.
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Figure 2. Example of a study team created food themed message with religious subtheme.



“Mom, you can do it. Don't give up!”

Figure 3. Example of a participant created neutral themed inspirational message.

Both study staff and participants create the messages. Our team uses a web-based system to

produce a master library of messages. As for participant-created messages, textis created and
saved, images are taken or selected from camera gallery, and audio-recordings are made—all

within the app. When a participant creates a message, it is saved to her message library.

To avoid predictability, messages are randomly generated from both the master and participant
libraries. As these were received, participants are able to respond by selecting a thumbs up or
thumbs down icon. These responses provide data for the prioritizing or deletion of messages
from a participant’s library.

Participants receive a minimum of four messages per day. Every two weeks, participants have

the opportunity to increase this frequency by one message. Delivery is scheduled for morning,

mid-day, early and late evening but the actual times of these four periods are based upon each
participant’s onboarding selections (e.g., wake and physical activity times) and EMA-determined
times or places of frequent eating. Onboarding data automatically populate the message



scheduler but EMA patterns are reviewed by team members prior to being considered for
automatic scheduling. By initially observing patterns and accumulating data, we will be able to
create an algorithm of EMA patterns that will then allow automated message scheduling based
on EMA data.

Measures

Baseline RA-administered assessments are completed in participants’ homes to allow a
physical environment assessment of the home. The in-home baseline assessment requires
less than 30 minutes. Interviewer-administered assessments and surveys are carried out using
Research Electronic Data Capture (REDCap). Table 1 shows the assessments and schedule.

We obtain some covariates to allow us to adjust for potentially important correlates of weight
loss or gain and any group differences. Age, gender, race, and smoking are obtained initially
from EMR data but confirmed at the time of screening. Literacy and numeracy affects weight
management and varies by ethnicity(48) and we use the New Vital Sign as a representation of
both. (49) Food security and binge eating are measured as covariates but also as screeners for
need of assistance. Our IRB protocol contains a procedure for referral in cases of a positive
screen. Eating disorders (i.e., anorexia nervosa), however, are rare in our target population and
a formal screenis not practical.



Table 1. Measures

Construct or Object Measure or Source Frequency

Age EMR Baseline (B)

Household income Inteniew Qs B

Employment hours Inteniew Qs B

Years of education Inteniew Qs B

Health literacy and numeracy New Vital Sign(49) B

Current/Desired weight and body Inteniew Qs and body figure rating scale B, 6 months

shape

Disease diagnoses EMR B, 6

Prescription medications EMR B, 6

Smoking status Inteniew Qs B, 6

Perceived health SF-36 scale B, 6

Depression and Anxiety PHQ-2 and GAD-2 scales B, 6

Food security USDA 6-item Form USDA Food Security B, 6
Sunvey(50)

Binge eating SCOFF screener(51) B, 6

Physical activity Accelerometry 4 weeks

Eating frequency EMA 4 weeks

Social network Inteniew Qs B

Physical home environment Inteniew Qs and home assessment B

Social contacts EMA 4 weeks

Height Portable stadiometer B

Weight (primary outcome) Portable scale B, 6 months

The baseline assessment includes a semi-structured individual interview with questions on how
many televisions are in the home, whether there is a scale or fithess equipment, how often fast
food, chips, sodas, fruit juices, desserts, and fried foods are in the home, and whether these
foods are visible or hidden. The RA also records whether there is a television in or visible from
the kitchen, whether a television was turned on when entering the home, and whether there is
visible food, frying pans, or fithess equipment.

The RAs also measure the participants’ weight using the Tanita WB-800S scale, which has a
capacity of 660Ibs +/- 0.1lbs. Participants stand flat footed, shoes removed, while wearing light
clothing. Two separate measurements are taken and averaged; if weight differs by more than
0.2Ibs, a third measurement is taken; and the least congruent measurementis dropped.

Immediately following RA-administered assessments, participants completed onboarding
questions within the study app, which includes setting a usual schedule of sleep, wake, and do
not disturb times to inform the timing of EMA assessments. We have chosen a maximum of
three samples in each quadrant of a participant’s waking day; or a maximum of 12 samples per
day. As our investigation of eating behavior patterns does not require detailed data on food
type or energy intake, to minimize burden and maximize response the EMA assessment asks a
single eating and single drinking question, “Eating now or in the past 15 minutes?” [Yes, No]
and “Drinking now or in the past 15 minutes?” [No, nothing to drink, Water, Coffee/Tea—no milk

or sugar, Other].

The APP-Me app captures location (as longitude and latitude) every 10 seconds from the
mobile device. Using the Google Places API, we obtained a probability that the captured latitude
and longitude represents a particular place. To improve this, when it appears from GPS that a
participant’s location changed we ask participants via EMA to report their current location (e.g.,
home, work, restaurant, retail store, etc). Overtime, our system constructs a library of




frequented places for a participant and any future latitude and longitude readings with
coordinates within 50 meters of a participant’s frequent place are assumed to be that place.

We ask participants to give the first names of up to four persons (ties) they feel close to, any
additional household members, and how many people live in their household. This facilitates
responses to the EMA question “With anyone?”—the first names of close contacts are displayed
as response options. To avoid reminding participants of possible loneliness, this question is not
asked when at home for participant’s who report living alone.

EMA responses, GPS location, and accelerometry data are captured from the mobile devices
are stored in a secure Indiana University server, and later merged with interviewer-administered
data stored in REDCap. Participants either use their own smartphone, or a study supplied
smartphone (Google Pixel, 32 GB).

