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Abstract

Background: Obesity is the number one health risk facing Americans. The
obesity epidemic in America is attributed to physical inactivity, unhg&ithd choices,
and excessive food intake. Structured weight loss programs have been suatessful i
initiating behavior change and weight loss; however, weight is almost alegagised
over time. The rate of weight gain is highest immediately afteyaties of a structured
weight loss program. Thus, effective interventions are needed that carsfulbcbs
used following a structured weight loss program to sustain weight loss and prevent
weight relapse. Due to low cost, ubiquity, and ease of use, healthcare communicated
through mobile technology, or “mHealth”, may be able to serve as an effeediarm
to reach a large number of people to facilitate weight loss behaviors. Short message
service (SMS), also known as text messaging, is easy to use, ubiquitous, affaadebl
can target people directly where they are regardless of geographic location,
socioeconomic status, or demographic factors. A review of the literature desiteuhs
limited information regarding message content, timing and frequency of message
delivery and only 3 of 14 SMS-related interventions reviewed demonstratedsacstihfi
significant effect on weight loss, diet or exercise. Additionally, informadio how to
integrate and leverage SMS as a health promotion tool for weight loss was @b itim
the literature.

The Behavior Change Process model was used as a guide to understand how to

develop an intervention to help people sustain recent weight loss. Furthermorehresearc



suggests interventions that target and frame messages about how pebpi@aéam
their life through either a prevention or promotion focus may be beneficial atatiudgi
people to self-regulate and sustain recent behavioral changes. The gmabhfdy was
to design an intervention that would help people stay in the continued response phase of
the Behavior Change Process and help prevent weight relapse. Using th@Behavi
Change Process and regulatory focus theory, an intervention was developed tha
leveraged short message service (SMS) to deliver messages to people wiecérhe
lost weight in attempt to help them sustain weight loss and prevent relapse.

Methods: First, a pilot study was conducted to inform the development of a SMS
software application, the development of message content and the frequencyirand tim
of message delivery. Second, an exploratory 3-arm mixed methods randomized
controlled trial was conducted to test the feasibility, acceptabilityepgon of the
usefulness, and efficacy of a weight loss sustaining mHealth SMS intervemiooig a
people with obesity. Participants (N=120) were randomized to a promotion message
group, a prevention message group, or an attention-control general healthenygesa.
Participants completed baseline assessments, and reported their wkightl&8 months
post-baseline to assess efficacy of the intervention on sustaining weiglhh laddition,
participants partook in a phone interview follow completion of the intervention tcsasses
acceptability and usefulness.

Results: Participants found the message content and intervention acceptable and a

majority perceived value in receiving messages via SMS that promote weght los



sustaining behaviors. Interview data implied that the intervention servedragdee

and daily cue to action. Participants were favorable towards receiving aetaihder,

which they noted helped them to stay focused, and in some cases to keep them motivated
to continue losing weight. And a majority, 42 (91%) who participated in a telephone
interview said that they preferred to get messages on their cell phone doedsilalkty

and convenience. A minimum of one message per day delivered at approximately 8:00
A.M. was deemed the optimal delivery time and frequency. This was particulelior
weight loss, which many participants reported as a daily struggle that lesgry

morning. With regards to sustaining weight loss, there was a statisticdlitr sustained
weight loss at months 1 and 3 in the promotion and prevention framed message groups
compared to the control group in both the intent-to-treat and evaluable casesanalyse
Clinically, there was a significant decrease in mean weight of appateiyrb pounds at
month 3 in the promotion and prevention groups compared to the control. Additionally,
effect sizes indicated a large effect of the intervention on sustaining uesghh the
promotion and prevention groups relative to the control group.

Conclusion: Overall results showed that at the continued response phase of the
behavioral change process, it was feasible to design an application to deliverigagromot
and prevention framed weight loss sustaining messages. In particular, prevantied fr
messages may have been more useful in helping participants sustain weighthdogh
there was less than 80% power to detect a statistically significanmedidks the observed

effect sizes in this study were significant and demonstrated a largedadftbe

Vi



promotion and prevention interventions on sustaining weight loss relative to control.
Furthermore, there was a clinically significant increase in mearhweigs and in the
number of people who sustained weight loss in the promotion and prevention intervention
groups compared to control.

These findings may serve as a reference for future interventions desidredg
people thwart relapse and transition from a state of sustaining recent lesgght
behaviors to a state of maintenance. Technological tools such as this SM$iiiterve
that are constructed and guided by evidence-based content and theoreticaltsonstruc
show promise in helping people sustain healthy behaviors that can lead to improved

health outcomes.
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1. Introduction

Obesity is the number one health risk facing Americans (Hoque, McCusker,
Murdock, & Perez, 2010; Reuters, 2003; Weight-control Information Network, 2010).
Over one-third of American adults are obese (National Center for HealigtiSsat
2009). This condition is very costly (Finkelstein, Fiebelkorn, & Wang, 2004; National
Center for Chronic Disease Prevention and Health Promotion, 2009) at over $190 billion
annually (Cawley & Meyerhoefer, 2012) and is associated with lower $edras
depression, discomfort in social situations, and lower quality of life (ObesKynerica,
2009) as well as multiple chronic diseases, including type 2 diabetes, cancer, and
cardiovascular illnesses (Guh et al., 2009). In particular, minority and low socmeac
groups are disproportionately affected by obesity (Y. Wang & Beydoun, 2007). The
obesity epidemic in America is attributed to physical inactivity, unheéitbg choices,
and excessive food intake (Centers for Disease Control and Prevention, 2009;INationa
Heart Lung and Blood Institute & National Institute of Diabetes anddiigeKidney
Diseases, 1998). Sustained public health and clinical-based interventions are meeded t
increase physical activity (L. H. Anderson et al., 2005; Bijnen et al., 1998; Haské|
2007; Katzmarzyk & Janssen, 2004; I. M. Lee & Skerrett, 2001; National Ingiftute
Diabetes and Digestive and Kidney Diseases, 2003; Paluska & Schwenk, 2000; Perkins
& Clark, 2001; Singh, 2002; G. Wang, Helmick, Macera, Zhang, & Pratt, 2001) and
decrease caloric intake (Blanck et al., 2006; Kant, Graubard, & Schatzkin, 2004; U.S.
Department of Health and Human Services and U.S. Department of Agriculture, 2005;

Yancy & Boan, 2006).



Structured weight loss programs have been successful in initiating behavior
change and weight loss (Albright et al., 2005; Anderson, King, Stewart, Camacho, &
Rejeski, 2005; Diabetes Prevention Program Research Group, 2002; Funk et al., 2008;
Lin et al., 2007; Marcus, Lewis, et al., 2007; Marcus, Napolitano, et al., 2007; Pi-Sunyer
et al., 2007); however, weight is almost always regained over time (Krarfiery Je
Forster, & Snell, 1989; Wadden & Frey, 1997; Wadden, Sternberg, Letizia, Stunkard, &
Foster, 1989). The regain of weight is attributable to individuals’ failure toeggilate
and sustain weight-control behaviors such as regular physical activityn(Baark, &
Sandler, 1991; R.W. Jeffery et al., 1984; Schoeller, Shay, & Kushner, 1997),
consumption of a low-fat diet (R.W. Jeffery et al., 1984), and monitoring of body weight
(Baum et al., 1991; Klem, Wing, McGuire, Seagle, & Hill, 1997; Kramer et al., 1989;
Wadden & Letizia, 1992; Wing & Hill, 2001; Wing & Phelan, 2005). The rate of weight
gain is highest immediately after cessation of a structured weighptogram (MacLean
et al., 2009). About half of the lost weight is regained within the first yearaifriest
(Wadden et al., 1989), with 80% of patients returning to or exceeding their previous
weight after 3-5 years (M.G. Perri, 1998; Wadden et al., 1989). When weight control
behaviors are successfully achieved, weight loss is sustained, operatiaslize
continuation of the percentage of body weight lost following a weight loss program
(Dunn et al., 1999; Pronk & Wing, 1994). Thus, effective interventions are needed that
can be used following a structured weight loss program to successfullyhsusigint

loss and prevent relapse.



Research demonstrates that interventions intended to change unhealthy behavior
are more likely to elicit positive changes and benefit individuals and commuhttiey i
are guided by theories of behavior change (Brug, Oenema, & Fep@0%). Theory
provides a “road map” for the study of health problems and the design and evaluation of
interventions (Glanz, Rimer, & Su, 2005). Of particular importance, the use of theory
increases the likelihood to detect why and whether an intervention had its intended effe
(Bartholomew, Parcel, Kok, & Gottlieb, 2006; Green & Kreuter, 1999). However, many
theory-guided interventions that generate positive rates of initial chahge filitate
long-term maintenance (Kramer et al., 1989; Rothman, 2000; Wadden & Frey, 1997;
Wadden et al., 1989). Little is known about how people sustain health behavior changes.

Many of the traditional theoretical models of behavior change such as the healt
belief model (Rosenstock, Strecher, & Becker, 1988), and the theory of planneabehavi
(Ajzen, 1991) fail to make a distinction between initiation of a behavior and mainéenanc
of a behavior. These theories define maintenance as action sustained ovadtime a
assume that the processes involved in initiation of a behavior are the same as
maintenance. This is at odds with research that demonstrates successhifliratiation
do not translate into maintenance (M. G. Perri & Corsica, 2002; Toobert, Strycker,
Barrera, & Glasgow, 2010). The transtheoretical model and stages of chavige p
maintenance stage in the theoretical framework (Prochaska & Velicé),. t88vever,
the distinction between initiation and maintenance focuses on the length of thieetime t
new behavior has been performed. It doesn’t necessarily distinguish betwees what i

important to help people transition from one stage to the next. According to Social
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Cognitive Theory (Bandura, 1991), self-efficacy is a critical determinadtbf

initiation and maintenance of behavior change. Confidence in the ability to make a
change serves to sustain that change in the face of barriers and oldtageer, this

does not explain why changes in behavior are not always maintained (RothmannBaldw
Hertel, & Fuglestad, 2004).

These dominant health behavior change models are successful at guiding
interventions that create short-term behavior change but do little to improaaedst
behavior change (Rothman, 2000). Even among intervention strategies that inaease th
intensity or frequency of a treatment, thus delaying relapse, long-tstairgbility and
maintenance is not substantially improved (Curry & McBride, 1994; R. W. Jeffeky et a
1993; M. G. Perri, Nezu, Patti, & McCann, 1989). Therefore, it is assumed that there are
psychological differences in the processes of initiation and maintenance.

Initiation of a behavior change occurs when people see a greater benefit in a new
pattern of behavior than their current pattern of behavior (Weinstein, 1993). Theimitiat
in behavior change is focused on obtaining positive future outcomes. Goal advancement
occurs by decreasing the difference between a current state anickd cfsrence state
(Carver & Scheier, 1996). In other words, people strive towards a goal by rodpaimejir
current behaviors to be aligned with their desired behaviors.

Maintenance and sustainability, however, are thought to be based on whether the
outcomes associated with the new behavior are sufficiently desirablertmtvar
continued action (Rothman, 2000). If people are satisfied with what they have

accomplished, they will sustain the change and put forth effort to monitor their teehavi
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and prevent relapse. Goal advancement occurs bstaised difference betweel
current state and an undesired s(Carver & Scheier, 1996People continue their goe
by sustaining the current behaviors, reflecting upon theil-going experience, ar
steering away from undesired behaviors, also knasveel-regulation. This is consiste
with Leventhal’s selfegulatory model of illness behavi(Leventhal, Benyamini, ¢
Brownlee, 199; Leventhal & Cameron, 19¢. However this model as in tl
aforementioned makes no formal distinction betwiedation and maintenanc

(Rothman, 2000).

| Unwanted behavior | @ Initial response # Centinued response é @

Value
Relapse Recurrence questioning

Figure 1: Behavior Change Process

Rothman’s Behavior Change Proc(Rothman et al., 200@igure 1) can help L
understand this process of behavior change andddevelop interventions that he
people maintain healthy behaviors. This framewoduges on transitioning fro
unwanted unhealthy behaviors to healthy behavThe Behavior Change Proce
occurs over the four following phases: an initedponse, a continued respor
maintenance, and habit formation. In the initi@pense phase individuals begir
change their behavior. This continues until a gigaint chinge is evident. If they fail t
achieve the desired behavioral response, the shaivis considered to have failed
treatment or intervention and therefore do notditaon to the second phase. Transitiol

the second phase, continued response,rs once the individual successfully perfor



the new behavior. In continued response, people continue the new behavior by evaluating
their satisfaction with experiences of engaging in the new behavior (Rothmlan et

2004). A feeling of satisfaction indicates the decision to change was appropdate a
provides validation for continued effort. This satisfaction is compared against wtiethe
experiences with engaging in the new behavior meet or exceed their expeciftitns
outcomes of the behavior change. In addition, people must continue to be confident that
they have the ability (self-efficacy) to continue the new behavior. The contirgmohse

phase is illustrated as a tension between a person’s capability and motivation to
consistently perform the new pattern of behavior, and the challenges that lgzsk#o la

and relapses. Transition occurs at the subsequent maintenance phase when arl individua
no longer struggles to perform the new behavior, has confidence in their ability, and
successfully performs it over an extended period of time.

In maintenance, there is a desire to sustain the new successful behavier. In thi
phase, people no longer have the need to question their ability to perform the new
behavior, but continually reevaluate the perceived value. There is an ongoirsgresges
of the costs and benefits of the new behavior to determine if it is worth continuing. If
people are satisfied with the new behavior, benefits outweigh costs, and there is
perceived value, they will sustain it. In maintenance, if an individual returhsito t
previous unwanted behavior it is considered a recurrence. Finally habituatached
once there is no longer a need to evaluate the behavior; the behavior sustaiifdlitself.

need arises to reevaluate the new behavior, the individual transitions back to



maintenance. For each phase there are specific factors that have strmugate

effects on transition to the next phase (Figure 2).

Phase:

factors:

Transition:

First consistent
performance of the new

behavior

Consistent performance
of the new behavior and
self-efficacy to perform
the new behavior

Consistent performance
without consideration of
value

Transition

Initial response W)  Continued response WD D | Habit
Self-efficacy beliefs 1 1 Initial rewards 1 Satisfaction with the Prior
behavior 1 1 behavior | 1

Outcome expectations 1

Personality/situation 1 |

Sustained self-efficacy
beliefs |

Sustained outcome
expectations 1

Demands of the Behavior
Change Process | |,

Personality/situation 1 |

Personality/situation T |

Factors with a “11” or “}, | “ have a stronger positive or negative effect on transition, while a “1” ora “|” have a
moderate effect on transition

Figure 2: Transition through the Behavior Change Process (Rothman et al., 2004)

Interventions are needed to help people transition from an initial behavior change

to a state of maintenance of the new behavior. This is especially true foezompl

behaviors such as weight loss, where the transition from continued response to

maintenance is difficult. The relapse rate from continued response back to the dnwante
behavior is high (Kramer et al., 1989; Wadden & Frey, 1997; Wadden et al., 1989).

Continued research is needed to understand how to prevent relapse at the phase of

continued response.

Due to the obesity epidemic the U.S. faces, obesity reduction is in critechbhe

research on sustainability and maintenance strategies. However, diffeceggas
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govern weight loss initiation versus sustainability (Baldwin et al., 2006; Firalh et
2005; Rothman, 2000; Rothman et al., 2004; Rothman, Hertel, Baldwin, & Bartels,
2007). Emerging research suggests interventions that target and framagesegsout
how people reach goals in their life through either a prevention or promotion focus may
be beneficial at motivating people to self-regulate and sustain recent beheivaorges
(Higgins, 2000) such as weight control behaviors (Fuglestad, Rothman, &,J2668B).
Regulatory focus theory argues that there are two distinct stratbgigseople
use to reach a goal (Higgins, 1987). People either promote success (promotion) or
prevent failure (prevention)(Higgins, 2000). Although any goal can be pursued with
either a promotion or prevention focus, some goals are more compatible with an
individual's personal regulatory focus of promotion or prevention. When a goal matches
a person’s regulatory focus it creates a ‘fit’ (Higgins, 2000; A. Y. Leeageh, 2004).
Messages that ‘fit’ an individual’s regulatory focus resonate more hatintividual and
are more persuasive (Cesario, Grant, & Higgins, 2004; A. Y. Lee & Aaker, 2004).
Cesario et al. (2004) demonstrated this by giving a persuasive messagéabout t
importance of fruits and vegetables. When the messages matched with participants
regulatory focus, they were rated as being more persuasive. This matchpeitoa’s
regulatory focus, in turn, may effect initiation and sustainability of beh&Simiegel,
Grant-Pillow, & Higgins, 2004). Motivational strength is enhanced when goals match a
person’s regulatory focus (Spiegel et al., 2004). Thus, when a ‘fit’ occurs peeple a
better able to sustain self-regulation and behaviors that allow them to reagjo#ie

such as physical activity, a healthy diet, and weight monitoring.
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A limited number of prospective interventions have examined the use of
regulatory focus and fit as part of programs to improve health. Spiege(22Gd) found
that individuals who read either a promotion or prevention framed health promotion
message urging them to eat more fruits and vegetables, ate 20% more fruits and
vegetables the following week if the messages matched their individual cegulat
orientation (promotion or prevention). Tailored messages to individuals’ regulatory focus
were also been shown to lead to greater physical activity (Latinaér 2008).

Individual differences in regulatory focus have also been shown to differemiathct

the initiation and maintenance of behavioral change in smoking and weight loss
(Fuglestad et al., 2008; Kim, 2006). Thus, a prospective intervention is warranted that
delivers health promotion framed messages to improve health, and in particulargpromot
weight loss. One way to deliver such framed messages is through mobile phone short-
message service (SMS), or text messaging. SMS has the potential tassarve
intervention medium to deliver regulatory focus (promotion and prevention) framed
messages that can be easily and affordably used by clinicians and consumers.

SMS is a two-way communication technology that allows brief messages to be
sent to and from mobile phones. Mobile phones are the most popular and widespread
personal technology in the world with an estimated 5.9 billion subscriptions reaching
over 87% of the world (International Telecommunications Union, 2011). In the US alone,
more than 88% of the population use a mobile phone (CTIA Wireless Association, 2009),
with over one trillion messages sent yearly and over 2.5 billion messages sent daily

(CTIA Wireless Association, 2009). Due to widespread use and low cost of SMS, this
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technology pervades all age groups (Atun & Sittampalam, 2006; Ling, 2004&Rice
Katz, 2003), many cultures (Goggin, 2006), and socioeconomic backgrounds (Ling,
2004; Rice & Katz, 2003). The nature of this technology allows it to reach across
geographic boundaries and reach people directly where they are located.

SMS continues to be more commonly accepted and used as a mode for
intervention, particularly related to weight loss (Krishna, Boren, & Balas, 2006). T
perception of the “digital divide”, the gap between those that have, and do not have,
access to information technologies, based on sex, ethnicity, age, and socioeconomic
status is rapidly changing as SMS becomes more pervasive. Over 73% of Usiselults
SMS and 50% of all US text message users are over the age of 35 (dotMobi, 2012). SMS
users are 14% more likely to be Hispanic and 24% more likely to be African Aameric
than White (Scarborough Research, 2008). Thus, SMS may be an appropriate medium to
specifically reach minority populations.

SMS can serve as a platform for persuasive technology (B. Fogg & Eckles, 2007),
which is a computing system designed to change people’s attitudes and belBavors (
Fogg, 2003). No other medium exists that can reach people as quickly and personally as
SMS. These characteristics of SMS make it an ideal tool to aid in chronic illness
management and maintenance of healthy behaviors. Preliminary studies tugjges
SMS is an affordable health care intervention tool, and has positive short-ternobahavi
and clinical outcomes when compared to usual care (Anhoj & Moldrup, 2004; Benhamou
et al., 2007; Brendryen, Drozd, & Kraft, 2008; Casey et al., 2007; Dunbar et al., 2003;

Ferrer-Roca, Cardenas, Diaz-Cardama, & Pulido, 2004; Fjeldsoe, Marshaille& M
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2009; Franklin, Waller, Pagliari, & Greene, 2006; Joo & Kim, 2007; Krishna et al., 2009;
Lim, Hocking, Hellard, & Aitken, 2008; Patrick et al., 2009; Warwick, Dean, & Carter,
2007). Thus, SMS has the potential to serve as a tool to deliver targeted and framed

weight loss-sustaining messages.

Dissertation Questions, Aims, Hypotheses

Researchers have been relatively unsuccessful at helping people sustaior beha
changes. This is especially true for people who are obese and have tried toveeigtat
loss. Though many interventions have been successful at initiating weight lagd, ise
often regained over time. Accessible, easy to use and affordable intervemioiosts
on sustaining weight loss are needed and the use of newer theoretical models of
sustaining behavior change is warranted. To address these research needs, this
dissertation had the following five research aims:

The first aim of this dissertation was to review the literature on thieoredaip
between the use of SMS as an intervention medium and weight loss (Chapter 2). The
second aim was to develop framed short messages that are deliverable vilaEMS t
promote weight loss among adults with obesity and to design and construct an automated
SMS application to deliver these messages (Chapter 3).

The third aim was to assess the feasibility and acceptability of thenmaptation
of two interventions that deliver daily weight loss sustaining messages in ¢eonptar
an attention-control group that receives general health messages viav8iVSperiod of
one month to a sample of adults with obesity (BMI>30) who have lost at least 5% of their

weight following the completion of a structured weight loss program (€hdjptTo
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address this aim, the following research question was asked: “What is tihdifeasid
acceptability of conducting a clinical trial with interventions that involvediierery of
daily weight loss sustaining messages via SMS over a period of one month in a sample of
adults with obesity who have lost at least 5% of their weight following coraplefia
structured weight loss program?” More specifically, the following questiaTe asked,
“Is it feasible to recruit a sample of 120 participants from a structurediness

program who have lost at least 5% of their weight over a period of 9 months? Will the
study participants read the messages daily over a period of one month? What is the
acceptability, as measured by perceived usefulness, perceived ease md asttuaes
towards the receipt of the interventions? And what are the technical and pragmatic
barriers to the implementation of the interventions?”

The fourth aim of this dissertation was to evaluate the differential efbéctaily
promotion and prevention weight loss sustaining messages and relative to a control
condition of general health messages on sustaining weight loss following thetompl
of a structured weight loss program in adults with obesity. The outcome was measured by
self-reported weight at 1 and 3 months post baseline (Chapter 4). To address, titie aim
two following research questions were asked, “Does the delivery of dailyoficonor
prevention framed weight loss sustaining messages when compared to genidéral heal
messages increase the likelihood of sustaining weight loss? And does the likelihood of
sustaining weight loss differ in the delivery of daily promotion framed weight loss
sustaining messages relative to daily prevention framed weight lossiggstai

messages?” It was hypothesized that participants randomized to eitheripnoonot

12



prevention framed message group would have had an increased likelihood of sustaining
weight loss compared to a general health message group, and that participants
randomized to a prevention framed message group would have an increased likelihood of
sustaining weight loss compared to a promotion framed message group.

