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Abstract

Background: Health behavior change interventions have focused on obtaining short-term intervention effects; few studies have
evaluated mid-term and long-term outcomes, and even fewer have evaluated interventions that are designed to maintain and
enhanceinitial intervention effects. Moreover, behavior theory has not been devel oped for maintenance or applied to maintenance
intervention design to the degree that it has for behavior change initiation.

Objective: The objective of this paper is to describe a study that compared two theory-based interventions (social cognitive
theory [SCT] vsgoal systemstheory [GST]) designed to maintain previously achieved improvementsin fruit and vegetable (F& V)
consumption.

Methods: The interventions used tailored, interactive conversations delivered by a fully automated telephony system
(Telephone-Linked Care[TLC]) over a6-month period. TLC maintenance intervention based on SCT used a skills-based approach
to build self-efficacy. It assessed confidence in and barriersto eating F& V, provided feedback on how to overcome barriers, plan
ahead, and set goals. The TLC maintenance intervention based on GST used a cognitive-based approach. Conversations trained
participants in goa management to help them integrate their newly acquired dietary behavior into their hierarchical system of
goals. Content included goal facilitation, conflict, shielding, and redundancy, and reflection on personal goals and priorities. To
evaluate and compare the two approaches, a sample of adults whose F&V consumption was below public health goal levelswere
recruited from alarge urban areato participatein afully automated tel ephony intervention (TLC-EAT) for 3-6 months. Participants
who increasetheir daily intake of F&V by >1 serving/day will be eligiblefor the three-arm randomized controlled trial. A sample
of 405 participants will be randomized to one of three arms: (1) an assessment-only control, (2) TLC-SCT, and (3) TLC-GST.
The maintenance interventions are 6 months. All 405 participants who qualify for the trial will complete surveys administered
by blinded interviewers at baseline (randomization), 6, 12, 18, and 24 months.

Results. Dataanalysisis not yet complete, but we hypothesize that (1) TLC-GST > TLC-SCT > control at all follow-up time
points for F&V consumption, and (2) intervention effects will be mediated by the theoretical constructs (eg, self-efficacy, goal
pursuit, conflict, shielding, and facilitation).
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Conclusions: This study used a novel study design to initiate and then promote the maintenance of dietary behavior change
through the use of an evidence-based fully automated telephony intervention. After thefirst 6 months (the acquisition phase), we
will examine whether two tel ephony interventions built using different underlying behavioral theories were more successful than

an assessment-only control group in helping participants maintain their newly acquired health behavior change.

Trial Registration:
at http://lwww.webcitation.org/6TiRriJOs).

(JMIR Res Protoc 2014;3(4):e62) doi: 10.2196/resprot.3367
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Introduction

Lifestyle behaviors, including smoking cessation, prevention
of overweight and obesity, physical activity, and healthful diets,
are recommended for health promotion and disease prevention
across a wide range of chronic conditions including
cardiovascul ar disease, diabetes, and cancer [1]. Epidemiological
studies have examined both overall eating patterns and intake
of individual foods and nutrients for their effects on overall
mortality and specific diseases[2-4]. While research examining
rel ationships between diet and disease is complex dueto issues
of measurement, self-reporting bias, integration of foodswithin
the total diet, confounding, among other issues, a large
compilation of research supported the rationale that particular
diet behaviors can affect diet-related cancer risk, including
probable evidence of decreased risk with intake of foods high
in dietary fiber (colorectal cancer) and fruits and vegetables
(mouth, pharynx, larynx, esophagus, and stomach cancers) [3].

Surveillance of eating patterns in the United States indicates
that the magority of the population does not meet
recommendations for multiple dietary components, including
fruits and vegetables (F&V), which are consumed at
approximately half of recommended levels[5]. A comprehensive
review of 45 studies[6] provides evidence that specific dietary
interventions can lead to modest effects on improving diet. For
interventions that targeted F& V intake, the average amount of
change has ranged from about a 0.5 serving to slightly over one
serving per day increase [6-13]. Given alarge cohort study that
found a 53% higher mortality rate among those who consume
no fruits and vegetabl es compared with those who eat 5 servings
aday aswell asadose-response relationship between increasing
levels of F&V intake and overall mortality [2], it is expected
that even modest increases in F&V intake would lead to
beneficial mortality outcomes.

In recent years, multiple commentators have called for the need
to sustain short-term health behavioral intervention effects by
studying intervention effectsat the end of theintervention period
aswell aslong-term follow-up after the intervention concluded.
Gaining abetter understanding of behavior change maintenance
was highlighted by Kumanyika et al more than 10 years ago
[14] and more recently by the Health Maintenance Consortium
in 2010 [15-18]. A systematic review of the maintenance of
dietary change found that while 90% of the trials reported
significant outcomes at the end of theintervention, 35% reported
diet and/or physical activity significant outcomes at least 3
months after the intervention ended. However, of the seven diet
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trials that reported long-term outcomes (range 3-12 months
following the conclusion of the intervention), there were
promising effects on dietary outcomes, with six trials reporting
significant between group differences (ie, maintenance) of at
least one dietary outcome[19]. Additional dietary interventions
have been published since the time of that review, which
reported significant maintenance of effects ranging from 6
months to a year after the end of the diet intervention [20-23].
For example, a telephone-based intervention using the Get
Healthy Information and Coaching Service in Austraia
demonstrated that a 6-month intervention followed by 6 months
of no contact, participants maintained their increase in fruit
intake and decreases in weight, waist circumference, and body
massindex (BMI) [22]. In another tel ephone-based intervention,
intervention effects for percent calories from total fat and
saturated fat, fiber, and fruit were maintained after a 12-month
intervention followed by 6 months of no contact [21].
Interestingly, for both telephone-delivered interventions,
maintenance of effects for vegetable intake was not sustained
during the periods of no intervention contact despite initial
improvements immediately following the interventions.

One aspect limiting the further development of the science of
behavior change maintenance is the lack of theories that have
been developed to specifically address maintenance versus
initiation of a health behavior change. Some experts suggest
that a new theoretical approach may be needed to understand
the maintenance of behavior changes and how to design
interventions [24,25]. Rothman proposes that maintenance of
a behavior change may involve different cognitive processes
than initiation of behavior change[26]. Theoriesthat have been
used to inform behavioral interventions (eg, social cognitive
theory) may fall short in that they use the same processes to
initiate and to maintain a behavior change.

The present study conceptualizes maintenance asadistinct phase
of the health behavior change process and proposes Goal
Systems Theory (GST) [27-30] as a possible theory to inform
the design of a maintenance intervention to help individuals
manage their newly acquired behavior (increased consumption
of F&V) following the acquisition of this behavior. This novel
approach will be compared to awidely accepted, evidence-based
framework that guidesthe design and evaluation of many dietary
interventions—social cognitive theory (SCT) [31]. This paper
describesthe research design used to eval uate two theory-based
interventions designed specifically to assist with the maintenance
of anewly acquired dietary behavior (F&V consumption), one
intervention guided by SCT and the other guided by GST.
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Methods

Overview

The design for this study includes two phases to examine the
maintenance of a dietary behavior change in adults. Figure 1
provides an overview of the study flow and measurement time
points. In the first phase (acquisition), an intervention was used
to produce achangein F&V consumption in order to study, in
a second phase (maintenance), if an intervention targeting
maintenance could sustain that change. All interventions were
delivered using a fully automated telephony system that used
an interactive voice response (IVR) system to generate speech
that emulated counseling by a trained behavioral counselor
combined with a speech recognition system to understand what
the participant said. To perform the study, a sample of healthy
adultswho consumed less than the recommended level of F&V
(ie, < 5 servings/day) were recruited. During the acquisition
phase, they were given atested dietary telephony intervention
for up to 6 months, called Telephone-Linked Care (TLC)-EAT,
which has been shown in previous studies to have positive
effects on initiating dietary improvements, including increased
F&V consumption [32,33]. Because both prior studies found
an increase of approximately one serving of F&V for the
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TLC-EAT intervention group, it was hypothesized that this
effect would occur in anew sample of participants. F&V intake
was examined at enrollment and after 3 months of the
acquisition intervention. Participants who increased their
consumption of F&V by at least one serving/day becameéligible
for the second phase (maintenance). Participants who did not
show a one-serving increase were allowed to participate for an
additional 3 months only. Those who achieved a one-serving
increase during the acquisition study were eligibleto participate
in the second phase (maintenance, randomized controlled trial).
Participantswho entered the second (maintenance) phase of the
study were blinded to the inclusion criterion (eg, an increase of
>1 serving/day of F& V). Participantsin the maintenance phase
were randomized to one of three groups, receiving one of two
theoretically based TLC interventions targeting maintenance
of behavior (TLC-Maintenance GST or TLC-Maintenance SCT)
or to the control group (an assessment only without an
intervention). All participantsin the randomized controlled trial
(RCT) were assessed every 6 monthsfor atotal of 2 years post
randomization (baseline). The study protocol received full board
review and approval by the Boston University School of
Medicine Institutional Review Board (NCT00148525). See
Multimedia Appendix 1 for the CONSORT-EHEALTH
checklist [34].
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Figure 1. Flow diagram of the study.

