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Abstract: Introduction—Text-messaging interventions hold promise for successful weight loss
interventions. However, there is limited research on text-messaging interventions to improve
dietary intake among rural adolescents, who are at greater risk for obesity and related risk
factors. The goal of this study was to test an eight-week, mentor-led text-messaging intervention
among 14-16-year-old rural adolescents: the “Go Big and Bring It Home” Project to improve
fruit and vegetable and healthy beverage intake. Methods and Materials—Eight rural high
schools in eastern Kentucky and eastern North Carolina participated (n = 4 were randomized as
intervention schools and n = 4 were randomized as control schools). Adolescents were recruited
to participate in the eight-week text-messaging intervention. The text messages were primarily
affective messages, and included a weekly challenge related to consuming fruits, vegetables, or
healthy /low-calorie beverages. Undergraduate nutrition students sent text messages on Tuesday and
Saturday every week over the eight-week period via the “Group Me” mobile application. Delayed
controls received no information or text messages during the eight-week intervention. Fruit and
vegetable intake was measured with the National Cancer Institute Fruit and Vegetable screener and
beverage intake was assessed using the Beverage Questionnaire-10 (BEVQ-10). Intention-to-treat
analyses were conducted among all those that completed the baseline and post-intervention survey
(n = 277 intervention students and n = 134 delayed control students). All linear regression
models were adjusted for race and were clustered on school to control for intraclass correlation.
Results—In adjusted analyses, there was a statistically significant positive intervention effect on the
primary outcome of fruit and vegetable servings/day with a mean difference between intervention
and control participants of 1.28 servings/day (95% Confidence Interval 1.11, 1.48). There was no
intervention effect on beverage intake. There was a statistically significant increase in the odds
of goal setting for healthier dietary behaviors among intervention participants relative to controls.
Conclusion—An eight-week text-messaging intervention led to increases in self-reported fruit and
vegetable intake and improvements in goal setting for healthier dietary behaviors. Due to the
use of undergraduate students to deliver the messages, and use of an existing web application,
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this text-messaging intervention can be sustained in underserved, rural environments. Thus there is
potential for significant reach and public health impact to improve dietary patterns.

Keywords: text message; intervention; adolescent; fruit and vegetable intake

1. Introduction

Rural adolescents have higher rates of obesity and consume fewer fruits and vegetables relative
to their urban counterparts [1,2]. Additionally, rural adolescents are at greater risk for cardiovascular
disease and associated comorbidities relative to their urban counterparts [3]. A host of factors related to
geographic isolation, socio-economic status, and lack of access to affordable healthy foods all contribute
to the growing prevalence of obesity and poor dietary outcomes in rural communities [1,4].

Research has found that adolescents who frequent fast-food restaurants consume more added
sugars and more calories from sugar-sweetened beverages [5], while those who frequently shop at
gas stations and convenience stores consume more energy and servings of sweets and snack items [6].
In addition, adolescents who report greater availability of sugar-sweetened beverages (SSB) in their
home have higher body weights and report greater intake of calories from SSB [7-9]. Furthermore,
adolescents from households with greater availability of fruits and vegetables report higher intake
of fruits and vegetables compared to those with lower availability [10]. Therefore, it is important to
encourage adolescents to be advocates for healthy food in the home food environment and to have the
skills to make healthy food purchases when they are in their communities.

In recent years, there has been increasing proliferation of interventions utilizing text messaging
and web-based applications (“apps”) as tools to encourage and promote healthy behaviors.
Such technology-based interventions have been successful for tobacco cessation, reducing alcohol
abuse [11-13], and weight loss among adolescents [14]. Specifically related to dietary intake, several
weight loss interventions have utilized mobile applications to deliver text messages containing
tailored dietary feedback [15,16]. Overall, such strategies are effective at producing weight loss
among adults [17], and improving purchases of fruits and vegetables and healthier snacks among
urban adolescents [18]. An additional review related to decreasing sedentary behavior utilizing a text
message approach with adolescents recommends including tailored feedback, goal setting, and sending
at least two-three text message per week [19]. Yet, there are no interventions aimed at providing
affective messages targeting intake of fruit, vegetable, and healthy/low-calorie beverages, specifically
among rural-dwelling adolescents [20,21]. Moreover, there are limited interventions explicitly utilizing
theory-based design in the text message content [21,22]. Uniquely tailored tone and structure of text
messages improve receptivity, memory of content, and relevance of the message [23]. In addition,
affective messages (focused on emotion) rather than instrumental messages (focused on knowledge and
facts) increase receptivity of messages and lead to improved outcomes [16,20]. However, none have
examined whether text message delivery improves key theoretical constructs such as self-efficacy and
goal setting related to dietary intake.

Given the potential effectiveness of text messages for improving dietary intake among adolescents,
we developed and tested a text-messaging intervention to increase self-efficacy and goal setting for
healthier food and beverage intake. Messages included a weekly dietary challenge, encouraged
adolescents to make healthier choices in the community, school, and home food environments,
and focused on the adolescent as the agent of change in the household as a way to improve healthy
food and beverage availability. The overall aims of this paper are to report the intervention effect on:
(1) fruit, vegetable, and sugar-sweetened beverage intake compared to controls; (2) food shopping
habits; (3) home availability of fruits, vegetables, healthy and less healthy snacks, and sugar-sweetened
beverages; and (4) key theoretical constructs that were embedded within the messages (self-efficacy
and goal setting).
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2. Materials and Methods

2.1. Recruitment and Randomization of Included High Schools

A total of eight high schools (four in rural eastern Kentucky and four in rural eastern North
Carolina) agreed to participate in the intervention in the fall of 2017. Schools were asked to participate
in the intervention through Cooperative Extension agents in each county in Kentucky and in North
Carolina through existing relationships with school staff and administration. A formative evaluation
survey was completed among students, and results are reported elsewhere [24]. Results were used to
inform the design of the Go Big and Bring it Home (GBBH) intervention content. The randomized
controlled trial Clinical Trial Registration Number NCT02793024 began in fall 2017. Declarations:
Ethical Approval and Consent to participate—University of Kentucky Institutional Review Board (IRB)
approved this study under 16-0114-P4S and the ECU Institutional Review Board deferred to the UK
IRB as the IRB of record. All adolescents completed assent forms and parents/guardians provided
consent. Availability of Data and Materials: Data and all study materials will be provided to those
submitting reasonable requests to Dr. Alison Gustafson Alison.gustafson@uky.edu or 859-257-1309.
Materials will be made available online at www.uky.edu/HES.

