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ABSTRACT OF THE DISSERTATION
EFFECT OF USING THE SNACKABILITY SMARTPHONE APPLICATION TO
IMPROVE THE QUALITY OF SNACK INTAKE, GENERAL DIET QUALITY, AND
WEIGHT AMONG COLLEGE STUDENTS
by
Lukkamol Prapkree
Florida International University, 2022
Miami, Florida
Professor Cristina Palacios, Major Professor
College is a challenging period to make healthy food and snack choices and this
could lead to poor diet quality and weight gain in the future. The Snackability application
(app) was developed using the Social Cognitive Theory for behavior change to help
students choose healthy snacks based on the USDA guidelines. The objective of this
study was to determine whether the app improved snack, diet quality, and body weight in
overweight and obese college students within a two-arm, 12-week randomized controlled
trial (RCT). A total of 139 participants completed all baseline measures and were
randomized into the control or app groups. Baseline characteristics were similar between
groups. Overall, mean age was 21.1 (1.7) years, 84.6% were females, 30.9% were
Hispanic, 51.1% had an income less than $50,000, and mean BMI was 30.4 (5.6) kg/m?.
Participants in the app group significantly increased snack score at week 4 (P<0.001) and
week 8 (P=0.015) and increased HEI-2015 total score (P<0.001) at week 4, with no
significant change in body weight compared to controls. The HEI-2015 component

scores, including total vegetables, fatty acids, saturated fats, refined grains, and sodium

Vi



significantly improved at week 4 in the intervention compared to controls (P<0.05). The
results were supported by app compliance, which had the highest app usage during the
first 4 weeks but then it significantly dropped after week 4 (P<0.05). Furthermore,
participants in the app group significantly increased the motivators and reduced the
barriers to eating healthy foods and snacks during 12-week study period (P<0.05). The
Snackability app can be used as a tool to help increase the nutrition behavior of selecting
healthy snacks. When college students use the app over time, the app facilitates snacking
behavior change, improving snack and diet quality. Future studies should consider
increasing the app compliance by incorporating a multicomponent intervention and
tailoring the app to match with the preference of college students. Studies with a larger

sample size and longer duration may provide more definitive conclusions.

vii



TABLE OF CONTENTS

CHAPTER PAGE
[. INTRODUCTION .....coiiiiiiitiitisiesee ettt sttt st 1
Specific AIms and HYPONESES .........coiiiiiiiieceee e 4
RETEIBNCES ... et bbbttt bbb 6

1. LITERATURE REVIEW .....ooiiiiiie e e 12
Definition OF SNACKS .....cviiiiiieieie e 12
Relationship of snack intake with diet quality and weight .............c.ccoeeieinnnnn. 13

The availability and the purchase of snack fo0dS...........cccoccvvieviininiicicceceee 15
USDA guideline on healthy SNacks ..........ccceoviieiiiii i 16

Diet quality reflected by the Healthy Eating INdeX ..........ccccoovvveieiincienincne, 17
Effects of smartphone apps on making snacking and dietary behavior change ... 18
Evaluation of available nutrition related smartphone apps in the market............. 21
Development of the Snackability app........ccccccviieiiiiiiiesece e 22

Theoretical framework for the Snackability app development and intervention.. 23
Use of the ADDIE model in development and pilot testing of the Snackability

21 0] PSP PPN 26
Features of the Snackability apP ........cccvevveiieii i 29
RETEIEINCES ...ttt ste et et enneennn 34

I11. SNACKING BEHAVIOR IS ASSOCIATED WITH DIET QUALITY, SNACK

QUALITY, AND BODY WEIGHT IN US COLLEGE STUDENTS..........cccveeuni.. 40
QLo [UTw1 o] T 40
1Y 1=1 {100 TR 42
RESUILS ...t e e e e st e e e s et e e e e st e e e e s sebeee e e s anaaeeeas 46
[ TS0 7Y [0 I 55
L0 0 [od (1Y o] 1 1SS 58
e = (T oL 58

IV. EFFECT OF USING THE SNACKABILITY APP ON SNACK QUALITY,
DIET QUALITY, AND WEIGHT IN US COLLEGE STUDNETS: A

RANDOMIZED CONTROLLED TRIAL ...t 68
L aL Lo [UTw1 o ] TR 68
1Y/ 1=3 1 L0 Lo L 70
RESUILS ...t e e s et e e e sttt e e e s et e e e e et et e e s sabee e e e s earteeeas 76
[ LYo FS1S] [ [ 84
O] 0 [od 111 o] 2 1SS 89
e = (T Lo 90

viii



V. EFFECT OF USING THE SNACKABILITY APP TO PROMOTE HEALTHY
SNACKING BEHAVIOR IN US COLLEGE STUDENTS: A RANDOMIZED

CONTROLLED TRIAL ...ttt e e e 97
INTFOAUCTION ..o 97
IVIBENOOS. ...ttt e e et e ettt e e e e e e e e e e e e e e e e e e e 99
RBSUIES ..ttt e e e e nnnnnnnn 106
DISCUSSION ..ttt e ettt e e e et e e et e e e e e e e e e e e e eeeeeeeanennnnees 122
CONCIUSTONS ... 126
RETEIENCES ...t e e ettt e e e e e e e e et e e e e e e e e ane s 127
VL. CONCLUSIONS L.t e e e 134
VII. STRENGTHS AND LIMITATIONS . ...t 135
VI FUTURE RESEARCH. ... oottt 136
APPENDICES ... ettt e e e e e e e 137

N DT A e e ettt e e e e e e e e e e e 171



LIST OF TABLES

TABLE PAGE
CHAPTER II
1. The constructs of the social cognititve theory applied to the Snackability app
INEEIVENTION STUAY ... .cvieiieiecece et e e e ns 24
2. Scoring system for the Snackability app.......cccccevvveiieiiiiiese e 28
CHAPTER IlI
1. Socio-demographic characteristics of college students participating in the
Snackability trial at baseling (N =140) .......ccoeiiiieiieeec e 47

2. Snacking behaviors of college students participating in the Snackability trial
At DASEIINE (N = 140) ..cuiiiiiiiie e 48

3. Nutritional contents of the overall diet and snacks of college students
participating in the Snackability trial at baseline (N = 140%)........c.cccccoevveirnnene. 49

4. HEI-2015 total score, snack quality score, and BMI by snacking behaviors
of college students participating in the Snackability trial at baseline (N = 140).. 52

5. Correlation between snack quality score or BMI with HEI-2015 total and
component scores of college students participating in the Snackability trial at

DASEIINE (N = 140).....eieieiieeeeee et 54
CHAPTER IV
1. Baseline characteristics of the randomized participants (N = 139) .................. 77

2. Change in snack score, HEI-2015 total score, and weight between control
and app groups at baseline, week 4, 8, and 12 follow-ups using intent-to-treat
PIINCIPIES ...ttt e et e e e et e e s e e e be e teeareeas 79

3. Comparison of snack score, HEI-2015 score, and weight between control
and app groups at baseline, week 4, 8, and 12 using intent-to-treat principles
with simple imputation (N = 139)......ccciiiiiiice e 80

4. Comparison of HEI-2015 component scores between control and app groups
at baseline, week 4, 8, and 12 using intent-to-treat principles with simple
IMPULATION (N = 139) oo 81

5. Correlations between frequency of app usage and snhack score, with
HEI-2015 total score, and Weight? ............ccoeveieicieiece e 84



CHAPTER V
1. Baseline characteristics of the randomized participants (N = 139) ............... 107

2. Motivators of healthy foods and snacks intake at baseline and change from
baseline to 12-week follow-up between groups using intent-to-treat principles
with simple imputation (N = 139) ..o 110

3. Barriers to healthy foods and snacks intake at baseline and change from
baseline to 12-week follow-up between groups using intent-to-treat principles
with simple imputation (N = 139).......cccciiiiiii e 113

4. Subscale scores of the motivators of and barriers to eating healthy foods and
snacks at baseline and change from baseline to 12-week follow-up between
groups using intent-to-treat principles with simple imputation (N = 139).......... 115

5. Stepwise regression analysis results between change in subscale score of
healthy food and snack motivators and barriers and change in snack score

from baseline to 12-week follow-up within the app group using intent-to-treat
principles with simple imputation (N = 67) .....c.cccovevieii i 117

6. Stepwise regression analysis results between change in subscale score of
healthy food and snack motivators and barriers and change in HEI total score
from baseline to 12-week follow-up within the app group using intent-to-treat
principles with simple imputation (N = 67) ..o 117

7. Stepwise regression analysis results between change in subscale score of
healthy food and snack motivators and barriers and change in body weight

from baseline to 12-week follow-up within the app group using intent-to-treat
principles with simple imputation (N = 67) .......cccoveiieve i 118

8. Feasibility, acceptability, satisfaction, and usability of the Snackability app
in the app group at the end of STUAY .........ccccuriiiiiiiee e 119

9. Evaluation of feasibility, acceptability, satisfaction, and usability of the
Snackability app in the app group at the end of trial ............ccccovveiieiiiiiicin, 120

10. Correlation results between frequency of app use and app evaluation and
perceived changes in using the Snackability app within the app group at
WEEBK L2 ..ttt b e ettt nae s 121

11. Stepwise regression results of app evaluation, frequency of app use, and

perceived changes in using the Snackability app on snack score within the
APP Group at WEEK 12 ....ccvieieieeiee ittt et 121

Xi



LIST OF FIGURES

FIGURE PAGE
CHAPTER II

1. Interface of the current 4Mversion of the Snackaiblity app...........cc.ccoeveevenene. 30
CHAPTER I

1. Snack quality score by snacking time from all snacks consumed by college

students participating in the Snackability trial at baseline (N = 140)................... 50
CHAPTER IV