Participants

The pool of possible participants was randomly selected from
the voter registration lists from the Boston metropolitan area.
Participants were required to be =18 years of age, live in the
Boston area, have access to a touch-tone telephone, and be
generaly healthy. Participants were also required to be
“under-consumers’ of F&V as defined by eating fewer than 5
servings/day. However, in the first 2 months of recruitment, a
large proportion (62%) reported consuming more than 5
servings/day using the National Cancer Institute F& V Screener
(NCI FVS) [35]. Given that this measure may overestimate the
servings of F&V [36-38], the inclusion criterion was modified
to “consuming less than eight F&V servings/day” in order to
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correct for thebiasin the NCI FV S. This modification decreased
the percentage of screened individuals who were not eligible
(39%) yet still captured adults who were not meeting a public
health goal level, for example, the 2005 dietary guidelines of 9
servings/day of F&V [39-41]. Participants were not igible if
they were pregnant or if they had arecent health event such as
a diagnosis of cancer, myocardia infarction, kidney disease,
eating disorder, or were prescribed a special diet.

Procedures

The University of Rhode Idand Survey Research Center
performed study recruitment, assessment, and randomization.
The Center randomly selected names from a voter registration
list and mailed aletter inviting them to participate in the study.
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The letter was followed by a phone call from the Center about
one week later where the interviewer described the study,
screened for eligibility (see Participant section above for
eligibility criteria), obtained verba consent, and administered
study instruments. Research assistants at Boston University
School of Medicine, wheretheintervention (ie, TLC-EAT) was
hosted, sent participants an enrollment packet in the mail, which
contained awelcome | etter, consent form for their records, and
a manual and personal password for the healthy eating
acquisition intervention (ie, TLC-EAT). A week after
enrollment, these research assistants called participantsto train
them on how to use TLC-EAT. Participants did a practice call
with the research assistant on the line. Those who completed
the training were transferred to the first intervention call (the
“training call”) with TLC-EAT. Theresfter, all TLC calls were
outbound callsinitiated by the automated system, which called
participants at the time initially entered into the automated
scheduling system during the training call. Participants were
asked to complete one TLC-EAT call per week for 12 weeks
with the option of rescheduling any of theincoming TLC calls
or initiating calls to TLC if preferred. After 12 weeks, F&V
consumption was reassessed with the NCI FV'S to determine
eligibility for the maintenance phase of the trial. Participants
who increased by one serving of fruit and/or vegetable were
eligible to be randomized to one of three groups for the RCT.
Random allocation to group assignment was generated by the
SRC’scomputer program that used urn randomization protocols
to balance groups by gender. Those who did not increase by
one serving after 3 months were invited to continue with the
acquisition intervention, TLC-EAT, for an additional 3 months
and then were assessed again for eligibility into the RCT. Those
who qualified and agreed to continue in the RCT were assessed
at baseline (randomization), 6, 12, 18 and 24 months post
baseline. A random sample of those who qualified for the RCT
were invited to complete a blood draw at the university’s
General Clinical Research Center at baseline only. Assessments
during the RCT included the NCI FV'S, 24-hour dietary recals,
and psychosocia measures. Participants received US $20 for
completing asurvey at baseline, 6-month, 12-month, 18-month,
and 24-month time points, and $50 for the in-person, fasting
blood draw.

Intervention

Overview

All interventions were delivered using a fully automated
telephony system, TLC, which speaks to participants using
computer-controlled, pre-recorded human speech, and the
participant sel ects among pre-determined optionsto respond to
the computer by either pressing keys on the telephone keypad
or selecting an option by speaking into the phone [42]. TLC
systems déliver an individualized intervention that mimics a
conversation between a counselor and client.

Dietary Acquisition Intervention

The acquisition phase was delivered by TL C-EAT, designed to
improve general diet quality by broadly targeting important
nutrients in the diet, such as saturated fat and fiber, and by
targeting food groups (eg, fruits, vegetables, whole grains), and
by encouraging related dietary behaviors such asavoiding fried
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foods. See Multimedia Appendix 2, Table 1, for topics and
previously published studies for details [32,33]. However, two
modifications were made to TLC-EAT for the present study.
The participants did not receive the two mailed printed reports
received in previous trials. The second modification was that
the present study used an “outbound” system (TLC contacts
participant) to call participants on aweekly scheduleinstead of
an “inbound” calling system (participant contacts TLC) used
in the previoustrials.

Maintenance | nterventions

Two novel, theory-based interventions were used to promote
the maintenance of dietary change with an emphasis on fruits
and vegetables. Participants randomized to one of the two
intervention arms of the RCT received ten automated TLC calls
over the course of 6 months with the frequency of contacts
reduced over time. These participantsreceived one call per week
inthefirst month (four callsin month one), onecall every other
week in the second month (two calls in month two), and one
call per month for the remaining 4 months (one call in months
three, four, five, and six). Callswere 10-15 minutesin duration.
The first call after randomization was the same for both
intervention groups and consisted of feedback on F&V, whole
grains, low-fat dairy, and saturated and trans fats (see Table 2
in Multimedia Appendix 2). This call provided feedback for
each of the food groups using data obtained from the Prime
Screen [43], ascreening instrument administered at the screening
and randomization time points and used for intervention
purposes only. Feedback consisted of progress made since the
start of the acquisition intervention and comparisons to dietary
recommendations. The remaining nine calls were different in
content for the two intervention groups but not in duration (eg,
10-15 minutes).

Goal Systems Theory

GST posits that goals, as cognitive constructs, are mentally
represented and organized and that this organization may help
determine how goals are chosen and pursued [27-30]. This
mental organization of goalsinto a system or structure assumes
a hierarchy with primary goals and sub-goals. Primary goals
are more abstract in nature yet have alarge number of concrete
means that represent specific behaviors used to attain that goal.
GST also assumesthat goals are linked to each other, and these
inter-goa connections may play animportant rolein goa choice,
goal pursuit, and goa attainment.

Maintaining a goal may depend on the characteristics of the
goa and where that goal is within the goal system. A goal’s
characteristics can include its perceived difficulty and value
and its connection to other goals. Goals that are perceived as
facilitating another goal are morelikely to be pursued than goals
that compete or conflict. Goals can be perceived as redundant
or substitutable with other goals in one’s system because they
fulfill the same underlying need or desire of another goal (eg,
goal of exercising regularly to achieve health vsgoal of healthful
diet to achieve health). GST posits that the maintenance of goal
pursuit will decrease the more the individual perceivesthe goal
as subgtitutable or redundant with other pursuits. Thus, the
greater the degreeto which agoal is perceived to facilitate other
goas while the less it is perceived to be redundant with these
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godls, the greater the likelihood its pursuit will be maintained.
GST also suggests that the maintenance of pursuing agoal may
be enhanced to the degree to which an individual integrates
current pursuits with his or her other pursuits. GST-related
research has found that integrating goals is associated with
positive health outcomes [27,44-46)].