2.2. Recruitment and Enrollment of High School Students

Adpvertising for recruitment was conducted through several channels. Students who completed a
formative assessment survey in fall of 2016 [24] and indicated they were interested in being contacted
for future studies were sent an e-mail and text message, and were given information sheets about the
intervention (n = 310). Each high school had staff who assisted with distributing enrollment sheets
to students and posted information on the school websites and /or Facebook web page. Several high
schools had orientation events where students were given information sheets. Teachers handed out
information to students in foods/culinary classes, physical education and health classes, home room,
English classes, and in a general agriculture course.

Students were enrolled by providing contact information on an enrollment form, and were
instructed to like the GBBH Facebook page and to download the Group Me mobile application if
they had a cellular telephone. If students did not have a cellular telephone, they received messages
via the Group Me app through their e-mail. (Only one student received messages in this manner).
Students also had to return the informed consent from their parents and signed assent. After students
completed the consent form, assent form, and baseline survey, high schools were randomized to either
receive the intervention (round 1, beginning 30 September 2017) or delayed control intervention (round 2,
March 2018). In Figure 1 a graphical depiction of student enrollment, drop-outs and completers is
presented. A total of 530 students completed all necessary information to be enrolled in the study.
Of those 530, 150 were from control schools and 380 were from intervention schools. After students
were invited to join the Group Me app to receive text messages, 48 students from the intervention arm
dropped from the study. The final enrollment for the intervention group was n = 332. During the
course of the intervention, a large proportion of the students never responded to any text messages.
These students (n = 137, 41.3%) were defined as “nonresponders”. (For the purposes of this report, we
conducted intention-to-treat analyses, comparing responses of both “responders” and “nonresponders”
(all in the intervention group) to control group participants.)

At baseline of enrollment, students answered a 30-minute survey about food shopping behaviors,
questions related to the core constructs, dietary intake, and demographics. The students received
$25 for participating in this baseline survey. Postintervention, the same survey was conducted to
assess change in key behavioral outcomes and theoretical constructs. Intervention and control students
received $30 for participating in the postintervention survey. A total of n = 411 completed the
post-intervention survey (n = 134 control and n = 277 intervention).
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Figure 1. Student enrollment, drop-outs, and completers.
2.3. “Go Big and Bring it Home” (GBBH) Intervention Components

Undergraduate students in human nutrition and dietetics from the University of Kentucky were
recruited through an e-mail listserv and asked to volunteer as mentors for enrolled GBBH participants.
Undergraduate volunteers participated in an hour-long training about how to effectively send text
messages as the mentor via the Group Me app. A total of 34 undergraduate students were enrolled as
mentors. Of the mentors, 32 were females and 2 were males. These mentors were supervised by four
Master of Science/Registered Dietitian graduate students at the University of Kentucky.

A total of eight weeks of text messages were sent, every week on Tuesday (after 4 pm so as not
to disrupt the school day) and Saturday (between 12 and 2 pm). There was a warm-up introduction
week, where students got to know their mentor and work out any communication glitches. The next
six weeks covered nutrition-related content. The summary week congratulated students and provided
information about the goals that individual students and schools achieved.

Data from the formative survey in fall 2016 [24] and evidence from the empirical literature were
used to develop intervention content. Text message content each week focused on a different food
venue where the adolescents reported purchasing or consuming food (convenience stores; supermarkets;
fast-food restaurants) in the formative survey. Examples of messages are as follows: “Choose a fruit
when shopping at the gas station”; or “I like to grab water when I eat fast food, think that might work
for you this week?” The text messages were affective in content and tone, to encourage adolescents to
purchase fruits, vegetables, and lower-calorie beverages [20]. Prior research indicates that adolescents
want positive messages about behaviors, and do not want to hear negative messages about foods
and beverages to avoid [14]. Therefore, the text messages did not include negative wording such
as “no” or “stay away from”. The text messages alternated over the six core weeks between fruit,
vegetable, and low-calorie beverages messages. Additionally, there was a focus on shopping with
parents and how to improve the home food environment, based on previous findings that several
healthy changes could be made at home [24]. The core constructs of self-efficacy and goal setting for
purchasing and consuming more fruits, vegetables, and low- or no-calorie beverages were embedded
within text messages. These constructs were grounded in social cognitive theory and a review of the
literature [12,25,26]. All message templates and response options were developed by the Principal
Investigator with review from undergraduate students for tone and length acceptability for messages to
be sent via text.

The first text message sent each week was a standardized script often containing a question
related to the study goals, in order to prompt conversation (e.g., “Have you eaten a fruit yet today?”)
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sent to each high school student. After the first message was sent, text messages were tailored after the
high school student responded with “got it” (indicating that he/she had achieved the goal) or “not yet”
(indicating the goal or challenge had not yet been achieved). The text message was a “two-way”
communication between the undergraduate student and the high school students, meaning that
messages were sent back and forth so communication was established between the peer mentor and
adolescents. Based on how the student responded, the undergraduate would offer encouragement and
assistance with goal setting, and try to improve the self-efficacy of the adolescent.

Students in the intervention group were provided a $5 cash incentive each week if they returned
the text message on Tuesday and Saturday. The undergraduate students also received gift cards for
participating in the program (n = 34).

In order to monitor text messages and content, four graduate students and the PI of the study
monitored each text message delivery sent between the undergraduate and the high school student
each week. If the undergraduate student missed sending a text message challenge to the participating
high school students, the graduate student sent the message within the same day. This occurred for
two of the same undergraduate students approximately 12 times over the course of the intervention.