Sample Size and Power

The sample size of this study was determined to ensure adequate power for assessing the
effect of the APP-Me intervention on weight loss. For this aim, we assume that weight loss in
the study sample has a standard deviation of 10Ibs (4.535 kg). We intend to recruit and
prospectively follow 240 women, with 120 women in each treatment arm, to estimate the
intervention effect. Assuming an attrition of 20% based on our prior work in this
population[Counsell et al, 2006; Clark et al, 2018], the proposed sample size of 300 (n=150
black and n=150 white women) gives us an expected sample of 240 at 6 months, whichis 92%
power to detect a 2.0 kg difference in weight changes between the two intervention arms using
a two-sample t test at the 0.05 significance level. A 2.0 kg weight loss was judged to be
clinically meaningful in that it has been shown in randomized trials to result in a 20% reduction
in 3yr risk of hypertension[Stevens] and a 32% reduction in 3yr risk of type 2
diabetes.[Hamman] If we dichotomize the outcome as success (and failure) of achieving 2kg
weight loss, using a chi-square test, we will have 86% power to detect a 20% difference in the
rate of weight loss success between the two treatment arms (e.g., 28% vs 48%).

Analysis

The primary Specific Aim is to assess 6 month weight change between the two study arms. The
main hypothesis is that more participants in the APP-Me arm will lose 2kg or more by the end of
follow-up. We will test this hypothesis using a chi-square test. We will secondarily re-examine
the balance of baseline characteristics of the study subjects by race and by intervention arm, as
well as other relevant characteristics, such as the baseline weight. In necessary, effects of
unbalanced participant characteristics will be adjusted as covariates in logistic regression
analysis. Similarly, we will also assess the effects of obesogenic exposures on weight loss in
the enhanced usual care arm using weight change as the outcome in a linear regression
analysis. With the real time exposure data generated by the study, we will evaluate the
influences of individual exposures on weight loss in the UC subjects. The effects of other
contextual variables such as places of eating and activity, or lack thereof, can be
accommodated similarly. We hypothesize that less frequent exposure to obesogenic cues is
associated with greater weight loss. As a part of the secondary exploration, we will conduct
separate analyses for black and white women to quantify the efficacy of the treatment in each
race group, and to estimate race-specific magnitudes of exposure influence. We will assess the
racial disparity in 6 month weight change. We will explore whether racial disparities in 6 month
weight change are less in the APP-Me arm by comparing the amount of weight loss differences



due to intervention between blacks and whites. We will include a race by intervention
interaction in the linear regression model analysis to test the potentially differential treatment
effects in the two race groups. As in previous studies,(52) the difference in the race coefficients
with and without exposure variables will represent the effect size. All analysis will be conducted
using SAS software. P-values less than 0.05 will be considered as statistically significant.

Summary

APP-Me is an outcome of more than a decade of collaboration in health promotion with safety-
net health care providers and the patients they serve. This project was inspired by the need to
support patients outside of usual clinic physical space and time when patients are experiencing
the situations that trigger eating or sedentary behavior (e.g., at home alone and at evening
times) and to increase the frequency of support for weight management, which may be
especially helpful for persons exposed to significant obesogenic environments and behavior in
their daily lives. APP-Me is also inspired by recent advances in theoretical models of automatic
behaviors and the influence of momentary situations on those behaviors. APP-Me is enabled
by very recent advances in mobile technology, our highly diverse project team, and our
embedment in this large urban safety-net health system.

Our project is innovative in several ways. First, we have worked for approximately 12 months
with urban low-income women with obesity in the design of both EMA and awareness
messaging. The app was constructed with their input at every step — few health applications
have been designed with and for urban low-income women. Second, our use of an intense 4-
week period of EMA data collection as a guide to the timing of awareness message delivery is
novel. Third, we are aware of just one study that has incorporated user-created messages into
a weight loss intervention such as APP-Me (53, 54). Fourth, APP-Me is being tested on top of a
traditional coach-based model of weight loss support that is operated within safety-net clinical
sites.

Commercial apps exist that provide something similar to the awareness messages APP-Me is
testing. Fitbit, for example, sends messages that are intended to be motivating in relation to
goals set by users within the app. We are not aware that the impact of these messages has
been tested. We are also not aware of a weight management or fitness app that uses EMA
data to guide the timing of messaging. MoodMission is an app that comes closest perhaps in
that it has an onboarding process that includes questions about the times of day your mood may
need support. Messages are then delivered at those times. With very many commercial apps
and new products and existing product updates continuously added, it is likely that something
similar to APP-Me exists or will arise. As pragmatic behavioral scientists, our objective is to
design weight loss solutions for those most vulnerable to obesity and to establish an evidence-
base for potential users or to offer guidance for future improvements or redirections.

Whether a machine-delivered message can carry the emotional support required for momentary
behavior change is not known. Certainly, impactful message designs and optimal delivery
timing are highly personalized and require continuous learning and tailoring. Sustaining
engagement in such messages over time again points to a need for personalization and
continuous learning. Many commercial apps enlist social ties to provide accountability and
social engagement (e.g., Twinbody, Thirty, PumpUp). Social networks are smaller in lower-
income adults (55), so future efforts to include social ties in APP-Me may require working with
providers, pastors, or persons who may not be known to the user but who also use the app.
APP-Me is a first step in the direction of continuous learning for personalization of scalable
awareness messaging around weight-related behaviors in a highly vulnerable and understudied



population. We anticipate that the APP-Me platform will provide guidance for future work by us
and others.
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