Telephone-Linked Care Maintenance-Goal Systems
Theory

GST was used to develop aTL C program that would query each
TLC-Maintenance Goa Systems (TLC-GST) participant on
how the person manages a diet goal (maintaining increased
consumption of F&V) and other life goals. The general thesis
isthat maintenance of behavior change fails because of reasons
outside of the specific behavioral domain, namely competition
from other life goals. TLC-GST’s purpose was to train the
participant in goal management techniques to help them
maintain dietary changes. Thefour domains of goal management
targeted in TLC-GST were (1) finding ways to reduce conflict
between competing goals (ie, goa conflict reduction) [27], (2)
applying strategies that use other goalsto help attain diet goals
(ie, cross goal facilitation [47]), (3) finding ways to protect or
shield the targeted goal from other competing goals (ie, goal
shielding [30]), and (4) enabling the individual to maintain the
resources that are necessary for achievement of the targeted
goa (eg, maintenance of increased F&V consumption) (ie,
facilitating goal maintenance [48]).

TLC-GST used acognitive-based approach in which participants
were asked to think and reflect instead of the traditional
skills-based approach generally used in SCT interventions. As
described above, the first maintenance call was the same for
both SCT and GST. The GST intervention began after thisfirst
call. Thegenera structure of aTLC-GST counseling call began
with agreeting, followed by counseling on a GST-related topic
(see the section on Goa System Theory above), homework of
suggested exercises, and a closing that included a reminder
about the next call. In each of these calls, TLC-GST reminded
the participants of their top four ranked life goals collected at
randomization (see Table 3 in Multimedia Appendix 2) and
asked them to select one to discuss on the call. The content of
the conversation focused on alife goal that the participant chose,
its attributes, and its relation to dietary (eg, F&V) goas. As
mentioned earlier, homework was assigned at the end of each
cal (eg, “I'd likeyou to write down 3 of your larger goals. Then,
think about how healthy eating can help you to meet those larger
goals’); however, the strategy of goal setting, which was used
in TLC-SCT, was not part of the TLC-GST intervention. See
Table 2 in Multimedia Appendix 2 for more details on call
structure and content.

Social Cognitive Theory

Within SCT, there are five constructs that are relevant to health
interventions, namely knowledge, self-efficacy, outcome
expectation, goal formation, and socia -environmental factors
[31]. The present maintenance study focused on increasing
self-efficacy. Self-efficacy is related to whether a person will
attempt a task and also to how long a person will persevere.
Self-efficacy can beincreased using strategies such as providing
specific feedback, positive reinforcement, encouraging small
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steps towards a goal and goal setting. Evidence suggests that
interventions designed to increase self-efficacy improve
adherence to health behaviors [49-51], and it may be one of the
strongest mediators of behavior change [52]. A health behavior
model that draws from social cognitive theory, targets
self-efficacy as a mediator of behavior, and focuses on
maintaining a behavior change isthe Relapse Prevention Model
(RPM) [53]. A key strategy with RPM is the identification and
anticipation of situations that can lead to relapse back to
unhealthy behaviors. Planning ahead for these risky situations
can increase the probability that an individual will be successful
when faced with this challenge. When small successes are
experienced, self-efficacy increases. Thus, in the present study
the strategies of planning ahead to overcome or avoid risky
situationswere used to help maintain anewly acquired behavior
and increase self-efficacy.

Telephone-Linked Care Maintenance-Social Cognitive
Theory

The intervention was designed to assist with the maintenance
of diet changes using intervention components to build
self-efficacy. TLC-SCT was developed as an extension of the
acquisition study intervention (TLC-EAT) with a focus on
maintaining healthy eating rather than obtaining it. RPM [53]
was used to inform what strategies should be included in a
mai ntenance intervention, although the overarching goal for the
ten callswasto remind parti cipants about the skillsthey learned
previously and continue to build knowledge and skills. The
main skillsincluded goal setting, identifying barriersto healthy
eating, anticipating and planning ahead for situations that lead
to unhealthy eating, and rewarding oneself for reaching goals.
TLC addressed knowledge within the context of maintenance
and provided specific, positive feedback on behaviorsand goals
obtained, an important component of building self-efficacy and
mastery.

The dietary content for the ten TLC-SCT maintenance calls
focused on F&V as well as the food groups targeted in
TLC-EAT. The food group topics mirrored that of TLC-EAT
because the initial changes to the individual’s F&V happened
within the context of these food groups. Different from
TLC-EAT, fruit and/or vegetable intake and goas were
emphasized on every TLC-SCT call in addition to the food
group topic. As mentioned previously, the first call for
TLC-GST and TLC-SCT werethe same. After thefirst call, the
genera structure of a call was (1) follow up on goals set
previously, (2) assess intake of afood group and confidenceto
improve or maintain intake, (3) participant selectsabarrier that
impedes healthy eating and receives strategy for overcoming
that barrier, (4) participant selects situation that tends to lead
torelapse and hearstipsfor planning ahead, (5) participant given
the option to set agoal for the main food group discussed and
an option to set an additional fruit or vegetable goal, and (6)
end with atake-away message about the call.

M easures

Overview

Assessments for the acquisition phase included self-report
guestionnaires administered at the enrolIment call, and 3 months
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and 6 months later. Measures included demographics,
self-reported weight and height, and the NCI FV'S. Additional
measures were added to the maintenance phase (RCT) to more
accurately estimate F&V outcomes and to examine change in
theoretical constructs from SCT and GST. Baseline
(randomization), 6 months, and 24 months were considered the
primary time points for the RCT. Assessments at 12 and 18
months post baseline were considered secondary. A subsample
of participants who were eligible for the RCT were randomly
selected and invited to have a blood draw at baseline
(randomization) to assess serum carotenoids. Other than the
in-person blood draw, all assessments were completed over the
telephone by survey research staff who were blinded to
condition.

Fruit and Vegetable I ntake

The primary outcome measure was F&V, and it was assessed
two ways: brief screeners and 24-hour dietary recalls. The NCI
FVS [35] was considered the primary screener and was
administered at all assessment time points. The screener assesses
self-reported frequency of consumption in the last month and
the portion size for 10 items that included 100% fruit juice,
fruit, lettuce salad, french friesor fried potatoes, white potatoes
(not fried), cooked dried beans, other vegetabl es, tomato sauce,
vegetable soup, and mixturesthat include vegetables. Although
all questionswere asked, fried potato consumption and mixtures
that include vegetables were not included in the summary scores
or analyses. Validity of the FV'S compared to true intake ranges
from r=.66 for men to r=.51 for women [35].

For the primary assessment time points for the RCT (baseline,
6, and 24 months), the primary assessment of F& V wasthe NCI
Method [54,55]. This method requires a food frequency
assessment such asthe NCI FV Sand two 24-hour dietary recalls.
The recalls were administered over the telephone by the
Nutrition Epidemiology core at University of North Carolina,
Chapd Hill, using thelatest version of the Nutrition Data System
for Research (NDSR) software. A nutritionist trained to conduct
the telephone recalls used a standard introduction script and a
multiple-pass approach interview methodology for the recall.
Thefoods, beverages, preparation methods, amounts, and recipes
reported by the participant were entered by an interviewer into
the NDSR softwareto obtain an estimate of nutrient intake. The
NDSR 2008 database was used for this study and contained
over 18,000 foods, 8000 brand name products, many ethnic
foods, supplements, and vitamins. The NDSR calculated food
group serving count system was used to assess F& V.

Maintenance of F&V consumption was defined in this study as
sustaining a one-serving/day increase in F&V achieved during
the acquisition phase. Participants who increased their
consumption by more than one serving during the acquisition
phase need only maintain a one-serving gain to be considered
as achieving maintenance. Maintenance (sustaining at least one
serving/day) will be assessed at each time point, separately.

Carotenoid Levels

Participants who identified themselves as non-smokers were
asked to fast for at least 6 hours prior to the blood draw. Samples
were collected at a General Research Center under low light
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conditions and protected from light throughout processing [38].
The sera were stored at -70 degree C until analysis by a
high-performance liquid chromatography method that was used
to measure concentrations of alpha-carotene, beta-carotene,
lycopene, lutein, zeaxanthin, and beta-cryptoxanthin, by the
laboratory at Genox Corporation, Baltimore, MD.