2.4. Dependent Variables

The primary outcome of interest was fruit and vegetable intake, as assessed via the National
Cancer Institute (NCI) Fruit and Vegetable Screener [27]. Fruit and vegetable servings/day were
calculated based upon NCI's standard scoring algorithms found at https:/ /epi.grants.cancer.gov.diet/
screeners/fruitveg/scoring/allday.html. Each reported frequency was converted to an average daily
frequency, multiplied by the number of MyPyramid servings for the portion size, and summed across
all food groups.

Secondary outcomes of interest were sugar-sweetened beverage intake, Body Mass Index (BMI) Z-score,
home food availability, purchasing habits, self-efficacy, and goal setting related to healthy eating. Beverage
consumption was assessed from the validated beverage questionnaire (BEV-QQ10), wherein participants
are asked about consumption frequency for several different beverages. Beverages included sweetened
juice, soft drinks (regular and diet), sweetened tea, energy drinks, 100% fruit juice, and milk (whole, 2%,
skim). Coding was based on the standard protocol developed and validated by Hedricks et al. [28]. Briefly,
for each beverage, the amount of each beverage an individual consumed was multiplied by how often
the beverage was consumed to quantify the average daily fluid ounces (fl 0z). The average fl oz was then
multiplied by the average kilocalories per fluid ounce to attain the average daily kilocalories. Summing
together the average daily calories produced the total average daily beverage calorie intake. The average fl
oz variable was also used to calculate the average daily grams by multiplying it by the average g/fl oz.
Similarly, the summed average daily grams produced the total average daily beverage grams.

BMI Z-score was calculated from self-reported height and weight. Directions for Z-score calculations
came from the Centers for Disease Control and Prevention (CDC, www.cdc.gov). Median, generalized
coefficient of variation, and the power in the Box—Cox transformation were provided by the CDC.
Z-scores for each individual were derived by taking the weight and dividing by the median and
raising that quantity to the Box-Cox transformation value. This quantity was subtracted by 1 and
then divided by the product of the Box-Cox transformation and the generalized coefficient of variation.
The corresponding percentile to the calculated Z-score was obtained from a standard normal distribution.

Validated questions from the Project EAT Study (University of Minnesota) were used to ascertain
availability of food within the home [21-23]. Adolescents were asked whether certain food and beverage
categories were available in the home (i.e., “Fruits and vegetables are available in my home”, “We have
‘junk food” in my home”, and “Soda pop is available in my home.”) with responses ranging from “never”
to “always”. Based on the distribution of the data, the home food environment categories were collapsed
into the following categories: never available, sometimes available, and always available.

As used in a prior study [29], participants were asked where they purchased foods from the
following food venues: supermarkets, corner stores/convenience/gas stations, dollar stores, fast-food
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restaurants, school cafeteria. Due to the distribution of data, we only report on shopping habits at
supermarkets, gas stations, and fast-food restaurants. The survey ascertained if a food or beverage item
was purchased at each food venue. Food items were classified into the following categories to mimic the
dietary suggestions made in the text messages: (1) Fruits and vegetables—apples, bananas, green salad,
etc.; (2) Less-healthy snacks—chips, baked goods (cookies, cakes, donuts), chocolate, sugar candy,
ice cream, snow balls, popsicles; (3) Healthy snacks—baked chips, reduced-fat chips, pretzels, nuts, seeds,
yogurt, granola bars; (4) Sugar-sweetened beverages—regular soda, sweet tea, fruit punch, sports drink,
energy drink; and (5) Water or low-calorie beverages—water, flavored water, unsweetened tea.

Self-efficacy was assessed using questions validated in an adolescent population [26], including:
“] know I can eat vegetables several times a day”; “I know I can substitute veggies for chips as a snack if I
try hard enough”. The response options consisted of “I know I can”, “I think I can”, “I'm not sure I can”,
and “I know I can’t”. A binary variable was created for high self-efficacy, which included responses
of “I know I can” and “I think I can”, and low self-efficacy, which included responses of “I'm not sure
I can” and “I know I can’t”. To create the self-efficacy variables specific to fruit (self-efficacy fruit),
vegetable (self-efficacy vegetable), and healthy snacks (self-efficacy snacks) consumption, Spearman rank
correlation was conducted across all eight questions.

Goal setting was assessed with the following questions: “How often do you set a goal for yourself
related to eating fruit?”; “How often do you set a goal for yourself related to eating vegetables?”;
“How often do you set a goal for yourself to drink beverages without sugar (including artificially
sweetened beverages like Diet Coke)?” The response options included “almost never”, “sometimes”,
“often”, and “almost always”. A binary variable was created for high goal setting including responses
of “often” and “almost always” as one category for “high” and low goal setting including the responses
of “sometimes” and “almost never” as one category for “low”.

Baseline demographic variables were examined using means (standard deviations) and frequencies
(percentages). Pre- and post-values and mean changes within the intervention and control groups were
examined using t-tests. Analyses also examined differences between control students, responder students,
and non-responder students in the intervention on variables of interest. There were no statistically
significant differences (results available upon request). To determine the change among primary and
secondary outcomes between intervention compared to controls, linear regression was used, adjusted for
race since randomization did not result in equal distributions of racial groups in intervention versus
control groups. Additional covariates were baseline values of primary and secondary outcomes with a
cluster command on school since students were nested within schools and to provide robust standard
errors. Primary and secondary outcomes were log-transformed based on the Shapiro Wilk test for
normality. After log transformation, the p-value was 0.05 and could be rejected and thus analyses was
done with log-transformed variables. Results are presented back-transformed for ease of interpretation.

To assess percent changes on home availability, the Stuart Maxwell test was used. To assess
changes in key constructs of self-efficacy and goal setting, logistic odds ratios were used, controlling for
race and cluster command on school. Analyses were conducted using intention-to-treat. All analyses
were conducted in Stata 14.0 [30].