The fifth and last aim was to determine whether individual promotion or
prevention focus (regulatory focus) prior to the start of the interventions netleea
intervention effects on sustaining weight loss following the completion of dstedc
weight loss program in adults with obesity across 3 months (Chapter 4). Tosdtidges
aim the following research question was asked, “Does individual differences in
regulatory focus moderate the effects of the interventions on sustainirg Vosig?” It
was hypothesized that participants with a lower regulatory focus scoieafine of
greater prevention focus) were more likely to sustain weight loss if theivee
prevention messages across three months; whereas, individuals with a higla¢omggul
focus score (indicative of greater promotion focus) were more likely to iIsugtaght
loss if they receive promotion messages.

The research aims, questions and hypotheses were explored with a review of the
literature on SMS as an intervention medium for weight loss; development of an SMS
intervention and theoretically framed weight loss messages; and andlgsés foom a
longitudinal, mixed-methods, randomized controlled trial on sustaining weight loss. The
dissertation is organized as follows: Chapter 2 provides a review of thaulieeom the
relationship between the use of SMS as an intervention medium and weight loss. These

results were used to guide the initial development of the SMS intervention. Addytjonall
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recommendations for future research are presented. On the submission date of this
dissertation, this chapter is in-press in lealth Informatics Journahnd the version in
this text may be circulated or posted by Ryan J. Shaw without further permission from
SAGE publications Ltd. as in concordance with the Journal Contributor’s publishing
Agreement.

Chapter 3 presents the creation of the weight loss sustaining short messages and a
pilot study to inform the development of an SMS software application. This chapter
addresses the second aim of this dissertation.

Chapter 4 presents the results of a mixed-methods paradigm that includes a 3-arm
randomized controlled trial that examines the efficacy of framed weighSMSson two
intervention groups in comparison to a control group that receives general health
messages. The SMS intervention tool and messages were tested for feasibility
acceptability, usability, message frequency and timing, technical difisupatient
privacy barriers, perceived usefulness, and attitudes towards the message Thase
findings provide preliminary data from which the direction and magnitude of ftsef
of the prevention and promotion interventions are evaluated. This chapter addresses t
third, fourth and fifth aims of the dissertation.

Chapter five provides an overall summary of the dissertation, a discussion on the
implications of the research, identifies study limitations, and offers reeoations for

future research.
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2. Short Message Service (SMS) Text M essaging asan
Intervention Medium for Weight Loss: A Literature Review

I ntroduction

Nearly 68% of American adults are obese or overweight (National Center for
Health Statistics, 2009) contributing to chronic disease, mental health proSienos (et
al., 2006), and disability (Obesity in America, 2009). The dramatic increase ingbe ra
of obesity in the last 20 years is due to increases in calorie intake, eatiegtmaor
foods, and reductions in physical activity (PA) (Centers for Diseasedland
Prevention, 2009; National Heart Lung and Blood Institute & National Institute of
Diabetes and Digestive Kidney Diseases, 1998). Weight-loss interveutiliriag a
reduced-energy diet and exercise are associated with effective 5 to 8% kg 9%)
weight loss that plateaus at approximately 6 months (Franz et al., 2007). Despite the
effectiveness of these interventions, people continue to be overweight and obese. Even
though we may understand how people lose weight, we must continue to develop
effective interventions that people will use and adopt. One potentially e&ecti
intervention approach that is easy to use and adopt is the use of mobile devices such as
cell phones.

Mobile devices such as cell phones have emerged as a mode of intervention
delivery to help people improve their health, particularly related to weigh{Kostina
et al., 2009). In the US alone, more than 87% of the population use a mobile phone
(CTIA Wireless Association, 2009). Cell phones as a medium to deliver weight loss

interventions has distinct advantages in that it reaches across geograptto@omic
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boundaries, can be delivered directly to people and is easy to use (Atun & Sittampalam
2006; Goggin, 2006; Ling, 2004; Rice & Katz, 2003). Furthermore, short message
service (SMS) also known as text messaging, has grown in popularityagsta geliver
health information due to it's simplicity, low cost, and ability to serve agdaaction
(Atun & Sittampalam, 2006; Goggin, 2006; Ling, 2004; Rice & Katz, 2003). SMS is a
messaging service of up 160 characters in length to and from fixed line and phanike
devices. SMS text messaging is the most widely used data application in ithevitior
over 2.4 billion users; twice the number of people who use the Internet uses SMS (CTIA
Wireless Association, 2009).

Many commercial weight loss programs have adopted SMS as a tool to help
clients in their weight loss. A quick web search reveals many online texd-bvasght
loss tools including many “apps” for smart phones that message users abouetteiddi
exercise. Though there is increasing popularity in SMS based weight lossatools
evaluation of their effectiveness is needed. Thus, the purpose of this review was to
answer the following question: what is the relationship between the use of SMS as

intervention medium and weight loss?

The Review

Sear ch methods

A comprehensive search using Medline (PubMed), the Cumulative Index for
Nursing and Allied Health Literature (CINAHL), ProQuest, PSYCHIN&d Google

Scholar was undertaken. Key words used to search for relevant literature inclusied obe
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overweight AND intervention, AND short message service OR SMS OR textgimagsa
OR mobile health OR mHealth OR multimedia message service OR MM&ditioa,
back referencing and citation searching of the selected studies was undeiitats

were set at studies published in English or with an English translation.

Inclusion and exclusion criteria

Inclusion criteria required that studies be randomized or quasi-experimental
intervention trials of participants who are managing their weight. Allvatdgrons had to
focus on the use of SMS on reducing obesity, overweight, or promoting weight loss.
Studies that used other information technologies such as e-mail, phone calls, and video
conferencing, were only included if SMS was a primary mode of communication.sStudie
were required to measure the impact of SMS on a weight loss related variable post
intervention including body weight, body mass index (BMI), waist circumference
physical activity (PA), or diet. In addition, all studies had to be published inra pee

reviewed journal or similar peer-reviewed process such as a dissertation.

Sear ch outcomes

Using the aforementioned keywords resulted in 205 articles. After screening of
titles and abstracts, 43 studies were read entirely. Eleven non-resedrek were
removed and 6 studies were removed that did not measure a weight loss related outcome
post-intervention (i.e. BMI, body fat percentage, exercise, diet). In additiorsttwlies

were removed that were purely qualitative and another was removed thatlused ce
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phones as a portal to a web-based weight management program without SMS (Morak et

al., 2008). Fourteen studies were included in the final analysis.

Synthesis

Meta-analysis of the data was not appropriate because there wasdeglext
diversity in the interventions and outcomes measures. Many studies had sm#l sam
sizes (n<50) and only 5 had a sample size greater than 100. In this review, the main focus
was on extracting data on descriptions of interventions (study design, samples, and
intervention overviews), outcomes measures, and evaluation of the effectiveness of
interventions. Quality of study design was assessed using a scoring agsteted from
a review of eHealth interventions (Cole-Lewis & Kershaw, 2010; Normah,&007).
Nine methodological characteristics were used to score the studies. Thededrthe
following: individual randomization, use of a control group for comparison, isolation of
text messaging technology, use of pre-test/post-test design, retentiom)eurevof

baseline groups, consideration of missing data, power analysis, and validitgafrese

Findings

All 14 studies focused on increasing PA or reducing sedentary behavior, 11
focused on improving dietary habits, 3 measured the effects of SMS on blood pressure
(BP) as an outcome from weight loss, and 10 assessed the acceptabilitiboityezts
SMS as a mode of delivery for weight loss. Studies were conducted across ¢e glob
Although SMS has been used an intervention medium to promote behavior change since

2004 (Fjeldsoe et al., 2009), studies reporting the use of SMS for weight loss were not
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found prior to 2007. Mean age ranged from 10 to 65 and in general there were more
female participants than male (1863 vs. 385). A clear theoretical or conaepid was
found to guide all but 3 studies (Fukuoka, Vittinghoff, Jong, & Haskell, 2010; Joo &
Kim, 2007; Newton, Wiltshire, & Elley, 2009). These included, but were not limited to,
social cognitive theory (Bandura, 1986), the self-efficacy construct (Bantl986), the
elaboration likelihood model (Petty & Cacioppo, 1986), the theory of planned behavior
(Ajzen, 1991) and frameworks of self-monitoring and/or tailoring (Bauer, de Niet,
Tinman, & Kordy, 2010; Fukuoka et al., 2010; Morak et al., 2008; Newton et al., 2009;
Park, Kim, & Kim, 2009; Patrick et al., 2009; Shapiro et al., 2008).

Randomization was used in 10 studies (Fjeldsoe, Miller, & Marshall, 2010;
Haapala, Barengo, Biggs, Surakka, & Manninen, 2009; Hurling et al., 2007; Kornman et
al., 2010; Newton et al., 2009; Patrick et al., 2009; Prestwich, Perugini, & Hurling, 2010;
Shapiro et al., 2008; Sirriyeh, Lawton, & Ward, 2010; Zuercher, 2009) and a comparison
control group was used in 11 (Fjeldsoe et al., 2010; Haapala et al., 2009; Hurling et al.,
2007; Kornman et al., 2010; McGraa, 2010; Newton et al., 2009; Patrick et al., 2009;
Prestwich et al., 2010; Shapiro et al., 2008; Sirriyeh et al., 2010; Zuercher, 2009). The
majority of studies had a single baseline measurement and a single pesitiar
measurement. Intervention duration ranged from 2 weeks to 12 months. Only 2 studies
intervened greater than 6 months, one for 36 weeks and the other for 12 months. For
those studies that had a control group, usual diet and exercise care was the norm. All

studies used SMS as an intervention tool, with one adding multimedia messagiog servi
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(MMS) as an intervention tool (Patrick et al., 2009). MMS extends the capabiftyl 8f
to include pictures, videos and other multimedia.

Time of delivery of messages was reported in 6 studies and varied among
mornings to just before bed. Delivery frequency varied dramatically bet2+®dimes
per day to once a month. Automation of the SMS was reported in 9 studies. There was
limited information reported on the specifics such as software of the SMS progsach
for delivery. All of the studies transmitted information from the researt¢behe
participants. Seven of the studies had two-way communication where participants

transmitted information such as weight or PA via SMS to the researchers.

SM S Feasibility and Acceptability

Seven studies measured feasibility and acceptability of SMS as a medsdgbt
loss interventions (Bauer et al., 2010; Fukuoka et al., 2010; McGraa, 2010; Patrick et al.,
2009; Shapiro et al., 2008; Sirriyeh et al., 2010; Zuercher, 2009). Feasibility was defined
as the ability to transmit data via SMS to patrticipants, the receipt of iafmmby
participants, and the ability to communicate back to the researchers. Addgpias
defined as feeling comfortable with receiving messages to a persdmdia®t, feeling
that messages were personally relevant, and that they were helpful. SNtsimehs
feasible and acceptable in all 7 studies. Bauer (2010) found it feasible foec{ihe0,
mean age: 10) to self-report data on eating, exercise and emotions via SMS fek86 we
Additionally, several studies reported that people were positive towards theySkts

(Joo & Kim, 2007; Morak et al., 2008; Patrick et al., 2009; Zuercher, 2009).
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Self-efficacy and Social Support

Of the three studies that measured the effects of SMS on self-efficaciguad
no significant change in PA self-efficacy (Fukuoka et al., 2010; Zuercher,.ZD08)
study showed a statistically significant incregse 0.05) in dietary self-efficacy in
comparison to a control group (Haapala et al., 2009). One study measured social support,
yet found no change from baseline to post-baseline in comparison to a control group

(Zuercher, 2009).

Physical Activity

Three out of six studies that measured PA frequency or duration found a
statistically significant difference in PA. All studies reported to usielatdd PA
instruments. Fjeldsoe (2010) found an increase of PA of .74 days/week in a group of
post-natal women who received tailored exercise SMS compared to cprtrdls).
Prestwich (2010) reported participants in the SMS groups increased the number of days
on which they met PA daily guidelines, through brisk and fast walking, sigmijca
more p < 0.05) than did the control group. Haapala (2009) found PA increased on
average in both the SMS and control groups, from 2—-3 times per month to once per week
(p < 0-05); differences between the SMS and control groups were not reported. Hurling
(2007) found a significant increase in intent to exercise ofp460(01) and perceived
control of .84 < 0.01) in the SMS group compared to control. However, McGraa
(2010), and Newton (2009) found no significant effect of PA in group of people receiving

motivational exercise SMS compared to control.
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Diet

Four studies measured the effects of an SMS intervention on dietary habiés. Thre
of the 4 studies used instruments to measure diet specific variables (Haahal20€9;
Shapiro et al., 2008; 2009). Of these, only two used validated instruments (Haapala et al.,
2009; Zuercher, 2009). Shapiro (2008) found that diet and exercise self-monitoring
increased by 43% in the group reporting their behaviors via SMS versus 19% in the pape
diary control. However, Zuercher (2009) found no significant difference in the amount
of sugar sweetened beverages consumed by a group of women (n=177) receiving SMS
tips on improving dietary behavior. Haapala (2009) also found no significant dierenc
in caloric intake in the SMS group receiving tailored dietary feedback cethpma non-
intervention control. Joo (2007) found recipients of weekly diet and exercise SMS lost
1.6kg over 12 monthg (& 0.01), however, diet specific variables were not reported in the

outcome measures.

Blood Pressure (BP)

Two of 3 studies that measured the effect of BP from weight loss found SMS
statistically, and clinically, significantly reduced B#<0.05). Park (2009), for example,
found systolic and diastolic BPs significantly decreased by 9.1 and 7.2 mmHg
respectively at 8 weeks from baseline (135.7 £ 8.8 mmHg) in the intervention group
(p < 0.05) with no significant change in BPs in a control group. Joo (2007) found a -
4.4mmHg within group decrease in SBP from a baseline of 125.9mp®0.05) in a

12-week SMS diet and exercise intervention group.
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Weight L oss

Overall, 11 (79%) of the 14 studies had a statistically significant effec0(05)
on weight loss specific variables (i.e. weight, PA, or diet). Of the 10 studies that
measured BMI or weight as an outcome, 5 (50%) demonstrated a statisaiodlly
clinically, significant difference in BMI post-interventiop € 0.05). Hurling (2007)
showed an average 2.01% decrease in body fat in the group receiving tailoredSPA SM
compared to controp(< 0.05); however, no significant difference in BMI was found.
Compared to a control group, Haapala (2009) found that the exercise SMS group lost
3.4kg over 12 month$( 0.01) and that the percentage of people achieving at least 5%
weight loss and keeping it off for 12 months was 25% greater in the intervention than
control group. Patrick (2009) found that the experimental group that received tailored
SMS and MMS with tips, suggestions, and positive reinforcement over 4 months lost
1.97kg more compared to a control group that received monthly printed magedals (
0.01). In addition, Prestwich (2010) found the group that received goal reminders or plan
reminders via SMS lost .39kg more over 1 month compared to a usual care control group
(p<0.05). From baseline to follow-up, Joo (2007) found recipients of weekly diet and
exercise SMS lost 1.6kg over 12 months(0.01). Three studies found no significant
decrease in BMI or body fat percentage compared to control (McGraa, 201 @niNstwt
al., 2009; Zuercher, 2009) and one found no significant difference from baseline to

follow-up (Bauer et al., 2010).
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Design quality

The average quality of the study designs was 66% (Table 2). Ten studies used
randomization and a comparison control group. Retention was above 80% for 8 of the 14
studies. Three studies conducted a power analysis and recruited the respedéitde nee
sample size. Many of the studies were pilot or feasibility and did not have a power

analysis for sample size calculation. All but two studies reported to use gdlgttles.

Discussion

There is a continuing challenge to develop interventions that successfplly hel
people improve their health and lose weight. Results from this literatueswevi
demonstrate that SMS as an intervention tool for weight loss is still in itecinées
indicated by the paucity of randomized clinical trials with limited sarsgzles. At the
same time, 14 studies within a 4-year time frame demonstrate the incadaséidon of
SMS as an intervention approach to promote weight loss behaviors. SMS was found
feasible and acceptable as an intervention medium to transmit and receareddie
exercise messages. Acceptability was determined by people sketynfglt comfortable
receiving messages, were able to access and receive messagesdtl fitene, and felt
that the messages were helpful. This is important since mobile phones am@nalpers
entryway into people’s lives that provide a direct link of contact at any time and any
place.

Of the 14 interventions in this review, 11 showed a statistically significkaut ef

on weight loss, diet or exercise and one study showed a statisticallycsignéffect on
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BP. Clinical significance may be garnered from the resultsrnlatdted increases in PA,
decreases in weight loss and improvement in systolic blood pressure. Neverthefess
the 14 interventions did not demonstrate a statistically significant effeeeigiht loss,
diet or exercise.

Design of the interventions varied significantly. Notably, timing and frequehcy
delivery of SMS was inconsistent. Due to the inconsistency of timing and delivisry, i
difficult to understand how often and when people should receive diet and exercise SMS.
Of the 6 studies that delivered at least one SMS per day, 5 demonstrated significant
improvement in weight loss behaviors. From these results, effectiveness anal apgm
cannot yet be determined. Nonetheless, at least one SMS per day may be appoopriat
help motivate people to engage in weight loss behaviors without generating considerabl
burden. Two studies used SMS to intervene or measured outcomes for greater than 6
months (Bauer et al., 2010; Haapala et al., 2009) with only one showing a significant
difference (Haapala et al., 2009). The effectiveness of SMS longitudinailefght loss
presently remains undetermined.

SMS is often touted as an affordable and low cost method to deliver intervention
and communicate between patient and providers. However, among the studies reviewed,
there was limited discussion or evaluation on the cost-effectiveness of SMSu@ne st
reported that participants received £140 for mobile phone costs but no specific details
(2007). Bauer et al. (2010) spoke about the cost-effectiveness of their SMSingessag

intervention and Patrick et al. (2009) reported that costs were low becaustothwtaf
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the messages was automated and additional users could be added at a low cost.
Nevertheless, details were limited.

Continued research is needed on many fronts. Large randomized controlled trials
with a significant sample size and longitudinal measurements are needed ttamadders
how to best use and understand the benefits of SMS as an intervention medium.
Informative research is needed to know exactly what should be written in agmassia
to understand the best timing and frequency of message delivery. In addition, it may not
be that SMS in unto itself is the most effective intervention approach, but just one of
many that should be used in combination to support and help people change their diet and

exercise lifestyle.

Recommendations

Based on the findings of this review, the following recommendations for future

research are offered:

1. Large randomized controlled trials with a significant sample size thdieased to
determine effect sizes and statistical significance.

2. Intervention trials should be longitudinal in nature and evaluate maintenance of
weight loss behaviors (12 months or longer).

3. Specific evaluation of cost-effectiveness, frequency, timing and optiseabf SMS.

4. More detailed reporting of intervention content and outcomes with respect to the
magnitude of between-groups differences at follow-up and the direction and

magnitude of change between end-of-intervention and follow-up.
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Conclusion

Text messaging and cellular telephone technology have emerged as an
encouraging tool to promote health that can reach people directly whereghthatis
affordable, and easy to use. Quickly becoming a popular and major area of fo&us, SM
part of a larger field of mobile health, known as mHealth. mHealth is the prattice
medicine, nursing and public health supported by mobile devices. The US National
Institutes of Health (NIH) alone have a dedicated mHealth researchvibatls partners
with several NIH Institutes. Other public institutes such as the Centdbsskase
Control (CDC) offer free mobile tips and alerts through SMS on how to improve
individuals’ health. Private corporations such as Microsoft have recently heddtlayhe
apps competition where developers compete to create the best health focus@applica
that can be run on a mobile phone. As more sophisticated mobile devices such as smart
phones become ubiquitous, SMS will be just a part of a cadre of mHealth technologies
that will become available. This affords the opportunity for research ajmhsdhat
were not previously available such as simultaneously assessing behawgsadogical,
and psychological states in the real world and in real-time. The use of remhit®logy,
including SMS, affords numerous methodological advantages over traditional methods
including “reduced memory bias, the ability to capture time-intensive longituditzal da
date- and time-stamped data, and the potential for personalizing infornmatezl-time”

(NIH Office of Behavioral and Social Sciences Research, 2011). However, continued
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investigation is needed on how to best leverage this emerging technology to promote

lifestyle change towards diet, exercise, and weight loss.
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Table 1: Summary of StudiesIncluded in Review

Theoretical/ Outcomes
Author/ Conceptual Research and
Date Behaviors  Sample model(s) design Duration  Déelivery Control Intervention Measures Results
Randomized Controlled Trials
Primary outcome:
2 group Increased PA by
RCT, pre- Face-to face PA 1.82 days/week
test/post- Timing: not goal-setting and walking
N =88, test at 6 and reported; consultation, frequency by 1.08
postnatal 13 weeks; Frequency: tailored SMS Frequency days/week
, 100% Social total 3-5 x week; and a support  and (p<0.05). Positive
Fjeldsoe, female, cognitive duration: Automated: Usual person who duration of  trends in duration
2010 PA Australia theory 12 weeks 12 weeks no care received SMS  PA of PA and walking
Primary outcome:
4.5kg lost at 12
months (p<0.01)
versus 1.1kg in
control. Decreased
waist
circumference
(p<0.01)
Weight,
height, Secondary
waist outcome:
Timing: not circumferen moderate-high
reported; ce, satisfaction,
2 x 2 RCT, Frequency: perceived dietary
N =125, pre- participant usefulness, improvements,
Age test/post- initiated. 8 Website tracked attitudes of increased PA, and
mean: test at 3, 6, X week to diet and weight. SMS, dietary self-
38, BMI 9, and 12 3-4 x week Weight sentin  frequency  efficacy increased
mean: Contingency months; by end of via SMS. of use, diet, inthose who
PA, diet, 30, 79% model, self- total 12 months; Tailored diet PA, diet maintained weight
Haapala, weight women, efficacy duration: Automated: No and PA SMS self- loss, but decreased
2009 reporting Finland  theory 12 months 52 weeks yes contact  delivered efficacy in those who
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Theoretical/ Outcomes
Author/ Conceptual Research and
Date Behaviors  Sample model(s) design Duration  Delivery Control Intervention Measures Results
gained weight
back
Primary outcome:
significant
difference in
perceived control
and intent to
exercise (p<0.01).
Tailored
solutions for Secondary
perceived Accelerome outcome:
barriers, a ter, PA, significant
schedule to plan weight, % difference in
weekly exercise body fat, percent body fat -
sessions with height, BP, 2.18% in
N =77, Social Timing: not SMS and e-mail motivation, intervention group
mean comparison, 2 group reported; reminders, perceived (p = 0.04) versus -
age = decisional RCT, pre- Frequency: message board control, 0.17% in control;
40.4, balance, test/post- not to share intent to no significant
mean elaboration  test; total reported; experiences, exercise, difference in
Hurling, BMI: 26, likelihood, duration: 9 Automated: No and feedback exercise motivation, BMI
2007 PA Finland goal theory  weeks 9 weeks yes support  on level of PA  knowledge or BP
Primary outcome:
no significant
changes. At 12
weeks, mean daily
N =178, step count was not
mean significantly
age 14, Timing: not Daily step different (p= 0.4).
53% 2 group reported; count, PA, Mean self-reported
female, RCT, pre- Frequency: Wore a HbAlc, physical activity
type 1 test/post- weekly; pedometer and BP, BMI, increased by 38.5
diabetes, test; total Automated: received quality of min/week in the
Newton, New duration: not Usual motivational life, Insulin  control group and
2009 PA Zealand Not reported 12 weeks 12 weeks reported care SMS dose by 48.4 in the
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Theoretical/ Outcomes
Author/ Conceptual Research and
Date Behaviors  Sample model(s) design Duration  Delivery Control Intervention Measures Results
intervention group
(p=0.9)
SMS and MMS Primary outcome:
with tips and Intervention lost -
positive 1.97kg more than
N =65, reinforcement. control (p<0.05).
mean Printed Weight,
age: 45, materials and adherence, Secondary
mean 2 group Timing: Monthly  monthly phone  satisfaction, outcome: 67%
BMI: RCT, pre- varied; printed calls as well. validated adherence by
33.2, Self- test/post- Frequency: materials Participants self- week 16, majority
80% monitoring test; total 2-5 x day; on reported weight reported of participants
Patrick, female, and tailored  duration: 4 Automated: weight via SMS once a questionnai would recommend
2009 PA, diet USA messages months 4 months yes control week res intervention
Primary outcome:
Increased brisk
walking (p<0.01),
goal reminder
group lost the
most weight
(p<0.05)
Secondary
outcome: Total
Usual PA, exercise increased
care and implementa in the
N =149, 3 group Timing: complete SMS planand tion implementation
mean RCT, pre- varied,; dagoal goal reminders. intentions, goal reminder
age: 23, test/post- Frequency: recall Completed a goal recall, group compared to
female test; total varied; test at goal recall task  weight, control (p<0.05),
Prestwic 64%, Implementati duration: 4 Automated: end of at the end of the waist-to-hip  but no difference
h, 2010 PA UK on intentions weeks 4 weeks yes study study ratio in other groups