Theoretical Constructs

Self-efficacy for F&V consumption was measured using a
6-item scale [56]. Participants were asked how confident they
were about eating F&V in six different situations and responded
on a 5-point scale: (1 not at al confident) and 5 (completely
confident). GST constructswere assessed with agoal assessment
battery that included five measures that were designed for this
study because no scales existed. The battery included (1)
identification of current life goals or priorities, (2) evaluation
of success in meeting life goals, (3) evaluation of how current
life goals or priorities previously selected conflict or facilitate
healthy eating, (4) evaluation of life goal pursuit targeting the
toplifegoal or priority that most interfereswith eating ahealthy
diet, and (5) evaluation of dietary goal pursuit, respectively.
First, participants were given a list of 15 life common goals
(see Table 3 in Multimedia Appendix 2) and asked to identify
those they were currently and actively trying to achieve (“goals
or activities that you are spending time and effort on at least
weekly™). The goals were ranked by the participants on a scale
from 1-10 where 1 is not at all important and 10 is extremely
important. Next, participants eval uated their successin meeting
the goals by responding to the following question for each life
goal: “How successful do you fedl in meeting this goal right
now?’ Participants ranked each goal on ascalefrom 1-5 where
1isnot successful and 5 is extremely successful. Goal conflict
and facilitation were measured by asking how the goals affect
success in eating a healthy diet (“does the goal make it easier
or harder for you to eat a healthy diet?"). The goal was ranked
on a5-point scale where 1 is much easier and 5 is much harder.
An example of aquestion is“On ascale of 1 to 5, does getting
more education or another degree make it easier or harder for
you to eat a healthy diet?’ Last, the construct of goal pursuit
was assessed by asking the participant to evaluate the top life
goal or priority that most interferes with eating a healthy diet.
Participants selected the one priority or goal that interfered the
most with eating a healthy diet, and they were asked to respond
to aseriesof statementsabout pursing that goal (working toward
this goal is exciting for me; | receive a lot of encouragement
for working on this goal). Responses were on ascale where“1
isnot at al true for me” and “5 describes me very well”. Goal
pursuit for healthy eating was assessed last. Participants were
asked to rate how well each of 29 statements described them:
“1 want you to think about the goal of eating a healthy diet.
Please think about the goal of eating a healthy diet, and tell me
how well each of these statements describesyou. Pleaserate on
alto5scaewherelisnot at al true for you and 5 means it
describes you very well.” Some sample items were “Working
toward thisgoal isexciting”, “1 try not to let other goalsinterfere
with thisgoal”, and “1 reward myself for working hard on this
goa”.
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Cost Assessment

Data were collected in order to complete a cost-effectiveness
analysis of the maintenance interventions (see Data Analysis
section). Direct costs were measured and included the TLC
system costs (hardware, software, telephone, and labor).
Development costs are excluded. The direct cost of
implementing theinterventions (TL C) was estimated by tracking
the time a research assistant spent on tasks that would occur if
the intervention were implemented outside of a research study
(ie, labor costs of training personng and operating and
maintaining TLC). All tasks were categorized and tracked on
the research assistants’ computers. Time spent on tasks that
involved training the participant how to use TLC, telephone
cals to assist the participant with TLC and computer server
weretracked in acomputer program. Research assistants|ogged
onto their research operations system at the start of their
workday, and any appropriatetasksweretracked by the system.
Tasks that were specific to the research study were not tracked,
such as assessment phone calls.

Sample Size

Sample size for the RCT was based on 80% power to detect a
20% difference in the percentage maintaining an improvement
in F&V consumption at 24 months. This sample size aso
provides 80% power to detect a small-to-medium effect size
for differences in mean F&V consumption based on Cohen’s
definition [57]. The primary hypothesis was that the treatment
groups would maintain their initial gainsin F&V consumption
better than the control group, and the TLC-GST group would
be significantly more successful in achieving this outcome than
the TLC-SCT group (ie, GST > SCT > Control). Thiswastested
defining maintenance as sustaining a one-serving increase in
F&V that was achieved during the acquisition phase (as thisis
the eligibility criterion for the RCT). This primary hypothesis
was tested using two approaches: a categorical approach and a
continuous approach. The categorical hypothesis tests the
proportion of the group who maintain, while the continuous
tests the differences in F&V serving size. For the categorical
hypothesis, the sample size estimation was based on a 20%
differenceinthe proportion of participants meeting the definition
of maintenance between groups. If the proportion maintaining
gainsis 80% in one group, 60% in another, and 40% in athird,
there is 80% power of detecting pairwise differences between
groups. Expecting 5% attrition at every 6 months from baseline
to 24-month time point, asample size of 405 (n=135 per group)
is required at baseline and will yield a final sample of 330
(n=110 per group). This sample size provides 81% power of
detecting the difference at 24-month time point between
TLC-SCT and Control Groups (60% vs 40%), 87% power of
detecting the difference between TLC-GST and TLC-SCT
Groups (80% vs 60%), and 99% power of detecting the
difference between TLC-GST and Control Groups (80% vs
40%), testing at the two-tailed apha .05 level. For the
continuous hypothesis, group differences are measured by the
mean change from baseline to 24-month time point. A sample
size of 110 provides 80% power of detecting an effect size of
.38 of the standard deviation of the change score in F&V
servings.
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Results

Data Analysis

Data will be analyzed using SAS, version 9.1 for Windows.
Alphalevel was set at P<.05. Descriptive statistics will be used
to characterize the different study subject samples before and
after the acquisition study period. Descriptive statistics will
examinethose individual swho were screened for eligibility and
those who qualified and enrolled into the RCT. Sample
comparisons between those who were eligible and those who
were not will be made using data collected at enrollment
(screening data). Comparisons of the different study samples
will be performed using Student’st test for continuous variables
and Pearson’s chi-square test for categorical variables. An
additional analysiswill be performed evaluating the changein
F&V servings from initial screening (enrollment) to baseline
(ie, the beginning of the maintenance phase) for the samplewho
was randomized into the RCT. An intention-to-treat approach
using thelast observation carried forward approach will be used
to include those participants who drop out of the study or for
whom there are missing data.

The primary hypothesesfor the RCT isthat the treatment groups
will maintain their initial gains (ie, one-serving increase) in
F&V consumption better than the control group, and the
TLC-GST group will be significantly more successful in
achieving this outcome than the TLC-SCT group (ie, GST >
SCT > Control) on both a categorical (primary hypothesis) and
a continuous measure (secondary hypothesis) of maintenance
at all follow-up time points. The primary time points for the
study will be baseline (randomization), 6 months (post
intervention period), and 24 months (end of the follow-up
period). The primary comparisons will be considered from
baseline to 6 months, and baseline to 24 months. Group
differenceswill be compared using acontinuousvariable (F&V
consumption) at these time points. We will also compare groups
on the percent who maintained a one-serving/day or greater
increase in F&V consumption. The categorical measure of
maintenance will be analyzed through multiple logistic
regression models, and a continuous measure of maintenance
will be analyzed through multiple linear regression models.
Independent variables in these models will include a set of
indicator variables for study group, baseline levels relating to
each outcome variable, and potential confounders (variables
found to differ between groups at baseline).

Longitudinal models will be used to explore group differences
on dietary indicators over time, using data from al study
evaluation points. These analyses will use the Generalized
Estimating Equations (GEE) approach to accounting for the
longitudinal nature of the data by modeling the within-subject
correlation and adjusting both regression parameters and
standard errors for this correlation. As compared to traditional
repeated measures analysis of variance, the GEE approach
allowsfor theinclusion of all available datafrom subjectswith
incomplete follow-up in the analysis. For categorical outcome
measures, GEE |ogistic regression modelsfor longitudina data
will be used, while for continuous outcome measures, GEE
linear regression modelswill be used. Independent variablesin
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these modelswill include a set of indicator variablesfor group,
a set of indicator variables representing time (with baseline
taken as the reference group), and a set of interaction terms
modeling differential changes over time for the three study
groups. Potential confoundersidentifiedin preliminary analyses
will also be included in these models. Our primary interest is
in the interaction terms, which will test whether the pattern of
change in consumption of F&V over time differs by group.

While the primary focus of our analyses of the number of F&V
servings is on changes from baseline to 6 to 24 months, our
longitudinal modelswill also allow usto examine maintenance
decay in the number of servings from 6 months (at the end of
the maintenance intervention) to 24 months. Similarly, our
longitudinal models for the categorized maintenance outcome
will allow us to examine changes in maintenance from 6 to 24
months as well.

Secondary analyseswill examinetheinfluence of psychosocial
variables. For TLC-SCT, we hypothesize that the outcomes are
mediated by self-efficacy. For TLC-GST, we hypothesize that
outcomes are at least partially explained by changes in goal
system variables such as levels of inter-goal facilitation,
inter-goal substitution, and inter-goal conflict at all major
follow-up time points.