1. Consort flow diagram of participants through the Snackability trial................ 78

2. Mean app usage frequency in participants randomized to the app group

OISR TSRO 83
CHAPTER V

1. Consort flow diagram of participants in the Snackability trial ....................... 108

Xii



ANCOVA

ANOVA

ASA24

BMI

COVID-19

DGAs

DRI

HEI

kcal

MB-HSBI

NCI

NHANES

r

RCT

SCT

SD

USDA

ABBREVIATIONS AND ACRONYMS
Analysis of Covariance
Analysis of Variance
Automated Self-Administered 24-hours
Body Mass Index
Coronavirus Disease 2019
Dietary Guidelines for Americans
Dietary Reference Intakes
Healthy Eating Index
Kilocalories
kilograms
Pounds
Meters
Motivators of and Barriers to Health-Smart Behaviors Inventory
National Cancer Institute
National Health and Nutrition Examination Survey
Correlation Coefficient
Randomized Controlled Trial
Social Cognitive Theory
Standard Deviation

United States Department of Agriculture

Xiii



CHAPTERII

INTRODUCTION

The prevalence of overweight and obesity has become a major public health
concern in the United States (US), particularly among college students, with more than
one-third (~35%) considered overweight and obese in 2021.1 Weight gain is typical in
college students, particularly in the first year of college life.>* The college period is a
major transitional stage of life which makes it challenging for college students to make
healthy food and snack choices due to the increased independency, expense, stress, and
time constraint.>® According to National Health and Nutrition Examination Survey
(NHANES) 2017-2018, 95% of Americans age 20 years over consumed snacks on a daily
basis, contributing to 23% of their total energy intake, 36% of total sugar intake, 20% of
total fat and saturated fat intake, and 13% of total sodium intake per day.® Snacking is
even higher among college students, with 98% consuming snacks daily, at a frequency of
about 4 times per day.° In addition, a significant increase in caloric intake per capita per
day from snacks was documented from 1977 to 2012 among US adults (P<0.01).1!

It is well documented that most snacks consumed by students are energy-dense
and nutrient-poor (unhealthy snacks), which results in a lower diet quality and weight
gain.'?18 However, studies have found that if the snacks consumed are healthy, such as
fruits, vegetables, whole grain, nuts, and yogurt, they can be important contributors of
nutrients to the daily diet and help improve overall diet quality.'>!>!%* Among college
students, it is important to understand motivators of and barriers to eating healthy foods

and snacks.>®%5-2" Therefore, interventions are needed among college students to help



them increase motivation and overcome barriers to eating healthy snacks resulting in
improving the quality of the snack intake and overall diet quality and this could lead
eventually to a reduction in weight gain.

There are several interventions developed for improving consumption of healthy
snacks among college students.?% Most of these interventions have been developed to
influence snack choice at the point of purchase in vending machines, such as reducing the
price of healthier items, classifying all vending items by a traffic light diet system,
providing nutritional information of the snacks, among others, with various levels of
success. To our knowledge, there is limited research on interventions using mobile apps
to improve shack intake among college students despite the high intake of snacks and
abundant app usage in this population. Using mobile apps could be an appealing and
accessible tool to help college students make healthy choices when consuming shacks as
this group has the highest percentage of smartphone ownership (96%)** and app usage
(77%)* with 10.5 times of using an app per day.*® In addition, about 59% of smartphone
users have downloaded health mobile apps, particularly fitness and nutrition apps.** The
use of nutrition apps have been positively associated with healthier snacks and beverages
intake and body mass index (BMI) in adolescents,*® in healthy weight adults,*® and in
overweight adults.*’

To address this gap in knowledge, the Snackability smartphone app was
developed to help students choose a healthy snack based on the USDA guidelines “A
Guide to Smart Snacks in School”.*® According to this guideline, a healthy snack must
have as a first ingredient a whole grain, fruit, vegetable, dairy, or protein food and meet

the nutrient standards for calories, calories from fat, fats, sugar, and sodium. A total score



is provided for each snack, which ranges from -1 to 11 points, in which a higher score
was more compliant to the USDA guideline and therefore a healthier snack. Because the
recommendations from this guideline could be lost in translation when individuals are
faced with the decision to choose a shack, the Snackability app could be a practical tool
to help college students identify which snacks meet the USDA guidelines, and therefore
could be considered, a healthy option.

The app incorporated several constructs from the social cognitive theory (SCT)
for behavior change.**->! The SCT focuses on individuals that play an active role in their
health by translating motivation into action by using the app to help select healthier snack
choices and reinforcing adherence to the app through self-efficacy, goal setting, self-
monitoring, and self-regulation.**! The SCT also emphasizes on the dynamic interplay
between individuals and the environment which mutually influence each other. College
students use the app to help identify and select healthy snacks. Then, if they have
healthier snacks around them, they are more likely to eat these snacks. According to the
literature, integration of constructs in the behavior change theory into intervention
strategies could be an effective way to facilitate behavior changes and improve health
outcomes.>>% In addition, few studies report on the app evaluation including feasibility,
acceptability, usability, and satisfaction. The app evaluation helps understand the
effectiveness of the app intervention and possible underlying factors that might explain
why the intervention succeeded or failed in effecting change in outcomes.>**

The objective of this study was to test the effectiveness of the Snackability app
whether the app improved the quality of the snack intake, the diet quality, and body

weight and to evaluate the app feasibility, acceptability, usability, and satisfaction among



overweight and obese college students with a two-arm, 12-week randomized controlled

trial (RCT).

Specific Aims and Hypotheses
Specific Aim 1

To associate snacking behaviors, such as snacking frequency, snacking time,
accessibility and availability of snacks, and knowledge about snacks, with overall diet
quality, snack quality reflected by snack score from the Snackability app, and weight
status in US overweight and obese college students.
Hypothesis 1a

Higher snacking frequency, accessibility and availability of unhealthy snacks, and
a lack of knowledge about choosing healthy snacks will be associated with lower overall
diet quality, lower snack quality, and higher BMI.
Hypothesis 1b

Snack quality will be positively associated with overall diet quality.
Hypothesis 1c

Snack quality and over all diet quality will be negatively associated with BMI.

Specific Aim 2
To determine whether the Snackability app intervention improved the quality of
the snack intake, the diet quality, and body weight in overweight and obese college

students with a two-arm, 12-week randomized controlled trial (RCT).



Hypothesis 2a

The app intervention group as compared to the control group will have a
significant improvement in quality of the snack intake at weeks 4, 8, and 12.
Hypothesis 2b

The app intervention group as compared to the control group will have a
significant improvement in overall diet quality at week 4, 8, and 12.
Hypothesis 2¢

The app intervention group as compared to the control group will have a

significant improvement in body weight at week 4, 8, and 12.

Specific Aim 3

To determine whether the Snackability app facilitated behavior change by
increasing the motivators and decreasing barriers to eating healthy foods and snacks
among overweight and obese college students in a two-arm, 12-week randomized
controlled trial (RCT).
Hypothesis 3a

The app group will significantly improve motivators and decrease barriers to
eating healthy foods and snacks.
Hypothesis 3b

Higher levels of motivators and decreased barriers will be significantly correlated

to the change in quality of snack intake, overall diet quality, and body weight.



Specific Aim 4

To evaluate the feasibility, acceptability, usability, and satisfaction of the app
intervention at the end of the study period.
Hypothesis 4a

The app will be considered feasible, usable, satisfactory, and acceptable by 50%
or more of the participants.
Hypothesis 4b

The app feasibility, acceptability, and satisfaction and perceived changes in eating
healthy snacks will significantly correlate with use of the app.
Hypothesis 4c

The app feasibility, acceptability, and satisfaction and perceived changes in eating
healthy snacks will significantly impact quality of snack intake, overall diet quality, and

body weight.
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CHAPTER II

LITERATURE REVIEW

Definition of snacks

Snack foods or snacks are foods that are consumed between meals. Snacks could
also be considered a light meal at which nutrient-dense or nutrient poor snacks might be
consumed.'2 However, the definition of snacks still varies. Some current definitions of
snacks are based on time of day of an eating occasion (i.e. morning, afternoon, and
evening snacks), specific periods of time after a meal (e.g., 15 minutes), type of food
consumed, energy content, amount of food consumed (e.g. portion sizes smaller than
regular meals), location of food consumed, or a combination of these definitions.*® On
US college campuses, undergraduate students perceived snacks as small portions of food
packaging, inexpensive and nutrient-poor foods, and a specific set of foods eaten alone,
in short eating periods, and standing while eating.? Other studies showed that snacks were
defined on the basis of time of day, location of food consumption, and food choices.>’

According to American Heart Association, three main factors differentiate snacks
from main meals.® First, consumers consider main meals as breakfast, lunch, and dinner
and other eating occasions as snacks. Second, the times of day considered as breakfast,
lunch, and dinner commonly take place between between 6 am and 10 am, 12 pm and 3
pm, and 7 pm and 9 pm, respectively. All other eating occasions besides these times are
considered snack times. Third, energy intake differentiates meals from snacks which are

over 15% and less than 15% of the daily recommended energy intake, respectively.
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Based on the available evidence, this study defined snacks as foods that are
consumed between meals. Snacks could also be considered a light meal at which nutrient-
dense or nutrient poor snacks might be consumed.*=
Relationship of snack intake with diet quality and weight