[45

Theoretical/ Outcomes
Author/ Conceptual Research and
Date Behaviors  Sample model(s) design Duration  Delivery Control Intervention Measures Results
3 educational
sessions per
week for 3
weeks on
pedometers, Primary outcome:
beverage increase in self-
serving sizes monitoring in
and screen time. SMS group (43%)
Parent and child versus control
N =58, Group 1: texted (19%).
aged: 5- 3 group Timing: Paper behaviors in.
13,91% RCT, pre- varied,; diaries,  Automated text Secondary
female, test/post- Frequency: Group 2: was sentin Acceptabili  outcome:
BMI test; total 2 x day; monitori  return. SMS ty, self- reduction in
Shapiro, mean 27, Self- duration: 8 Automated: ng used as adiary monitoring  screen-time in
2008 PA, diet USA monitoring weeks 8 weeks yes control tool adherence  SMS group
Primary outcome:
31.5 min. increase
in PA across all
Timing: groups (p<0.05).
N =120, 4 group 4pm; 2 text Daily SMS of Inactive
aged: RCT, pre- Frequency: message either affective participants at
16-19, test/post- 1 x day; s total beliefs, baseline increased
70% Theory of test; total Automated: with a instrumental activity levels
Sirriyeh, female, planned duration: 2 not neutral beliefs, or a significantly more
2010 PA UK behavior weeks 2 weeks reported message combinations PA (p<0.05).
Stress Monitored Weight/BM
manage behaviors daily, |, daily
ment, inputting steps, sugar
pedomet answers to 3 sweetened  Primary outcome:
er, called questionsinto  beverages, No significant
on5 their phones screen time, changes in PA
Social random  and received self-
cognitive days and automated directednes Secondary
theory, randomized Timing: asked feedback to s, self- outcome:
N =177, elaboration pre- before bed; question answers based efficacy, Decrease in screen
aged: likelihood, test/post- Frequency: sabout on how close social time in both
PA, diet, 18-30, and social test; total daily; previous they were to support, groups. SMS was
Zuercher sedentary  female, support duration: 1 Automated: day achieving a elaboration viewed as
, 2009 behavior USA theory month 1 month  vyes behavior daily goal likelihood, acceptable
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Theoretical/ Outcomes
Author/ Conceptual Research and
Date Behaviors  Sample model(s) design Duration  Delivery Control Intervention Measures Results
S self-
monitoring,
acceptance
Quasi-experimental
Primary outcome:
Self-monitoring feasible for
N =40, of diet, children to self-
mean exercise, and report eating and
age: 10, emotions via exercise
58% SMS following behaviors, 67% of
female, a cognitive the weekly SMS
BMI- Timing: not behavioral were submitted.
SDS pre- reported; therapy group.
mean: Self- test/post- Frequency: Tailored Secondary
2.62, monitoring test; total weekly; feedback was outcome: no
Bauer, PA, diet, German and tailored  duration: Automated: given after each Adherence, significant
2010 emotions y feedback 36 weeks 36 weeks yes N/A response BMI difference in BMI
Primary outcome:
total steps
increased by 15%
over three weeks
(p<0.001) and
will-power
improved
(p<0.001).
N =41, SMS Total steps,
mean Timing: not encouraged self- Secondary
age: 48, pre- reported; participantsto  efficacy, outcome: no
BMI: 33, test/post- Frequency: increase steps  overall change in self-
100% test; total daily; by 20% from barriers, efficacy, overall
Fukuoka female, duration: 3 Automated: the previous social barriers, and social
, 2010 PA USA Not reported weeks 3 weeks yes N/A week support support




Theoretical/ Outcomes
Author/ Conceptual Research and
Date Behaviors  Sample model(s) design Duration  Delivery Control Intervention Measures Results
Primary outcome:
significant weight
loss of 1.6kg,
waist
circumference of
N =927, 4.3 cm and BMI -
89% Timing: not SMS on 0.6kg/m”2
women, reported; behavior Weight, (p<0.01),
BMI Quasi- Frequency: modification on  waist
mean: experiment weekly; exercise, diet circumferen Secondary
25.7, al pre- Automated: and information ce, BMI, outcome: majority
Joo, South test/post- not brochures by BP, were satisfied with
2007 PA, diet Korea Not reported test 2 weeks reported N/A post satisfaction intervention
Daily SMS log
of diet,
exercise, levels Personality
Already  of motivation traits on
on adiet and stress, and using cell
N =65, Captology, Timing: 8 and weight. Weekly phone as
age cognitive two arms, a.m.; exercise  e-mail asking intervention
range: theory, social pre- Frequency: program how often they coach, Primary outcome:
w 18-70+, learning test/post- varied upto anddid  exercised, adherence, no significant
~ 80% theory, test; total 3 x day; not logged diet, and exercise effects on exercise
McGraa, female persuasive duration: 5 Automated: receive level of stress  frequency, frequency or
2010 PA, diet USA tactics weeks 5weeks yes SMS and motivation. weight weight
N =49,
mean
age: 54,
57% Recorded BP Primary outcome:
female, and body significant
BMI weight via a changes in SBP of
mean: Timing: not website or cell -9.1 mmHg, DBP
26.6, reported; phone. Tailored of -7.2 mmHg,
hyperten  Self- Quasi- Frequency: recommendatio BP, weight, weight of -1.7kg,
sive, monitoring experiment weekly; ns via the waist and waist
Park, PA, diet, South and tailored  al post-test Automated: Internet and circumferen circumference
2009 medication Korea feedback evaluation 8 weeks no N/A SMS were sent ce 2.8cm (p<0.05)
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Table 2: Quality of Study Design and Scoring Criteria

Author, Individual Control Isolate Pre- Retention Baseline Missing Sample Validated Score (% of
Year randomization group technology | test/post- > 80% groups data size measur es maximum)
test equivalent calculation

Bauer, N N Y Y Y N/A N N/A Y 44
2010

Fjeldsoe, Y Y Y Y N Y Y N Y 78
2010

Fukuoka, N N Y Y Y N/A N N/A Y 44
2010

Haapala, Y Y N Y N Y Y Y Y 78
2009

Hurling, Y Y N Y N Y N N Y 56
2007

Joo, 2007 N N Y Y N Y N N N 33
McGraa, Y Y Y Y N Y N N/A Y 67
2010

Newton, Y Y N Y Y N Y N Y 67
2009

Park, N N Y Y Y Y N Y Y 67
2009

Patrick, Y Y N Y Y N Y N/A Y 67
2009

Prestwich, Y Y Y Y Y Y Y Y Y 100
2010

Shapiro, Y Y Y Y N Y N N/A N 56
2008

Sirriyeh, Y Y Y Y Y Y N N/A Y 78
2010

Zuercher, Y Y Y Y Y Y Y N/A Y 89
2009

Table heading Scoring criteria

Individual randomization

Were participants randomgigned to study conditions? If so, was randaipizat the individual level? Stratified and
blocked randomization is acceptable. Studies thad individual randomization combined with a srpatiportion of
randomized matched pairs are also considered Yrofpiately designed and powered group randomizationld also be
acceptable if group was also unit of analysis.Jislial randomization is N when the authors faiftention randomization,
specify that another method of assigning groupustatas used, or randomize at the group level aalyamnat the individual

level.

Control group

Did the study include a comparisasugf? Comparison group could be a no treatmentptezd as usual, or alternate treatme
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group.

Isolate technology

Did study design allow for teseffectiveness of the technology (e.g., Web-batadidery vs. no treatment)? To isolate the
technology, the authors had to test the techncddgye and compare with a group with no technolafly Packaged
interventions in which the technological componestisnot be parsed out are coded as not isolatintgtthnology (N).

Pre-test/post-test design

Was assessment of beltawvitpleted pre-intervention and post-intervention?

Retention

Was study retention at least 80% of stbjeho initially agreed to participate in the st@dRetention is calculated for the
entire sample and not by group. For studies tithhdt report retention or dropout rates, retentian be calculated by using th
sample sizes used for analyses (e.g., 300 randdrbieonly 250 included in analyses = 83.3% retenti

Baseline groups equivalent

Were tests conductddtermine whether groups were equivalent at basetigarding important variables (e.g., gender, ag
weight)? If no tests mentioned, then = unknown/eaclIf subset of tests indicated any group diffees at baseline, then = N

Missing data

Were analyses conducted with condideréor missing data that maintain the fidelitytbé randomization (e.g., intent to treg
imputation)? List wise, case deletion (completalgsis) = N if only analysis conducted. If 100%ergion, then completer
analysis is appropriate = Y. If authors compared‘tropped subgroup” with the selected or randothsample but did not
consider the impact of the dropped subgroup onaraihtion (e.g., intent to treat or imputationgrnhcode as N.

Sample size calculation

Was power analysis repadetermine study sample size? If a feasibilitgxploratory study for which sample size canng
be calculated beforehand, then N/A.

Validated measures

Did description of measuresidgcteliability and validity information? If referee or coefficients, then Y. If well establishe
measure known to be validated, then Y. For objeatieasures without validity evidence, if the objecmeasure is used as &
proxy (e.g., food receipts for nutrition intakd)eth N. If the objective measure is used as a dineetsure of behavior (e.g.,
food receipts for food purchase), then Y. If vaiidiot reported and measure unknown, then unknawiear.

Total

Sum of Y's

Abbreviations: N, no; N/A, not applicable; Y, yes
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3. Development of a Theoretically Driven mHealth Short
M essage Service (SMS) I ntervention to Sustain Recent Weight
L oss

I ntroduction

Nearly 2/3 of the American population is overweight (BMI > 25) and 1/3 has
obesity (BMI > 30). Obesity is costly on our healthcare system (Finketdtal., 2004;
National Center for Chronic Disease Prevention and Health Promotion, 2009) and
associated with multiple chronic illnesses (Guh et al., 2009). Though people are
successful at initial weight loss, only one in six people successfully sugghtwoss
(Bray, 2009; Kraschnewski et al., 2010). What is needed are easy and affordable
intervention tools that promote sustainability and maintenance of weigt{iNassnal
Center for Chronic Disease Prevention and Health Promotion, 2009; National thegrt
and Blood Institute & National Institute of Diabetes and Digestive Kidrisgd3es,

1998).

Mobile phone short-message service (SMS), or text messaging has the patential t
serve as an intervention medium to promote sustainability of weight lossithbé c
easily and affordably used by clinicians and consumers. SMS is a two-way
communication technology that allows brief messages to be sent to and from mobile
phones. Mobile phones are the most popular and widespread personal technology in the
world with an estimated 5.9 billion subscriptions (International Telecommuoricati
Union, 2011). In the U.S. alone more than 88% of the population use a mobile phone

(CTIA Wireless Association, 2009), with over one trillion messages seny yaatlover
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2.5 billion messages sent daily (CTIA Wireless Association, 2009). Due to wadespr

use and low cost of SMS, this technology pervades all age groups (Atun & Sittampalam
2006; Ling, 2004; Rice & Katz, 2003), many cultures (Goggin, 2006), and
socioeconomic backgrounds (Ling, 2004; Rice & Katz, 2003). The nature of this
technology allows it to reach across geographic boundaries and reach peoplie direc
where they are located; and thus is increasingly accepted and used as a madthfor he
behavior change interventions rather than traditional mediums such as thetinte
(Krishna et al., 2009). With over 73% of U.S. adults using SMS (dotMobi, 2012), no
other medium exists that can reach people as quickly and personally as SMS. The
perception of the “digital divide”, the gap between those that have, and do not have
access to information technologies based on sex, ethnicity, age, and socioecorosic sta
is rapidly decreasing as SMS becomes more pervasive.

SMS can serve as a platform for persuasive technology (B. Fogg & Eckles, 2007),
which is a computing system designed to change people’s attitudes and belBavors (
Fogg, 2003). Preliminary studies suggest that SMS is an affordable mobile health
(mHealth) intervention tool, and has positive short-term behavioral and clinicahoes
when compared to usual care (Anhoj & Moldrup, 2004; Benhamou et al., 2007;
Brendryen et al., 2008; Casey et al., 2007; Dunbar et al., 2003; Ferrer-Roca et al., 2004;
Fjeldsoe et al., 2009; Franklin et al., 2006; Joo & Kim, 2007; Krishna et al., 2009; Lim et
al., 2008; Patrick et al., 2009; Warwick et al., 2007). However, a review of theuliterat
by Shaw and Bosworth (in press) of SMS as an intervention medium for weight-loss,

revealed that of the 14 SMS-related interventions reviewed, only 3 demonstrated a
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statistically significant effect on weight loss, diet or exerciserd s limited
information regarding message content, and timing and frequency of meskagyy.de

In order to leverage SMS as a tool to promote behavior change and sustain weight
loss, we must match effective content with effective delivery. We must urnbk retav
much information to deliver, the frequency and timing of delivery, maintain compliance
with patient privacy laws, and most importantly, understand how to deliver targeted
weight loss sustaining specific information to motivate and promote selfategubf
weight loss behaviors; the ability to monitor one’s own behavior, evaluate itsetad
adjust behavior as needed to continue and sustain progress towards a goal.

Weight loss is a complex behavioral process that involves many factors. The
Behavior Change Process (Rothman et al., 2004) can be used as a guide to understand
how to develop an mHealth intervention to help people sustain recent weight loss. This
framework focuses on transitioning from unhealthy behaviors to healthy behaviors
through a four-step process. The first step is an initial change, where fqulexpeople
with obesity begin an exercise program and healthy eating. That is fdlloye
sustained or continued response where people must overcome challenges andabarriers t
continuing the new exercise and diet behaviors. Ultimately, people move from the
sustained response to a state of maintenance and then habit, where they hawedintegrat
the weight loss behaviors into their daily lives. However, for complex behaviorssuch a
weight loss, the transition from continued response to maintenance is challenging
(Kramer et al., 1989; Wadden & Frey, 1997; Wadden et al., 1989). People often relapse,

revert back to their old behaviors and regain lost weight. In fact, many pewple lvack
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to their old unwanted behaviors within the first month of a structured weight loss
program (MacLean et al., 2009). Therefore, a mHealth intervention and applicatign usi
SMS was developed to help motivate people to continue their weight loss behaviors
within the first month of completing a structured weight loss program. The gsaiov
design a mHealth SMS intervention that would help people stay in the continued
response phase of the Behavior Change Process and help prevent relapse.

Furthermore as a caveat, we sought to examine the feasibility onfyaine
content of the SMS intervention to reflect either a promotion or prevention focus. Known
as regulatory focus (Higgins, 1987), emerging research suggests intargehtt target
and frame messages about how people reach goals in their life through eitheardiqn
or promotion focus may be beneficial at motivating people to self-regulate @achsus
recent behavioral changes (Higgins, 2000) such as weight control (Fdglesia 2008).

In particular, messages framed to a promotion or prevention focus that ahednatan
individual's personal preference of promotion or prevention, known as regulatory fit,
may be increasingly beneficial at helping to motivate and sustain redevidel
changes (Fuglestad et al., 2008; Higgins, 1987, 2000).

With regard to the message frequency, the habituation-tedium theory sutgést
message frequency is important for message effectiveness (Berlyne, 19&3telde
exposures to messages lead to familiarity and increased effectivBedgad, 1970).
However, too many messages and repetition may lead to tedium, increased boredom and
become burdensome (Berlyne, 1970). Thus, it is imperative that optimal frequency of

message delivery be determined. Previous studies report daily SMS had a positive
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clinical effect on behavior (Franklin et al., 2006; Patrick et al., 2009; Riley, Ogerma

& Jean-Mary, 2008) and a review of the literature on SMS weight loss inteme

indicated that once a day may be appropriate to help motivate people to engagétin weig
loss behaviors without creating substantial burden (Shaw & Bosworth, in press).

The objective of this study was to pilot a mHealth SMS intervention to promote
sustaining recent weight loss in order to understand optimal frequency anddfming
message delivery, and for feasibility and usability testing. We then usesktiies from
the pilot study to design and construct a patient privacy compliant automated SMS

application to deliver weight loss sustaining messages.

Methods

M essage Development

Initially, we created 30 SMS on nutrition, exercise, and self-monitoring ajhiei
diet, and exercise; behaviors needed to sustain weigldadgs (Baum et al., 1991; R.W.
Jeffery et al., 1984; Klem et al., 1997; Kramer et al., 1989; Schoeller et al. \Wadden &

Letizia, 1992; Wing & Hill, 2001; Wing & Phelan, 2005Messages were the standard length
of a single text message, 140 characters. Message content was derivead feoindiet

and exercise guidelines (Haskell et al., 2007; Kant et al., 2004; U.S. Department of
Health and Human Services and U.S. Department of Agriculture, 2005), and the Duke
University Diet and Fitness Center (DFC). Nutrition messages focused @gistsaD
promote fullness, portion control, and to avoid binge eating and trigger foods, planning

meals, coping strategies and monitoring food intake. Exercise message=ifoa
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benefits of exercise, physical activity goals, overcoming barriersetsto initiating and
maintaining exercise/physical activity, monitoring exercise amount agialsity, and
fitness activities. Monitoring messages focused on monitoring weight, fadaekint
exercise, identifying poor habits, and reviewing progress with weight and behavior
patterns over time.

We then framed each message to a promotion and prevention focus for a total of
60 messages (see Appendix A). Two expert health psychologists reviewedstagase

to verify they were framed appropriately to match a prevention or promotion doantat

Promotion focused messages used words such as “reward,” “continue,” “check,”
“monitor,” "reach,” and “help.” An example of a promotion message was, “Mowdor
progress and how you are doing. Schedule time to review your progress in your

calendar.” Prevention focused messages used words and phrases such as “prevent,

“failure,” “risk,” “avoid,” “steering clear,” and “do not allow.” An exanmgbf a
prevention message was, “Prevent over eating. Use smaller plates talbrngid farger
plate with extra calories.” The messages were then pilot tested for thiiiness and

relevance.

Study design

Recruitment. With IRB approval, participants were recruited from a residential
weight management program in North Carolina known as the Duke Diet and Fitness
Center (DFC). DFC provides a residential weight management program|pispéeple

affected by excess weight and impaired physical fithess achieve hetéh through
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weight loss, physical conditioning, and improved self-care habits. Client$ iereol
comprehensive program that provides education, practical behavioral staegie
ongoing support to make long-term changes.

Eligible participants were obese at enrollment (BMI > 30) and who met the
following inclusion criteria: 1»18 years old; 2) able to speak and read English; 3) had
completed a comprehensive diet and fithess program; 4) lost 5% of their body weight; 5)
had their own mobile phone to personally receive SMS; 6) physically able t¢ &\&s
on their phone; 7) able to continue physical activity for 3 months; 8) did not have a joint
replacement scheduled within 3 months; and 9) were capable of informed consent.
Participants were compensated $50 for their participation in the study.

Potential participants were approached during a self-management class at t
DFC; those who met the inclusion criteria and agreed to participate, sigiddraned
consent, and completed a survey including demographics and the Regulatory Focus
Questionnaire (RFQ) (Higgins et al., 2001).

I ntervention. Following informed consent, participants were provided with an
orientation to the SMS intervention. As an initial delivery frequency to be tested,
messages were sent out daily for 30 days at an arbitrary time, 9:00 A.M. Agmess
delivery log was kept and checked daily to ensure participants were delivered t
appropriate daily messages. Participants received messages (promotrentipn)
that matched with their RFQ results. Messages were set in a queue andkedlterna

between nutrition, exercise and monitoring (see Appendix A for message content).
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Following delivery of the messages for one month, an SMS was sent to
participants asking them to respond via SMS with their self-reported weighé ahonth
post-enrollment. E-mail was also sent to participants asking when they would be
available to participate in a phone interview. If participants did not respond tarthg, e-
the researcher called them on the phone to set up a time to conduct the interview.
Interview questions were open-ended and focused on perception of the usefulness and
attitudes towards the messages (Borrelli et al., 2005; Dane & Schneider, 1988k Res
al., 2005), intervention experiences (Borrelli et al., 2005; Dane & Schneider, 1998;
Resnick et al., 2005), technical difficulties, intervention fidelity, and suggestadeha
for the intervention. With permission, interviews were recorded and transcribed. A
subsequent SMS was sent after 3 months from the start of the intervention asking
participants to respond with their self-reported weight.