These hypotheses will be tested with path analysis. Potential
mediational pathways of the effect between the randomized
groups and F&V intake for the theoretical construct variables
will be examined. Path models will be constructed to test the
direct and indirect associationsindicated by our research model.
Using 6 and 12 month data as indicators of processes of
maintenance in both the mid-term (at the end of the maintenance
intervention) and in the longer term (6+ months post
intervention), path analyses, both separate and combined, will
be conducted to examine mediators of maintenance variables
as influenced by group assignment. To examine the TLC-SCT
change model, paths will be modeled from an intervention
variable to self-efficacy to F&V intake. Direct and indirect
effects of the intervention will be estimated through standardized
path coefficients. For the TLC-GST, goal system variableswill
be examined in analogous path models.

Cost Analysis

Cost analyses are planned for the study conditional upon
demonstrating that the maintenance interventions are effective
in altering and sustaining improvements in diet. The analysis
will be based on the recommendations of the US Public Health
Service Panel on Cost-Effectiveness Analysis [58]. An
incremental cost-effectiveness ratio on the acquisition phase
will be computed. The incremental cost-effectiveness of the
two maintenance intervention conditions will be compared
relative to the acquisition intervention to assess the resource
use associated with incremental sustained improvements in
health.

Discussion

Principal Considerations

There are a number of important issues to consider about this
study. The overarching goal of this study isto better understand
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how to help individuals maintain a newly acquired health
behavior. The challenge was first to identify a population that
is engaging in unhealthful behaviors and that the behavior is
amenable to change. F& V was selected as the principal target
for theintervention study for multiple reasons. First, the majority
of the US population is not consuming enough F& V, providing
an opportunity to recruit a large enough sample within a
reasonable time frame. Second, we had to identify an
evidence-based, off-the-shelf intervention that would likely
produce a change in F&V in order to study whether a newly
acquired behavior can be sustained with interventions specific
to the maintenance of that newly acquired behavior. While the
TLC-EAT intervention was used for the acquisition phase of
the study, we had to consider how much time it would take to
achieve a primary intervention effect using TLC-EAT to make
a meaningful positive dietary behavior change to qualify
sufficient numbers of participants for the maintenance
intervention RCT, and what should be considered a positive
response in this RCT. One option was to offer TLC-EAT
acquisition intervention for aslong asit took the participant to
show a positive improvement. This was not feasible given the
time limitations of the study but fortunately was not afactor in
the study design becausethe TLC-EAT acquisition intervention
was known to achieve a positive effect within 3 months based
on a previous study [31]. We a so decided to define a positive
intervention effect in the acquisition phase as an increase in
F&V consumption by one or more servings per day. We did
consider using a threshold criterion of a successful acquisition
intervention effect of 5 servings a day but did not want to
exclude individuals who might begin the acquisition phase at
very low levels of F&V consumption and have a substantial
acquisition intervention effect but still not meet the threshold
of 5 servings of F& V/day. Moreover, including individualswho
increase at least one F& V serving aday isin line with the usual
level of change achieved in successful dietary change programs
[6]. In addition, there is no evidence in the literature that
increasing F&V consumption from 0-1 serving/day confers
different risk reduction than going from 4-5 servings/day.
Moreover, it isnot knowniif it iseasier to maintain aone-serving
increase from 4-5 servings per day compared to a change from
0-1 servings per day, or whether a larger increase in F&V
consumption (for example 2 or more servings/day) is more
difficult to maintain than a smaller increase during behavior
change acquisition.

A major consideration for our study was how to define
maintenance. There is not a well-accepted definition of
maintenance of a behavior change. It could be defined as a
criterion outcome, which means that the individual consumes
at least the same number of servings of F&V at each outcome
measurement point as he or she consumed at the end of the
acquisition phase. Another approach is to compare the three
groups at each time point using the proportion of participants
in each study group who reach criterion at that time (eg,
consume at least the same number of servings of F&V at the
end of acquisition to the end of the maintenance assessment).
In doing so, we will consider the standard error of the
measurement of F&V intake so that maintenance of F&V
consumption will be defined as at least the same intake the
person achieved at the end of the TLC-EAT acquisition period

JMIR Res Protoc 2014 | vol. 3 |iss. 4 | €62 | p. 9
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

minus the standard error. Another approach is to compare
changes in intake of F&V between randomization and each
outcome measurement point. These “change scores’ can be
compared across the three study groups. The advantage of this
approach over the criterion outcome approach isthat it considers
both the degree of preservation of intervention effect and
possible increases in intervention effect by the maintenance
intervention. Recent research suggests beneficial health effects
as F&V consumption increases rather than only among those
who meet a certain threshold (ie, 5 servings/day) [2]. The
advantage of using a “change score’ rather than a “threshold
score” isthat it may bethe most relevant public health criterion.
However, it isaless intuitive measure of maintenance than the
criterion measure. Thus, both approaches will be examined.

The last consideration concerns the diet content of the basic
TLC-EAT intervention. TLC-EAT has shown to improve F&V
in two previous interventions yet the topics covered in the
intervention calls include other food groups (diary, protein,
grains). The approach taken in TLC-EAT relies heavily on the
strategy of substitution of “healthy” for “unhealthy” foods; in
doing so, it promotes greater consumption of somefood groups,
like F&V, possibly at the expense of others, like red and
processed meats, and recognizes the public health benefits of
targeting multiple dietary risk factors and the practical realities
of intervening on diet. Thus, the diet topics in al of the
interventions were written using this approach.

Strengths

While few studies have evaluated maintenance-specific
interventions for dietary change, fewer maintenance-specific
interventions have been studied in which outcomes exceed 12
months, and even fewer have compared theory-guided
interventions. The major innovation of this project isthe design,
creation, and testing of a maintenance-specific intervention
(TLC-GST) and its comparison with an intervention based on
the most commonly used behavioral theory, SCT. GST is a
“maintenance-focused” theory inthat it positsthat many worthy
and attainable goalsfall to the wayside because other endeavors,
for any number of reasons, take resources away from their
pursuit. If it is competition for internal and external resources
that triggers a significant proportion of relapse, then an
intervention that successfully advocates for the continued
allocation of resources to dietary behavior, as well as assists
users in more efficiently managing the resources they have
across their goals, should make a difference. It isalso possible
that maintenance of goal behaviorsthat do not haveimmediate
and perceivable rewards, especialy true of long-term risk
reduction, isespecially appropriate for an intervention that helps
balance demands from goals that have more short-term and
palpable rewards.
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Few studies have compared theories, mostly because it is a
challenging task that requiresthat at least two interventions be
available that are the same or very similar with each of them
based on a different behavioral theory. There are very few pairs
of behavioral interventions that have functional comparability
while being driven by distinctly different theories. Practically
speaking, aresearcher hasto design thetwo interventionsbeing
studied, and thisistime-consuming and expensive. Nonethel ess,
thisis exactly what we did in creating two theoretically guided
interventionsfor maintenance of dietary behavior change. Using
SCT to map out amaintenance intervention was doabl e because
it is one of the most widely used theories for changing and
maintaining health behaviors. The relapse prevention model
[53], whichisinformed by SCT, provided apractical framework
for implementing a SCT-based behavior maintenance
intervention by explicitly identifying which intervention
strategies to include (eg, goal setting, planning ahead) to
maintain a behavior change. The resulting TLC-Maintenance
SCT intervention has good fidelity to SCT. In contrast, and to
our knowledge, GST has never been applied to health behavior
change, whereas it has a strong theoretical and experimental
underpinning for application to health behavior and its change.
No study has attempted to translate and apply GST for practical
dietary interventions delivered to individual s over thetelephone.

Another strength of the study design in our RCT is our ability
to control for fidelity in delivering the interventions. The
acquisitionintervention, TLC-EAT, wasdelivered to all enrolled
participants in the same way because it was delivered using an
automated computer system. TLC-EAT is designed to provide
a consistent intervention of all users that is tailored to the
participant. TLC-Maintenance SCT also provides a consistent
maintenance intervention for al of its users. Although a
computer-controlled health behavior change intervention may
or may not be as tailored as a human counselor intervention,
the intervention content is explicit and discoverable and has
complete fidelity. If differences are found between the two
health behavior change maintenance interventions, they will be
due to the underlying content of the interventions and not due
to differences in provider training, provider skill level, or lack
of adherence to protocol [59].