3. Results

Table 1 provides information on baseline demographics and characteristics of the intervention and
control participants. The mean age was 15 years for both control and intervention sites. There were
more females compared to males enrolled in the GBBH intervention among the entire study sample.
There were baseline statistical differences between control and intervention participants for race/ethnicity,
and servings of fruit and vegetable intake. Otherwise, control and intervention adolescents were not
significantly different on any other variables. Additionally, both intervention and control adolescents
purchased a greater percentage of SSB from fast-food restaurants and convenience stores compared to
the percentage purchasing water or no-calorie drinks at these types of venues. Among the full sample of
intervention and control participants, 27% reported buying SSB at fast-food restaurants, while 15% and
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14% of intervention and control participants, respectively, reported buying water or no-calorie beverages
at fast-food restaurants. A high percentage of all food categories were purchased at supermarkets relative
to the other food venues.

Table 1. Demographics baseline characteristics of intervention and control participants (n = 411).

Intervention (n = 277) Control (n = 134)
Age (mean) 15 (0.07) 15 (0.10) p=0.80
Gender p=0.70
Female 61% 67%
Male 38% 30%
Other (Male to Female; Female to Male; Other)
Race
White 72% 55% p=0.01
Other (African American/Hispanic) 28% 45% p=0.01
Dietary Intake and Body Mass Index
Fruit and vegetable servings (mean and SE) 3.83(0.24) 5.56 (0.54) p=0.01
Sugar-sweetened beverage calories (mean and SE) 439 (31) 470 (54) p=0.6
Sugar-sweetened beverage grams (mean and SE) 1112 (79) 1200 (140) p=0.6
BMI Z-score percentile (mean and SE) 0.76 (0.02) 0.72 (0.02) p=09
Food Shopping Practices p=0.60
Buy fruit and vegetables (mean times per week purchased) 16 (0.99) 13 (0.92)
Buy fast food (mean times per week) 31 (0.99) 27 (1.26)
Buy healthy snack foods (mean times per week) 8.74 (0.54) 6.39 (0.59)
Buy less-healthy snack 15.88 (0.84) 13.58 (1.05)
Buy SSB 10.33 (0.48) 9.95 (0.68)
Buy water or no-calorie beverages 5.38 (0.30) 5.22 (0.40)
Where Food is Purchased p=0.07
Fruit and Vegetables
Supermarket 86% 98%
Convenience Stores 13% 10%
Fast Food 1% 4%
Sugar-Sweetened Beverages (regular soda; fruit punch; sports drink; energy drink; sweet tea)
Supermarket 83% 92%
Convenience Stores 32% 24%
Fast Food 27% 22%
Water or Low-Calorie Beverages (water; flavored water; unsweet tea)
Supermarket 78% 86%
Convenience Stores 7% 7%
Fast Food 15% 14%
Healthy Snacks (pretzels; low-fat chips; granola bars; nuts/seeds; yogurt)
Supermarket 87% 90%
Convenience Stores 14% 13%
Fast Food 6% 9%
Less-Healthy Snacks (full-calorie chips; cookies; cakes; donuts; chocolate candy; sugar candy; ice cream; popsicles; snow cones)
Supermarket 88% 90%
Convenience Stores 28% 18%
Fast Food 11% 12%
Home Availability (Always Available)
Fruit and Vegetable 45% 50%
Vegetables Served at Dinner 39% 25%
Junk Food 31% 31%
Soda 36% 36%
Snacks 27% 30%
Candy 19% 18%
Core Constructs (I know I can)
Self-Efficacy
Choose Fruit 63% 51%
Choose Vegetables 47% 25%
Choose Healthy Snacks 53% 2%
Goal Setting
Fruit Goal Almost Always 10% 10%
Veggie Goal Almost Always 10% 8%
Sugar-Free Beverage Goal 19% 12%
Level of Engagement
Text messages returned (mean total messages over eight weeks) 11.34 (0.73) N/A

Avid responder (returned at least two messages per week) 63% N/A
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Table 2 provides information on the mean changes within and between the intervention and
control groups for primary and secondary outcomes. There was a significant and positive intervention
effect on intake of fruit and vegetable servings/day. The control participants reported a decrease
of 1.52 servings/day, while intervention participants reported an increase of 0.71 daily fruit and
vegetable servings, however, results were not significant. There was a significant mean effect between
intervention and control of 1.28 (95% CI 1.11, 1.48) servings of fruit and vegetables/day. There was no
intervention effect on SSB consumption. There was an increase in fruit and vegetables purchases over
7 days (2.55 purchases/week, 95% CI 0.69, 4.42); healthy snack purchases (1.81 snacks/day 95% CI
0.68, 2.94); and water or no-calorie beverages (0.87 calories/day 95% CI 0.18, 1.56) within intervention
adolescents. There was also an increase in healthy snack purchases (1.87 snacks/day, 95% CI 0.54, 3.20)
among control participants.

Table 2. Intervention effect of mentor-led text message on dietary intake, food shopping practices,
and home availability.

Difference between

Dietary Intake and BMI In ter\(zje}:tlilfrf I‘;\;i :tl;icrilpan ts Chan%eamictilllji:n(t::ntrol In'te'rvention ar.ld Contro'l
Participants Postintervention

Fruit and vegetable servings/day 0.71 (—0.02, 1.45) —1.52(—2.48, —0.56) * 1.28(1.11,1.48) *
Sugar-sweetened beverage calories —61(—125,80) * —39(—149,71) —39 (—164, 85)
Total beverage calories —26 (—139, 87) —118 (—320, 83) 14.99 (—186, 216)
Body Mass Index Z-score percentile —0.005 (—0.02, 0.009) 0.002 (—0.01, 0.02) 0.99 (0.92, 1.07)
Food shopping practices (number of times an item was purchased over 7 days)
Fruit and vegetable purchases over 7 days 2.55 (0.69, 4.42) * 1.39 (—0.65, 3.44) 1.07 (0.94, 1.22)
Less-healthy snack purchases over 7 days 0.82 (—0.88,2.53) —0.18 (-2.13,1.75) 1.06 (0.85, 1.33)
Healthy snack purchases over 7 days 1.81 (0.68,2.94) * 1.87 (0.54, 3.20) * 1.02 (0.84, 1.23)
SSB beverage purchases over 7 days 0.26 (—0.71, 1.24) —0.25 (—1.64, 1.14) 1.02 (0.85, 1.21)
Water or no-calorie beverage purchases 0.87 (0.18, 1.56) * 0.36 (—0.58, 1.31) 1.03 (0.88, 1.21)
Home Availability (Percent Change Reported)
Fruit and vegetables p=03 p=0.02 p=0.03
Never <1% 7%
Sometimes 4% 6%
Always 5% —13%
Vegetables served at dinner p=0.08 p=02 p=0.03
Never —2% —12%
Sometimes 7% 11%
Always —5% —3%
Junk food p =0.008 p=0.68 p=0.01
Never 8% 1%
Sometimes —4% 3%
Always —5% —4%
Soda p=0.07 p=023 p=0.05
Never 6% <1%
Sometimes —3% 6%
Always —3% —6%