Measures and variables. Demographics were obtained from self-report at
baseline. Height, weight, and BMI were obtained at baseline from participagdscal
record. Participants responded via SMS to the researcher with their setedepeight
after one and three months. The regulatory focus questionnaire (RFQ) (Higgiins e
2001) was used at baseline to determine if participants had a stronger promotion or
prevention focus in reaching their goals. This measure consists of 11 five-gkarit Li
type items (5 prevention, 6 promotion), which assesses the history of individualsssucce
at promotion and prevention tasks over the course of their lives. Scores range fsom -2 t
+2. Positive scores indicate greater previous success in promotion selfioegula

Negative scores indicate greater previous success in preventiorgsddttics. The
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reliability for the promotionq = .0.73) and prevention subscales(.0.80) has shown to
be high and are modestly correlated(21,p < .001), and content validity was
demonstrated through expert review (Higgins et al., 2001). Test-retestlitglaer a
period of two months produced correlationg ef.79 for the promotion scale and .81
with the prevention scale (Higgins et al., 2001). Convergent validity was dentedstra
with Jackson’s personality research form (Jackson, 1974) and discriminartlywaédi
shown with the behavioral approach system scales (BAS) /behavioral inhibitiemsyst
(BIS) scale (Higgins et al., 2001). Regulatory focus scores were abstfseseline.
Feasibility and acceptability were measured at 1 month post-baseline by a
telephone interview. To assess feasibility and fidelity of the study desibdedivery of
treatment (Bellg et al., 2004), participants were asked how often they readtbages,
if there were times when they did not read the messages, and if they encbuntere
technical barriers. Participant responsiveness and treatment fidiligdréo receipt of
the messages (Bellg et al., 2004) were calculated based upon how useful andefavorabl
(attitudes) participants felt about the intervention. Asking participantsgbeieption of
the usefulness and attitudes toward the SMS assessed acceptability, titegthleed
the message content, and whether they liked SMS as an intervention tool for helping
sustain weight loss. In addition, participants were asked if anythingadseed in their
lives during the 90-day study period that may have affected sustaining thegit Vosis,
such as a major life event or participation in other weight loss programs.eBs ass
optimal frequency and timing to deliver the messages, participants were ask#égeiiow

felt about the frequency and timing.
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Data Analysis

Demographics and change in weight were calculated using descriptivécstatist
with SAS Version 9.3 (SAS Institute Inc., Cary, NC). Interview data wea/zed using
conventional content analysis, a data reduction technique, to look for recurring themes
(Graneheim & Lundman, 2004; D.F. Polit & Beck, 2004; Sandelowski, 1995) using
Microsoft Excel 2007 (Microsoft, Redmond, Washington). Questions asked in the
interviews regarding intervention perceived usefulness, attitudes (Betralli 2005;

Dane & Schneider, 1998; Resnick et al., 2005), and experiences (Borrelli et al., 2005;
Dane & Schneider, 1998; Resnick et al., 2005) guided the analysis. The content analysis
involved dividing text into segments of information and the categorization and
classification of patterns into code segments (Neuendorf, 2002). These goubntse

were then analyzed for frequencies and coded into categories. Infereneesage from

the categories and collapsed into themes (Creswell, 2007). A second researehsd

the interviews for interrater reliability and agreement on outcomes. Reayterception

of the usefulness and attitudes were divided into three categories of negativwee posit

and neutral perceptions. Two researchers reviewed these data to ensurencgnsigte
findings. Data on frequency and timing of participant preferences of SM&igelvas

tallied.
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Results

Participant characteristics

Sixteen out of 50 participants approached, agreed to enroll in the study. All
participants ll = 16) were enrolled between September and October 2010. Baseline
demographics indicated that 13 (81%) were female, 15 (94%) were White,1 (6%) was
African American, 10 (62.5%) were promotion focused, and 6 (37.5%) were prevention
focused. All participants had a college level education. The mean baseline wasght w
206.8 SD =+ 39.8) pounds. All participants were capable of sending and receiving SMS
and had previous experience with SMS. Of the 16 participants, 14 (87.5%) completed the
study and participated in individual telephone interviews. 13 (93%) reported thghtwei
at 1-month post-baseline during the phone interview and at 3-months post-baseline via
SMS. Twelve (86%) participants either sustained or continued to lose weight atli-mont
post-baseline and 11 (79%) participants sustained or continued to lose weight ah8-mont

post-baseline (see Table 3).
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Table 3: Baseline Characteristicsand Weight Over Time

Participant Gender Race RegulatorBaseline 1-month 1-month 3-month  3-month

focus weight  weight  difference weight difference
from baseline from baseline

1 F W Promotion 206 196 -10 *

2 F W Promotion 183 172 -11 169 -14

3 M W Prevention 227 224 -3 205 -22

4 F W Prevention 232 226 -6 223 -9

5 M w Promotion 212 195 -17 191 -21

6 M W Promotion 239 * *

7 F w Promotion 220 212 -8 197 -23

8 F WH Promotion 212 209 -3 *

9 F W Promotion 173 165 -8 181 +4

10 F W Prevention 194 * 183 -11

11 F B Prevention 306 277 -29 280 -26

12 F W Prevention 246 240 -6 244 -2

13 F w Promotion 169 169 0 150 -19

14 F W Prevention 145 140 -5 136 -9

15 F w Promotion 156 161 +5 161 +5

16 F w Promotion 188 186 -2 157 -31

* = no response; F = female, M = male; W = White non-Hispanic, WH = \Wsganic, B = Black or African American



Acceptability

Per ception of the usefulness of the messages. The majority of participanti(=
10, 71%) felt the messages were useful in helping them sustain weight loss. One
respondent said, “It really helped me. It was like having a pearl [of wisddikgd that
they reinforced behaviors.” Reinforcement and encouragement arose as.a8Steenal
participants said that the information helped to reinforce and remind them whabbgha
they should be performing to sustain weight loss. For example, one participahttshhte
the messages, “helped get the message home.” Participants felt thasfagencontent
was appropriate and reflected behaviors they need to perform to sustain rgént w
loss (a healthy diet, physical activity, and monitoring of progress). 8eyaticipants
noted that they missed receiving the messages and were disappointed wheiythe s
ended.

Several (| = 3, 21%) participants enjoyed the messages, but they were not sure
how much they helped them sustain their weight loss. These three participaritatsaid t
they didn’t think the messages were enough and that other factors (e.g., socia) support
may have been more beneficial in helping them sustain weight loss. Ongaattsaid,
“takes more than an e-mail [SMS] to lose weight.” These participanth&tladditional
elements should be added to the intervention. Some of their suggestions included:
supportive phone calls, a mentoring program in-person or online, and an online support
program with other people who are losing weight. In these cases, the social support

aspect was missing. One patrticipant(1, 6%) did not find the messages useful at all.
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This participant said the messages were annoying and redundant and did not enjoy
receiving information they already knew. Of the 3 neutral and 1 negative responder
demographic characteristics or regulatory focus scores were notcagtiifidifferent
from the other participants.

A motivational theme emerged from the interviews. Participants4, 29%) felt
that the messages were inspirational and served as “words of encourageimeaver,
other participantsn(=3, 21%) said that the messages were not motivational and would
prefer messages that give a “boost in self-confidence.” Another twoipants said that
they would prefer to have a mix of both factual and motivational messages.

Attitudes towar ds the messages. Results indicated that the majority of
participantsif = 13, 93%) were favorable toward the messages. Participants reported
enjoying and receiving “a daily boost of confidence”, and that they “alveayedt
forward to it.” These messages were also viewed as social support. For exaraple
participant said, “It says there is somebody out here who cares and is reminding you
don’t forget. It just starts your morning.” Another participant said, “i Vike having a
buddy,” while another said “it was like someone was over my shoulder. It was like a
conscious.”

Usefulness and attitudes towar ds SM S technology. All participants who
completed the interviewn(= 14, 100%) thought that SMS was a favorable
communication medium and was a useful way to receive messages promptly ahd direct
As noted by one participant, “I always have my cell phone on me.” Several patscipa

(n=4, 29%) noted SMS was useful because they were able to keep the messages on their
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phone and it was easy to read them multiple times. Seven (50%) participantstsaid tha
they read the messages multiple times. Four (29%) participants said thartetteesed

SMS compared to other mediums such as e-mail or telephone. However, one older
participant said that she preferred e-mail to SMS. Three (21%) saicbtfearded and
shared the messages with other people who were also trying to lose weight.

Another theme that emerged was that SMS is a good tool to deliver short relevant
messages. Three participants said that they found the messages usefel thegaus
consisted of small amounts of relevant information. One participant noted “I have the
[weight loss program] material to go back and review, but what | am tryinguxefout
is what is the most powerful tool (information) for me.” This participant saitdINES

made it easy to find the information and it came directly to her.

Fidelity and message delivery

All participants f = 14, 100%) said they read the messages when they knew they
arrived. Most participant(= 11, 79%) said that they read the messages every morning
during the 30 days of message delivery. Several participaat8,(21%) however did
not read the messages upon arrival every morning. Of these participantsddhatsstie
was more tied to e-mail and missed some messages coming in because her phone was on
silent or she did not notice the message had arrived. Another was on vacation during part
of the intervention and did not receive the messages during that time period. Another
participant had technical difficulties with her phone and stopped receivinggesssfter

two weeks.
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All participants = 14, 100%) thought that the frequency of receiving a daily
message promoted weight loss sustaining behaviors. Participants felt gjiatt logs is a
daily activity and that receiving messages less frequently would be flestvef Several
participantsif = 3, 21%) expressed that twice a day would still be appropriate and they
indicated that a message in the morning and at night would be acceptable. Ajpgatdici
expressed that the best time to deliver daily messages was in the morning at
approximately 8:00 A.M. in their respective time zone. This was expressed agaal opt
time because it sets a precedent for the day. One participant noted tivatgece
message later in the day may not be as effective because they malydwyeraissed
exercising or eaten something not on their dietary plan.

Of the 14 participants who completed the study, 12 (86%) participants either
sustained or continued to lose weight at 1-month post-baseline and 11 (79%) participants
sustained or continued to lose weight at 3-months post-baseline. Thus, it was possible to

successfully collect weight loss data via SMS.

L essons lear ned

This pilot study provided the following lessons learned fodgaeelopment of
an SMS application. These include the following:
1. Participants want at least one daily message
2. Messages should be delivered at 8 A.M. in a participant’s respective time zone
3. Messages should not be beyond the standard text messaging length of 140

characters
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4. Confirmation of message delivery is needed
5. Participants’ phone numbers are considered protected health information

(PHI) and must be used with a secure system

Application Development

The SMS application was written in C++, using the Microsoft Visual C++ 2010
compiler. Three code libraries were used: the Microsoft Visual C++ runtimieasoc
computer services; Microsoft Foundation Classes, for user interfaceesemana libcurl,
for secure hypertext transfer protocol secure (HTTPS) data tranesmsssiices.

The SMS application read a database of configuration information and subject
information. Configuration information consisted of the text messages for eactegla
intervention group (promotion, prevention, and control) and the login information for the
HTTPS-based SMS service. Subject information consisted of each participéeylsone
number, time zone, intervention start date, and intervention group (promotion,
prevention, or control).

The database was in the form of five text files on a secure file servee. fllase
held the list of messages for each intervention group, with one message on each line
promotion.txt, prevention.txt, and control.txt. One file held login information for the
HTTPS-based SMS service, with the account name and password on separate lines,
obfuscated by a simple encoding: login.txt. This file optionally held a confomat
number, where a text message confirming daily automatic operation was seimal he f

file held subject information in comma-separated value (CSV) format: ssiyect
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The SMS application also wrote logs of its activity. The database of logs
consisted of text files stored on the same secure server as the configurdtsoject
data. Each log file was named by the date of activity described withirtethe f

The location of the secure file server was stored in a file, SMS.ini, placed in the
same directory as the application itself. If this was not specified M&application
defaulted to its own directory.

The application had two modes of use: manual and automatic. Manual mode was
for initial setup, testing, and error recovery. Automatic mode was for regggar
throughout the course of the trial. Manual functions included SMS service login
configuration, configuration verification, and message sending. Automaticdngaatiere
configuration verification and message sending.

The SMS login configuration function allowed the user to specify the account
name and password for the HTTPS-based SMS service. The user could also specify the
confirmation number where a text message confirming daily automatic iopesas
sent. Figure 4 shows this manual function.

Configuration verification read all of the configuration data and confirmed that
there were no obvious errors. Configuration verification checked that the list of tex
messages for each intervention group each contained 30 messages. Configuration
verification checked that the SMS service login information was presentlyfihal
checked that the subject information list was present and formatted correctly

Configuration verification had the option to be triggered manually through the user
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interface, and was done automatically every time text messages wenstssther

manually or automatically.

) SMS Sender IEREREE

Verify Configuration Set 5MS Login

Skark Auto Skop Auto Send &am Send 9am | Send 10am | Send 11iam |

2012-05-21 15:31:01: Configuration verified

FSVE Togin

Username

Password

Confirmation Mumber {optional)

Ok

Figure 3: SMS Application, Manual Mode, SMS L ogin Configuration

Because the intervention specified that each subject received a text nassage
8:00 A.M. local time during the course of the intervention, message sending in the SMS
application worked by processing the subjects in batches based on time zone. This
processing was able to be triggered manually by pressing a button in the usrente
triggered automatically by setting the computer to run the SMS applicateon as

scheduled task, with an appropriate command-line option.
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The application assumed that all subjects were in the continental United States
and therefore had four options for sending a batch of messages. The application named
the batches using the time that the batch was sent from, in this case the titasteone.
Thus, the batch sent to the Eastern Time zone was named “8am,” and the batch sent to
the Pacific time zone was named “11am.” When processing of a batch began, the
application went through the following steps:

1. Verified the configuration

2. Read the subject information and gathered the batch of subjects that were in

the current time zone

3. Using the subject start date and the current date, calculated which day of the

intervention each subject was on, discarding subjects whose intervention had
not started yet, or whose intervention was over

4. Logged in to the HTTPS-based SMS service

5. For each subject in the batch:

a. Selected the appropriate text message using the subject’s calculated
intervention day and which intervention group the subject was in
b. Sent the selected text message to the subject’s phone number
6. If the program was running in automatic mode, and the batch was the first
batch of the day (8:00 A.M. batch), sent a confirmation text message to the
confirmation phone number
If an error occurred at any step, the error was logged. Processing coaisnued

much as was possible, including the text confirmation message in the fmdf steors
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prevented the sending of any messages, the confirmation text messagelitiahide
information. If a failure did occur during automatic processing, the user wasoabl
launch the application in manual mode to identify and fix any configuration emdrto
attempt sending the message again.

Automatic mode was configured with help from the operating system. For this
trial, four Windows Scheduled Tasks were set up, one for each time zone. The tasks
were configured to run daily at 8:00 A.M., 9:00 A.M., 10:00 A.M., and 11:00 A.M. Each
task launched the SMS application with a command line option that instructed the
application to automatically send the batch of messages for that partic@alikerso:

e 8:00 A.M.: SMS.exe /run8
e 9:00 A.M.: SMS.exe /run9
e 10:00 A.M.: SMS.exe /runl10
e 11:00 A.M.: SMS.exe /runll

The service was set up to “Run As” a user with access to the secure file server

used to store the configuration, subject, and log files. This allowed the service to run

daily and send all necessary messages without regular manual intervention.

Discussion

These results suggest that it was feasible to develop and deliver weight loss
sustaining messages via SMS to people who have recently completed a struatgined we
loss program and are in the continued response phase of the Behavior Change Process.
The majority of participants felt there was significant value in recgithe messages that

‘fit” with their respective promotion or prevention preference. Many ppérts felt that
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the messages helped them stay motivated. Several participants exprasbey fiett
they had a companion with the daily messages and that it was important to radgive d
reminders. Of the three participants who had a neutral perception and the one who had a
negative perception of the intervention, all indicated they would have preferred the
messages to either be more motivational or have additional components such as a
telephone element or online discussion group. There did not appear to be any significant
differences in demographics or promotion or prevention preference in these three
participants. All three continued to lose weight at month 3.

All participants were positive about the SMS delivery method. Participants
expressed favorability towards SMS because messages were delivertyl tditbem.
Most of the participants read the messages every day. Technical issuesdiglahsas
a non-functioning phone in one participant and a silent mode or delay in checking the
messages by two others. No participants had problems responding via SMS their self
reported weight. Once a day was deemed as the most appropriate messageyfragdenc
8:00 A.M. as the most appropriate delivery time. However, several participantgeddica
that receiving messages twice a day, preferably at morning and night wdedddfecial.
In relation to the habituation-tedium theory, more than twice a day would be gedside
burdensome and create tedium, while fewer than once a day would not be effective and
fail to reach habituation. Thus, the ideal frequency for message effectiveameas least
once a day and no more than two. SMS also emerged as an appropriate medium to collect

data on weight.
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From a theoretical perspective, this mobile health intervention was shown to be
acceptable and feasible for the continued response phase of the Behavior Cheagge Pro
In addition, in accordance with regulatory focus theory we framed the mess#gat to
be either promotion or prevention focused. Thus, it was feasible to craft and deliver
messages that reflect the two foci of the Regulatory Focus Theory, promotion or

prevention respectively.

HIPAA Considerations

Patient privacy was a major consideration in the design and development of the
SMS application. Data is transmitted to participants from a secure ,sghien reads
protected health information (PHI; telephone numbers) and then transmitted data to a
personal phone through a secure communication protocol HTTPS. HTTPS provides
authentication of a third-party SMS service that this application used to ttahemi
messages. This was critical to provide assurance that the SMS applicatronruoated
with precisely the website it intended to and ensured the communicated contePiH(e.g
telephone numbers) were not read by any unintended third parties.

However, cell phones are often shared and other people could read information
transmitted to participants. This is particularly true for SMS where useeratication is
not available for an individual message at this time beyond having a password $0 acces
some phones. When designing IT systems such as this, data encryption musebe writ
into the software development. mHealth interventions may often times ﬁ’wy& to

transmit text messages (SMS), video messages, voice messages, ortathetoda
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application or ‘app’. It is imperative that PHI is limited regarding whatansmitted and

that these "8 party companies or services also have privacy agreements.

Limitations

The majority of participants were from a more affluent and educated background,
mostly White non-Hispanic, and not representative of the general U.S. populat®n. Thi
study also did not evaluate the effectiveness of the SMS intervention or the effde

message framing on sustaining weight loss.

Conclusions

As a pilot study of a larger weight loss sustaining intervention, results frem thi
study provide valuable insights on the feasibility of developing weight loss SMS
message framing, and the development an mHealth SMS application. Consistent with the
literature (Fjeldsoe et al., 2009; Krishna et al., 2009; Shaw & Bosworth, in,[5&4S)
was an accepted tool by participants to deliver health promotion cobteniext steps
are to utilize a larger sample size to assess the effects of thebe lavgsgsustaining
messages and the intervention on sustaining weight loss and preventing relapse; and to
examine the differential effects of promotion and prevention framed weight los

messages on sustaining weight loss.
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4. A Mixed-Methods Randomized Trial of a Short M essage
Service (SMS) Text M essage | nter vention on Sustaining Recent
Weight L oss

I ntroduction

Obesity is a serious problem affecting nearly 34% of Americans (Naamder
for Health Statistics, 2009; Reuters, 2003). At over $190 billion annually (Cawley &
Meyerhoefer, 2012), this condition is very costly (Finkelstein et al., 2004; National
Center for Chronic Disease Prevention and Health Promotion, 2009) and is associated
with multiple chronic diseases, including type 2 diabetes, cancer, and cardiovascula
illnesses (Guh et al., 2009), as well as lower self-esteem, depression,fdisaosocial
situations, and lower quality of life (Obesity in America, 2009). Many peojtle wi
obesity are successful at initial weight loss; however, it is almosyslegained over
time (Bray, 2009). Only one in six people successfully sustain weight loasofitrewski
et al., 2010). In fact, the rate of weight gain is highest immediatelycafésation of a
structured weight loss program (MacLean et al., 2009). Factors attribudabis telapse
in weight regain include failure to maintain regular physical acti@gum et al., 1991,
R.W. Jeffery et al., 1984; Schoeller et al., 1997), follow a low-calorie diet (Fefféry
et al., 1984), and monitor body weight (Baum et al., 1991; Kramer et al., 1989; Wadden
& Letizia, 1992). There is a critical need to understand how people sustain recdrit weig
loss. What is needed are easy and affordable intervention tools that promotelslistaina

and maintenance of weight loss (National Center for Chronic Disease Prevention and
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Health Promotion, 2009; National Heart Lung and Blood Institute & Nationalutestf
Diabetes and Digestive Kidney Diseases, 1998).

Due to low cost, ubiquity, and ease of use, healthcare communicated through
mobile technology, or “mHealth”, may be able to serve as an effective mealinaach
people and facilitate weight loss behaviors. mHealth offers many methodological
advantages over traditional healthcare mediums. mHealth reachesgegssphic and
economic boundaries, is delivered directly to people, and is easy and affordable to use
(Patrick, Griswold, Raab, & Intille, 2008). mHealth also offers “reduced mehias,
the ability to capture time-intensive longitudinal data, date-and time-sthdgia, and
the potential for personalizing information in real-time” (NIH OfficeBafhavioral and
Social Sciences Research, 2011). mHealth has the potential to serve asra pdatfor
deliver information directly to people with content targeted to their weight lossibeha
needs that can serve as cues to action; targeted health information and cues &weact
strategies to encourage change and sustain healthy behaviors (Dijk$trisel &
Roijackers, 1999; Kreuter & Wray, 2003).

More than 87% of the U.S. population use a mobile phone (CTIA Wireless
Association, 2009). Over one trillion short message service (SMS), also known as text
messages, are transmitted yearly and over 2.5 billion daily (CTIA Wirakssxciation,
2009). Preliminary studies on smoking, diabetes medication management, and weight
loss initiation suggest that SMS has positive short-term behavioral and abinicames
(Anhoj & Moldrup, 2004; Benhamou et al., 2007; Brendryen et al., 2008; Casey et al.,

2007; Dunbar et al., 2003; Ferrer-Roca et al., 2004; Fjeldsoe et al., 2009; Franklin et al.,
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2006; Joo & Kim, 2007; Krishna et al., 2009; Lim et al., 2008; Patrick et al., 2009;
Warwick et al., 2007). However, in order to leverage mHealth as a tool to promote
behavior change, we must match effective content with effective deliverynifgt

understand how to deliver targeted information, the appropriate frequency and timing of
delivery, how much to deliver, and most importantly provide relevant content that
motivates and promotes self-regulation. Self-regulation is the ability taoname’s

own behavior, evaluate its effects, and adjust behavior as needed to continue and sustain
progress towards a goal.

The Behavior Change Process by Alexander Rothman and colleagues (Rothman
et al., 2004) was used as an overall framework to guide this intervention. This conceptual
framework focuses on transitioning from unwanted unhealthy behaviors to healthy
behaviors over four phases (see Chapter 1, figure 1). Interventions are needed to help
people transition from an initial behavior change to a state of maintenancenefithe
behavior. For complex behaviors such as weight loss, the transition from continued
response to maintenance is difficult. The relapse rate from continued rebpokge the
unwanted behavior is high (Kramer et al., 1989; Wadden & Frey, 1997; Wadden et al.,
1989). In other words, many people who lose weight “fall of the wagon,” relapse, and
return to their previous unhealthy behaviors. Ongoing assessment of the new behavior
and adjustment to challenges is needed. Research suggests interventiorgethatdar
frame messages about how people reach goals in their life through eitbeetipn or

promotion focus may be beneficial at motivating people to self-reguldtsuetain
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recent behavioral changes (Higgins, 2000) such as weight control behavidesi&aigt
al., 2008).