Conclusions

Thisstudy used anovel study design toinitiate and then promote
the maintenance of dietary behavior change through the use of
an evidence-based fully automated telephony intervention. After
the first 6 months (the acquisition phase), we will examine
whether two telephony interventions built using different
underlying behavioral theories, were more successful than an
assessment-only control group in helping participants maintain
their newly acquired health behavior change.
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primary study sites were University of Massachusetts Boston, Boston Medical Center, Boston University School of Medicine,
and Boston University School of Public Health. University of North Carolina Chapel Hill was a collaborator. Survey centerswere
University of Rhode Island, Cancer Prevention Research Center, UNC Nutrition Epidemiology-CNRU NIH DK56350, and UNC

Nutrition Epidemiology-CNRU NIH DK56350.

http://www.researchprotocols.org/2014/4/e62/

JMIR Res Protoc 2014 | vol. 3 |iss. 4 | e62 | p. 10
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Wright et &

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6.2 [59].

[PDE File (Adobe PDF File), 989K B-Multimedia Appendix 1]

Multimedia Appendix 2
Supplementary tables.

[PDE File (Adobe PDF File), 72K B-Multimedia Appendix 2]

References

1.  USDepartment of Health Human Services, Office of Disease Prevention and Health Promotion. Healthy People 2020.
2010. URL: http://www.heslthypeople.gov/2020/topi csobj ectives2020/pdf/hp2020_brochure.pdf [accessed 2014-02-24]
[WebCite Cache ID 6NJE5SpWBS|

2.  BdlaviaA, Larsson SC, Bottai M, Wolk A, Orsini N. Fruit and vegetable consumption and all-cause mortality: a
dose-response analysis. Am JClin Nutr 2013 Aug; 98(2):454-459 [ FREE Full text] [doi: 10.3945/gjcn.112.056119] [Medline;
23803880Q]

3. AmericanInstitute for Cancer Research, World Cancer Research Fund. Food, Nutrition, Physical Activity, and the Prevention
of Cancer: a Global Perspective. 2007. URL: http://www.dietandcancerreport.org/cancer_resource center/downl oads/
Second_Expert_Report_full.pdf [accessed 2014-02-24] [WebCite Cache ID 6NdItDEEC]

4.  Slattery ML, Boucher KM, Caan BJ, Potter JD, Ma KN. Eating patterns and risk of colon cancer. Am J Epidemiol 1998
Jul 1;148(1):4-16 [FREE Full text] [Medline: 9663397]

5. US Department of Agriculture, US Department of Health and Human Services. Dietary Guidelines for Americans. 2010.
URL: http://health.gov/dietaryguidelines/dga2010/dietaryguidelines2010.pdf [accessed 2014-02-24] [WebCite Cache ID
6NdJ57PnR]

6.  Pignone MP, Ammerman A, Fernandez L, Orleans CT, Pender N, Woolf S, et a. Counseling to promote a healthy diet in
adults: a summary of the evidence for the U.S. Preventive Services Task Force. Am J Prev Med 2003 Jan;24(1):75-92.
[Medline: 12554027]

7.  Kumanyikas, Jeffery RW, Morabia A, Ritenbaugh C, AntipatisVJ, Public Health Approaches to the Prevention of Obesity
(PHAPO) Working Group of the International Obesity Task Force (IOTF). Obesity prevention: the case for action. Int J
Obes Relat Metab Disord 2002 Mar;26(3):425-436. [doi: 10.1038/5).ij0.0801938] [Medline: 11896500]

8.  Langenberg P, Ballesteros M, Feldman R, Damron D, Anliker J, Havas S. Psychosocia factors and intervention-associated
changesin thosefactorsas correlates of changein fruit and vegetable consumption inthe Maryland WIC 5 A Day Promotion
Program. Ann Behav Med 2000;22(4):307-315. [Medline: 11253442]

9. LanzaE, Schatzkin A, Daston C, Corle D, Freedman L, Ballard-Barbash R, et a. Implementation of a4-y, high-fiber,
high-fruit-and-vegetable, low-fat dietary intervention: results of dietary changes in the Polyp Prevention Trial. Am JClin
Nutr 2001 Sep;74(3):387-401 [FREE Full text] [Medline: 11522565]

10. LeMarchandL,HankinJH, Carter FS, Essling C, Luffey D, Franke AA, et a. A pilot study on the use of plasma carotenoids
and ascorbic acid as markers of complianceto ahigh fruit and vegetable dietary intervention. Cancer Epidemiol Biomarkers
Prev 1994,;3(3):245-251 [FREE Full text] [Medline: 8019375]

11. Beresford SA, Thompson B, Feng Z, Christianson A, McLerran D, Patrick DL. Seattle 5 aDay worksite program to increase
fruit and vegetable consumption. Prev Med 2001 Mar;32(3):230-238. [doi: 10.1006/pmed.2000.0806] [Medline: 11277680]

12.  Sorensen G, Thompson B, Glanz K, Feng Z, Kinne S, DiClemente C, et al. Work site-based cancer prevention: primary
results from the Working Well Trial. Am J Public Health 1996 Jul;86(7):939-947. [Medline: 8669517]

13. Tilley BC, Glanz K, Kristal AR, Hirst K, Li S, Vernon SW, et al. Nutrition intervention for high-risk auto workers: results
of the Next Step Trial. Prev Med 1999 Mar;28(3):284-292. [doi: 10.1006/pmed.1998.0439] [Medline: 10072747]

14. KumanyikaSK, VanHornL, Bowen D, Perri MG, RollsBJ, Czajkowski SM, et al. Maintenance of dietary behavior change.
Health Psychol 2000 Jan;19(1 Suppl):42-56. [Medline: 10709947]

15. Nilsen WJ, Haverkos L, Nebeling L, Taylor MV. Maintenance of long-term behavior change. Am J Health Behav
2010;34(6):643-646. [Medline: 20604690]

16. Toobert DJ, Strycker LA, BarreraM, Glasgow RE. Seven-year follow-up of amultiple-health-behavior diabetesintervention.
Am JHealth Behav 2010;34(6):680-694 [ FREE Full text] [Medline: 20604694]

17.  MacKinnon DP, Elliot DL, Thoemmes F, Kuehl KS, Moe EL, Goldberg L, et a. Long-term effects of aworksite health
promotion program for firefighters. Am J Health Behav 2010;34(6):695-706. [Medline: 20604695]

http://www.researchprotocols.org/2014/4/e62/ JMIR Res Protoc 2014 | vol. 3 |iss. 4 | e62 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v3i4e62_app1.pdf&filename=ad87549454ecc8bea75cec650eb47738.pdf
https://jmir.org/api/download?alt_name=resprot_v3i4e62_app1.pdf&filename=ad87549454ecc8bea75cec650eb47738.pdf
https://jmir.org/api/download?alt_name=resprot_v3i4e62_app2.pdf&filename=64895063ff0a2f88977d828dfe5b3f3d.pdf
https://jmir.org/api/download?alt_name=resprot_v3i4e62_app2.pdf&filename=64895063ff0a2f88977d828dfe5b3f3d.pdf
http://www.healthypeople.gov/2020/topicsobjectives2020/pdfs/hp2020_brochure.pdf
http://www.webcitation.org/

                                                6NdE5pWBs
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=23803880
http://dx.doi.org/10.3945/ajcn.112.056119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23803880&dopt=Abstract
http://www.dietandcancerreport.org/cancer_resource_center/downloads/Second_Expert_Report_full.pdf
http://www.dietandcancerreport.org/cancer_resource_center/downloads/Second_Expert_Report_full.pdf
http://www.webcitation.org/

                                                6NdItDEEc
http://aje.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=9663397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9663397&dopt=Abstract
http://health.gov/dietaryguidelines/dga2010/dietaryguidelines2010.pdf
http://www.webcitation.org/

                                                6NdJ57PnR
http://www.webcitation.org/

                                                6NdJ57PnR
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12554027&dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0801938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11896500&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11253442&dopt=Abstract
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=11522565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11522565&dopt=Abstract
http://cebp.aacrjournals.org/cgi/pmidlookup?view=long&pmid=8019375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8019375&dopt=Abstract
http://dx.doi.org/10.1006/pmed.2000.0806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11277680&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8669517&dopt=Abstract
http://dx.doi.org/10.1006/pmed.1998.0439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10072747&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10709947&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20604690&dopt=Abstract
http://europepmc.org/abstract/MED/20604694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20604694&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20604695&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Wright et &

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

35.