*p <0.05. t-tests were conducted to compare mean changes within intervention and control group. Linear regression
was conducted to test intervention effect on key outcomes controlling for baseline measures and race and clustering
on school. Stuart Maxwell was used to assess percent changes for home availability between intervention and
control participants.

The intervention messages also targeted improving the home food environment. There was a
significant change within the intervention group for junk food (p = 0.008), with an increase of 8% on
junk food never being available in the home and a decrease of —4% and —5% of junk food sometimes
or always being available, respectively. Among control participants, there was a —13% decrease of
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fruits and vegetables always being available in the home, 6% increase in sometimes, but a 7% increase
in never having fruits and vegetables being available in the home.

Table 3 provides information on changes in self-efficacy and goal setting. Those in the intervention
group reported higher odds of having high self-efficacy for eating vegetables compared to controls
(1.59 OR, 95% CI1.19, 2.13). The goal setting construct indicates that those in the intervention reported
higher odds of goal setting for each dietary goal compared to controls (Fruit—1.52 OR 95% CI 1.18,
1.95); (Vegetable—1.75 OR 95% CI 1.19, 2.58); and (Sugar-free beverage—1.94 OR 95% CI 1.18, 3.27).

Table 3. Intervention effect on constructs embedded within the text messages.

Odds Ratio 95% CI
Self-Efficacy
Fruit 0.93(0.73, 1.29)
Vegetable 1.59 (1.19,2.13) *
Healthy Snacks 0.72 (0.48, 1.09)
Goal Setting
Fruit 1.52(1.18,1.95) *
Vegetable 1.75(1.19,2.58) *
Sugar-Free Beverage 1.94 (1.18,3.27) *

Self-efficacy reference is low self-efficacy and being a control. Goal-setting reference is low for goal setting and
being a control. * = p < 0.05.

4. Discussion

A mentor-led text message intervention was effective at increasing self-reported fruit and vegetable
intake among rural adolescents. This intervention was also effective at improving several key secondary
outcomes related to purchasing habits, home availability, self-efficacy for vegetable consumption,
and goal setting for healthier dietary choices. Of note is the decrease in fruit and vegetable intake among
control students, which led to the intervention effect between control and intervention adolescents.
Given the time frame of pre- and post-data collection, this finding of a decrease among controls is
found within the literature [31,32], such that the lowest intake of fruits and vegetables is found among
adolescents. Although the GBBH intervention adolescents did not significantly increase fruit and
vegetable intake, they did not decrease intake, and thus, the intervention may prove a useful tool in
improving dietary intake over time. Previous studies have reported that affective messages are effective
to increase fruit and vegetable intake among adolescents [18,20]. Our results corroborate these findings
among adolescents from two rural communities. Thus, text-messaging holds promise as a delivery
method that can be effective across a variety of settings as a way to improve adolescents’ dietary intake.

Results indicate that adolescents within the intervention schools reported improvements in the
types of foods and beverages purchased, although not significant relative to controls. However, within
the intervention, there was a significant effect in water or no-calorie beverages being purchased.
While not statistically significant relative to controls, these findings hold promise for future
interventions aiming to improve shopping behaviors among adolescents, a critical priority population
for behavior change as adolescents are transitioning into adulthood. To facilitate healthier purchases
in future studies, intervention content could use ecological momentary assessment (prompts that are
capturing where the individual is shopping at the given moment [33]) techniques to send messages
when adolescents are “in the moment” of purchasing food at various food venues.

Text messages also encouraged adolescents to be the agent of change for healthier food within
the home. Results indicate that there was a significant decrease in the percentage of intervention
adolescents who reported “junk food” was available in the home. While the study did not explicitly
teach what foods were considered “junk”, the text messages advocated for healthy alternatives over
foods higher in processed sugars. Focusing on food that is made available in the home could have a
profound influence on adolescents” dietary behaviors, as food available in the home is associated with
dietary intake in prior studies [9,34].
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Lastly, the intervention employed explicit language targeting self-efficacy and goal setting within
each message. Our results illustrate how targeting these key constructs can help to improve goal setting
and self-efficacy. These constructs are highly relevant for improving dietary intake, as previously
reported by others [21,23,35-37]. Thus, our current findings provide further support for the need for
text-messaging interventions to utilize a theory-based approach for delivery.

There are key limitations of this intervention. Although every attempt was made to recruit and
enroll adolescents, there is a strong possibility that those who were already eating healthy chose to
participate in this trial. However, since schools were randomized, this limits self-selection bias between
intervention and control participants. The racial composition of the participants mirrors the geographic
area of where they reside, yet all the minority adolescents resided in North Carolina. Our analyses did
adjust for race and ethnicity, but future work should focus on obtaining a more representative sample.
This study was limited in geographic scope and should be replicated among a larger sample across more
states. One student received messages via e-mail, limiting the immediacy and “real-time” effects that a
text message can offer, which most likely limited this participant’s intervention dose. However, sensitivity
analyses were conducted both with and without this student in the sample, and point estimates did not
change. Finally, self-reported dietary intake was our primary outcome, and self-reported intake is subject
to social desirability bias, intervention-related bias, and recall bias [38,39].