Snack choices influence quality of snack intake which affects on diet quality.®’
Most snacks consumed by young adults are energy-dense and nutrient-poor considered as
unhealthy snacks leading to lower diet quality®*” and weight gain. 121719 A study
evaluating the snack patterns in US adults age 20 years and older found that individuals
who skipped a meal but ate several snacks had lower quality of nutrient intakes than
individuals who ate 3 meals with or without snacks.?® Also, a study in 1,451 British
adults age 19-64 years to assess nutritional quality of meals and snacks using British
Food Standards Agency (FSA) nutrient profiling system score found that higher FSA
scores of meals and snacks (lower nutritional quality) were associated with unfavorable
components of overall diet, such as lower intakes of fruits, vegetables, and nuts and
higher intakes of biscuits, cakes, pastries, total fat, and saturated fatty acid.*> However,
the cross-sectional surveys based on data from the National Health and Nutrition
Examination Survey (NHANES) in U.S. adults age 20 years and older found a positive
association between snack frequency and diet quality assessed by healthy eating index
(HEI).22 Another study in US adults age 19 years and older showed that different snack
patterns were associated with the intake of saturated fatty acid, added sugars, and
sodium.’® Several snack patterns were associated with higher intake of potassium,
calcium, fiber, vitamin A, and magnesium. This study found that there were 5 snacking

patterns, such as miscellaneous snacks, vegetables/legumes, crackers/salty snacks, other
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grains, and whole fruit that were associated with better diet quality scores as compared to
participants with no report of snacking. Furthermore, another study in US adults age 18-
60 years found that the percent of snacking energy from fruits and nuts had a
significantly positive association with diet quality while the percent of snacking energy
from desserts and sweets and sugar-sweetened beverages had a significantly negative
association with diet quality assessed by HEI.!" This study also found that percent of
snacking energy from vegetables had a significant association with lower BMI whereas
percent of snacking energy from desserts and sweets had a significant association with
higher BMI. If snacks are judiciously selected to consume, they will make a valuable
contribution of nutrients to the daily diet as snacks can be important contributors of key
nutrients (>20%), such as vitamins A, C and E, magnesium, calcium, potassium and
fiber.13-17:23-26 Snacks with high protein, fiber, and nutrient dense have the potential
effects on satiety, delayed gastric emptying and intestinal transit, and reduced rate of
carbohydrate absorption, and reduced risk for obesity and cardiovascular
diseases.8,15,l6,24726

The relationship between snack intake, diet quality and weight gain is not
consistent. High energy and nutrient poor snack intake has been associated with low diet
quality and increased weight in some studies but several studies only found an
association between snack intake and diet quality with no impact on body weight or
BM|.1416-1927.28 A stydy conducted among 10,092 UK adults showed that snacking had
an inverse association with body fat in individuals with BMI < 25 kg/m? but had a
positive association with waist circumference and subcutaneous fat thickness in

overweight and obese men and women (BMI > 25 kg/m?).1® Furthermore, this study
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showed that overweight and obese participants consumed more nutrient-poor snack
foods, such as crisps, sweets, chocolates and ice-creams and less nutrient-dense snack
foods including yogurt and nuts as compared to normal-weight participants. The
aforementioned studies found a significantly positive association between snack intake
and BMI and waist circumference.!''? Lastly, a study in US adolescents age 12-19 years
showed that adolescents with normal weight significantly consumed fewer snacks daily
and less calories per snack occasion (262 + 4.41 kcal/snack) as compared to calories per
snack occasion in overweight (305 + 8.84 kcal/snack) and obese (340 £ 10.1 kcal/snack)
adolescents.?® These studies show that snack intake was associated with weight gain.
Therefore, it is important to design an intervention to improve quality of snack intake,
general diet quality and weight among overweight college students.
The availability and the purchase of snack foods

Snack foods, commonly consumed by young adult college students, are found in
various settings, mainly retail stores and vending machines in schools, universities and
surrounding areas. In one study, investigators observed 8 vending machines on a
university campus and found that users were predominantly students ages 18-24 years
and they largely selected less healthy snack food choices (59%) rather than healthier
options.? The availability and accessibility of snack foods has also been evaluated at the
city level. A study that evaluated the availability and accessibility of energy-dense snack
foods in 1,082 retail stores in 19 US cities, such as pharmacies, gas stations, and other
types of stores, found that snacks were available in 41% of the stores and the most
common snacks were candy (33%), sweetened beverages (20%), and salty snacks (17%)

which were also easily accessible at the cash register queue.®
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USDA guideline on healthy snacks

A Guide to Smart Snacks in School (hereafter, Smart Snacks) was established by
the USDA as directed by the Healthy, Hunger-Free Kids Act of 2010 and implemented in
schools (K1-K12) by July 1, 2014.3! Smart Snack Standards aligned with the most recent
Dietary Guidelines for Americans (DGASs) and science-based recommendations apply to
all foods and beverages sold in vending machines, a la carte, school stores, and snack
bars outside of the USDA school meal programs throughout the school day. Smart
Snacks aimed to increase the availability of nutrient-dense items, such as vegetables,
fruits, whole grains, fat-free or low-fat dairy products, and protein foods and to decrease
the availability of high-calorie items with high amounts of fat, added sugars, and sodium.

Based on the Smart Snack Guidelines, a healthy snack must meet 2 principles®?:

(1) First ingredient must be a whole grain, a fruit, a vegetable, a dairy product, or a
protein food or be a combination food that contains at least ¥ cup of fruit and/or
vegetable; and

(2) The food must meet the nutrient standards calories (<200 calories), total fats

(<35% of calories), saturated fat (<10% of calories), trans fat (0 g), sodium (<200

mg), and sugar (<35% by weight)

The 2015-2020 DGAs recommended that children, adolescents, and adults should
follow a healthy eating pattern to achieve and maintain healthy body weight and reduce
the risk of chronic disease by focusing on nutrient-dense foods and limit calories from
saturated fats and added sugars and reduce sodium intake.®® Also, the DGAs identified
nutrients of public health concern, such as calcium, potassium, dietary fiber, and vitamin

D due to low intake of vegetables, fruits, whole grains, and dairy.
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To be consistent with the DGAs, Smart Snack Guidelines for a snack to be
healthy, it must have the first ingredient as a whole grain, a fruit, a vegetable, a dairy
product, or a protein food.3? Furthermore, it must meet the nutrient standards for calories
(<200 kcal), total fats (<35% of calories), saturated fat (<10% of calories), trans fat (0 g),
sodium (<200 mg), and sugar (<35% by weight). The implementation of the Smart Snack
Guidelines will help individuals identify and select healthier snack choices that help
better meet the recommendations of the DGAs. If individuals select and consume healthy
snacks based on the Smart Snack Guidelines, healthy snacks will help increase nutrients
to the daily diet, limit empty calories from fats and sugar, and reduce sodium intake
resulting in promoting healthy eating habits and students’ long-term health and
wellbeing.

In addition to putting a lot of effort into improving the nutritional outcomes of
school students, it is important to continue nutrition policies and interventions in college
students as well. Therefore, Smart Snack Guidelines should be implemented in college
campuses to increase availability and accessibility to healthy snacks and beverages to
improve snack and diet quality and body weight among college students.3* However, the
guidelines need to be translated in an easy and practical way for individuals to use when
choosing a snack.'>** This could be done with a smartphone application (app) as
nutritional tool that could make healthy snack intake become simple, convenient, and
appealing to young adult college students.

Diet quality reflected by the Healthy Eating Index
The Healthy Eating Index (HEI) is a measure of diet quality from individual

dietary intake to see how well the diets comply with the U.S. Dietary Guidelines for
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Americans (DGAs).* The Healthy Eating Index-2015 (HEI-2015) evaluates a set of
foods in accordance with Dietary Guideline for Americans 2015-2020.% The higher the
HEI-2015 score, the more consistent with the Dietary Guidelines for Americans (DGA)
2015-2020. HEI-2015 consists of 13 components which are categorized into adequacy
and moderation. Adequacy components include total fruits, whole fruits, total vegetables,
greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, and
fatty acids. Moderation components include refined grains, sodium, added sugars, and
saturated fats. HEI-2015 was designed to have score from 0 to 100, in which the higher
score, the better diet quality by increasing food intake from adequacy components and
decreasing food intake from moderation component.® The calculation of HEI-2015 is
amount of each food group per 1,000 kcal in the total mix of foods, except fatty acids
which is a ratio of unsaturated to saturated fatty acids. The mean HEI-2015 total score in
US college students from the previous study was 63.4 (9.0) with no significant difference
among the three body fat category groups (under-fat, normal, and over-fat/obese).%
Effects of smartphone apps on making snacking and dietary behavior change

There are a number of smartphone apps available in the market related to health
and nutrition. Recent statistics show that about 59% of smartphone users had downloaded
health mobile apps which the most common used apps were fitness and nutrition.®” Users
with younger age, higher income and education, and BMI in the obese range were more
likelihood to use health apps.*’

There are several techniques used in health app to achieve behavior change. The
behavior change techniques included in the app “provided instruction” (83% of the apps),

“set graded tasks” (70%), and “prompted self-monitoring” (60%) were associated with
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increase in intervention effectiveness.®3 In addition, a systematic review and meta-
analysis reported that behavior change techniques were mainly utilized in the app
interventions on nutrition behaviors and related health outcomes, including feedback,
goal setting, self-monitoring, shaping knowledge by providing information, and social
support, which showed positive outcomes on individual and group-based interventions.*’
These behavior change techniques connect to the constructs of nutrition education
theories, such as observational learning, knowledge and skill to perform behavior,
attitude, intention, goal setting, feedback on performance, self-efficacy, self-monitoring,
self-regulation, and social support, which are integrated to develop the theory-based app
intervention to reduce barrier, increase motivation and adherence, and facilitate behavior
change. A study using a nutrition/diet related mobile apps that incorporated theoretical
constructs found dietary behavior changes, such as increase in actual goal setting,
frequency, and consistency of eating healthy foods, and app engagement.*