36.

37.

38.

39.

40.

41.

Beresford SA, Thompson B, Bishop S, Macintyre J, McLerran D, Yasui Y. Long-term fruit and vegetable change in
worksites: Seattle 5 a Day follow-up. Am JHealth Behav 2010;34(6):707-720 [FREE Full text] [Medline: 20604696]
Fjeldsoe B, Neuhaus M, Winkler E, Eakin E. Systematic review of maintenance of behavior change following physical
activity and dietary interventions. Health Psychol 2011 Jan;30(1):99-109. [doi: 10.1037/a0021974] [Medline: 21299298]
Christy SM, Mosher CE, Sloane R, Snyder DC, Lobach DF, Demark-Wahnefried W. Long-term dietary outcomes of the
FRESH START intervention for breast and prostate cancer survivors. JAm Diet Assoc 2011 Dec;111(12):1844-1851
[FREE Full text] [doi: 10.1016/j.jada.2011.09.013] [Medline: 22117660]

Eakin E, Reeves M, Winkler E, Lawler S, Owen N. Maintenance of physical activity and dietary change following a
telephone-delivered intervention. Health Psychol 2010 Nov;29(6):566-573. [doi: 10.1037/a0021359] [Medline: 20954778]
O'HaraBJ, Phongsavan B, Eakin EG, Develin E, Smith J, Greenaway M, et al. Effectiveness of Australia's Get Healthy
Information and Coaching Service: maintenance of self-reported anthropometric and behavioural changes after program
completion. BMC Public Health 2013;13:175 [FREE Full text] [doi: 10.1186/1471-2458-13-175] [Medline: 23442338]
Helland-Kigen KM, Raberg Kjallesdal M, Hjellset VT, Bjarge B, Holmboe-Ottesen G, Wandel M. Maintenance of changes
in food intake and motivation for healthy eating among Norwegian-Pakistani women participating in a culturally adapted
intervention. Public Health Nutr 2013 Jan;16(1):113-122. [doi: 10.1017/S1368980012002790] [Medline: 22781507]
National Research Council. Fulfilling the Potential for Cancer Prevention and Early Detection. 2003. URL : http://www.
nap.edu/catal og.php?record id=10263 [accessed 2014-02-24] [WebCite Cache ID 6NdJGwbXW]

Orleans CT. Promoting the maintenance of health behavior change: recommendations for the next generation of research
and practice. Health Psychol 2000 Jan;19(1 Suppl): 76-83. [Medline: 10709951]

Rothman AJ. Toward atheory-based analysis of behavioral maintenance. Health Psychol 2000 Jan;19(1 Suppl):64-69.
[Medline: 10709949]

Emmons RA, King LA. Conflict among personal strivings: immediate and long-term implications for psychological and
physical well-being. J Pers Soc Psychol 1988 Jun;54(6):1040-1048. [Medline: 3397863]

Kruglanski AW, Shah JY, Fishbach A, Friedman R, Young Chun W, Sleeth-Keppler D. A theory of goal systems. In: Zanna
MP, Olson JM, editors. Advancesin Experimental Social Psychology. San Diego, CA: Academic Press; 2002:331-378.
Shah J, Kruglanski AW. Goal systems theory: Integrating the cognitivemotivational aspects of self-regulation. In: Spencer
SJ, Fein S, Zanna MP, Olson JM, editors. Motivated social perception. Mahwah, NJ: Lawrence Erlbaum; 2003:247-275.
Shah JY, Friedman R, Kruglanski AW. Forgetting all else: on the antecedents and conseguences of goal shielding. J Pers
Soc Psychol 2002 Dec;83(6):1261-1280. [Medline: 12500810]

Bandura A. Self-efficacy: The exercise of control. New York: W.H. Freeman; 1997.

Delichatsios HK, Friedman RH, Glanz K, Tennstedt S, Smigelski C, Pinto BM, et al. Randomized trial of a"talking
computer” to improve adults' eating habits. Am J Health Promot 2001;15(4):215-224. [Medline: 11349340]

Glanz K, Shigaki D, Farzanfar R, Pinto B, Kaplan B, Friedman RH. Participant reactions to a computerized telephone
system for nutrition and exercise counseling. Patient Educ Couns 2003 Feb;49(2):157-163. [Medline: 12566210]
Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e€126 [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Thompson FE, Subar AF, Smith AF, Midthune D, Radimer KL, KahleLL, et al. Fruit and vegetabl e assessment: performance
of 2 new short instruments and afood frequency questionnaire. JAm Diet Assoc 2002 Dec;102(12):1764-1772. [Medline:
12487538]

Peterson KE, Hebert JR, Hurley TG, Resnicow K, Thompson FE, Greene GW, et al. Accuracy and precision of two short
screenersto assess change in fruit and vegetable consumption among diverse popul ations participating in health promotion
intervention trials. J Nutr 2008 Jan;138(1):218S-225S [FREE Full text] [Medline: 18156428]

Resnicow K, Odom E, Wang T, Dudley WN, Mitchell D, Vaughan R, et a. Validation of threefood frequency questionnaires
and 24-hour recalls with serum carotenoid levelsin a sample of African-American adults. Am J Epidemiol 2000 Dec
1;152(11):1072-1080 [FREE Full text] [Medline: 11117617]

Greene GW, Resnicow K, Thompson FE, Peterson KE, Hurley TG, Hebert JR, et al. Correspondence of the NCI Fruit and
Vegetable Screener to repeat 24-H recalls and serum carotenoids in behavioral intervention trials. J Nutr 2008

Jan; 138(1):200S-204S [FREE Full text] [Medline: 18156425]

Byers T, Nestle M, McTiernan A, Doyle C, Currie-Williams A, Gandler T, American Cancer Society 2001 Nutrition and
Physical Activity Guidelines Advisory Committee. American Cancer Society guidelines on nutrition and physical activity
for cancer prevention: Reducing the risk of cancer with healthy food choices and physical activity. CA Cancer JClin
2002;52(2):92-119. [Medline: 11929008]

Centersfor Disease Control Prevention. 5 aDay Works!. 2005. URL : http://ezproxy.bu.edu/login?url=http://www.cdc.gov/
nccdphp/dnpa/nutrition/health professionals/programs/5aday works.pdf [accessed 2014-02-24] [WebCite Cache ID
B6NdK QxU27]

US Department of Health Human Services, US Department of Agriculture. Dietary Guidelines for Americans, 6th edition.
2005. URL: http://www.health.gov/dietaryguidelines/dga?005/document/pdf/D GA 2005. pdf [accessed 2014-02-24] [WebCite
Cache ID 6NdKXwTiJ]

http://www.researchprotocols.org/2014/4/e62/ JMIR Res Protoc 2014 | vol. 3 |iss. 4 | e62 | p. 12

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20604696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20604696&dopt=Abstract
http://dx.doi.org/10.1037/a0021974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21299298&dopt=Abstract
http://europepmc.org/abstract/MED/22117660
http://dx.doi.org/10.1016/j.jada.2011.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22117660&dopt=Abstract
http://dx.doi.org/10.1037/a0021359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20954778&dopt=Abstract
http://www.biomedcentral.com/1471-2458/13/175
http://dx.doi.org/10.1186/1471-2458-13-175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23442338&dopt=Abstract
http://dx.doi.org/10.1017/S1368980012002790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22781507&dopt=Abstract
http://www.nap.edu/catalog.php?record_id=10263
http://www.nap.edu/catalog.php?record_id=10263
http://www.webcitation.org/

                                                6NdJGwbXW
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10709951&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10709949&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3397863&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12500810&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11349340&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12566210&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12487538&dopt=Abstract
http://jn.nutrition.org/cgi/pmidlookup?view=long&pmid=18156428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18156428&dopt=Abstract
http://aje.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=11117617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11117617&dopt=Abstract
http://jn.nutrition.org/cgi/pmidlookup?view=long&pmid=18156425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18156425&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11929008&dopt=Abstract
http://ezproxy.bu.edu/login?url=http://www.cdc.gov/nccdphp/dnpa/nutrition/health_professionals/programs/5aday_works.pdf
http://ezproxy.bu.edu/login?url=http://www.cdc.gov/nccdphp/dnpa/nutrition/health_professionals/programs/5aday_works.pdf
http://www.webcitation.org/

                                                6NdKQxU27
http://www.webcitation.org/

                                                6NdKQxU27
http://www.health.gov/dietaryguidelines/dga2005/document/pdf/DGA2005.pdf
http://www.webcitation.org/

                                                6NdKXwTiJ
http://www.webcitation.org/

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

JMIR RESEARCH PROTOCOLS Wright et &

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.
58.
59.