Regulatory focus theory contends that people use two kinds of strategies to work
towards goals: approach-based (promotion) or avoidance-based (preventgmsH
1987, 2000). Approach-based strategies promote success to reach a goal, while
avoidance-based strategies prevent failure to reach a goal. The approach teatepeopl
to habitually use is known as their regulatory focus, either promotion or prevention.
Although individuals use both promotion or prevention self-regulation strategies to
pursue goals, some goals are viewed as more positive and pleasant when tingtgggl s
matches the individual's regulatory focus, known as “regulatory fit” (Higgl987,

2000). Thus, the likelihood that someone will feel motivated to initiate and sustain a
behavior change is increased (Spiegel et al., 2004). These matching messtdyasgyat

to enhance self-regulation and if received during the continued response phase of the
Behavior Change Process may facilitate transition to maintenance arprdedpt

relapse. Thus, interventions which frame health messages towards one’®rgdotats
may be beneficial at sustaining recent behavioral changes (Higgins, 200@ssueight
loss (Fuglestad et al., 2008). Furthermore, self-regulatory preferepoenabtion or
prevention strategies may vary by the timing and specific behavior traeteell. One
study suggested that promotion focus is a better predictor of initial wegghtylet
prevention focus is a better predictor of maintenance of weight loss (Rothnan et a

2004).
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Using the Behavior Change Process (Rothman et al., 2004) and regulatory focus
theory (Higgins, 1987, 2000), an intervention was developed that leveraged SMS to
deliver messages to people who have recently lost weight in attempt to helpgtaim s
weight loss and prevent relapse. Design of the mHealth SMS application angenessa

content are previously reported (see Chapter 3).

Methods

Purpose and Hypotheses

The purpose of this study was to test the acceptability, feasibility, andaosfiof
daily weight loss sustaining messages on helping people sustain weight |lassirigpll
the completion of a weight loss program, a 3-arm randomized controlled trial was
conducted to compare the delivery of daily promotion and prevention weight loss
sustaining messages on sustained weight loss to a control group that received general
health messages. Messages were delivered for 1 month with a follow-up observation
period of 3-months post-baseline.

Hypothesis 1: Participants randomized to either a promotion or prevention framed
weight loss message intervention group would have an increased likelihood of sustained
weight loss compared to a general health message group.

Hypothesis 2: Individuals with a lower regulatory focus score (indicative of
greater prevention focus) were more likely to sustain weight loss if theiveel
prevention messages (‘fit') and those individuals with a higher regulatory $coos

(indicative of greater promotion focus) were more likely to sustain wesghtif they
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received promotion messages (‘fit"). We hypothesized this because thteitgera
demonstrates a greater likelihood that someone will feel motivated toamitidtsustain
a behavior change when messages fit’ with an individuals preferenceofopfon or
prevention (Spiegel et al., 2004)

Hypothesis 3: Participants randomized to the prevention framed message group
had an increased likelihood of sustaining weight loss compared to the promotion framed
message group. We hypothesized this because at the later stages of ther Bdteange
Process (i.e. sustaining phase that all participants entering the stalin)y people are

more sensitive to prevention framed strategies (Rothman et al., 2004).

Study Design

A randomized controlled trial using mixed methods was conducted with data
collected at baseline, completion of the intervention at 1 month, and 3 months post-
baseline. Participants were 120 obese adult men and women who received treatment at
the Duke Diet and Fitness Center (DFC) for weight loss. Clients who met theifglow
eligibility criteria were recruited for the study: 1) clinicallyeasured BMI > 30 at the
start of DFC treatment; 2)18 years old; 3) able to speak and read English; 4) had
completed a comprehensive diet and fithess program; 5) lost 5% of their body weight; 6)
had their own mobile phone to personally receive SMS; 7) physically able te &M&s
on their phone; 8) able to continue physical activity for 3 months; 9) did not have a joint

replacement scheduled within 3 months; and 10) were mentally capable of informed
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consent. The Duke University Medical Center Institutional Review Board appioered t

study.

Participant Recruitment

Recruitment occurred between May 2011 and February 2012. Participants were
enrolled from the Duke DFC following completion of a residential weight maneage
program. DFC helps people affected by excess weight and impaired physess fi
achieve better health through weight loss, physical conditioning, and improvedrself-c
habits. Clients enroll in a comprehensive program that provides education, practica
behavioral strategies, and ongoing support to make long-term changes. Potential
participants were approached during a self-management class at theHaB€ who met
the eligibility criteria and agreed to participate signed the informedeates, completed
the baseline questionnaires, and were provided with an orientation to the SMS

intervention.

Randomization

Once the participants signed the informed consent and completed the baseline
survey, they were randomized to one of the three following intervention groups:
promotion-framed messages; prevention-famed messages; or a contpaihgtiou
received general health messages (See Appendices A and B). Computdedenera
permuted block randomization was used to ensure equal probability to either the

promotion, prevention, or control message groups. The randomization yielded the
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following sample sizes per group: promotion (n=41), prevention (n=40), and control

(n=39).

Sample Size and Power

A sample size of 120, with approximately 40 per group, was enrolled in this
study. This exploratory study was primarily designed to obtain estimagéecf sizes
needed to plan a larger future study. Accounting for attrition, a samplef<gi@eper
group would allow a reasonable estimate of effect sizes. Power caloslatdicated that
a sample size of 90 per group would be needed to achieve 80% power to test the primary
efficacy hypothesis and detect between-group differences in sustained wsgfutrla
medium effect (Cohen'w = 0.30 to 0.49). It was estimated the effect size for sustaining
weight loss to be between 0.25 to 0.30 in range based on literature evaluating computer
tailored and general behavioral weight loss interventions (Franz et al., 200wgyRor
Scott-Sheldon, Johnson, & Carey, 2009). Effect size estimates specific to the M@ of S
for weight loss were unknown (Shaw & Bosworth, in press). Thus, the main goal of this
initial study was to obtain effect sizes for the target population that willdgwete future

research.

I nterventions and Attention-Control

Participants received a daily SMS (promotion, prevention, or general health
message) for 30 days following the DFC structured weight loss program. SMSeter

in a queue and automatically delivered daily at 8:00 a.m. in participants’ respeot
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zone through a HIPAA compliant SMS application (see Chapter 3). Messageydelive
was guided by the results from the previous pilot study and by the habituation-tedium
theory which suggests that an ideal frequency of message delivetica for message
effectiveness (Berlyne, 1970). Participants in the promotion and prevention rii@nve
groups received messages that targeted diet, exercise and monitoring (Appeidix A
content was based upon weight loss literature and behaviors needed to sustain vgeight los
(Baum et al., 1991; Klem et al., 1997; Kramer et al., 1989; Wadden & Letizia, 1992;
Wing & Hill, 2001; Wing & Phelan, 2005), namely regular physical activity (Bata.,
1991; R.W. Jeffery et al., 1984; Schoeller et al., 1997), a low-calorie healthiRdiét (
Jeffery et al., 1984), and monitoring of body weight (Baum et al., 1991; Kramer et al.,
1989; Wadden & Letizia, 1992). Message development and framing are reported
previously (see Chapter 3). Participants randomized to the intervention geoap®d
messages framed appropriately to match a prevention or promotion orientation.
Participants randomized to the attention control group received general heatyeses
as an attention control (Appendix B). We chose an attention-control group over a
standard-of-care control group to eliminate the possible confounders of simgiyngc

a daily message regardless of content, and the novelty effect of technology.

Data Collection and M easur es

The primary outcomes measured were acceptability, feasibility andghsuasta
weight loss. The secondary outcome was the moderating and predictive effects of

regulatory focus scores on sustained weight loss. We used sustained weigbtaoss

69



primary outcome instead of raw weight in order to assess whether people hadeceim
the sustaining phase of the Behavior Change Process. Baseline dateonalemurred at
the point of enrollment at the DFC and included surveys, which obtained demographic
information, SMS use, and regulatory focus through the Regulatory Focus Quesgionna
(RFQ; (Higgins et al., 2001). Height and weight were obtained from participaatstal
charts. Baseline surveys were double-data entered into the databasengollow
completion of the 30-day intervention and 90 days post-baseline, participants received
SMS asking them to report their weight and were e-mailed a link to an online survey,
which collected feasibility and acceptability of both the technology anchéssage
content. Participants completed the survey using Research Electronic Data
Capture (REDCap); (Harris et al., 2009) tools hosted at Duke University. RED&ap is
secure, web-based application designed to support data capture for reseagsh studi
providing: 1) an intuitive interface for validated data entry; 2) audit trailrécking
data manipulation and export procedures; 3) automated export procedures for seamless
data downloads to common statistical packages; and 4) procedures for importing data
from external sources. To further assess feasibility and acceptdhilinediately
following the 30-day intervention participants were also asked to undergo an individual
telephone interview. Interviews were audio-recorded, with permission from the
participants.

Participant Demogr aphics. Height, weight, BMI and co-morbidities were

obtained from participants’ medical record at baseline. Cell phone use, tygleptfane
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plan, and SMS were collected by self-report at baseline to determine egpesigh and
ability to receive SMS.

Feasibility and Acceptability. Feasibility and acceptability of both the
technology and the message content were measured at 1 month post-baseline in an online
survey and in a phone interview. Participants were asked during the intervienaiss dis
their perception of the usefulness and attitudes toward the intervention and message
content (Kreuter, Oswald, Bull, & Clark, 2000), their experiences with the imione
technical difficulties and barriers they encountered, and how often thetheeatessages
for intervention fidelity (Borrelli et al., 2005; Dane & Schneider, 1998; Resnidk et a
2005). The Attitudes and Behaviors toward SMS Weight Loss Scale was used tteevalua
perception of the usefulness and attitudes toward the intervention and message content
for sustaining weight loss. This scale assesses attitudes towardspmtenise, and
behavioral use of SMS. This 13-item scale was adapted from the AttitudesdTowar
Mobile Advertising Scale (Tsang, Ho, & Liang, 2004) to ask participants abagf usi
SMS for sustaining weight loss rather than mobile advertising. This firstrh8-dee 5-
point Likert-type and range from 1 (least favorable) to 5 (most favorableirsh2
guestions measure the entertainment value of the weight lossd&SM34), questions 3
and 4 evaluate the informativeneas=(.71), and questions 5, 6, and 7 assess the
irritability (o = .89). Questions 8, 9 and 10 estimate reference, trustworthiness, and
attitudes, respectively. In addition, this scale measures intention to r&détvethe
extent of message reading, and the timing of message reading (See AfpeAdi

measure of internal consistency was calculated, Cronbach’s alpha, toegtienat
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reliability of the Attitudes and Behaviors toward SMS Weight Loss Staleéhe RFQ
promotion and prevention subscales below. Alpha coefficients greater than .70 are
considered indicative of good reliability (Nunnally, 1978).

Regulatory Focus Questionnaire. The RFQ (Higgins et al., 2001) was used to
determine whether participants are promotion or prevention focused. The RFQ is an 11-
item, two-factor scale (5 prevention, 6 promotion items) that assesses pgréona
strength of promotion and prevention strategy styles. This 5-point scale feorgels
(never or seldom) to 5 (very often). Scores range from -2 to +2. Positive suioasd
greater previous success in promotion self-regulation. Negative scoresdrytieater
previous success in prevention self-regulation. Reliability has been prevéessiysed
for the promotion scalex(= .73) and prevention scake £ .80) indicating good internal
consistency (Higgins et al., 2001). The promotion and prevention scales are only
modestly correlated € .21,p < .001) and content validity has been demonstrated
through expert review (Higgins et al., 2001). Test-retest reliability overi@dpa two
months produced correlationsrof.79 for the promotion scale and .81 with the
prevention scale (Higgins et al., 2001). Convergent validity has been demonstthted wi
Jackson’s personality research form and discriminant validity has been shibmthewi
behavioral approach system scales (BAS) /behavioral inhibition syst&hg&dle
(Higgins et al., 2001). Regulatory focus scores were assessed at bastdmal |
consistency reliability was assessed for the RFQ from data colkdvedeline. The
prevention subscale was found to be reliable (5 iterws;76). However, the promotion

subscale demonstrated poor reliability (6 items;.53).
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Weight. At baseline, weight was recorded from the DFC medical records. At 1
and 3 months post-baseline, participants reported their weight taken on their home scale
to the researcher via SMA&t baseline, participants were asked if they had lost the 5% of
weight needed to qualify for the study. If participants reported that thelp$iad
sufficient weight, it was assumed they were correct and qualified. Throedicahchart
review, this was verified after participants agreed to participate aherrolled in the
study. The accuracy of self-reported weight has been demonstrated intihtesee
weight loss treatment programs and has shown to be comparable to observed weight
(Harvey-Berino et al., 2011). Harvey-Berino et al., (2011) found that observed and
reported weights were significantly correlated at 0 and 6 months (r = 0.996 and 0.996,
respectively). Weight change by self-report was found to be comparable to obseaved i
web-based obesity intervention. Sustained weight loss was expressedhradathos
outcome at each time point (O = not sustained, 1 = sustained). For the purposes of this
study and in accordance with the American College of Sports Medicine (Doanall,

2009), sustaining weight loss was defined as a change of < =5 pounds or < 3% change in

weight following a weight loss program.

Data Analysis

Descriptive and inferential statistics were calculated using SASOVieds3 (SAS
Institute Inc., Cary, NC). Non-directional statistical tests wertopeaed and the level of
significance was set at .05. Due to the exploratory nature of this studycifiotesathe

level of significance was not adjusted for multiple testing. Categoricaladatdescribed
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using number and percentages of patients that fall within each category, avtifeious
data is presented in means and standard deviations (M&@h +

Descriptive statistics were used to summarize baseline demographidifigc
BMI) and SMS characteristics of the total sample of 120 and for the intervenbiapsgr
(promotion, prevention, and control). A between-group analysis was conducted to
determine whether the randomization method balanced the three interventions o baseli
characteristics. A non-parametric Kruskal-Wallis Test was usedttfmtdsetween-group
differences in ranks between weight, BMI, age, and RFQ due to the non-normality of the
data distributions. Chi-square test was used to test for differences in gander,
education, household, marital, work and financial statuses; A Fisher’'s Exaetakes
used to calculate differences in ethnicity, with ethnicity collapsed inttheher not
people were Hispanic/Latino.

Content analysis and descriptive statistics were used to examine thdifeasi
and acceptability of the interventions as well as the participants’ piercepthe
usefulness and attitudes toward the intervention and message content, and espErience
participating in the study. Interview datd € 60) were collected until the point of
saturation and analyzed using conventional content analysis, a data redgbinbouie,
to look for recurring themes in the interviews using ATLAS Ti Version 7 (Stient
Software Development, Berlin, Germany). The content analysis involved divekng t
into segments of information and the categorization and classification ahgatit®
code segments (Neuendorf, 2002). These code segments were then analyzed for

frequencies reduced and coded into categories. Inferences were matieefaategories
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and collapsed into themes (Creswell, 2007). A second researcher reviewed half of the
interviews for interrater reliability and agreement on outcomes. Percegptibe

usefulness and attitudes toward the intervention and message content (Batelli et

2005; Dane & Schneider, 1998; Resnick et al., 2005), and experiences (Borrelli et al.,
2005; Dane & Schneider, 1998; Resnick et al., 2005) guided this analysis. Percentages
were used to summarize the following categorical data: (a) Perceptioa w$efulness

and attitudes toward the intervention and message content; (b) how often messages wer
read; (c) and attitudes towards frequency and timing of message delivery.

Perception of the usefulness and attitudes toward the intervention and message
content for sustaining weight loss were described using measures off tegmteaacy and
variability: mean, median, mode, standard deviation, minimum, and maximum. Fisher’s
Exact Tests for categorical outcomes and Kruskall-Wallis Testhdardntinuous
outcomes were used to examine between-intervention group differences on these
measures. When significant intervention effects were detgete.05),a posteriori
pairwise comparisons were performed to further evaluate differences dnecthgee
intervention groups using Wilcoxon Two-Sample Tests.

To examine the effects of the three intervention groups on sustaining weight loss
at months 1 and 3 post-baseline, the proportion of cases with sustaining weight loss in
each intervention group and the total sample were calculated. Two levels okanalys
were employed when evaluating the primary outcome, sustaining weight loggsiFhe
level was the primary analysis, which applied the intent-to-trea) @fimciple whereby

all participants randomized to an intervention were included. Due to the homogeneity of
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the sustained weight loss outcome, we were not able to conduct a mixed effects model.
Thus, for the intent-to-treat analysis, missing data at months 1 and 3 were ingputed a
successfully sustaining weight loss. We imputed missing data as sullgessftaining
weight loss because over 93% of the evaluable cases within each treatupratgr

months 1 and 88% at month 3 in each group, sustained their weight loss.

The ITT principle was used because it is the recommended analytic method for
upholding randomization integrity (D. F. Polit & Gillespie, 2009). ITT allows a
pragmatic assessment of the benefit of a treatment change (Rolamg&sion, 1998)
by reducing bias and minimizing random error that may occur when individuals who
withdraw from an intervention or study are excluded (D. F. Polit & Gillespie, 2009;
Soares & Carneiro, 2002). Though no imputation method can provide an unbiased
assessment of the treatment, imputation is used to create an estimateeaftthent
effect (Hollis & Campbell, 1999). The second-level of analysis of sustaingghivess
included an evaluable case analysis, which included available data from those who
reported their weight at months 1 and 3.

Generalized Linear Mixed Method (GLMM) applying Generalized Estirgat
Equations (GEE) for repeated measurements was considered to esticheden@are the
probabilities of sustaining weigh loss over time in the three intervention groups.
However, these data lacked heterogeneity so we employed cross-sectisoglacki and
Fisher's Exact Tests to test for differences post-baseline at month 1 and m@mho3i
pairwise between-group comparisons using Fisher's Exact Test were @azhdtict

months 1 and 3 for both the intent-to-treat and evaluable cases.
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Regulatory focus at baseline was examined as a possible moderator oppaddict
sustained weight loss according to the guidelines recommended by Kraemer and
colleagues (2002) for clinical trials. As defined by Kraemer et al. (2@02)pderator is a
pretreatment variable that interacts with the intervention condition to inéuéec
intervention outcomes. Due to the low variability in the sustained weight outcome withi
each group, a moderator analysis could not be conducted in the intent-to-treat or
evaluable cases. In contrast, non-specific baseline predictors oflabinicames are
ones that influence outcomes regardless of the intervention. A predictor anaiggis
logistic regression with treatment and regulatory focus scores was cahthucte
determine to what extent regulatory focus as a non-specific predict@roéls sustained
weight loss at months 1 and 3. Figure 5. summarizes subject recruitment, enr@hdent

the analysis process.
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179 Approached during a lecture and
study described

k 4

125 completed screening
assessed for eligibility

5 excluded {not meeting inclusion criteria):
»| 1notable totext

“1 1 not mentally capable

L ] 3 did not lose enough weight

| 120 eligible for treatment [

/\r

39 Allocated to Control [ | 41 Allocated to Promation ‘ | 40 Allocated to Prevention

L 4 v

29 Provided 1-month follow-up data 31 Provided 1-menth follow-up data 29 Provided 1-month follow-up data
33 provided 3-month follow-up data 37 provided 3-month follow-up data 32 provided 3-month follow-up data

\lr h J L 4

38 in intent-to-treat analyses [ | 41 inintent-to-treat analyses \ | 40 in intent-to-treat analyses

Figure4: Consort Diagram

Results

From May 2011 to February 2012, a sample of 12€0qpaants was recruite
from a structured weight loss program. Approximatiel9 people were approachec
reach this sample size over a period of 33 wee&BleT4 provides demograpl
informationfor the DFC population and the study sample, irtdigathe
representativeness of the sample to the clinic jadipa. Due to the nature of tl
recruitment process (a brief lecture was givematend of a class at the DFC cli
describing the study araigibility criteria and people who qualified anctre intereste
in participating stayed after their class was dweeznroll in the study), it is unknown wi

people chose not to participate in the st
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Table 4: Comparison of the Clinic Population and Study Sample

Clinic Population (N=179)  Randomized Sample (N=120)

Weight in Ibs. (means + SD) 248.1 £ 72.7 262.3 £ 65.7
Age (means + SD) 52.0+155 53.3+14.8
Gender (n % female) 99 (56%) 71 (59%)

Sample Characteristics. Tables 5 and 6 illustrate the baseline demographics of
the study sample. Most participants were White (94%), college educatell 810
financially stable (80%). A majority of the total sample was female J58&trently
working (58%), and half were married (48%). The mean weight in pounds was 247.5 +
SD61.8 with a mean BMI of 38.1 %D 7.8. There were no significant between-group
differences in the three intervention arms with regard to these baselinetehstias p
> .05).