App engagement is also important to influence behavior change; however, there is
a 30 day threshold for the use of the app.** A cross-sectional analysis of users of the Lose
It! Mobile app found that users (n = 1,011,008) were engaged with the app for 29 days.*?
With subgroup analysis, user engagement was varied ranging from 3.5 to 172 days due to
customization of diet and exercise. The more the app personalize, the more users engage.
Also, a review of web-based interventions showed that adherence rate was about 50%.%3
A similar adherence rate was found in the 14-week study testing the eBalance app, with
an adherence rate in the app intervention group of 56%, with a gradual decline in the app
use.** In addition, frequency of app use (average 2.7 days/week) was significantly

associated with a higher success score of maintaining the healthy lifestyle from using the
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app. Similarly, a 4-week study period of self-monitoring app for vegetable intake showed
that app engagement was declined over time which limited the overall usage and
intervention effectiveness.* This study did not find the benefit of gamification.
Moreover, the gamified app group had the highest dropout at the first week. This means
that gamification, such as points, levels, or leaderboards is not motivating for all users.
Furthermore, the studies suggested that personal support with the app and tailored or
personalized incentives matched with user preference should be considered to increase
the adherence which would probably improve outcomes even more. 424445

A variety of developed apps relating to diet, nutrition, and weight have
successfully shown the positive change in dietary intake and weight management. For
example, a study evaluating different diet self-monitoring methods (paper journal, app, or
website) in 96 overweight and obese adults ages 18 — 60 years during 6 months found
that the app group had significantly less energy intake than the paper journal group at 6
months.*® Another study testing the effectiveness of a web-based and mobile phone-based
interventions compared to a print-based intervention among 301 participants found that
both the web and mobile-based interventions improved overall dietary behaviors by
consuming higher fiber, lower fat milk at 3 months and 9 months.*” Another study tested
the lifestyle program with telephone support (TXT2BFiT) for 12 weeks in 250 young
adults with a high risk of weight gain.*® The intervention group received 8 motivational
text messages per week based on the transtheoretical model of behavior change, 5
personalized coaching calls, weekly emails to reinforce the messages, a diet booklet, and
access to an app with nutrition education and self-monitoring, community blog, and

supportive resources. The intervention group significantly reduced weight, sugar-
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sweetened beverages intake, and energy-dense meals, and increased vegetable
consumption as compared to the control group at 12 weeks. Adherence to text messages
and coaching calls in the intervention group was 90%. Furthermore, another study tested
the “eBalance” web-based app, an app for self-management to achieve a healthy lifestyle
based on the guidelines published by the Israel Ministry of Health and the Dietary
Guidelines for Americans 2010 and the control system theory of self-regulation, in 99
healthy adults ages 18 years and older for 14 weeks.** The app enables the users to
monitor their dietary intake and physical activity by receiving real-time feedback from
the app by monitoring calorie intake and expenditure and comparing nutrient intake with
the DRI. The intervention group had significant mean weight change and significant
increase in diet quality scores, knowledge scores, success scores (success in maintaining
healthy lifestyle) at 14 weeks. The app frequency of use had positive significant relation
to a higher success score.
Evaluation of available nutrition related smartphone apps in the market

There are a number of smartphone apps available in the market related to health
and nutrition. From smartphone app search, there are several apps available to calculate
calorie and portion sizes, track diet, weight, etc. Therefore, we conducted a thorough
search in November 2017 to identify an app that could specifically evaluate if snacks
complied with the USDA Guideline and provide a score for individuals to identify if the
snack was healthy. The search objectives included: 1) List/describe apps that identify
healthy snacks and/or foods, assuming that snacks are included 2) List/describe apps that
have a scannable bar code, which can be used to identify healthy snacks. Our search

identified a total of 22 apps that aided in the identification of healthy snacks. The apps
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were categorized as being of little similarity, some similarity, and very similar to the
developed app. Apps were determined to be the least similar when they provided healthy
ideas for food selections while lacking the ability to score the food product. Fourteen
apps had some similarity because they were designed to help users select healthy snacks
(specifically). However, they also failed to provide a snack score. There were only 3 apps
(Fooducate, Shopwell, and GoodGuide) were determined to be very similar to the
developed app as they could provide a snack score. Fooducate is largely based on opinion
rather than expert advice and food search terms must match exactly; Shopwell includes
weight management, food allergies, dietary restrictions, and several nutritional goals; and
GoodGuide rates both food and nonfood products based on health, environment, product
management and social performance. These features can be overwhelming to the user.
Consequently, there are no available apps to specifically provide a simple guide to
identify if a snack is healthy or not based on the current USDA guidelines for snacks.
Development of the Snackability app

The “Snackability” app was developed in collaboration between the Department
of Dietetics and Nutrition (Dr. Cristina Palacios and her research team) and the Vertically
Integrated Projects (VIP), School of Computing and Information Sciences at Florida
International University (FIU) based on the USDA guidelines “A Guide to Smart Snacks
in School”?® by using social cognitive theory for behavior change. The research team
collaborated, gathered the information, and designed algorithms for the app.

The Snackability app allows users to search for a snack (scan barcode or type
snack name), add a portion size consumed based on a portion size guide, and then

provide a simple score and feedback.*® The score ranges from -1 to 11 points. The higher
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the score, the more compliant the snack is to the guideline; therefore, the healthier the

snack is. The app also provides a breakdown score to allow users learn about which

component the selected snack does not score well and a specific feedback message on
how to improve the score. In addition, the app provides gamification features as self-
motivation (level up and achievement gained) and reporting features as goal-setting and
self-monitoring (average daily score and consumed snack history). Several app features
were improved as suggested from pilot testing in college students for two weeks.*

Participants also considered the app to be feasible, usable, and acceptable with good

satisfaction.
Theoretical framework for the Snackability app development and intervention

The underlying theoretical framework for this study is the Social Cognitive
Theory (SCT). The SCT states that the how and why people change behavior is the
product of the dynamic interplay of personal factors, behavior, and environment.>®>2 The

SCT helps analyze and understand human thought, motivation, behavior, and

environmental factors, such as physical and social environments in order to design

activities to empower and facilitate people for changing behavior and taking action. The
SCT consists of the main constructs as the following.

(1) Reciprocal determinism: Environments can influence individuals and groups, but
individuals and groups can also influence environments and regulate their own
behavior. They are mutually influenced with each other.

(2) Outcome expectations: Changing expectation and values of the consequences of the

behavior choices
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(3) Self-efficacy: Belief in personal ability to perform behaviors that bring desired
outcomes

(4) Collective efficacy: Belief in groups ability to perform behaviors that bring desired
outcomes

(5) Observational learning: Learning to perform a new behavior through interpersonal or
media displays, especially peer modeling

(6) Incentive motivation: Use and Misuse of rewards and punishments to modify
behavior

(7) Facilitation: Providing tools, resources, or environmental changes that make new
behaviors easier to perform

(8) Self-regulation: Controlling oneself to achieve behavioral goal(s) through feedback,
goal setting, self-monitoring, self-reward, self-instruction, and enlistment of social
support

(9) Moral disengagement: Ways of thinking about harmful behaviors by disengaging
self-regulatory moral standards

The constructs of the SCT were applied to the Snackability app intervention as

described in Table 1.

Table 1. The constructs of the social cognititve theory applied to the Snackability app

intervention study

Constructs Activities
Reciprocal Participants use the Snackability app to help identify if a snack is
determinism healthy or not. At the same time, the app may influence

participants to purchase healthy snacks. Then, if participants have
healthier snacks around them, they are more likely to eat the
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Constructs Activities
snacks that are there. When participants use the app over time, the
app helps improve snacking behavior by creating environment that
promotes healthy snack intake.
Positive They expect to improve snacking habits relating to better health
outcome outcomes. The app provides snack score and feedback. The higher

expectation

score, the healthier snack is. The score feedback and specific
feedback messages make participants know that the snack is
healthy to consume.

Negative
outcome
expectation

Participants use the app to help select healthy snacks that far
outweigh from unhealthy snacks. The app will show the
breakdown score of the total snack score and the specific feedback
message based on the lowest breakdown score. The specific
feedback message makes users aware of why this snack is
unhealthy and cause negative health effect.

Self-efficacy

Participants use the app to help identify if a snack is healthy or not
before purchasing, selecting, or consuming snacks. The app
provides snack scores and feedback message so that participants
can set a goal to improve the snack scores over time and keep
track of their snack intake through the app. This will reinforce
participants to increase motivation and adherence of using the app
every snack occasion to improve and maintain healthy snack
intake by using the app over time.

Observational
learning

Researchers will instruct participants to download the app and use
the app at every snack occasion. They also learn to use the features
in the app, including portion size guide.

Incentive
motivation

The app provides gamification features, such as red and gold
apples, level-up, and achievement gained. For example, if
participants consume a snack that has a score > 8 points, they will
gain a point toward the level-up gamification feature. There are
several cards for achievement gained, such as kalorie killa, saltbae,
slim shady, fructose fighter, etc. These can help enhance self-
motivation and app engagement

Facilitation

The snack score and nutrition information, including portion size
guide they get on the app would be facilitation.