5. Conclusions

A mentor-led text-messaging intervention with affective messages that focused on a variety of
individual- and environmental-level changes holds promise for improving dietary and purchasing
behaviors and the home food environment among rural adolescents. Future work will focus on
replicating this study for further dissemination among health departments, Cooperative Extension,
and organizations working with adolescents to improve health outcomes.

Author Contributions: A.G. and S.B.J.P. were the project managers and participated in day-to-day operations of
data collection, data management, analysis, and manuscript production. K.M. provided all data management and
reviewed all analyses. ].M. and O.B. provided editorial assistance.

Funding: This work was funded by the United States Department of Agriculture (USDA) Agriculture and Food
Research Initiative Grant 30000045856.

Acknowledgments: The authors would like to acknowledge all the Cooperative Extension agents, school teachers,
principals, superintendents, administrators, and study participants that made this work possible.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lutfiyya, M.N.; Lipsky, M.S.; Wisdom-Behounek, J.; Inpanbutr-Martinkus, M. Is rural residency a risk factor
for overweight and obesity for U.S. Children? Obesity 2007, 15, 2348-2356. [CrossRef] [PubMed]

2. Johnson, C.M.; Sharkey, ].R.; Dean, W.R. Eating behaviors and social capital are associated with fruit and
vegetable intake among rural adults. . Hunger. Environ. Nutr. 2010, 5, 302-315. [CrossRef] [PubMed]

3. James, C.V,; Moonesinghe, R.; Wilson-Frederick, S.M.; Hall, ].E.; Penman-Aguilar, A.; Bouye, K. Racial/ethnic
health disparities among rural adults—USA, 2012-2015. MMWR Surveill. Summ. 2017, 66, 1. [CrossRef] [PubMed]

4. Trivedi, T.; Liu, J.; Probst, J.; Merchant, A.; Jhones, S.; Martin, A.B. Obesity and obesity-related behaviors
among rural and urban adults in the USA. Rural Remote Health 2015, 15, 3267. [PubMed]

5. Powell, LM,; Nguyen, B.T. Fast-food and full-service restaurant consumption among children and adolescents:
Effect on energy, beverage, and nutrient intake. JAMA Pediatr. 2013, 167, 14-20. [CrossRef] [PubMed]

6.  Deierlein, A.L.; Galvez, M.P; Yen, LH.; Pinney, S.M.; Biro, EM.; Kushi, L.H.; Teitelbaum, S.; Wolff, M..S. Local
food environments are associated with girls' energy, sugar-sweetened beverage and snack-food intakes.
Public Health Nutr. 2014, 17, 2194-2200. [CrossRef] [PubMed]

7.  Hebden, L.; Hector, D.; Hardy, L.L.; King, L. A fizzy environment: Availability and consumption of
sugar-sweetened beverages among school students. Prev. Med. 2013, 56, 416—418. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/oby.2007.278
http://www.ncbi.nlm.nih.gov/pubmed/17890504
http://dx.doi.org/10.1080/19320248.2010.504094
http://www.ncbi.nlm.nih.gov/pubmed/21116465
http://dx.doi.org/10.15585/mmwr.ss6623a1
http://www.ncbi.nlm.nih.gov/pubmed/29145359
http://www.ncbi.nlm.nih.gov/pubmed/26458564
http://dx.doi.org/10.1001/jamapediatrics.2013.417
http://www.ncbi.nlm.nih.gov/pubmed/23128151
http://dx.doi.org/10.1017/S1368980014000639
http://www.ncbi.nlm.nih.gov/pubmed/24821228
http://dx.doi.org/10.1016/j.ypmed.2013.02.017
http://www.ncbi.nlm.nih.gov/pubmed/23480973

Nutrients 2019, 11, 593 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Van de Gaar, VM.; van Grieken, A.; Jansen, W.; Raat, H. Children's sugar-sweetened beverages
consumption: Associations with family and home-related factors, differences within ethnic groups explored.
BMC Public Health 2017, 17, 195. [CrossRef] [PubMed]

Bogart, LM.; Elliott, M.N.; Ober, AJ.; Klein, DJ; Hawes-Dawson, J.; Cowgill, B.O.; Uyeda, K;
Schuster, M.A. Home sweet home: Parent and home environmental factors in adolescent consumption of
sugar-sweetened beverages. Acad. Pediatr. 2017, 17, 529-536. [CrossRef] [PubMed]

Pearson, N.; Biddle, S.J.; Gorely, T. Family correlates of fruit and vegetable consumption in children and
adolescents: A systematic review. Public Health Nutr. 2009, 12, 267-283. [CrossRef] [PubMed]

Cole-Lewis, H.; Kershaw, T. Text messaging as a tool for behavior change in disease prevention and
management. Epidemiol. Rev. 2010, 32, 56—69. [CrossRef] [PubMed]

Muench, F; van Stolk-Cooke, K.; Kuerbis, A.; Stadler, G.; Baumel, A.; Shao, S.; McKay, J.R.; Morgenstern, J.
A randomized controlled pilot trial of different mobile messaging interventions for problem drinking compared to
weekly drink tracking. PLoS ONE 2017, 12, e0167900. [CrossRef] [PubMed]

Suffoletto, B.; Kristan, J.; Chung, T.; Jeong, K.; Fabio, A.; Monti, P.; Clark, D.B. An interactive text message
intervention to reduce binge drinking in young adults: A randomized controlled trial with 9-month outcomes.
PLoS ONE 2015, 10, e0142877. [CrossRef] [PubMed]

Keating, S.R.; McCurry, M.K. Systematic review of text messaging as an intervention for adolescent obesity.
J. Am. Assoc. Nurse Pract. 2015, 27, 714-720. [CrossRef] [PubMed]

Kerr, D.A; Harray, A.J.; Pollard, C.M.; Dhaliwal, S.S.; Delp, E.J.; Howat, P.A.; Pickering, M.R.,; Ahmad, Z.; Meng, X.;
Pratt, I.S,; et al. The connecting health and technology study: A 6-month randomized controlled trial to improve
nutrition behaviours using a mobile food record and text messaging support in young adults. Int. . Behav. Nutr.
Phys. Act. 2016, 13, 52. [CrossRef] [PubMed]