Table 7 shows that most people use their cell phones often (83%), have a smart
phone (77%), and many often send text messages (51%) and have an unlimited texting

plan (58%) with no significant differences between groups at basplmn®.05).
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Table5: Baseline Characteristics by Intervention Group

Total (N=120) Control (N=39) Promotion (N=41) Prevention (N=40) 2 df P
Weight in Ibs. (mean + SD) 247.5+61.8 239.6 £50.4 250.8 + 67.8 252.3 + 65.6 054 2 .76
BMI (mean + SD) 38.1+7.8 37.3+6.3 38.6+8.6 38.4+84 015 2 .92
Age (mean + SD) 53.2+4.7 54.8 +15.9 51.0+12.9 543+ 155 308 2 .21
Number in household (mean £+ SD) 1.9+0.7 1.8+0.7 20+0.8 19+0.7 262 3 .62
Gender (n, % female) 71 (59%) 25 (64%) 26 (63%) 20 (50%) 209 2 .35
Race (n, % White) 113 (94%) 37 (95%) 36 (88%) 40 (100%) 550 2 .06
Ethnicity (n, % Hispanic/Latino) 10 (9%) 4 (11%) 3 (7T%) 3 (8%) 045 2 .80
College degree or greater (n, %) 97 (81%) 32 (82%) 31 (78%) 34 (85%) 076 2 .69
Married or partnered (n, %) 57 (48%) 18 (46%) 19 (48%) 20 (50%) 012 2 .94
Currently working (n, %) 116 (58%) 20 (53%) 22 (56%) 25 (64%) 1.08 2 .58
Financially stable (n, %) 95 (80%) 32 (82%) 31 (78%) 32 (80%) 026 2 .88
Regulatory focus score 0.24 +0.85 0.30 £ 0.87 0.16 £ 0.74 0.25 +0.93 90.22 .87

(means * SD)

For race 1 = White and 0 = other. For ethnicity latino and O = not Latino. For education, 1 =eg# degree and 0 = less than a college
degree. For work status, 1 = currently working, Bot currently working or retired. For financiaasts, 1 = financially well off, “After

paying the bills, you still have money for the spethings you want”, 0 = not having extra monegr Farital status 1 = married or

partnered, 0 = divorced, widowed, or never marri¢alisehold was collapsed to 3 categories of 1n@,3a0r more people living in the
householdy? = chi-square statistics for a chi-square testnnthe measure was categorical and a Kruskal-WEdli when the measure

was continuous.
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Table 6: Detailed Baseline Characteristics by I ntervention Group

Total Control Promotion Prevention
Race (N) 120 39 41 40
White 113 (94%) 37 (95%) 36 (88%) 40 (100%)
Black or African American 2 (2%) 0 (0%) 2 (5%) 0 (0%)
Asian 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Native American/Alaskan Native 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Native Hawaiian or other Pacific 1 (1%) 0 (0%) 1 (2%) 0 (0%)
Islander
White & Other 1 (1%) 0 (0%) 1 (2%) 0 (0%)
Other 4 (3%) 2 (%%) 3 (7%) 0 (0%)
Ethnicity
Hispanic/Latino 10 (9%) 4 (11%) 3 (7%) 3 (8%)
Education (N) 119 39 40 40
10-12" grade 3 (25%) 0 (0%) 1 (3%) 2 (5%)
Some college 19 (16%) 7 (18%) 8 (20%) 4 (10%)
College degree 38 (32%) 13 (33%) 11 (28%) 14 (35%)
Post graduate 59 (49%) 19 (49%) 20 (50%) 20 (50%)
Marital status (N) 119 39 40 40
Married 53 (45%) 16 (41%) 17 (43%) 20 (50%)
Partnered 4 (3%) 2 (5%) 2 (5%) 0 (0%)
Divorced/separated 17 (14%) 5 (13%) 3 (8%) 9 (23%)
Widowed 9 (8%) 2 (5%) 3 (8%) 4 (10%)
Never married 36 (30%) 14 (36%) 15 (38%) 7 (18%)
Work status (N) 116 38 39 39
Not currently working 23 (20%) 8 (21%) 12 (31%) 3 (8%)
Retired 26 (22%) 10 (26%) 5 (13%) 11 (28%)
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Total Control Promotion Prevention
Working part-time 14 (12%) 3 (8%) 6 (15%) 5 (13%)
Working full-time 53 (46%) 17 (45%) 16 (41%) 20 (51%)

Financial status (N) 119 39 40 40

Have difficulty paying the bills, no 5 (4%) 1 (3%) 1 (3%) 3 (8%)
matter what you do
Have money to pay bills, but only 7 (6%) 2 (5%) 3 (8%) 2 (5%)
because you have to cut back on
things
Have money to pay bills, but little 12 (10%) 4 (10%) 5 (13%) 3 (8%)
spare money to buy extra
After paying the bills, you still have 95 (80%) 32 (82%) 31 (78%) 32 (80%)

money for the special things you want

Data presented as n (%) of N.
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Table 7: Mobile Phone Characteristics

Total Control Promotion  Prevention P

How often do you use your cell phone? 119 39 40 40 .79
Often 99 (83%) 32(82%) 35 (88%) 32 (80%)
Sometimes 19 (16%) 7 (18%) 5 (13%) 7 (18%)
Rarely/never 1 (0.8%) 0 (0%) 0 (0%) 1 (3%)

Do you have a smart phone? 119 39 40 40 .76
Yes 92 (77.3%) 28 (72%) 32 (80%) 32 (80%)

No 25 (21%) 10 (26%) 7 (18%) 8 (20%)
Don’t know 2 (1.7%) 2 (3%) 1 (3%) 0 (0%)

How often do you send text messages? 119 39 40 40 15
Often 61 (51.3%) 15(39%) 26 (65%) 20 (50%)
Sometimes 34 (28.6%) 13 (33%) 10 (25%) 11 (28%)
Rarely/never 24 (20.2%) 11 (28%) 4 (10%) 9 (23%)

If you have a text messaging plan, isitan 117 38 41 38 .62

unlimited texting plan?

Yes 68 (58.1%) 24 (63%) 25 (61%) 19 (50%)
No 23 (19.7%) 8 (21%) 6 (15%) 9 (24%
Don’t know 26 (22.2%) 6 (16%) 10 (24%) 10 (26%)

Data presented as n (%) of N. P-value for 3 x 3 Fisher's Exact Test.



Retention

Of the participants who enrolled in the study, 102 (85%) completed the study and
reported their weight at month 3 (control 85%, promotion 90%, prevention 80%; Table
14). The groups did not differ significantly in the month%(97) and 3= .43)
attrition rates. Of the 18 participants who did not complete the study, only 2 (1.V&6) ga
reasons as to why they withdrew. Despite living in the U.S., these participdumist di

receive the text messages due to having an international phone number.

I ntervention Fidelity

Table 8 illustrates that most participants (74%) read the messageswaght
Among those who did not, most read the messages when they had time (20%). Nearly all
of the participants read the entire message when they received it (95%)enidata
reflected similar findings. Of the 36 participants who commented on how often Htky re
the messages, 27 (75%) stated every day, 5 (14%) said when they accessed their phone
had the time, and 4 (11%) said not every day. There were no differences between the
groups on process measurgs (0.05; Table 8).

From the interviews, many participants reported reading the messaggaemulti
times. Of the participants who spoke about reading the messages multiple\tim8)(
many reported that because they owned a “smart phone”, the messages werk groupe
together so that they could reread them. One participant stated that due to thestbring
grouping of messages, it was easy to “thumb through the list of them” and re¥ead t

“every once in a while... when you [are] sitting in line or waiting”.
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Table 8: Detailed Process Measures of SMS

Total Control Promotion Prevention
(N=84) (N=26) (N=28) (N=30)
I am willing to receive weight loss sustaining text 82 25 28 29
messages
One or less messages a day 31(39%) 12 (48%) 9 (32%) 13 (45%)
Two messages a day 44 (55%) 11 (44%) 18 (64%) 15 (52%)
Three messages a day 2 (3%) 0 (0%) 1 (4%) 1 (3%)
Over four messages a day 3 (4%) 2 (8%) 0 (0%) 0 (0%)
What do you do when you receive a weight loss 83 25 28 30
sustaining text message?
Ignore it completely 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Read it occasionally 3 (4%) 1 (4%) 0 (0%) 2 (7%)
Read it after accumulating too many of them 2 (2%) 2 (8%) 0 (0%) D (0%
Read it when | get time 16 (20%) 2 (8%) 4 (14%) 10 (33%)
Read it right away 60 (74%) 20 (80%) 24 (86%) 18 (60%)
How much do you read messages you received? 82 24 28 30
Not at all 2 (3%) 1 (4%) 0 (0%) 1 (3%)
Read about a quarter of a message 0 (0%) 0 (%) 0 (0%) 2 (7%)
Read about half of a message 0 (0%) 0 (%) 0 (0%) 0 (0%)
Read about three-quarters of a message 2 (3%) 0 (0%) 0 (0%) 0 (0%)
Read the whole message 76 (95%) 23 (96%) 28 (100%) 27 (90%)
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Table9: Process Measuresof SMS

Total Control Promotion  Prevention e df P
(N=84) (N=26) (N=28) (N=30)
One to two messages 82 (98%) 25 (96%) 28 (100%) 29 (97%) 0.75 2 .68
Read the messages 83 25 28 30 3.35 2 .18
78 (94%) 22 (88%) 28 (100%) 28 (93%)
Read the whole 82 24 28 30 3.12 2 21
message 78 (95%) 23 (96%) 28 (100%) 27 (90%)

Data presented as n (%) of N. Data from “I am willing to receive weiglstdustaining text messages” was
collapsed into “One or less messages a day” and “Two messages a daytladything else = 0. Data from
“What do you do when you receive a weight loss sustaining text messagedliapsex into “read it when |
get time” and “read it right away” = 1, and anything else = 0. Data from “idaeh do you read messages
you received?” was collapsed into “read the whole message” = 1 and angsrg0y2 = chi-square

statistics for Kruskal-Wallis Test.
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Table 10: Acceptability: Usefulness and Attitudes of SM'S

Total Control Promotion Prevention 2 df P
(N=84)  (N=26) (N=28) (N=30)

| feel that receiving the text messages is .83 2 .05°
enjoyable

Mean + SD 42+10 39%+16 45+08 4310

Median 5.0 3.5 5.0 4.0

Mode 5.0 5.0 5.0 5.0
| feel that receiving the text messages is .05 2 22
pleasant

Mean + SD 41+10 38+x12 43+x09 42+09

Median 4.0 35 4.5 4.5

Mode 5.0 5.0 5.0 5.0
| feel that the text messages are a good 43 2 .30
source for timely information

Mean + SD 41+11 38%x12 42x12 4210

Median 4.0 4.0 5.0 4.0

Mode 5.0 5.0 5.0 5.0
The text messages provide the information 17.07 2 <.01°
I need to help sustain weight loss

Mean + SD 36+x11 29x11 40#1.0 3.9+0.8

Median 4.0 3.0 4.0 4.0

Mode 4.0 3.0 5.0 4.0
| feel that the text messages are irritating 5.24 2

N 84 26 28 30

Mean + SD 1.7+£10 20x12 14+07 1609

Median 1.0 15 1.0 1.0

Mode 1.0 1.0 1.0 1.0
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Total Control Promotion Prevention 2 df P
(N=84) (N=26) (N=28) (N=30)
| feel that the text messages are too much 3.24 2 .20
Mean £ SD 16+10 19+11 15+x11 1609
Median 1.0 2.0 1.0 1.0
Mode 1.0 1.0 1.0 1.0
Content in the text messages are often 6.28 2 .04°
annoying
Mean = SD 18+12 22+14 1407 1713
Median 1.0 15 1.0 1.0
Mode 1.0 1.0 1.0 1.0
| use the text messages as a reference for 5.20 2 .07
diet and exercise
Mean + SD 33+13 28+12 35%+13 35%1.2
Median 3.0 3.0 4.0 4.0
Mode 4.0 3.0 5.0 4.0
| trust the text messages 7.65 2 .02
Mean = SD 42+10 38+13 4607 4407
Median 4.0 4.0 5.0 4.0
Mode 5.0 5.0 5.0 4.0
Overall, | like the text messages 7.32 2 .03
Mean + SD 42+11 38+12 45207 4407
Median 5.0 4.0 5.0 4.0
Mode 5.0 5.0 5.0 5.0

promotion = preventio

1 = completely disagree, 3 = neutral (neither disagree nor agree), and pletegnagreey? = chi-square statistics for
Kruskal-Wallis Test. A rﬁriori pairwise comparisons resultsenss follows? promotion > control, prevention > control,
> promotion > control, prevention control, promotion = prevention.



Reliability was assessed for the subscales of the Attitudes Toward Mobile
Advertising-Modified Version Scale. Cronbach’s alphas for the entertainment,
informativeness, and irritation subscales were .94, .71, and .89, respectively. Due to the
modification of the scale from the Attitudes Toward Mobile Advertising Sdaang et
al., 2004), the 2 items from the credibility subscale were split. These assessed
trustworthiness of the SMS and whether the SMS were used a reference foddiet a
exercise. From a logical standpoint, the messages were not designeastoedetences,
yet they were distributed from a credible source. Results from the surest thfs. The
messages were highly trustworthy, but were not necessarily a reféoemtet and
exercise (Table 10). Thus, from these two items and the one question on attitudes,
reliability on single items could not be assessed.

Overall, participants felt that receiving the text messages wasatagoypleasant,
a good source of information, was not irritating, was not too much information, was
trustworthy, and overall liked the messages. In 10, a Kruskal-Wallis Tesised to test
for rank differences in the usefulness and attitudes of SMS. There was aangnific
difference in the rank sums of how enjoyable the messagespver€%), how much the
text messages provided information needed to sustain weighples81), how
annoying the participants found the text messages.04), how much the participants
trusted the text messages<.02), and how much they liked the text messages.(3).
Follow-up tests were then conducted to evaluate pairwise differences dmdhgee
groups.

A priori pairwise comparisons using Wilcoxon Two-Sample Tests indicated there

were no differences between the promotion and prevention grotp®9) in the
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usefulness and attitudes towards the SMS. There were significant difeltemeever
when comparing the control group to either the promotion or prevention groups. The
promotion (z = -3.5 < .01) and prevention groups=< -3.48,p < .01) found the
messages to be significantly more enjoyable than the control group. The prometion (
3.57,p < .03) and prevention groups< -3.48,p < .01) found the messages provided
more information to sustain weight loss than the control group. The control group found
the messages to be significantly more annoying than the promotion groug ardyd(p
=.01). The promotion group found the messages significantly more trustworthy than the
control group £ =-2.59,p < .01), and there was a trend in increased trustworthiness of
the messages in the prevention group compared to cantrell(84,p = .06). The
promotion g=-2.46,p = .01) and preventiorz & -1.95,p < .05) groups liked the
messages significantly more than the control group.

Interview data indicated that the participants enjoyed receiving messatjesir
cell phone. A majority, 42 (91%) said that they preferred to get messages oeltheir c
phone due to accessibility and convenience, “because my cell phone is always on me.”
The text message also acted as an alarm, and was indication for some to read the
message. One participant said, “it was better on my cell phone than on the PC, because
don’t necessarily read the e-mail. | look at it (e-mail) every other@agsmes. But my
iPhone has an alarm feature, or something that triggers, and says okay.” &till, a f
participants would have preferred to receive e-mails instead of SMS. Thecipaats
said that they didn’t constantly carry their cell phone with them and theyneckterread

messages on their computer when they checked their e-mail.
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Participants were asked about their impression of the messages during the
interviews. Six major themes arose from the participant’s impression axheessage
application as shown in Table 11. Participants enjoyed the intervention and found it
useful in helping them manage their weight loss. The SMS served as a cue torattion a
helped them overcome barriers and to “stay on track.” The messages acteilyas a da
reminder and helped participants to stay focused and mindful of their daily wesght |
goals. The SMS acted as a support tool for some participants as well. Sevplal pe
commented on how they felt it was an extension of the DFC. The content itself was
important as well. People read the messages and commented on how they would have
liked the content to be even more tailored towards their needs (i.e. exerdise, die
motivation, behavioral issues, etc.). The message content also served asca msour
knowledge and behaviors for sustaining weight loss. Participants felt that the miitzm
duration was too short and wanted the intervention to be extended beyond 30 days.
Though not specifically asked, several participants did mention that they would be

willing to pay for the messages.
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Table 11: Qualitative Themes and Subthemes (N=60)

Theme n (%) Description Verbatim exemplars

1. Cuetoaction 47 (78%) The intervention helped  “The day | received the
participants to stay focused, messages | stopped exercise. |
mindful, establish a daily missed like 4 days because of
routine, stay on track, feel  my business. And | said you
motivated and acted as a dailjpave to make the time. And |
reminder for their weight loss planned to continue and not
program stop.”

Overcome 55 (8%) The intervention helped “There were times you know

barriers participants overcome when | would fall off plan and
barriers I would go back and scroll

[through the messages]’

2. Enjoyable 32 (53%) Participants liked the “When | got home and started
intervention and some getting those messages from
reported missing the daily  you, I got so fired up and that
messages phone went beep-beep and |

went shooting out of here
every morning to see the
message of the day,
fabulous... to me that was the
best!”

3. Useful 30 (50%) Participants felt the SMS  “The usefulness of a daily
intervention was a useful tool reminder every morning, the
for maintaining weight loss  bell goes off at some point,

and you look at it and realize
what you are doing.”

4. Importance 23 (38%) Participants would like a mix “When | got the couple

of Content of content ranging from diet, messages | guess you send on
exercise, monitoring, exercise, | wanted to you know
motivation, and behavioral go and exercise or | wanted to
strategies walk at least 3 or 4 times a

week.”

Tailoring 13 (22%) Participants felt the content “I would want to tailor the
should be tailored to their messages to the things that |
needs was struggling most with”

Resource for 5 (8%) Participants felt the message¥ don’t plan on going back to

information served as a resource for diet Duke for a while. So its kind
and exercise information of like, the texts are here, and |

can just fall back on that®

5. Support 15 (25%) The intervention was a “I love the idea of getting a
support tool, added a text message every day, it was
connection to Duke, and sort of like somebody out there
made them feel they were  cares”
paid attention to

6. Duration 13 (22%) Participants would like the “I wish there was a way |

weight loss intervention to be could keep getting them”
extended beyond 30 days
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Frequency and Timing

Table 8 indicated that almost all of the participants would like at least one
message per day (98%) with over half (62%) reporting they would be willingetvee
up to two messages per day. The interview data showed similar results. Of the 40
participants who commented on the frequency of message delivery, 39 (98%) said that
they would like to receive at least one message daily and of those, 8 (20%) said they
would be willing to receive up to two messages per day, and 1 (2%) person said they
would like a message every other day. One of the participants who would like @ recei
up to two messages per day stated, “a reminder in the middle of the afternocayss alw
good. | start to slow down and | think about making dinner [and | think to myself], oh |
don't feel like it.”

Participants also commented on the message timing in the interviews. Of the 22
participants that commented on timing, 20 (91%) reported that they would prefer to
receive a message in the morning. Message delivery at 8:00 A.M. was the genera
consensus. However, 2 (9%) said that 8:00 A.M. was too early. Participants spoke about
how receiving a message in the morning (8:00 A.M.) helped to set the day. For example
one woman said, “they were sent early in the morning so | am eitheggétim as | am

starting out or having breakfast, or starting my day”.

Sharing the messages

From the interviewsN = 60), 19 participants specifically mentioned sharing the
messages. Most often this was to frierfds=(11) or family N = 6). Participants shared
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the messages by word-of-mouth or forwarded the messages to other people’s csll phone
One participant who forwarded the messages stated, “I send it to my sisyeorse in
a while and she is also very overweight, and her struggle is portion sizes,lsngtht

comes in with portions that type of thing | send to her.”

Efficacy

A sensitivity analysis comparing those who completed the study and those who
dropped out, demonstrated no significant differences between the intervention groups and
no significant difference in the attrition between the intervention groups usiistper’s
Exact test at months p € .97) and 3 =.43). In Tables 12 and 13, descriptive statistics
on weight and change in weight were calculated. Due to the non-normal distribution of
the data as indicated by a skewness or kurtosis value exceeding +.7, a Krusigal-Wall
Test was performed to calculate rank differences between groups. As sadheiid, in
there were no statistically significant between-group differeincaveight at baseline,
month 1, or month 3. Overall, 247 S = + 61.8) pounds was the overall baseline mean
weight, 235.0 $D = £ 59.5) was the one month overall mean weight, and 23R6& ¢
60.1) was the 3 month overall average.

Table 13 illustrates the overall change in weight was not statistiogtiifisant at
months 1 1 =-8.9,SD=+ 9.54) and 3Nl =-13.3,SD= % 15.5) from baseline as
indicated by all p > .05. Table 14 describes the differences in sustained weigtitloss
and 3 months by intervention group for the intent-to-treat and evaluable casev.drfow
there was alinically significant change in weight between the three groups. At month 3,
the control group lost on average 9.7 pour3%£ + 15.1), while the promotion and
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prevention groups lost on average 16D € + 16.6) and 15.33D = * 14.5) pounds,
respectively.

A Fisher’s Exact test was used to test for between-group differences intfgnopor
of cases with sustained weight loss in the intent-to-treat and evaluabt €ae intent-
to-treat analysis indicated the three treatment groups tended tomliffier proportion of
cases with sustained weight loss at months 1 apd=310 and .08, respectivel\.
priori pairwise comparisons demonstrated no significant differences in sustaimggd wei
loss rates between prevention vs. promotion 1.39,p = .16) at months 1 and 3.
Although not statistically significant at the .05 level, the rates of sustpveight loss
were lower in the control relative to promotia—-1.44,p = .15) and preventiorz € -
1.42,p = .15) at month 1. Likewise at month 3, though not statistically significant at the
.05 level, the rates were lower in the control arm relative to promotionzarr0(90,p =
.36). However at month 3, there was a statistically significant incheasestaining
weight loss in the prevention group compared to the cortrotZ.05,p = .04).

The evaluable case analysis, showed no significant differences in sustaining
weight loss at months 1 and 3% .20. and .13, respectively). Although not statistically
different between-groups at month 3 (p = .13), a priori pairwise comparisongeadica
there was a significant increase in sustaining weight loss in the prevemign(ge
2.00,p = .04) compared to control. There were no differences between the control and
promotion groupsz= -0.98,p = .32) and the promotion and prevention groups 1.30,
p=.19).

Effect sizes for pairwise comparisons for the binary sustained weight los

outcome were calculated for the evaluable cases and the intent-to-algaear{Table
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15). A Cohernw of .30 to .49 indicated a medium effect and a value of .50 or greater
represents a large effect (Braunstein, 2007).

The positive effects of the promotion and prevention interventions relative to the
control condition were large at month 1 in both the intent-to-treat and evaluable dases. A
month 3, large effect sizes were also observed between all three groupmiarthieo-
treat and evaluable cases.