Self-regualtion

The app provides the total score, breakdown score, and feedback
message for participants. The app also provides the reporting
features, such as daily average score report (graph) and consumed
history of snacks as goal-setting and self-monitoring. Gamification
features in the app help facilitate users to achieve their goal of
snack intake and improve quality of snack intake and snacking
behavior over time.
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Integration of constructs in the behavior change theory into intervention strategies
could be an effective way to facilitate behavior changes to help participants take action.
The combination of intervention strategies or multi-component intervention using diet
and physical activity apps could significantly increase behavior change and improve
health outcomes.®® Nutrition-related health apps have the anticipated benefits for
behavior change, especially app engagement, convenience, and easy to use app which can
reduce barriers and increase adherence.® Furthermore, app features and behavior change
techniques have been applied to nutrition and health behavior change apps to increase
value and user engagement. From qualitative studies, college students value apps that are
simple, pleasant to use, require low effort, enable goal-setting and self-monitoring,
provide feedback, advice on how to change behavior, alerts/reminder (not too often), and
tracking functions, clearly shown how apps work, and are developed by experts or
academics.4%545°

By integrating all these features together in one app while keeping the difficulty
of the task low and taking into consideration of our smartphone app search, this app will
be expected to improve quality of snack intake, general diet quality, and weight.

Use of the ADDIE model in development and pilot testing of the Snackability app

The app was developed following “Analysis, Design, Development,
Implementation, and Evaluation (ADDIE) model”.%® This model consists of 5 phases:

(1) Analysis phase was to analyze all the apps currently available in the market
(2) Design phase established the goal and objectives of the app
(3) Development phase was to develop snack database and design the app

(4) Implementation phase was to perform a pilot testing of the app
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(5) Evaluation phase was to evaluate the app and results of evaluation were used to

improve the app before the final version of the app

Several tasks were completed in the development of the app. Briefly, we obtained
a comprehensive snack database from snacks available in vending machines and shops at
Florida International University, which was stored in MySQL workbench. In addition to
our own snack database, we connected with the USDA Food Composition Database by
using NDB API to get REST access to this database. We also reviewed the USDA
guideline for healthy snacks and designed our own algorithm to score each snacks. A
score ranging from 0-10 points was designed taking into account the first ingredient, the
nutrient standard by portion size, and the processing of foods which score ranging from
-1 to 1 was subtracted or added depending on the processed food classification. The final
score ranged from -1 to 11 points. The higher the score, the more compliant it is to the
guideline; therefore, the healthier the snack is. Table 2 shows the scoring system

designed.
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Table 2. Scoring system for the Snackability app

Principle Score
1. First ingredient ig a f'ruit, a vegetable, a qlairy product, or a proteip 9
food; or be a combination food that contains at least ¥ cup of fruit
and/or vegetable
2. Nutrient standard for:
Calories < 200 calories
1.0 - 50.0 Kcal 2
50.1 — 100.0 Kcal 1.5
100.1 - 150.0 Kcal 1
150.1 — 200.0 Kcal 0.5
> 200.0 Kcal 0
Total Fat < 35% of calories®
0-20.0% 1
20.1 - 35.0% 0.5
>35.0% 0
Saturated Fat <10% of calories®
0-4.9% 1
5.0-9.9% 0.5
> 10% 0
Trans Fat0g
Trans Fat0 g
Trans Fat >0g
Sodium <200 mg
0-140.0mg 1
140.1 - 170.0 mg 0.5
170.1 - 200.0 mg 0.25
> 200 mg 0
Sugar £35% by weight
0-14.9% 2
15.0 -19.9% 1.5
20.0 — 24.9% 1
25.0 — 35.0% 0.5
> 35% 0
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Principle Score
TOTAL 10

Processed food classification
Minimally processed foods (Edible foods with no food

additives) 1
Slightly processed foods (Edible foods with 1 food additive) 0.5
Moderately processed foods (Edible foods with 2-3 food 0
additives)

Highly processed foods (Edible foods with 4-5 food additives) -05
Ultra processed foods (Edible foods with >5 food additives) -1

The total fat score was modified for yogurt and cheese as 1 point if 0-45%, 0.5 points if
45.1-65%, and 0 points if > 65% of calories and for nuts/seeds/avocado as 1 point if O-
80%, 0.5 points if 80.1-90%, and 0 points if > 90% of calories.

2The saturated fat score was modified for yogurt/cheese as 1 point if 0-25%, 0.5 points if
25.1-30%, and 0 points if > 30% of calories.

For yogurt/cheese and nuts/seeds/avocado, the scoring was changed as these
snacks get low total scores from the app due to low scores of total fat and saturated fat.
Even though yogurt/cheese have high total fat and saturated fat, they are considered as
healthy snack.®>°"*8 Also, nuts/seeds/avocado have high total fat because these snacks
are high in monounsaturated fatty acids and polyunsaturated fatty acids which are healthy
fats.8'12'25'26'35
Features of the Snackability app

The Snackability app allows users to search for a snack (scan barcode or type
snack name) (see Figure 1). The searching results are shown from both our own snack
database (based on the snacks found at FIU) and the USDA database. Then, users select a
snack and add the portion size based on the package. If the snack is not packaged, the app

has a portion size guide to help them estimate the portion size that they will consume.

The snack score is automatically calculated, showing the total score and the breakdown

29



score. It also provides specific feedback on how to improve the score, based on the
lowest score from each criteria. To increase motivation and app engagement, the app
provides reporting components (average daily score report and consumed snack history)
and gamification components (level up and achievement gained), which are commonly-
used behavior change techniques, such as goal-setting, self-monitoring, self-motivation.
Additionally, on the settings page of the app, users can submit a new snack to the
administrators, giving feedback or comments about the app to the administrators. They
can also specify if they have an allergy; if so, the app will alert the users when they
choose a shack that contains the selected allergic ingredient. The app was developed for

both Android and iOS platforms. Figure 1 shows the interface of the Snackability app.

Figure 1. Interface of the current 4™version of the Snackaiblity app

Snackability sign in page Searching for a snack
Q i

Or Scan the Barcode! [l

Snackability
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a Sign in The Kellogg Company
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f Sign in with Facebook

Ancient Harvest, Ancient Grain Nutrition Bar
@ Sign in with Google Quinoa Corporation

Apple Cinnamon Fruit & Grain Cereal Bars

Topco Associates, Inc

t? Sign Up Apple Cinnamon Fruit & Grain Cereal Bars
a\
eset Password " Q Q

Home Searct Settings
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Consumed button Gamification

 Snackability Snackability

Bar Apple Cinnamon Level 12 1 Point Level 13
Nutri Grain
Ingredient & ‘ v
Total - My Apples
Calories
Fat ! 1 v ' =12
Saturated [ N
Fat l‘ SV
- View Achievements
Trans =Y N =
et v
i e ol S Average Points
) * 9+ Points 5] Points ! 5 Points or less
Sugar 2 x
Highly o
Processed ‘ i
Total 9 11 v
Save your teeth! Choose a snack with less sugar
@ Q £
Home Search Settings Home Search Settings
Achievement gained Score report & Consumed history

< Home ‘o Snackability

Average
* 9+ Points & [ P

Slim Shady Il Achievement

Recent Snacks

BAR APPLE CINNAMON

Nutri Grain

Your current Low Fat Snack count: 40.

Raw apple
. ) General
Gained for consuming snacks 25 that are

low in fat, trans fat, and saturated fat Ahold, Greek Nonfat Yogurt, Blueberry

Ahold Usa, Inc

From Nature To You, Cranberry Trail Mix

@A Q £ @ Q o

Home Search Settings Home Search Settings

32



Setting page

Allergen restriction

Settings £ Settings Dietary Restrictions

€ About Us

@ Add aSnack

@ Give Feedback

M Clear Search History
A Allergies

£ Admin

Allergic to anything?
Pick from the allergen list below.

Dairy
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Shellfish

Fish/Seafood

Soy

€ Logout Wheat/Gluten

Update Restrictions

Home Search Settings Home Search Settings

Pilot testing of the Snackability app aimed to evaluate feasibility, usability,
satisfaction, acceptability and explore experiences and feedbacks of the app among
college students during 2 weeks.*® We first recruited 12 participants to test the first
version of the App among college students at FIU. Participants used the app for 2 weeks
and then participated in a focus group to gain insight and explore experiences and
feedbacks on the app. Based on these comments and suggestions, the app was improved
and most of the features suggested were included. The 2" version was also pilot tested
among 8 college students in a similar way and suggestions were included in the 3™ and
current version of the app. Most were satisfied, and considered the app to be feasible,

usable and acceptable.
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In summary, snack intake is popular among youth and plays an important role in
their daily energy and nutrient intake. Due to the high availability and accessibility of
unhealthy snacks and the lack of translation of the USDA guideline for healthy snacks,
the smartphone app could be very appealing to youth to translate the guideline at the
moment of choosing a snack. The intervention, which is based on the SCT, was
implemented through the app. The app engagement features were designed to facilitate
behavior change and improve nutrition-related health outcomes. Therefore, testing the
Snackability app will fill the gap of identifying if a snack is healthy or not and helping to
improve snacking behavior over time. At the end of the trial, if the Snackability app
shows the improvement of the quality of snack intake, the general diet quality, and
weight, then it could be promoted as a feasible and practical nutrition tool to help
students in all U.S. college campus to be more motivated in choosing and consuming
healthy snacks, leading to improve diet quality and prevent weight gain as a public health

priority.
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CHAPTER 11
SNACKING BEHAVIOR IS ASSOCIATED WITH DIET QUALITY, SNACK

QUALITY, AND BODY WEIGHT IN US COLLEGE STUDENTS

Introduction

The prevalence of overweight and obesity has become a major public health
concern in the United States (US),! particularly among college students, with more than
one-third (~35%) considered overweight and obese in 2021.2 Weight gain is typical in
college students, particularly in the first year of college life.> While the prevalence of
overweight and obesity has risen, mean energy intake from snacks has significantly
increased in recent years,® especially higher among overweight and obesity compared to
normal weight.”® According to the National Health and Nutrition Examination Survey
(NHANES) 2017-2018, 95% of Americans ages 20 years and older consumed shacks on
a daily basis, contributing to 23% of their total energy intake, 36% of total sugar intake,
20% of total fat and saturated fat intake, and 13% of total sodium intake per day.°
Snacking was even higher among college students, with 98% consuming snacks daily, at
a frequency of about 4 times per day.!!