Hall, A.K,; Cole-Lewis, H.; Bernhardt, ].M. Mobile text messaging for health: A systematic review of reviews.
Annu. Rev. Public Health 2015, 36, 393—415. [CrossRef] [PubMed]

Flores Mateo, G.; Granado-Font, E.; Ferre-Grau, C.; Montana-Carreras, X. Mobile phone apps to promote weight
loss and increase physical activity: A systematic review and meta-analysis. ]. Med. Internet Res. 2015, 17, €253.
[CrossRef] [PubMed]

Trude, A.C.B,; Surkan, PJ.; Cheskin, L.J.; Gittelsohn, J. A multilevel, multicomponent childhood obesity
prevention group-randomized controlled trial improves healthier food purchasing and reduces sweet-snack
consumption among low-income african-american youth. Nutr. J. 2018, 17, 96. [CrossRef] [PubMed]
Ludwig, K.; Arthur, R.; Sculthorpe, N.; Fountain, H.; Buchan, D.S. Text messaging interventions for improvement
in physical activity and sedentary behavior in youth: Systematic review. [MIR Mhealth Uhealth 2018, 6, €10799.
[CrossRef] [PubMed]

Carfora, V.; Caso, D.; Conner, M. Randomized controlled trial of a messaging intervention to increase fruit and
vegetable intake in adolescents: Affective versus instrumental messages. Br. . Health Psychol. 2016, 21, 937-955.
[CrossRef] [PubMed]

Pedersen, S.; Gronhoj, A.; Thogersen, J. Texting your way to healthier eating? Effects of participating in a feedback
intervention using text messaging on adolescents' fruit and vegetable intake. Health Educ. Res. 2016, 31, 171-184.
[CrossRef] [PubMed]

O'Donnell, S.; Greene, G.W.; Blissmer, B. The effect of goal setting on fruit and vegetable consumption and physical
activity level in a web-based intervention. J. Nutr. Educ. Behav. 2014, 46, 570-575. [CrossRef] [PubMed]
Muench, E; Baumel, A. More than a text message: Dismantling digital triggers to curate behavior change in
patient-centered health interventions. J. Med. Internet Res. 2017, 19, e147. [CrossRef] [PubMed]

Gustafson, A; Jilcott Pitts, S.; McDonald, J.; Ford, H.; Connelly, P; Gillespie, R.; Liu, E.; Bush, H.; Brancato, C.;
Babatande, T.; et al. Direct effects of the home, school, and consumer food environments on the association
between food purchasing patterns and dietary intake among rural adolescents in kentucky and north
carolina, 2017. Int. ]. Environ. Res. Public Health. 2017, 14, 1255. [CrossRef] [PubMed]

Joseph, R.P,; Pekmezi, D.; Dutton, G.R.; Cherrington, A.L.; Kim, Y.I.; Allison, J.J.; Durant, N.H. Results of a
culturally adapted internet-enhanced physical activity pilot intervention for overweight and obese young
adult african american women. . Transcult. Nurs. 2016, 27, 136-146. [CrossRef] [PubMed]

Fitzgerald, A.; Heary, C.; Kelly, C.; Nixon, E.; Shevlin, M. Self-efficacy for healthy eating and peer support
for unhealthy eating are associated with adolescents' food intake patterns. Appetite 2013, 63, 48-58. [CrossRef]
[PubMed]


http://dx.doi.org/10.1186/s12889-017-4095-0
http://www.ncbi.nlm.nih.gov/pubmed/28196498
http://dx.doi.org/10.1016/j.acap.2017.01.015
http://www.ncbi.nlm.nih.gov/pubmed/28143794
http://dx.doi.org/10.1017/S1368980008002589
http://www.ncbi.nlm.nih.gov/pubmed/18559129
http://dx.doi.org/10.1093/epirev/mxq004
http://www.ncbi.nlm.nih.gov/pubmed/20354039
http://dx.doi.org/10.1371/journal.pone.0167900
http://www.ncbi.nlm.nih.gov/pubmed/28146560
http://dx.doi.org/10.1371/journal.pone.0142877
http://www.ncbi.nlm.nih.gov/pubmed/26580802
http://dx.doi.org/10.1002/2327-6924.12264
http://www.ncbi.nlm.nih.gov/pubmed/25914399
http://dx.doi.org/10.1186/s12966-016-0376-8
http://www.ncbi.nlm.nih.gov/pubmed/27098449
http://dx.doi.org/10.1146/annurev-publhealth-031914-122855
http://www.ncbi.nlm.nih.gov/pubmed/25785892
http://dx.doi.org/10.2196/jmir.4836
http://www.ncbi.nlm.nih.gov/pubmed/26554314
http://dx.doi.org/10.1186/s12937-018-0406-2
http://www.ncbi.nlm.nih.gov/pubmed/30373597
http://dx.doi.org/10.2196/10799
http://www.ncbi.nlm.nih.gov/pubmed/30224335
http://dx.doi.org/10.1111/bjhp.12208
http://www.ncbi.nlm.nih.gov/pubmed/27374753
http://dx.doi.org/10.1093/her/cyv104
http://www.ncbi.nlm.nih.gov/pubmed/26850061
http://dx.doi.org/10.1016/j.jneb.2014.03.005
http://www.ncbi.nlm.nih.gov/pubmed/24857600
http://dx.doi.org/10.2196/jmir.7463
http://www.ncbi.nlm.nih.gov/pubmed/28550001
http://dx.doi.org/10.3390/ijerph14101255
http://www.ncbi.nlm.nih.gov/pubmed/29065444
http://dx.doi.org/10.1177/1043659614539176
http://www.ncbi.nlm.nih.gov/pubmed/24934566
http://dx.doi.org/10.1016/j.appet.2012.12.011
http://www.ncbi.nlm.nih.gov/pubmed/23268111