Power calculations indicate that sample sizes of 40 per arm provided
approximately 73% power to detect a statistically significant diffggen proportions
when the two-tailed level of significance is set at .05 and the observetseffecs .40.
Effect sizes demonstrate the impact of the active intervention, but the san@sle
provided insufficient power to detect a difference at the .05 level when mediurn effec

size was observed.
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Table 12: Evaluable Cases: Summary of Weight

L6

Weight (Ibs.) Total (N=120) Control (N=39) Promotion (N=41) Preventidd0) 2 df P
Baseline weight 54 2 76
N 120 39 41 40
Means + SD 2475+61.8 239.6 +50.4 250.2 +68.2 252.3+65.6
95% ClI 172.5 - 361.6 171.0-323.8 171.2-461.4 178.0 — 363.1
Minimum 140.0 169.0 140.0 158.2
258" percentile 201.0 196.0 204.2 196.1
Medium 236.8 226.0 235.8 241.7
78" percentile 276.2 272.6 268.0 294.4
Maximum 461.4 374.0 461.4 449.8
Month 1 weight 76 2 .69
N 89 29 31 29
Means + SD 235.0+59.5 226.7 +47.9 234.2+62.8 2441 + 66.7
95% ClI 167.0 — 336.0 167.0-311.0 163.0 — 400.2 178.2 -374.0
Minimum 136.0 165.0 136.0 149.0
258" percentile 185.9 190.0 187.0 182.0
Medium 225.4 217.0 228.0 238.0
75" percentile 263.0 260.0 246.0 285.0
Maximum 433.4 322.0 433.4 400.0
Month 3 weight 34 2 .85
N 102 33 37 32
Means + SD 232.6 +60.1 227.2+51.6 232.7 +64.3 237.9+64.5
95% ClI 165.0 — 326.6 159.8 — 307.0 167.0 — 409.0 165.0 — 368.0
Minimum 133.0 150.0 133.0 145.0
258" percentile 186.0 186.0 195.0 180.5
Medium 221.2 218.0 221.3 230.0
78" percentile 261.0 261.0 243.0 290.0
Maximum 420.0 323.0 420.0 396.6

CIl = confidence interval? = chi-square statistics for Kruskal-Wallis T.est
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Table 13: Evaluable Cases: Changein Weight

Weight (Ibs.) Total (N=120) Control (N=39) Promotion (N=41) Preventdsd0) 2 df P

Month 1 weight 482 .29

N 89 29 31 29

Means + SD -8.9+£9.54 -6.9 £10.2 -95+8.0 -10.2 +10.3

95% ClI -275-3.4 -19.0-6.8 -27.8-0.0 -275-1.0

Minimum -49.8 -43.4 -28.0 -49.8

28" percentile -13.2 -12.8 -14.8 -12.8

Medium -8.0 -5.4 -8.0 -10.0

78" percentile 2.0 -0.4 2.7 -3.8

Maximum 8.2 8.2 1.0 5.4
Month 3 weight 352 31

N 102 33 37 32

Means + SD -13.3+155 -9.7+15.1 -14.6 + 16.6 -15.3+145

95% ClI -46.0 — 8.8 -45.8-9.8 -52.4-9.6 -53.2-1.8

Minimum -64.4 -52.4 -64.2 -64.4

28" percentile -21.0 -17.6 -24.4 21.6

Medium -11.3 -7.6 -11.6 -11.9

78" percentile -3.0 -0.8 -2.0 -5.8

Maximum 22.0 22.0 10.2 2.2

Cl = confidence interval? = chi-square statistics for Kruskal-Wallis Test
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Table 14: Intent-to-treat Casesvs. Evaluable Cases

Sustained weight loss Total (N=120) Control (N=39) Promotion (N=41) elRtin (N=40) P
Intent-to-treat

Month 1 118 (98%) 37 (95%) 41 (100%) 40 (100%) @.10

Month 3 114 (95%) 35 (90%) 39 (95%) 40 (100%) b .08
Evaluable cases

N 89 29 31 29

Month 1 87 (98%) 27 (93%) 31 (100%) 29 (100%) a.20

N 102 33 37 32

Month 3 96 (94%) 29 (88%) 35 (95%) 32 (100%) b 13

Data presented as n (%) of N. Fisher’s Exact Test was used foicsigod testing. Intent-to-treat = when
missing, sustain = 1 (sustained weight loss) was impat@dori pairwise comparisons results were as
follows: ® promotion = control, prevention = control, promotion = prevenfiopromotion = control,

prevention > control, promotion = prevention.
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Table 15: Effect Sizesfor Pre-planned Pairwise Comparisons of Sustained Weight L oss

Month 1 Month 3
Intent-to-treat
Promotion vs. Control 0.82 0.44
Prevention vs. Control 0.82 1.22
Promotion vs. Prevention 0.01 0.40
Evaluative cases
Promotion vs. Control 0.84 0.49
Prevention vs. Control 0.80 1.20
Promotion vs. Prevention 0.04 0.72

Cohenw effect sizes used to estimate magnitude of effect for the binatgised weight outcomes



Baseline RFQ Score: Predictor analysis

Internal consistency reliability was assessed for the RFQ from déated| at
baseline. The prevention subscale was found to be reliable (5 item$6). However,
the promotion subscale demonstrated poor reliability (6 iteres53). There were no
differences between groups on total regulatory focus sddres((24,SD= +0.85;p =
.87), the promotion subscalel & 3.70,SD= +0.52;p = .10), or the prevention subscale
(M = 3.46,SD = +0.80;p = .68). Logistic regression analysis with group and baseline
RFQ scores as a covariate indicated that the RFQ regulatory focustotahas not a
significant predictor of sustaining weight loss at montjg(.16, df =1p =.71) and
month 3 ¢2 = 1.55, df =1p =.39). The lack of association between baseline regulatory
focus scores and sustained weight loss was also confirmed by a Spearman &aht bis
correlation at month I & .02, df = 1p =.64) and month 3 (= .08, df =1p = .48).
Thus, we could not answer from this study the hypothesis of whether or not those who
had a greater promotion or prevention focus who received messages thad'fn

increased success at sustaining weight loss.

I mplementation, Challenges & HIPAA

The main challenges in implementation involved security and reliability. Becaus
subject phone numbers are private health information (PHI), the SMS application could

not simply be run from any desktop computer. The application had to run on a secure

server that had the ability to transmit encrypted PHI beyond existing fisewidiis
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demanded an SMS service that worked over encrypted hypertext transfer pgetacel
(HTTPS) connections.

Additionally, the SMS service had to be able to support receiving text messages
back from participants to the source phone number for the researcher to ctdlethda
SMS service supported this by sending such responses to the researcher’s plebne, whi
had to be secured and password-protected.

While the SMS application was architected for reliability, severakssccurred
beyond the software’s direct control. The “Run As” user account for the Windows
Scheduled Tasks, whose credentials provided secure access to the subjebid RH
typical user password expiration regime, and the Windows Scheduled Tasks had to be
reconfigured each time the account password changed. Additionally, a particular
software update and reboot on the server deactivated all Windows Scheduled Tasks on
the machine, and they had to be reconfigured as well. The confirmation texgenessa
instrumental in identifying these issues so that they could be rectifiddyquibe
implication of this was that on two days, messages were delayed by a couple @raburs
some participants may have received a message at 11:00 A.M. instead of 8:00 A.M.

Other pragmatic barriers can be traced to participants’ cell phones and thei
respective cell phone plans. Due to the nature of how newer smart phones provide access
to and display text messages, it was much easier for people with a smart pleane to |
how to text and to review previous messages. Two (1.7%) participants who entered the
study simply did not receive the text messages initially. After numerawsls-and
working to fix the problem, it was determined that even though the participants lived in

the USA, their phone numbers were international and the online text messagicg se
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we used did not send texts to international numbers. The failure to recognize the phone
number was international occurred because when the primary author texted the
participants during recruitment the text messages sent from their pgrsonal

transmitted without error.

Of the 60 people who completed the telephone interview, 5 noted that they only
read the messages when they turned on their phone. Although they may have read all of
the content, they did not necessarily read the messages when they wereddeliggyre
morning. An additional 4 people also reported that they received and read the messages
but not necessarily every day. One participant noted that she did not read thgeeseasa
the weekend when she didn’t want her phone near her. Results from the SMS survey as
seen in Table 8 demonstrate the same barrier. Of the 82 people who completed the
survey, 3 (4%) indicated they only read the messages occasionally and 2i{Pt#g\pa

read the messages when they accumulated too many of them.

Discussion

This study provides valuable insights on the use of a mHealth SMS intervention
to help people sustain weight loss in the continued response phase of the Behavior
Change Process. Our analyses showed both technical and pragmatic barriers of our
mHealth intervention, how to deliver weight loss sustaining messages, apgropriat
content to deliver, the acceptability of the intervention, the perception of the usefofines
cell phones as a healthcare delivery medium, and the efficacy of SMS on sustaining

weight loss.
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Consistent with the literature, these findings demonstrate that SM8asiblé
and acceptable mode for weight loss interventions (Bauer et al., 2010; Fukuoka et al
2010; McGraa, 2010; Patrick et al., 2009; Shapiro et al., 2008; Shaw & Bosworth, in
press; Sirriyeh et al., 2010; Zuercher, 2009). A majority of the participantededt was
significant value in receiving messages via SMS that promote recent \asight
sustaining behaviors. Many participants felt that short messages, which @exeatise,
a healthy diet and monitoring of weight following recent weight loss, helped tagm s
motivated to sustain weight loss behaviors. All participants were positive about the
delivery method. Most read the messages and many reported reading thgate multi
times. Participants expressed favorability towards SMS because negsagalelivered
directly to them in an easy to use manner, which was capable of storirapessand
that could easily be reviewed multiple times. Most participants read thagesssvery
day. There was no problem with participants responding via SMS their self-teporte
weight. This indicates that SMS is also an appropriate tool to collect data drt.weig
This study adds important insight on the frequency and timing of SMS delivery
for weight loss behaviors. According to participants, once a day was deemed astthe m
appropriate frequency. This was expressed because weight loss is a di@hgeha
Morning at 8:00 A.M. was determined to be the most appropriate time of delivery since
people have not yet begun their day and it helped motivate them for the remainder of the
day. Some participants also indicated that receiving messages twicepaefiengbly at
morning and night would be beneficial. Interestingly, several participants reéporte
sharing the messages with other people who were also trying to loge.Weighnical

issues did arise, such as a non-functioning phone in one participant, two participants
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having international phone numbers, and a silent mode or delay in checking the message
by two others.

Results from the intent-to-treat analysis indicated that theremias@ase in the
number of people who sustained weight loss at month 3 in the intervention groups
compared to control. The ITT increased khim each group and added power to pull out,
as indicated below, a trend that was already evidenced in the evalualdealgses.

Thus, as a binary outcome imputing success was the most logical approach.d.ikewis
among the evaluable cases, more participants sustained weight loss at month 3 in the
promotion and prevention groups compared to control. This means that more people
sustained their weight loss in the intervention groups compared to the control group. A
sensitivity analysis between those who reported their weight and those who did not,
demonstrated no significant differences between these two groups in terms of
demographic and clinical characteristics. Thus, results were not nelgesi$acted by
attrition.

The observed effect sizes with regards to impact of the intervention on sustained
weight loss were medium to large when a medium effect was observed (€ehdg),
the sample size provided less than 80% statistical power to detect mediursiezéfect
Thus, a larger study with at least 80% power is needed to further examinesthte efff
this promising intervention.

From a clinical standpoint, more participants sustained their weight loss in the
intervention groups compared to control. Effects size findings indicate a moderate to
large effect size (Cohen, 1988) indicating the promotion and prevention groups has a

higher proportion of sustained weight loss relative to the control group. In addition, there
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was a clinically significant loss in weight between the control and two imeove
groups. However, it did not seem to make a difference whether individuals were in the
promotion or prevention group.

The continued response phase of the Behavior Change Process is illustrated as a
tension between a person’s capability and motivation to consistently perform a new
pattern of behavior, and the challenges that lead to lapses and relapses (Ro#iman et
2004). Themes from the interviews revealed that the intervention served ascaudadd
action and served as a motivator to continue participants’ new weight loss behaa&ors (s
Table 11). The messages promoted self-efficacy, acted as a support tool, atiddmipe
participants overcome barriers. Participants felt the daily messaged ss a reminder,
promoted mindfulness, kept them focused, and motivated them to stay on track with their
weight loss program. Because many people who lose weight begin to regain weight
within the first month of completing a structured weight loss program (Bkackt al.,

2009), these results advocate that the intervention may have aided participantsrib pre
relapse and continue in the continued response phase of the Behavior Change Process

Results from this study also provide some insight on the use of regulatory focus
and the framing of messages to either promotion or prevention. The message framing
between promotion and prevention did not necessarily impact the self-reported
favorability or acceptability of the messages. However, there was an incréase
perception of the usefulness and attitudes of the messages in the promotion and
prevention groups compared to the control group. Thus, the content of the messages was
essential. There was also notable difference in the promotion and prevention groups

compared to control in sustained weight loss. A trend in increased sustained assght |
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was noted between the intervention group and control groups. However, pairwise
comparisons indicated that these differences were most pronounced between the
prevention and control groups. The literature suggests that at the earlier phases of
behavior change, regardless of individual regulatory focus, promotion focudedissa
are superior to prevention focused strategies (Rothman et al., 2004). This is because
people are more sensitive to achieving future outcomes and promoting future success
when initiating and beginning a change in behavior. Whereas in the laterctdyes
Behavior Change Process (i.e. sustaining and maintenance) people are mitive s&nsi
prevention strategies and seek to prevent losing the achievements theyHeack vard

for (Rothman et al., 2004). Thus the results herein might indicate that regardless of
regulatory fit, the prevention message group had a greater success inrsustaight

loss compared to the control group, rather than the promotion group compared to control.
This may be due to the participants in this study being in the sustaining phase of the
Behavior Change Process.

Furthermore, the moderating effects of the regulatory focus scores cote not
assessed due to a lack of variability in the data. Thus from this study, conclusioois ca
be made that matching a promotion or prevention framed message to an individual’s
regulatory focus of promotion or prevention had an effect on sustained weight loss. In
addition, though the reliability of the prevention subscale was good (6 temg3o),
perplexingly, the reliability of the promotion subscale was poor (6 itemsh3).

Results indicated no significant differences between groups on the promotion subscale.
An additional analysis examining the variability of specific items from thenption

subscale suggested limited variability in the answers. The poor performance of the
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subscale makes it difficult to draw conclusions on regulatory fit. Thus, this seibscal
should be used in future studies only after the measure is pilot-tested for internal
consistency reliability with a sample with the same characterastitisose who will be
recruited for the anticipated study.

With regard to HIPAA, patient privacy was a major consideration in the design
and development of this study. Data were transmitted to participants fromra sewver,
which read protected health information (telephone numbers) and then transmétex dat
a personal cell phone. However, cell phones are often shared and other people could read
information transmitted to participants through a text message. Thisiaifzaly true
for SMS, where user authentication is not available for an individual messagetiate¢his
beyond having a password to access some phones. When designing IT systems such as
this, data encryption must be written into the software development. Mobile health
interventions may often times use'aBarty to transmit text messages (SMS), video
messages, voice messages, or other data into an application or ‘App’. It istivegbit
PHI is limited as to what is transmitted and that théspa8ty companies or services also
have privacy agreements.

For a larger trial with more time and resources, care should be taken in assignin
user accounts for automatic software operation, and server updates to ausenvey
automatic software for the trial should require notification of the reseaaddesupport
staff. Additionally, moving the configuration and subject data from securélésxto a
secure, password-protected database may help with account credential aiddass

issues while also improving the ability to enter and process large amountseat slaib@.
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Limitations

The majority of participants were from a more affluent and educated background,
mostly White non-Hispanic, and not representative of the general U.S. population.
Therefore, generalizability is limited to this particular clinic. Anotiraitation was that
the definition for sustaining weight loss was based upon a national guidelineghesea
that observed weight loss at 12 months, not 3 (Donnelly et al., 2009). Thus, this made it
easier for participants to qualify for having sustained weight loss. Thlg enly
examined weight loss 3-months post-baseline and the intervention itself was only 1
month. It is unknown what the effect of the intervention was beyond 3 months. Most
importantly, the study was not sufficiently powered to detect differencesdretyveups
on the primary outcome, sustained weight loss, when the effects were in medildlm smal
range. A sample size of 90 per group would have been needed to reach statistical
significance in sustained weight loss when the effects were less thamQCadiditlon,
there was no standard-of-care control group to compare the intervention andrattent
control group with. Thus, conclusions cannot be made as to how much simply receiving a
daily message regardless of content had on impact sustained weight loss. It isrunknow
why there was an increase in self-reported weight at month 3 compared to morgh 1. It
hypothesized that it may be related to burden. At month 1, participants had jivsdece
daily SMS for a month, were asked to complete an online survey, a telephone interview
and to report their weight via SMS; versus at month 3 participants were only asked to

report their weight via SMS and complete an online survey.
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Implicationsfor practice

With obesity reaching epidemic proportions in the U.S. alone and the high relapse
rate of those who fail to sustain weight loss, an increase in just 10% of people who are
able to sustain weight loss and continue towards the maintenance phase of therBehavi
Change Process through such an intervention could potentially have considerdiitle bene
As supported by the literature (Shaw & Bosworth, in press) SMS is an app@rt
accepted tool to deliver diet and exercise interventions. Tools such as thisesgh$ w
loss intervention have the potential to be implemented in the clinical settingwasast
way to extend weight loss programs and keep in-touch with clients over time. Delivery
at least one message per day in the morning is an acceptable frequencyrantbti
behaviors related to weight loss; up to two messages a day may be suitable.aBtadies
report daily messages had positive clinical effects of SMS on behavior (Frarddin et
2006; Patrick et al., 2009; Riley et al., 2008). Consistent with the literature (Hetskie,
2007; Kant et al., 2004; U.S. Department of Health and Human Services and U.S.
Department of Agriculture, 2005), message content should focus on diet, exercise,
monitoring, and behavioral issues related to weight loss. Furthermore, it may be

warranted for the content delivered to be tailored towards the specific needemtspat

Future Research

Overall, results show promise in exploring the effects of this intervention in a
larger sample, over an extended period of time and diverse settings. Flatiaechas

needed to test if the intervention helps people transition from the continued response
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phase of the Behavior Change Process to maintenance, how a different schedule of
message delivery would impact behavior change, and to test how a more tailored
approach of content could help people sustain weight loss. Investigation is also needed to
examine the use of mobile applications, which may involve a more in-depth and
comprehensive intervention experience that can give immediate feedback to the
participant on their progress and transmit data directly to a provider suchghs, Wwkiod
pressure, and exercise frequency. Furthermore, additional researcrssangoa the
effects of promotion and prevention framed messages and an individual’s regulatory
focus on sustained weight loss. The Attitudes and Behaviors Towards Weight Loss SMS
Scale was adapted from a measure that assesses attitudes towardadwekikng
(Tsang et al., 2004). Due to this modification, the two instruments cannot be compared.
Further psychometric testing is needed to test the effectiveness of theethotkasure
in other weight loss populations.

Health services research is also warranted such as examiningfeoswefess
and the effects on access to care. Due to the automaticity of the SMS appliedtion a
ubiquity of cell phones, an intervention such as this has the potential to be transmitted to
thousands of people at low cost. Though the SMS application must reside on a HIPAA
secure server, the required personnel resources for this SMS interventioniaralmi
consisting mostly of inserting a phone number, start date, and a name to welcome people.

SMS itself is very affordable with an average cost of .10¢ per message sentearatirec
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Conclusion

Communication technologies such as mobile phones may serve as an effective
medium to deliver affordable health promotion and disease prevention care to a wide
array of people due to their ubiquity and penetration into people’s everyday lives.
However, emerging and promising technologies must be matched with content tha
successfully resonates and motivates people to change and sustain behaviors. Our
intervention results demonstrate that it is not only feasible and accejutaiske mobile
phones as a HIPAA compliant health care delivery platform, but that particfpahis
useful, and were overall positive towards this mobile health intervention. Maykieei
was a clinically significant increase in weight loss and the number of pebple w
sustained weight loss in the promotion and prevention groups compared to control.
Notably, effect sizes were significant and demonstrated a large efffiaet promotion

and prevention interventions on sustaining weight loss relative to control.
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5. Conclusion

Obesity has reached epidemic proportions in the U.S. With nearly two-thirds of
American adults are obese or overweight (National Center for Healisti$at2009),
obesity is one of the leading health issues in U.S. society (Obesity in A€
Simon et al., 2006). Although structured weight loss programs for treatment of obesity
have generally been successful at weight loss, avoiding weight regairajesra m
challenge (Bray, 2009; Kraschnewski et al., 2010). We must continue to develop
effective interventions that people will use and adopt that will lead to sustairiggt
loss behaviors (Centers for Disease Control and Prevention, 2009; National dtegrt L
and Blood Institute & National Institute of Diabetes and Digestive Kidrisgd3es,
1998). Due to affordability, universal adoption, ease of use, and accessibilityydwectl
people regardless of geographic location, healthcare communicated through mobile
technology, or “mHealth”, may be able to serve as an effective interventionmaali
reach a large number of people to facilitate weight loss behaviors. A revibes of
literature demonstrated limited information regarding message contenimnamgl dnd
frequency of message delivery and only 3 of 14 SMS-related interventions ré@viewe
demonstrated a statistically significant effect on weight loss, diet ecisgeMoreover,
information on how to integrate and leverage SMS as a health promotion tool for weight
loss was also limited in the literature (Shaw & Bosworth, in press).

The Behavior Change Process (Rothman et al., 2004) was used as a guide to

understand how to develop an intervention to help people sustain recent weight loss.
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Furthermore, research suggests interventions that target and framgesaedsaut how

people reach goals in their life through either promotion or prevention focus may be
beneficial at motivating people to self-regulate and sustain recentibeti@hanges

(Higgins, 2000) such as those related to weight loss (Fuglestad et al., 2008)allbk g

this research was to design a weight loss sustaining intervention that would help people
stay in the continued response phase of the Behavior Change Process and help prevent
relapse. Using the Behavior Change Process and regulatory focus theorgnamiitn

was developed that leveraged short message service (SMS) to deliver messagms to pe
who have recently lost weight in attempt to help them sustain weight loss.

A pilot study was first conducted to inform the development of a mHealth SMS
software application designed to deliver messages to people to help them to kestain t
recent weight loss. Results suggested that it was feasible to develop andvastier
loss sustaining messages via SMS to people who have recently completetiieestruc
weight loss program and are in the continued response phase of the Behavior Change
Process. In addition, it was feasible to craft and deliver messages lenattied two foci
of the Regulatory Focus Theory, promotion or prevention respectively. The majority of
participants felt there was significant value in receiving the messaljgaréicipants
were positive about the SMS delivery method. Once a day was deemed as an appropriate
message frequency, and 8:00 A.M. as the acceptable delivery time. Findings from the
pilot study allowed us to develop an SMS application to be used in a subsequent

randomized controlled trial with 3 groups that would receive either promotion framed
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messages, prevention framed messages, or general health messagasrals Wedhen
tested the feasibility, acceptability, perception of the usefulness, acalcgfif an SMS
intervention in a 3-arm mixed methods RCT.

Results from the exploratory RCT showed that it was feasible to design and
deliver promotion and prevention framed weight loss sustaining messages at the
continued response phase of the Behavior Change Process. Furthermore, participants
found the message content and intervention acceptable and a majority perceived value i
receiving messages via SMS that promote weight loss sustaining behaveskgewnt
data implied that the intervention served as a reminder and daily cue to action. Many
people were favorable towards receiving a daily reminder, which they noted kiedpe
to stay focused, and in some cases to keep them motivated. A minimum of one message
delivered at approximately 8:00 A.M. was deemed the optimal delivery time and
frequency. This was particularly true for weight loss, which manyqgyaattits reported as
a daily struggle that begins every morning. Lastly, with regard to weighbldsomes,
more people sustained their weight loss at month 3 in the promotion and prevention
groups compared to the control group in both the intent-to-treat and evaluable case
analyses. This means that more participants sustained their weight lossia the t
intervention groups compared to the control group. Effect sizes also indicate medium to
large effect sizes at months 1 and 3 in the promotion and prevention groups relative to the

control group. Therefore, these findings may serve as a reference for futorentitss
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designed to help people thwart relapse and transition from a state of sustaieig re
weight loss behaviors to a state of maintenance.

In addition, these results suggest that cues to action, external events thatgprom
desire to make a health change, are important components of sustaining behaviors for
weight loss. This is supported by the literature and dominant theories of behavige chan
such as the Health Belief Model (Janz & Becker, 1984). Cues to action have been found
to help promote exercise (Pak Hei & Chou, 2005) and have beneficial effects Im weig
loss programs (Daddario, 2007). Future research warrants adding and egalues to
action to the Behavior Change Process conceptual model. Application to the theories of
regulatory focus and fit are less direct. It was feasible to framer8&Sages to a
promotion or prevention focus, and regardless of framing or fit participants wenadlov
positive and accepting of them. There was an overall trend in differences inisgstai
weight loss between the promotion and prevention groups compared to the control. When
comparing each individual group to the control group, pairwise comparisons indicated
these differences were most pronounced between the prevention and control groups.
Results indicated that the prevention message group had a greater suatgsming
weight loss compared to the promotion group regardless of fit. This may be due to the
participants in this study being in the continued response phase of the Behavior Change
Process. The continued response phase is characterized as a tension betweris a pers
capability and motivation to consistently perform new behaviors, and the challeages t

lead to lapses and relapses (Rothman et al., 2004). A feeling of satisfactiatesthe
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decision to change was appropriate and provides validation for continued effort. This
satisfaction is compared against whether the experiences with engatiiegiew

behavior meet or exceed their expectations of the outcomes of the behavior ghange
addition, people must continue to be confident that they have the ability (sel&gffioa
continue the new behavior, and they begin to see initial rewards with regard to weight
loss. The promotion and prevention interventions may have promoted some of these
factors. In particular, the content of the messages promoted self-gficddocused on
consistent performance of weight loss behaviors.