Migneault JP, Farzanfar R, Wright JA, Friedman RH. How to write health dialog for atalking computer. J Biomed Inform
2006 Oct;39(5):468-481 [FREE Full text] [doi: 10.1016/j.jbi.2006.02.009] [Medline: 16564749]

Rifas-Shiman SL, Willett WC, Lobb R, Kotch J, Dart C, Gillman MW. PrimeScreen, a brief dietary screening tool:
reproducibility and comparability with both alonger food frequency questionnaire and biomarkers. Public Health Nutr
2001 Apr;4(2):249-254. [Medline: 11299098]

Karoly P. Goal systems and health outcomes across the life span: A proposal. In: Schroeder H, editor. New directionsin
health psychology assessment. New York: Hemisphere Pub. Corp; 1991.

Affleck G, Tennen H, Urrows S, Higgins P, Abeles M, Hall C, et al. Fibromyalgia and women's pursuit of personal goals:
adaily process analysis. Health Psychol 1998 Jan;17(1):40-47. [Medline: 9459068]

Sheldon KM, Kasser T. Coherence and congruence: two aspects of personality integration. J Pers Soc Psychol 1995
Mar;68(3):531-543. [Medline: 7714728]

Doest LT, Maes S, Gebhardt WA, Koelewijn H. Personal Goal Facilitation through Work: Implications for Employee
Satisfaction and Well-Being. Applied Psychology 2006 Apr;55(2):192-219. [doi: 10.1111/j.1464-0597.2006.00232.x]
DeJong R. Adult age differencesin goal activation and goal maintenance. European Journal of Cognitive Psychology 2001
Mar;13(1-2):71-89. [doi: 10.1080/09541440042000223]

Noar SM, Zimmerman RS. Health Behavior Theory and cumulative knowledge regarding health behaviors: are we moving
in the right direction? Health Educ Res 2005 Jun;20(3):275-290 [FREE Full text] [doi: 10.1093/her/cyg113] [Medline:
15632099]

Strecher VJ, DeVellis BM, Becker MH, Rosenstock IM. Therole of self-efficacy in achieving health behavior change.
Health Educ Q 1986;13(1):73-92. [Medline: 3957687]

McCann BS, Bovbjerg VE, Brief DJ, Turner C, Follette WC, Fitzpatrick V, et al. Relationship of self-effecacy to cholesterol
lowering and dietary change in hyperlipidemia. Ann Behav Med 1995 Sep;17(3):221-226. [doi: 10.1007/BF02903916]
[Medline: 24203533]

Campbell MK, McLerran D, Turner-McGrievy G, Feng Z, Havas S, Sorensen G, et al. Mediation of adult fruit and vegetable
consumption in the National 5 A Day for Better Health community studies. Ann Behav Med 2008 Feb;35(1):49-60. [doi:
10.1007/s12160-007-9002-y] [Medline: 18347904]

Larimer ME, Palmer RS, Marlatt GA. Relapse prevention. An overview of Marlatt's cognitive-behavioral model. Alcohol
Res Health 1999;23(2):151-160. [Medline: 10890810]

Subar AF, Dodd KW, Guenther PM, KipnisV, Midthune D, McDowell M, et al. Thefood propensity questionnaire: concept,
development, and validation for use as a covariate in amodel to estimate usual food intake. JAm Diet Assoc 2006
Oct;106(10):1556-1563. [doi: 10.1016/j.jada.2006.07.002] [Medline: 17000188]

Tooze JA, Midthune D, Dodd KW, Freedman LS, Krebs-Smith SM, Subar AF, et al. A new statistical method for estimating
the usual intake of episodically consumed foods with application to their distribution. JAm Diet Assoc 2006
Oct;106(10):1575-1587 [FREE Full text] [doi: 10.1016/j.jada.2006.07.003] [Medline: 17000190]

Greene GW, Fey-Yensan N, PadulaC, Ross S, Rossi JS, Clark PG. Differences in psychosocial variables by stage of
change for fruits and vegetablesin older adults. J Am Diet Assoc 2004 Aug;104(8):1236-1243. [doi:
10.1016/j.jada.2004.05.205] [Medline: 15281040]

Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: L. Erlbaum Associates; 1988.

Gold M. Cost-effectiveness in health and medicine. New York: Oxford University Press; 1996.

Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, Treatment Fidelity Workgroup of the NIH Behavior Change
Consortium. Enhancing treatment fidelity in health behavior change studies: best practices and recommendations from the
NIH Behavior Change Consortium. Health Psychol 2004 Sep;23(5):443-451. [doi: 10.1037/0278-6133.23.5.443] [Medline:
15367063]

Abbreviations

F&V: fruitsand vegetables

GST: Goal Systems Theory

IVR: interactive voice response

NCI FVS: Nationa Cancer Institute Fruit and Vegetable Screener

RCT: randomized controlled trial

RPM: relapse prevention model

SCT: Socia Cognitive Theory

SRC: University of Rhode Island’s Survey Research Center

TLC: telephone-linked care

TLC-EAT: telephone-linked care delivered dietary acquisition intervention

TLC-GST: telephone-linked care delivered dietary maintenance intervention based on Goal Systems Theory
TLC-SCT: telephone-linked care delivered dietary maintenance intervention based on Social Cognitive Theory

http://www.researchprotocols.org/2014/4/e62/ JMIR Res Protoc 2014 | vol. 3 |iss. 4 | e62 | p. 13

(page number not for citation purposes)


http://linkinghub.elsevier.com/retrieve/pii/S1532-0464(06)00034-7
http://dx.doi.org/10.1016/j.jbi.2006.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16564749&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11299098&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9459068&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7714728&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-0597.2006.00232.x
http://dx.doi.org/10.1080/09541440042000223
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15632099
http://dx.doi.org/10.1093/her/cyg113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15632099&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3957687&dopt=Abstract
http://dx.doi.org/10.1007/BF02903916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24203533&dopt=Abstract
http://dx.doi.org/10.1007/s12160-007-9002-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18347904&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10890810&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2006.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17000188&dopt=Abstract
http://europepmc.org/abstract/MED/17000190
http://dx.doi.org/10.1016/j.jada.2006.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17000190&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2004.05.205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15281040&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.23.5.443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15367063&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Wright et &

Edited by G Eysenbach; submitted 02.03.14; peer-reviewed by E Eakin, L Wolfenden, K Tapper; commentsto author 21.05.14; revised
version received 13.06.14; accepted 18.07.14; published 10.11.14

Please cite as.

Wright JA, Quintiliani LM, Turner-McGrievy GM, Migneault JP, Heeren T, Friedman RH

Comparison of Two Theory-Based, Fully Automated Telephone | nter ventions Designed to Maintain Dietary Changein Healthy Adults:
Sudy Protocol of a Three-Arm Randomized Controlled Trial

JMIR Res Protoc 2014; 3(4):e62

URL: http://mww.researchprotocols.org/2014/4/e62/

doi: 10.2196/resprot.3367

PMID: 25387065

©Julie A Wright, LisaM Quintiliani, Gabrielle M Turner-McGrievy, Jeffrey P Migneault, Timothy Heeren, Robert H Friedman.
Originaly published in IMIR Research Protocols (http://www.researchprotocol s.org), 10.11.2014. Thisis an open-access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.researchprotocols.org, as well as this copyright and license information must be included.

http://www.researchprotocols.org/2014/4/e62/ JMIR Res Protoc 2014 | vol. 3 |iss. 4 | €62 | p. 14
(page number not for citation purposes)

RenderX


http://www.researchprotocols.org/2014/4/e62/
http://dx.doi.org/10.2196/resprot.3367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25387065&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