Nutrients 2019, 11, 593 12 of 12

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Greene, G.W.; Resnicow, K.; Thompson, FE.; Peterson, K.E.; Hurley, T.G.; Hebert, J.R.; Toobert, D.J.;
Williams, G.C.; Elliot, D.L.; Goldman Sher, T.; 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, 138, 2005-204S.
[CrossRef] [PubMed]

Hedrick, V.E.; Savla, ].; Comber, D.L.; Flack, K.D.; Estabrooks, P.A.; Nsiah-Kumi, P.A.; Ortmeier, S.; Davy, B.M.
Development of a brief questionnaire to assess habitual beverage intake (bevg-15): Sugar-sweetened
beverages and total beverage energy intake. . Acad. Nutr. Diet. 2012, 112, 840-849. [CrossRef] [PubMed]
Gustafson, A.; McGladrey, M.; Liu, E.; Peritore, N.; Webber, K.; Butterworth, B.; Vail, A. Examining key
stakeholder and community residents' understanding of environmental influences to inform place-based
interventions to reduce obesity in rural communities, kentucky 2015. J. Rural Health 2018, 34, 388-395.
[CrossRef] [PubMed]

Stata Software; Version 2017; StataCorp LP: College Station, TX, USA, 2017.

Albani, V.; Butler, L.T.; Traill, W.B.; Kennedy, O.B. Fruit and vegetable intake: Change with age across
childhood and adolescence. Br. J. Nutr. 2017, 117, 759-765. [CrossRef] [PubMed]

Harris, C.; Flexeder, C.; Thiering, E.; Buyken, A.; Berdel, D.; Koletzko, S.; Bauer, C.P.; Bruske, L.; Koletzko, B.;
Standl, M.; et al. Changes in dietary intake during puberty and their determinants: Results from the giniplus
birth cohort study. BMC Public Health 2015, 15, 841. [CrossRef] [PubMed]

Stluka, S.; Moore, L.; Eicher-Miller, H.A.; Franzen-Castle, L.; Henne, B.; Mehrle, D.; Remley, D.;
McCormack, L. Voices for food: Methodologies for implementing a multi-state community-based
intervention in rural, high poverty communities. BMC Public Health 2018, 18, 1055. [CrossRef] [PubMed]
Shearer, C.; Rainham, D.; Blanchard, C.; Dummer, T.; Lyons, R.; Kirk, S. Measuring food availability and accessibility
among adolescents: Moving beyond the neighbourhood boundary. Soc. Sci. Med. 2015, 133, 322-330. [CrossRef]
[PubMed]

Verstraeten, R.; Leroy, J.L.; Pieniak, Z.; Ochoa-Aviles, A.; Holdsworth, M.; Verbeke, W.; Maes, L.; Kolsteren, P.
Individual and environmental factors influencing adolescents' dietary behavior in low- and middle-income settings.
PLoS ONE 2016, 11, e0157744. [CrossRef] [PubMed]

Surkan, PJ.; Coutinho, A.J.; Christiansen, K.; Dennisuk, L.A.; Suratkar, S.; Mead, E.; Sharma, S.; Gittelsohn, J.
Healthy food purchasing among african american youth: Associations with child gender, adult caregiver
characteristics and the home food environment. Public Health Nutr. 2011, 14, 670-677. [CrossRef] [PubMed]
Nollen, N.L.; Mayo, M.S.; Carlson, S.E.; Rapoff, M.A.; Goggin, K.J.; Ellerbeck, E.E. Mobile technology for obesity
prevention: A randomized pilot study in racial- and ethnic-minority girls. Am. J. Prev. Med. 2014, 46, 404-408.
[CrossRef] [PubMed]

Kristal, A.R.; Vizenor, N.C.; Patterson, R.E.; Neuhouser, M.L.; Shattuck, A.L.; McLerran, D. Precision and
bias of food frequency-based measures of fruit and vegetable intakes. Cancer Epidemiol. Biomarkers Prev. 2000,
9,939-944. [PubMed]

Miller, TM.; Abdel-Maksoud, M.E; Crane, L.A.; Marcus, A.C.; Byers, T.E. Effects of social approval bias on
self-reported fruit and vegetable consumption: A randomized controlled trial. Nutr. J. 2008, 7, 18. [CrossRef]
[PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/jn/138.1.200S
http://www.ncbi.nlm.nih.gov/pubmed/18156425
http://dx.doi.org/10.1016/j.jand.2012.01.023
http://www.ncbi.nlm.nih.gov/pubmed/22709811
http://dx.doi.org/10.1111/jrh.12254
http://www.ncbi.nlm.nih.gov/pubmed/28685866
http://dx.doi.org/10.1017/S0007114517000599
http://www.ncbi.nlm.nih.gov/pubmed/28367762
http://dx.doi.org/10.1186/s12889-015-2189-0
http://www.ncbi.nlm.nih.gov/pubmed/26329931
http://dx.doi.org/10.1186/s12889-018-5957-9
http://www.ncbi.nlm.nih.gov/pubmed/30139336
http://dx.doi.org/10.1016/j.socscimed.2014.11.019
http://www.ncbi.nlm.nih.gov/pubmed/25619139
http://dx.doi.org/10.1371/journal.pone.0157744
http://www.ncbi.nlm.nih.gov/pubmed/27447169
http://dx.doi.org/10.1017/S136898001000251X
http://www.ncbi.nlm.nih.gov/pubmed/20920386
http://dx.doi.org/10.1016/j.amepre.2013.12.011
http://www.ncbi.nlm.nih.gov/pubmed/24650843
http://www.ncbi.nlm.nih.gov/pubmed/11008912
http://dx.doi.org/10.1186/1475-2891-7-18
http://www.ncbi.nlm.nih.gov/pubmed/18588696
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Recruitment and Randomization of Included High Schools 
	Recruitment and Enrollment of High School Students 
	“Go Big and Bring it Home” (GBBH) Intervention Components 
	Dependent Variables 

	Results 
	Discussion 
	Conclusions 
	References