The literature supports this conclusion and advocates that in the later stages of the
Behavior Change Process (i.e. sustaining and maintenance) people are also more
sensitive to prevention strategies and seek to prevent losing the achievemenés ¢hey
worked hard for (Rothman et al., 2004). Therefore, further research is needed to evaluate
if prevention framed messages, in general, are more beneficial than promotion framed
messages at motivating people to self-regulate and sustain weight los®tsehavi
Furthermore, due to a lack of statistical power and homogeneity in the datet ahpa

message ‘fit’ could not be determined. Further research is needed.

mHealth

mHealth and it's components such as SMS, have been touted as one of the many
tools that can improve health outcomes through ready access to quality of bedattss
around the world (NIH Office of Behavioral and Social Sciences Research, 2@ikl)s T

largely due to the pervasive nature of cellular telephone mobile technologgragfor
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access over 87% of the world (International Telecommunications Union, 2011), which
provides near universal access to people regardless of demographic factocgaplye
location. Continuingly evolving, people have embraced mobile technology into their
everyday lives. Although mHealth shows promise as a beneficial tool we musehd c
of technology-driven hype. This technology, in and of itself, is only a communication
medium; it must be matched with theory driven content and tested in randomized
controlled trials to determine its efficacy in improving health outcomes. Humawibeha
health, and illness are multifaceted and influenced by numerous factors riioging
environmental, social, to biological. Merging mobile technology with healthvairee

no easy feat and many questions remain answered. For every behavior that mobile
technology is proposed to improve, we must know the appropriate content, how and

when to deliver it, and the effects over time.

Limitations

Generalizability from this research is limited. The majority of piiats were
from a more affluent and educated background, mostly White non-Hispanic, and not
representative of the general US population. The definition for sustaining Wwesghtas
based upon a national guideline (Donnelly et al., 2009), research that observed weight
loss at 12 months, not 3 months. Thus, this made it easier for participants to qualify for
having sustained weight loss. This study only examined weight loss 3-months post-
baseline and the intervention itself was only 1 month. Therefore these rasuitsly be

interpreted as beneficial up to 3 months following completion of a weight loss program
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Most importantly due to the exploratory nature of this study, there wasiamsutffpower
to detect differences between groups on the primary outcome, sustained weight loss
There was also not a standard-of-care control group to compare the intervention and
attention-control group with. Thus, conclusions cannot be made as to how much simply
receiving a daily message regardless of content had on impacting susteigled oss.
There was no measurement across subjects to evaluate if participants tiewed t
promotion and prevention messages as treated. However despite these limitations,
findings support further research. Effect sizes indicated a medium to l&egeadf
sustaining weight loss, a trend in statistical significance in sustairgightdoss, and a
clinically significant increase in weight loss in the promotion and prevention group
relative to control.

mHealth limitations. This study only leveraged SMS text messaging. There are
many other features of mHealth that may be just as or increasingly mofieibéne
These include video and picture messages, two-way interactive comnamjicabbile
applications or ‘Apps’, geospatial tracking, social networking, and many others. The
nature of this intervention was also not very interactive. It largely involvedipariis
simply reading a daily message. Though this added an element of simplititye
interactive intervention, such as one where participants could receiveailaitgd
feedback on their exercise and diet based upon information they enter into a mobile

application, could have increasing benefits.
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Implications for Clinical Practice

SMS interventions have the potential to be easy-to-use tools that clinicians
including nurses, physicians, and other care providers, can use to help patients sustain
healthy behaviors. Because text messaging is such a ubiquitous medium of
communication, it can allow providers to easily reach and deliver care ditetigir
patients. One can envision this SMS application being leveraged in primaglica®
and weight loss specific centers such as the DFC as a way to extentioreebby
beyond the in-person visit. Tools such as this could also easily be integrated into a
patient-provider Internet portal such as Duke Medicine’s “Health Viewi$ Tould
provide a home where clinicians associated with Duke Medicine could direct their

patients to communicate through in a HIPAA-secure environment.

Implications for Future Research

Results from this research suggest that more rigorous examinations oéthe eff
of this SMS intervention are warranted. A longitudinal study with a larger papubatd
more diverse population in diverse settings that examines the effects oféhigmtion
on diet, exercise, and other common co-morbidities associated with obesity would
provide more conclusive results about the effects of this intervention on weight loss
behaviors and ultimately sustaining weight loss. A longitudinal investigatiordvedao
help to determine if this intervention helps people transition from a state ahswgta
weight loss to maintenance. A study conducted over a longer period of time such as over

12 months may also foster more variability in the data (e.g., sustained weight loss
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outcome) and provide further insight in to the use of regulatory focus and fit from both a
moderating and mediating perspective. Additional health services resealsh needed
(e.g., cost-effectiveness, access to care) of this SMS intervention.

Further research is also needed to examine how more comprehensive and
interactive mobile applications, which use SMS, can be developed and leveraged to
improve weight maintenance. With the advent of smart phones and mobile devices such
as iPads and tablets, an application or “app” could be utilized as a dynamicnitiberve
medium to deliver health care and in particular to help promote self-managé&ment
“app” typically refers to software used on a smartphone or mobile device such as
Android, iPhone, BlackBerry or iPad. Mobile phone applications have various
communication abilities. These include, but are not limited to, self-record keepito-
monitoring, customizable auto-feedback, and direct communication to and from a
provider. Research involving cell phone applications is currently ongoing. For example,
one current study involves a behavioral intervention delivered almost exclusivesllvia
phone using self-monitoring and social networking features of cell phone applications
(Svetkey, 2010). Other examples of how an app may be utilized to help sustain and
manage recent weight loss could be through meal customization and automatiadaeospat

tracking and feedback for exercise and/or physical activity.

Closing
Systematic improvement in diet, physical activity and many other behaviors

could lead to a significant benefit for society. Nevertheless, there ist@igbalsallenge
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to find effective ways to change behaviors to promote health and prevenedissdsad

to improved health outcomes. For sustaining weight loss, the participants in this study
found an SMS intervention that delivers daily evidence-based messages aceeutable
overall useful in the continued response phase of the Behavior Change Process. One
message per day and up to two was the optimal delivery frequency and a me8<z@je at
A.M. was the ideal timing. Overall, the promotion and prevention groups showed a
clinically significant increase in weight loss and the number of people wleirecst
weight loss compared to control. Notably, effect sizes were significarteandnstrated

a large effect of the promotion and prevention interventions on sustaining weight loss
relative to control. Consistent with the literature that suggests peoplesresemnsitive

to prevention strategies in the later stages of the Behavior Change FRuatbssan et

al., 2004), prevention framed messages may have been more useful in helping
participants sustain weight loss. In closing, technological tools such &MBis
intervention that are constructed and guided by evidence-based content andt#heoret
constructs show promise in helping people sustain healthy behaviors that can lead t

improved health outcomes.
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Appendix A: Weight L oss Sustaining Promotion and
Prevention M essages

__} = Nutrition focused message Maximum character length: 140
!] = Monitoring focused message

| = Exercise focused message

Promotion Prevention
1 Small diet changes add up. Eat breakfagiat breakfast every day. It will prevent
every day. You will eat less during the | eating more during the day and gaining

day and it will help you reach your weight back. Small diet changes add up
weight loss goals
2 Weigh yourself daily at the same time | Check your progress and prevent failure.

and on the same scale. This is importantVeigh yourself daily at the same time apd
Checking on your progress will help yguon the same scale. This will help you

control your weight control your weight

3 Exercise regularly. Exercise will Prevent diabetes problems, weight gain
maintain a healthy weight, blood and worsening blood pressure. Not
pressure and reduce problems with exercising affects the body’s ability to
diabetes handle blood sugar

4 Sustain your weight loss. Use the ‘plate Avoid eating too many calories. Use the
method’. Fill up 1/2 your plate with ‘plate method.’ Fill up 1/2 your plate with
vegetables, ¥4 with starch, ¥4 with proteimegetables, ¥ with starch, ¥ with protein

5 Check your food intake. Record Check your food intake. Avoid falling intp

everything you eat and portion sizes. | the trap of checking only “good days.”
Checking increases awareness of what Record everything you eat and portion
you are eating sizes

6 Count steps to increase the amount yguDon't risk falling off the exercise

walk. Use your pedometer. Set a goal pbandwagon. Count your steps to increase
adding 150 steps a day up to 5000 stepghe amount you walk up to 5000 steps g

day or 2.5 miles day or 2.5 miles

7 Use smaller plates. You will still clean | Prevent over eating. Use smaller plates|to
your plate and feel satisfied and have | avoid filling a larger plate with extra
better portion control. calories

8 Keep track of the things that lead to | Prevent yourself from unplanned eating
unplanned and overeating Keep track of the things that lead to

unplanned and overeating

9 Activity burns calories and helps Don't let exercise slip away. Small

maintain weight. Climbing stairs, activities such as climbing stairs, parking

parking further away or walking to the | further away or walking to the office add
office add up quickly to 30 min a day | up quickly to 30 min a day

10 Eat slowly. Put fork down between bitesAvoid feeling full and giving in to
Check fullness level during meal. Whepcravings. Eat slowly. Put fork down
full push your plate away. Satisfaction | between bites. Check fullness level.
takes 15-20 min Satisfaction takes 15-20 min
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11 Keep exercising! After 1 year dieters | Steer clear of gaining weight back. Diets
who exercise maintain most of their who do not exercise maintain only half ¢
original weight loss their original weight loss

12 Select healthy breakfast cereals. FollowSteer clear of high sugar breakfast cere
the “5 and 5” rule - 5 grams fiber & 5 or Follow the “5 and 5 rule.” 5 grams of
less of sugar. Or try heart-healthy fiber and 5 or less grams of sugar
oatmeal with honey!

13 Monitor your progress and how you areRemember not to forget to monitor your
doing. Schedule time to review your | progress. Schedule time to review your
progress in your calendar progress in your calendar

14 Exercise helps more than just with Exercise helps more than just with weig
weight loss. It helps to decrease high | loss. It helps to prevent cancer, diabete
blood pressure, improve diabetes and | high blood pressure and gaining weight
decrease cholesterol back.

15 Reward yourself. It's OK to have a littl¢ Prevent yourself from overindulging. It's
sweet foods such as pie, cookies, and| OK to have a little sweet foods such as
candy, and alcohol pie, cookies, and candy, and alcohol

16 Cross train. Vary your exercise: walk, | Prevent boredom, injury and over trainir
bike, elliptical, water /chair aerobics. It| with your exercise. Cross train: walk,
will help you stay motivated and have | bike, elliptical, water/chair aerobics
fun!

17 Identify and change habits and foods thawoid being tempted by foods and habit
lead to binges including risky foods keptthat lead to binges. Don't keep risky foo
in the house such as chips or watching in the house such as chips or watch TV
TV while eating while eating

18 Stay on top of how you are doing. Prevent yourself from slipping. Pick 2-3
Review your monitoring forms to check days to monitor and every so often revig
for patterns. Monitor at least 2-3 times jayour monitoring forms to check for
week patterns

19 For general fitness: exercise 30 minut¢on't exercise too little and stop all
daily. 8-10 exercises, 8-15 repetitions, |[ltogether: exercise 30 minutes daily. 8-1
3 sets, 30-90 second rest between sets exercises, 8-15 repetitions, 1-3 sets, 30

second rest between sets

20 Use a grocery list for grocery shopping Prevent temptation to buy unhealthy
and only buy planned for items. This wjlfoods. Avoid meal planning or shopping
help you buy good healthy foods. for groceries when you are hungry

21 Limit size of portions at mealtimes by | Don't let portion sizes increase in size.
measuring planned servings. Keep Keep measuring utensils readily availah
measuring utensils readily available | and measure planned servings at

mealtimes

22 Weigh yourself daily. Place the weight| Don't feel surprised and upset when dai
on a graph to see trends over time. It i$ weighing. Place the weight on a graph t
natural to fluctuate daily due to things | see trends over time. It is natural to
such as water fluctuate daily

23 Plan meals in advance to increase self-Plan meals in advance to avoid overeat

awareness — 3 meals and up to 2 shag
per day going no longer than 4-5 hourg

between eating

kand being tempted to select poor foods

meals, 2 snacks/day no more than 4-5 |

ng
-3

between eating
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24

Be aware of your blood pressure and
monitor it. Check it when and where yq
can: at home, the doctor’s office, blood

pressure machine at the drug store, etc.drug store, etc.

Prevent or reduce high blood pressure.
WKeep track of your blood pressure at
home, the doctor’s office, machine at th

25

Stay motivated! At the beginning of the Prevent becoming demotivated. At the

week plan your exercise sessions and
treat them like you would any other
appointment

start of the week plan exercise sessiong
and treat them like any other appointme

26

Monitor your blood sugar as prescribed Avoid large fluctuations in your blood

and HbA1c every 3-6 months. Keep

track of fluctuations and where they are prescribed and HbAlc every 3-6 months

to see how much they are

sugar. Monitor your blood sugar as

27

When you don't feel like working out,

bargain with yourself to exercise for justfeeling like exercising. Contract with

10 minutes then see how you feel

Don't fall into the slippery slope of not

yourself to exercise for just 10 min then
see how you feel

28

Make small changes. Use trade-offs su&void tempting foods. Use trade-offs su

as: | will have dessert every OTHER
night or, | will only eat half of the desseq

as: | will have dessert every OTHER nig
ror, | will only eat half of the dessert

29

Any exercise is better than no exercise.Don't slip into the “I don’t have time to
Use a strategy to find a way to get in at exercise” today excuse. Any exercise is

least some exercise

better than no exercise.

30

Use restaurant strategies: 2 vegetable
servings, 1 caloric beverage. If calorieg
are listed keep meals below 800

Don't be tempted to overeat when at

W

1°Z

ch
ht

restaurants: 2 vegetable servings, 1 calpric

beverage, don't arrive hungry. Keep me
below 800 calories

12

5
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Appendix B: Attention Control M essages

1. Frequent hand washing is one of the best ways to avoid getting sick and spreading
illness

2. High blood pressure increases the risk of heart disease and stroke. Risk factors:
obesity, too much alcohol, smoking, and family history

3. Sleep is just as important as diet and exercise

4. Facebook may be good for your heafttaying in touch with family and friends
can ward off memory loss and help you live longer

5. People that suffer from gum disease are twice as likely to have a striokaror
attack

6. Motorists who talk on cell phones are more impaired than drunk drivers with
blood-alcohol levels exceeding .08

7. Deep Breathing gives health benefits similar to aerobics

8. Researchers have linked sitting for prolonged periods with a number of health
problems and premature death from cardiovascular disease

9. Annual eye exams detect vision problems, eye disease and general health problem

before you are aware a problem exists

10.People who don’t get enough sleep are more likely to have bigger appetites

11.The number one cause of blindness in the United States is diabetes

12. Stay up to date with vaccines. A tetanus shot is needed every 10 years

13.Smoking is the most significant cancer risk factor that we can reduce. Avoid
smoking and exposure to smoke

14.Laughing lowers levels of stress hormones, and strengthens the immune system

15. Ask your doctor about the best cancer-screening schedule for you. Treament i
most likely to be successful when detected early

16.If you notice changes in a mole's color, height, size, or shape, you should have a
dermatologist (skin doctor) evaluate it

17.Risk of headaches are associated with inactivity, not enough water, overweight
and not enough sleep

18. Critically evaluate online health information. Consider the source, author, and
publication date. Focus on quality. Be skeptical

19.You burn more calories sleeping than you do watching television

20.Apples, not caffeine, are more efficient at waking you up in the morning

21.1f you sprain your ankle you should: rest, elevate, ice, and support the ankle with
a bandage or ace-wrap

22.Recent studies indicate flossing reduces the risk of a heart attack bytprgve
gum disease

23.Long-term use of air fresheners may contribute to indoor pollution, which can
sometimes trigger asthma and other lung problems
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24.Disinfect kitchen surfaces. The kitchen and counter tops are full of bacteria from
food preparation.

25. Temperature can affect appetite. A cold person is more likely to eat more food

26.Weight gained after early 20s is linked to higher chancesaft diseaseancer,
gallstones, asthma, snoring

27.Grilling meat can create cancer-causing chemicals. Coat it witblarttarinade
to reduce the amount of such chemicals

28.Washing your hands after using a waterless hand sanitizer can strip\waigls a
and cause skin to become dry and crack

29.Milk’s not the only drink that builds healthy bones. Tomato juice reduces the risk
of bone loss too

30.Wear sunscreen. It prevents skin cancer and premature aging
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Appendix C: Selected Data Collection Forms and Tools

Telephone Script

Directions: Thisinterview will be conducted within 3 weeks of study completion

Focus: To assess participants perceived usefulnessjdettif and experiences of participating in
the study

Introduction:

Hello, this is Ryan Shaw calling from the Duke Lem»ty School of Nursing in Durham, North
Carolina. May | please speak to

*** |f the participant is there continue with the st:rlp

***|f the participant is not there, ask when it widbe a good time to speak with
?

Describe the Reason for the Call:

(Example of phone call to potential participant)

We are calling to learn about your experiences wétteiving the weight loss sustaining text
messages.

Would you be willing to answer some questions reiggryour experiences?

Please understand that your current or future maldiare at Duke University or another
facility will not be affected if you choose noptarticipate.

If no: Thank them for their time

If yes: Review the purpose of the study and the typgsesdtions that are going to be asked.
Remind participants that they will receive $20 dompleting the interview and that the
interview is being audio-taped.

Questions:

Per ceived Usefulness/Quality of program delivery & treatment fidelity(Borrelli et al., 2005;
Dane & Schneider, 1998; Resnick et al., 2005)

1. How useful did you find the text messages tinb®elping you sustain your weight loss?
Probe: What about sustaining diet? Sustaining exercisstasing monitoring?

Attitudes/Participant responsiveness & treatment fidelity related toreceipt (Borrelli et al.,
2005; Dane & Schneider, 1998; Resnick et al., 2005)

. How do you feel about getting these weight msstaining messages?

. Did you view the messages as promoting sucaess jpreventing failure?

. How much did you like the messages you read?

. How did it make you feel to get these on yourmeone?

Did you have any problems with accessing orivéiug the messages on your phone ?

. What worked for you?

. What did not work for you?

ONOUAWN

Adherenceto the program/dose of the program delivered(Borrelli et al., 2005; Dane & Schneider,
1998; Resnick et al., 2005)

9. How often did you read the messages?

10. Did you read them multiple times?

11. Are there times when you did not read the nyeEssa

12. How do you feel about how often (frequency) gotithe messages?

13. Did you share the messages?
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Experiences/Participant responsiveness & treatment fidelity related to receipt(Borrelli et
al., 2005; Dane & Schneider, 1998; Resnick eRal5)

14. What did you get out of participating in thedst?

15. Can you tell me some positive things abousthdy?

16. Can you tell me some negative things aboustngy?

17. What changes would you make to this study?

Check for other ideas and suggestions overall
18. Would you recommend getting these messagestiedane else?
19. Do you have any other suggestions or thoughts?

Field notes:
Record information describing the interview expecie. Any impressions or events that occurred during
the interview.

Closing

Thank you for participating in our research stud®lease understand that your answers will
remain confidential. Give them follow-up contadbrmation such as the telephone number of
the PI.
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Attitudes and Behaviorstoward SMS Weight L oss Scale
Adapted from Tsang et al. (2004)

1 = completely disagree, 3 = neutral (neither disagree nor agree), and pletebnagree.

1. | feel that receiving the text messages is enjoyable
2. | feel that receiving the text messages is pleasant
3. | feel that the text messages are a good source for timely informati

4. The text messages provide the information | need to help sustain wesght

5. | feel that the text messages are irritating 1
6

7

8

9

1

[N
o
(SN

. | feel that the text messages are too much 1
. Content in the text messages are often annoying 1
.  use the text messages as a reference for diet and exercise
. | trust the text messages

0. Overall, I like the text messages

11. I am willing to receive weight loss sustaining text messages:
1. Less than one message a day
2. Two messages a day
3. Three messages a day
4. Over four messages a day

12. What do you do when you receive a weight loss sustaining text message?
Ignore it completely

Read it occasionally

Read it after accumulating too many of them

Read it when | get time

Read it right away

agrwnE

13. How much do you read messages you received?
Not at all

Read about a quarter of a message

Read about half of a message

Read about three-quarters of a message
Read the whole message

agrwnE
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Appendix D: Recruitment Materials

Sustaining Weight Loss

Research Study

‘! Duke Diet & Fitress Center

‘. Dubie University
School of Nursing

SM5

The purpose of this research study is to explore
new ways to help people sustain recent weight
loss.
What is involved?

= Sign a consent form

* Complete a 15-minute questionnaire

* Receive a daily motivational text message
(5M5) after you leave Diet & Fitness Center

* Report your weight after months one and
three

= Participate in a phone interview

* Compensation: $30

To qualify you must
*  Have lost at least 5% of your weight
*  Own a cell phone
*  Be able to receive text messages.

This research is sponsored by the

Mational Institutes of Health
Pro00025503

Figure5: Flyer
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Sustaining

Weight Loss
To learn more about this St“dy

study, please contact:

Ryan Shaw, RN, MS

919-410-6372 w Duke Universi'gy
ryan.shaw@duke.edu School of Nursing
Constance Johnson, RN, PhD w Duke Diet & Fitness Center m
919-684-9332

constance.johnson@duke.edu 9
g Exercise

Your Partner

This project is sponsored by the

Duke Translational Medical Institut
For Success uke rans;:lotz]lazzqsesslca s e

132



Sustaining Weight Loss Study

What is this study?

The Sustaining Weight Loss Study is
a federally funded research study.
The purpose of this study is to

explore new ways to help people sus-

tain recent weight loss.

This research study hopes to gain
information to help design better
ways of helping people sustain
weight loss that are affordable and
casy to use.

What is involved?

+ Sign a consent form

+ Complete a short 15 minute ques-
tionnaire at enrollment

+ Receive a daily motivational text
message (SMS) for one month to
your cell phone

+ After 1 & 3 months you will report
your weight

+ Participate in a phone
interview at the end of

month 1

Is there compensation?

You will be paid for your time and text
messaging costs. You will receive a total
of $30 for completing this study

Do | qualify for the
study?

In order to qualify for this study
you must have lost at least 5% of
your initial body weight since en-
tering the DFC. You must own a
cell phone and be able to receive

text messages.

Your Partner

For Success

Figure 6: Brochure
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