The association between snacking behavior with snack quality, diet quality, and
weight remains unclear.'>?° Some studies found that snacking was associated with diet
quality and/ or weight gain'>141"20 whereas others found no associations.>!6:1819 |t js
well documented that most snacks consumed are energy-dense and nutrient-poor
considered unhealthy snacks that have been associated with lower diet quality and higher

body mass index (BMI).13141820-23 However, several studies have found that if the snacks
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consumed are healthy, such as fruits, vegetables, whole grain, nuts, and yogurt, they can
be important contributors of nutrients to the daily diet, help improve overall diet
quality, 212428 and even been associated with lower BM1.18:24

Snacking behavior, such as snacking time, accessibility/availability of snacks,
knowledge about healthy snacks, and reasons for snacking may influence snack choices
and thus snack quality, overall diet quality, and even body weight.?>?%23 However,
snacking behavior among those of normal weight may be different from snacking
behavior among those who are overweight and obese and from an intervention
perspective, the latter will be most important. Therefore, it is important to understand the
impact of snacking behavior on snack and diet quality and body weight in order to devise
and employ effective intervention to improve shack and diet quality resulting in
appropriate weight loss.”*3% Additionally, this is important as studies have found that the
COVID-19 pandemic led to a significant increase in snacking.3*% To the best of our
knowledge, the relationships among snacking behavior, snack and diet quality, and body
weight have not been studied well among college students with overweight and obesity
despite high prevalence of overweight and obesity and high snack intake in this
population.

Therefore, the present study evaluated the cross-sectional associations between
snacking behavior, such as snacking frequency, snacking time, accessibility and
availability of snacks, knowledge about snacks, and reasons for snacking with snack
quality, overall diet quality, and body weight among US college students with overweight
and obesity. It also explored the associations between snack quality, overall diet quality,

and body weight. It was hypothesized that a higher snacking frequency, accessibility and
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availability of unhealthy snacks, and lack of knowledge about choosing healthy snhacks,
would be associated with lower snack quality, lower overall diet quality, and higher BMI.
Additionally, snack quality would be related to overall diet quality and body weight in

this sample.

Methods
Study design

A cross-sectional secondary analysis of participants’ baseline data obtained from
the “Snackability trial” conducted at various US colleges from June 2020 to June 2021
(NCT05302830) was studied. Briefly, this trial tested the effects of having access to the
Snackability Application (app),%® an app that scores the snacks consumed based on how
healthy are using the USDA guidelines on snacks. The study was approved by the
Institutional Review Board at Florida International University (FIU; approval number
IRB-20-0275). Written informed consent was obtained from all participants prior to study
commencement.

Study participants

Students were eligible to participate in this study if they were 18-24 years, non-
nutrition majors, overweight or obese (BMI >25 kg/m?), owned a smartphone with
Android or i0S platforms, had access to an internet connection to use the app, and were
willing to participate in a clinical trial for 3 months. Participants were excluded if they
were currently enrolled in a weight loss and/or nutrition program, were nutrition students,

taking any medications known to influence weight, and were pregnant or breastfeeding.
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Recruitment process

Participant recruitment was done by email, webpage, and social media. Data was
collected using Qualtrics, a secured web-based survey. The electronic flyer was sent to
faculty and staff in several universities in US via email to ask them to distribute it to their
students. Also, the flyer was posted on the Snackability webpage and social media.
Interested students clicked on a link in the flyer that led them to the screening form. Each
eligibility criteria were automatically assessed in a stepwise progression; if they met all
the criteria, then they were automatically led to the online consent form. Once
participants signed the informed consent, they automatically proceeded with the baseline
questionnaires. Then, the researcher contacted participants via their university emails
with information on how to complete and submit the three 24-hour (h) dietary recalls and
weight.

Measurements

1. Socio-demographic questionnaire: Participants completed questions about age (in

years), gender (male, female, or other), race/ethnicity (White, Black, Hispanic/Latino,
Asian, Other), and household income (<$50,000, $50,000-$100,000, or >$100,000)
via Qualtrics.

2. Body measures: Body weight and height was reported by participants using a

standardized protocol with written and video instructions to measure body weight at
home. Participants were instructed to perform the measurements in the morning, after
voiding and before eating or drinking, wearing only light underclothing and barefoot,
and to place the scale on a hard and flat surface floor. Before weighing, participants

were asked to calibrate the scale following the instructions shown in the video.
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Participant reported their weight with 1 decimal in kilograms (kg) or pounds (Ib) in
duplicate and height in inches via Qualtrics.

Diet and snack quality: This was assessed from three non-consecutive 24-h dietary

recalls (two during weekdays and one during the weekend) collected and analyzed by
the Automated Self-Administered 24-hour (ASA24) Dietary Assessment Tool,
version 2020, developed by the National Cancer Institute (NCI).%’ Participants
received the quick start guides for 24-h recalls from ASA24 via email to help them
complete the dietary recalls. To report a meal or snack on the ASA24 website,
participants were able to select a meal (breakfast, brunch, lunch, dinner, or supper) or
snack and time of the meal or snack consumed. Participants were instructed to enter
snacks as referred to foods consumed between meals. The first recall was done
together with the trained researchers via phone or Zoom call. The second and third
dietary recalls were self-administered using ASA24. Energy and nutrient (protein,
total fat, carbohydrate, total sugars, sodium, and total saturated fatty acids) intake
from overall diet and snacks was obtained from ASA24 output and the data was
averaged from the three recalls. The trained researcher checked the mean of the 24-h
recalls before all analyses. Participants with a reported mean energy intake below 600
(female) or 650 (male) kcal/d or above 4400 (female) or 5700 (male) kcal/d were
excluded.®
o For the overall diet quality, the Healthy Eating Index (HEI)-2015 total score was
calculated by the simple HEI scoring algorithm method.*® The HEI-2015 total
score consists of the sum of 13 components: 9 adequacy components (total

vegetables, greens and beans, total fruits, whole fruits, whole grains, dairy, total
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protein foods, seafood and plant proteins, and fatty acids) and 4 moderation
components (refined grains, sodium, saturated fats, and added sugars). The HEI-
2015 total score ranges from 0 to 100, in which a higher score is a better diet
quality and more consistent with the Dietary Guidelines for Americans (DGA)
2015-2020.%° The score for the individual components was also calculated.

e For the snack quality score, the output from ASA24 was used to identify the type,
number, and serving size of snacks consumed. Then, the score was calculated
using the scoring algorithm developed for the Snackability app,®® which was based
on the USDA Smart Snack Guideline.*! Briefly, this score takes into account the
first ingredient, the nutrition standard by portion size (calories, total fat, saturated
fat, trans fat, sodium, and sugar), and the food processing for a score ranging from
-1 to 11 points. The higher the score, the healthier the snack is and more compliant
to the guideline. The snack scores were calculated as an average score for each
participant.

4. Snacking behaviors: this was assessed as follows:

- Timing of snack, this was obtained from the ASA24 output report, in which the
time, type, and number of snacks consumed was recorded. Snacking time was
categorized into four time periods: morning (5:00 AM to 11:59 AM), early
afternoon (12:00 PM to 2:59 PM), late afternoon (3:00 PM to 5:59 PM), and
evening (6:00 PM to 4:59 AM). For each time period, we calculated the snack
score as described previously and compared the difference of the snack scores

among these four time periods.
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- Snacking frequency, reasons for snacking, type of snacks more accessible and
available to them, and knowledge about how to choose a healthy snack was
assessed using a questionnaire used in other studies.30-%:42

Statistical analyses

For descriptive statistics, mean and standard deviation (SD) were used for
continuous variables and frequency and percentage for categorical variables. Analysis of
variance was used to compare snack quality score, HEI-2015 total score, or BMI by
snacking behavior, adjusted by age, gender, race/ethnicity, and income with Tukey post
hoc analysis to assess significant difference between pairs of group means. Pearson
correlation (controlled for age, gender, race/ethnicity, and income) was used to examine
associations between snack quality score, HEI-2015 total score and component scores,
and BMI. All reported P-values were two-tailed, and P-values < 0.05 were considered
statistically significant. Statistical analysis was performed using SPSS Statistics software

(version 28, IBM, New York).

Results

A total of 298 participants were recruited for the study but only 140 participants
(18-24 years) completed all baseline questionnaires, including at least two 24-h dietary
recalls. Mean (SD) for age was 21.1 (1.7) years and for BMI was 30.3 (5.6) kg/m? (Table
1). Most participants were female (86.4%), Hispanic (30.7%), and from colleges in

Florida (80.7%) with a household income less than $50,000 (51.4%).
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Table 1. Socio-demographic characteristics of college students participating in the

Snackability trial at baseline (N =140)

Characteristics Mean (SD) or N (%)

Age (years), mean (SD) 21.1 (1.7)
Gender, n (%)
Female 121 (86.4)
Male 19 (13.6)
Race/ethnicity, n (%)
White 41 (29.3)
Hispanic or Latino 43 (30.7)
Black or African American 15 (10.7)
Asian 16 (11.4)
Other/multiracial 25 (17.9)
States, n (%)
FL 113 (80.7)
Others (KY, LS, SC, TX) 27 (19.3)
Household income, n (%)
<$50,000 72 (51.4)
$50,000-$100,000 42 (30.0)
>$100,000 26 (18.6)
Body mass index (kg/m?), mean (SD) 30.3 (5.6)
Overweight (<30.0 kg/m?) 81 (57.9)
Obese (>30.0 kg/m?) 59 (42.1)

A total of 89% of participants reported consuming snacks, with a frequency of 2.4
(1.1) times per day (Table 2). Although the majority knew how to choose a healthy snack
(86.4%), most reported that unhealthy snacks were more accessible and available to them
(69.3%). The top three reasons for snacking were to stave off hunger (65%), because

snacks were tasty/palatable (63.6%), and for pleasure (63.6%).
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Table 2. Snacking behaviors of college students participating in the Snackability trial at

baseline (N = 140)

Snacking behaviors Mean (SD) or N (%)
Snacking frequency, mean (SD)

Times of snacks consumed per day 2.4 (1.1)
Knowledge to choose a healthy snack, n (%)

Yes 121 (86.4)

No 19 (13.6)

Type of snacks more accessible/available, n (%)
Healthy snacks (i.e., fruits, vegetables,

nuts, etc.) _ _ 43 (30.7)
CO(l)Jkr;zseiaﬂettrg) snacks (i.e., chips, crackers, 97 (69.3)
Reasons for snacking, n (%)
Snacks are tasty/palatable 89 (63.6)
To stave off hunger 91 (65.0)
Snacks are convenient 72 (51.4)
To fill the gap between meal 88 (62.9)
Snacks are affordable 22 (15.7)
Snacks are pleasure 89 (63.6)
Number of snacks consumed at different snacking time, n (%)
Morning (5:00 AM to 11:59 AM) 55 (8.8)
Early afternoon (12:00 PM to 2:59 PM) 95 (15.3)
Late afternoon (3:00 PM to 5:59 PM) 184 (29.5)
Evening (6:00 PM to 4:59 AM) 289 (46.4)

Snacks represented 8.6% of total energy intake, 14.1% of total sugar intake, 5.1%
of total sodium intake, and 10.2% of total saturated fat intake (Table 3). Mean (SD) of

HEI-2015 total score was 54.8 (12.1) and snack quality score was 6.7 (2.0).
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Table 3. Nutritional contents of the overall diet and snacks of college students

participating in the Snackability trial at baseline (N = 140?)

Overall diet? Snacks
Nutritional contents
Mean (SD) Mean (SD) %

Energy (kcal/day) 1878 (722) 162 (167) 8.6°
Carbohydrate (g/day) 214 (95) 21 (22) 9.8°
Protein (g/day) 79.5 (38.6) 3.8(5.8) 4.8°
Total Fats (g/day) 78.0 (37.1) 7.3 (10.8) 9.4°
Total sugars (g/day) 78 (55) 11 (13) 14.1°
Sodium (mg/day) 3188 (1342) 164 (279) 5.1°
Total saturated fats (g/day) 25.5 (15.7) 2.6 (5.3) 10.2°
Quiality scores 54.8 (12.1) 6.7 (2.0)

2A total of 96 participants only had two 24-hour dietary recalls.

bNutritional contents of overall diet including snacks were reported without the inclusion
of dietary supplements.

‘Percentages are a ratio of nutritional contents from snacks to nutritional contents from
overall diet.

dQuiality scores for the overall diet were based on HEI-2015 total score.

®Quality scores for the snacks were based on snack score from the Snackability app

Snack quality scores were compared by timing of snacks consumed (Figure 1).
Most participants consumed snacks in the evening (46.4%), which had a significantly

lower snack quality score compared to afternoon snacks (P=0.017).
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Figure 1. Snack quality score by snacking time from all snacks consumed by college

students participating in the Snackability trial at baseline (N = 140)
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*Significant value was considered at P-value < 0.05 by Tukey post hoc analysis.

After adjusting for potential confounders (Table 4), no significant differences in
snack quality score, HEI-2015 total score, and BMI were detected by shacking frequency,
knowledge about choosing healthy snacks, and reasons for snacking (except snacking for
pleasure). However, participants with greater accessibility and availability to unhealthy
snacks had significantly lower snack quality score (P=0.001), lower HEI-2015 total score
(P=0.006), and higher BMI (P=0.019) than those with greater accessibility and
availability to healthy snacks. Snacking for pleasure had significantly lower snack quality
score than snacking for non-pleasure (P=0.037).

Table 5 presents the significant correlations between the HEI-2015 total score
(r=0.459, P<0.001) and several component scores (total vegetables, greens and beans,

fruits, whole grains, dairy, refined grains, and added sugars) with the snack quality score
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after controlling for age, gender, race/ethnicity, and income. BMI had a significantly
negative correlation with HEI-2015 total score (r=-0.219, P=0.016) but no significant
correlation with snack quality score. Additionally, BMI was inversely correlated with

HEI-2015 greens and beans and whole fruits.
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Table 4. HEI-2015 total score, snack quality score, and BMI by snacking behaviors of college students participating in the

Snackability trial at baseline (N = 140)

HEI-2015 total score Snack quality score BMI

Variables
Mean (SD)  P-value? Mean (SD)  P-value? Mean (SD) P-value?

Snacking frequency (times/day)

0-1 time per day 56.9 (10.7) 7.2 (1.6) 30.7 (5.2)
0.380 0.154 0.815
>2 times per day 54.2 (12.4) 6.6 (2.0) 30.2 (5.7)
Knowledge to choose a healthy snack
Yes 55.0 (12.4) 6.7 (2.0) 30.1 (5.5)
No 53.2 (9.9) 0-396 6.6 (1.5) 0697 31.9 (6.4) 0.263
Type of snacks more accessible/available
Healthy snacks (i.e., fruits, g5 (13.9) 75 (L9) 285 (4.4)
vegetables, nuts, etc.) 0.006% 0.001* 0.019*
Unhealthy snacks (i.e., 53.2 (11.0 ' 6.3 (1.9 ' 311 (5.9 '
chips, crackers, cookies, etc.) 2 (11.0) 39 169
Reason for snacking
Snacks are tasty/palatable
Yes 54.4 (12.7) 6.5(2.1) 30.6 (6.1)
No 55.3 (11.8) 0.710 7.0 (1.8) 0.174 29.9 (4.7) 0651
To stave off hunger
Yes 53.5 (11.6) 6.7 (2.0) 30.5 (5.9)
No 57.0 (12.7) 0.155 6.8 (2.0) 0878 30.0 (5.1) 0.667
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HEI-2015 total score Snack quality score BMI
Variables

Mean (SD)  P-value*  Mean (SD) P-value®  Mean (SD)  P-value®
Snacks are convenient
Yes 53.6 (11.9) 6.7 (1.9) 31.1(6.3)
No 56.0 (12.2) 0.225 6.7 (2.1) 0.888 29.5 (4.6) 0.116
To fill the gap between meal
Yes 54.8 (12.8) 6.8 (2.0) 30.0 (5.4)
No 54.7 (10.9) 0.721 6.6 (1.9) 0645 30.9 (6.0) 0-336
Snacks are affordable
Yes 53.0 (9.4) 6.7 (2.2) 30.3 (6.0)
No 55.1 (12.5) 0.442 6.7 (1.9) 0.939 30.3 (5.5) 0.783
Snacks are pleasure
Yes 53.7 (12.3) 6.4 (2.1) . 30.7 (5.9)
No 56.6 (11.6) 0241 7.2 (1.7) 0.037 29.7 (5.0) 0311

@ Adjusted by age, gender, race/ethnicity, and income; *P-value < 0.05 considered significant (2-tailed).
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Table 5. Correlation between snack quality score or BMI with HEI-2015 total and component scores of college students

participating in the Snackability trial at baseline (N = 140)

Snack quality score BMI
Variables Pearson P- Adjusted P- Pearson P- Adjusted P-
correlation value Pearsqn value correlation value Pearsc_)n value
correlation? correlation?
HEI-2015 total score 0464  <0.001* 0459  <0.001*  -0.188  0026* -0219  0016*
HEI-2015 total 0326  <0.001*  0.312 0.001*  -0171  0.044*  -0160  0.079
vegetables
bea:'SE"mlS greens and 0205 0022 0191 0.036*  -0208  0013* -0237  0.009*
HEI-2015 total fruits 0365  <0.001* 0343  <0.001*  -0.160 0060  -0.175 0.055
HEI-2015 whole fruits 0.445  <0.001* 0426  <0.001*  .0237  0005% -0.269  0.003*
HEI-2015 whole grains 0314  <0.001* 0319  <0.001*  -0.143 0092  -0.130 0.154
HEI-2015 dairy 0259  0003*  0.236 0.009*  -0073 0394  -0.041 0.654
foog'SE"2015 total protein 0.061  0.500 0.079 0.387 0026 0759  0.020 0.826
HEI-2015 seafood & 0030 0742 0.043 0.643 0006 0947  -0.004 0.966
plant proteins
HEI-2015 fatty acids 0043 0.636 -0.027 0.765 0.137 0.108 0.064 0.483
HEI-2015 refined grains ~ 0.231  0.010*  0.223 0.014*  0.027 0752  -0.021 0.820
HEI-2015 sodium -0.063  0.488 -0.062 0.502 0101 0237  -0.079 0.387
HEI-2015 saturated fats 0000  0.996 -0.002 0.982 0025 0773  -0.104 0.255
HEI-2015 added sugars 0294  0001* 0316  <0.001*  -0111  0.191 0.012 0.899
BMI 0115  0.202 -0.149 0.102

& Adjusted by age, gender, race/ethnicity, and income; *P-value < 0.05 considered significant (2-tailed).
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Discussion

This study among a sample of college students with overweight and obesity
showed that the quality of snacks differed by snacking time, with evening snacks having
the lowest snack quality score. Also, those with more accessibility and availability to
unhealthy snacks had lower diet and snack quality scores and higher BMI. Snacking for
pleasure had lower snack quality score. Also, snack quality score was positively

correlated with HEI-2015 total score and several component scores but not with BMI.

Snacking time had an impact on snack quality, in which there was a significantly
lower snack quality score in the evening snacks compared to afternoon snacks. Other
studies found that morning snacks were associated with a better diet quality or nutrient
density while evening snacks were associated with a lower diet, nutrient density, or
higher BMI.2%4344 Snacks consumed in the evening may be energy-dense and nutrient-
poor snacks that may lead to lower diet quality and could be associated with weight gain.
This could be explained in part by the circadian rhythm, as studies have found a peak in
hunger sensation at around 8 pm (range 5 - 9 pm).*>* However, healthy snacks, such as
high-protein soy snacks and hummus, consumed in the afternoon have also been found to
significantly improve appetite, satiety, and overall diet quality.?®*” Therefore, snacking
time and quality of snacks may be important in the relation between hunger-satiety
regulation.?®47-49 This could also affect weight, as shown by a study using a
representative sample of the Spanish population (1655 adults aged 18-64 years) in which
snacks with greater than 15% of total energy intake consumed mid-morning or mid-

afternoon were associated with a lower risk of obesity.>°
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Snacking frequency was not associated with snack quality, diet quality, or BMI in
the present study. Other studies reported that snacking frequency was modestly
associated with diet quality and/or BMI,*271417:20 glthough not all studies showed
this.*>1819 Several studies have shown that the type of snacks (healthy vs unhealthy)
seems to be more important contributors to energy and nutrients of the daily diet, diet
quality, and BMI rather than snack frequency.4 16182451 Mechanistically, studies have
shown the importance of the circadian clock related to the timing and quality of food and
snack intake and their associations with body weight,?>43°0:52 put frequency seems less
important. However, the present study found a significantly lower snack quality score
among those that reported snacking with pleasure compared to those that reported
snacking without pleasure. A previous study reported that sweets, dessert, and sugary
drinks were linked to pleasure.>® Also, a study conducted during the pandemic found that
pleasure was one of the food choice determinants more associated with eating behaviors
among participants with overweight and obesity to cope with stress and psychological
distress which was associated with higher intake of energy-dense snacks.3>%

The food environment is also an important factor related to the quality of snacks
and overall diet. Several studies have noted that college students had greater availability
and accessibility to unhealthy snacks than healthy snacks on campuses and they seemed
to select unhealthy snacks rather than healthy snacks.?33%3155 This also extended to the
home during the COVID-19 pandemic when many colleges in the country were mainly
teaching remotely. While restricted to home, the present study found that those with
higher accessibility and availability to unhealthy snacks had lower diet and snack quality

and higher BMI. Similarly, during the normal or pandemic situation, home food
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availability and accessibility is a major factor of snack intake.*®>’ Studies among
adolescents found that availability of unhealthy foods at home was positively associated
with energy-dense, sweet, and savory snack intake (P<0.05).%8°

The quality of the snack was also an important determinant of overall diet quality,
with a higher snack quality score significantly associated with higher intake of
vegetables, fruits, whole grains, and dairy, and inversely associated with lower intake of
refined grains and added sugars. Also, a higher overall diet quality was inversely
associated with BMI. This result is consistent with other studies that have showed that a
higher overall diet quality is modestly associated with higher snack quality and lower
BM|.14’18’21’22

There are several strengths worth noting in this study. First, the diet quality was
assessed using HEI-2015 from ASA24 dietary recalls, which allowed participants to enter
snack occasions, time, and snacks consumed separate from meals. Second, the study
included a diverse sample of students from different colleges in the US. One of the
limitations is that the results cannot confirm the causal relationship due to the cross-
sectional nature of the study. The data was collected during the COVID-19 pandemic
which may have changed snacking behaviors. Under reporting in the 24-h recalls could
have affected the results, as this is greater in individuals with overweight and obesity.5°6*
Also, self-report questionnaires and dietary recalls may lead to imprecise data report, but
it would be difficult to evaluate snacking behavior and dietary recalls without self-report
data. Finally, only a fraction of recruited participants completed the 24-h recalls limiting

the sample size. Thus, future studies in a larger sample should evaluate the longitudinal
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associations between snacking behavior on overall diet quality, snack quality, and body

weight.

Conclusions

The quality of snacks differed by snacking time, with evening snacks having a
lower snack quality score. Those with more accessibility and availability of unhealthy
snacks had lower diet and snack quality and higher BMI. In addition, snacking can be a
healthy behavior by choosing healthy snacks, such as vegetables, fruits, whole grains, and
dairy, that can improve overall diet quality and body weight. This information could be
used to design future interventions for college students related to the improvement of the
environment to have healthy snacks more accessible and available together with

improving the snacking time and types of snacks consumed.
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CHAPTER IV
EFFECT OF USING THE SNACKABILITY APP ON SNACK QUALITY, DIET
QUALITY, AND WEIGHT IN US COLLEGE STUDNETS: A RANDOMIZED

CONTROLLED TRIAL

Introduction

Snacking is entwined in American food culture. Americans age 20 years and over
consume snacks on a daily basis (95%), contributing to 23% of their total energy intake,
36% of total sugar intake, 20% of total fat and saturated fat intake, and 13% of total
sodium intake per day.! Snacking is higher among college students where 98% consume
snacks daily, at a frequency of about 4 times per day.? College students spend many
hours on campus and studying late at night, often consuming a variety of snacks.>® Most
snacks consumed by students are energy-dense and nutrient-poor (unhealthy snacks),
which results in a lower diet quality and weight gain.®™*? On the other hand, studies have
found that consumption of healthy snacks, such as fruits, vegetables, whole grain, nuts,
and yogurt, help improve the diet quality.5%1314

To help select healthy snacks, the USDA developed the “Smart Snack
Guideline”.*® According to this guideline, a healthy snack must have as a first ingredient
a whole grain, fruit, vegetable, dairy, or protein food and meet the nutrient standards for
calories, calories from fat, fats, sugar, and sodium. However, the recommendations from
this guideline are often lost in translation when college students are faced with the
decision to choose a snack. There is a need for a practical method to help individuals

identify which snacks meet the USDA guidelines, and therefore, is a healthy option. A
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smartphone application (app) could be an appealing and accessible tool to help translate
the guideline for college students as this group has the highest percentage of smartphone
ownership (94%)*® and app usage (77%)*’ with 7.6 apps used on a daily basis.'® In
addition, about 59% of smartphone users have downloaded health mobile apps,
particularly fitness and nutrition apps.'®

The use of nutrition apps have been positively associated with healthier snack and
beverage intake and body mass index (BMI) in adolescents.?’ A study testing the
eBalance app in 85 healthy weight adults found significant improvements in weight, diet
quality, knowledge, and maintaining healthy lifestyle after 14 weeks.?! Another study
tested the Vegethon mobile app in 135 overweight adults found a significant increase in
vegetable intake after 5 and 8 weeks.?> However, another study testing the Snack Track
School app in 988 adolescents found no health effects after 4 weeks, but only 64%
actually used the app and only 21% were still using it at week 4.2

Currently, there are no user-friendly apps to identify if a snack is healthy at the
moment of choosing a snack. Also, there is limited research on interventions to improve
snack intake among college students despite high snack intake and abundant app usage in
this population. Despite a lack of research in these areas, studies show that app
interventions using behavior change techniques, such as feedback, goal setting, self-
monitoring, shaping knowledge (information), and social support showed positive
nutrition and health outcomes.?* Therefore, the Snackability app was developed to help
students choose a healthy snack based on the USDA guidelines and in the social
cognitive theory (SCT) for behavior change. This app was tested among overweight and

obese college students to determine if its usage improves the quality of the snack intake,
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the diet quality, and body weight in a two-arm, 12-week randomized controlled trial
(RCT). Thus, it was hypothesized that when college students used the app over time, the
app could be a nutrition tool to help facilitate snacking behavior change resulting in

improving quality of snack intake, diet quality, and body weight.

Methods
Study design

The study was a two-arm, 12-week RCT to determine the effects of using the
Snackability app for improving the quality of the snack intake, the diet quality, and body
weight among overweight and obese college students (NCT05302830). Participants were
recruited from various US colleges and the trial was conducted completely online from
June 2020 to June 2021 due to the COVID-19 pandemic. The study was approved by the
Institutional Review Board at Florida International University (FIU; approval number
IRB-20-0275). Written informed consent was obtained from all participants prior to study
commencement.

Participants and eligibility

Overweight or obese college students (BMI > 25 kg/m?) were eligible for
participation if they were ages 18-24 years, owned a smartphone with Android or iOS
platforms, had access to an internet connection to use the app, from non-nutrition majors,
and were willing to participate in a clinical trial for 3 months. Participants were excluded
if they were currently enrolled in a weight loss and/or nutrition program, were taking any

medications known to influence weight, and were pregnant or breastfeeding.
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Recruitment, screening process, and randomization

Participant recruitment was done by email, webpage, and social media and data
was collected using Qualtrics, a secured web-based survey. The electronic flyer was sent
to faculty and staff in several universities in US via email to ask them to distribute it to
their students. Also, the flyer was posted on the Snackability webpage and social media.
Interested students clicked on a link in the flyer that led them to the screening form. Each
eligibility criteria were automatically assessed in a step-wise progression; if they met all
the criteria, then they were automatically led to the online consent form. Once
participants signed the informed consent, they automatically proceeded with the baseline
questionnaires. Then, the researcher contacted participants via their university emails
with information on how to complete and submit the three 24-h dietary recalls and weight
before randomization. Using a simple computerized randomization scheme, participants
were randomly assigned to either the control or app intervention using a 1:1 ratio. The
researcher who collected and analyzed the data was blinded to the study allocation
throughout the study period.

Participants randomized to the intervention group received an end-user license
agreement (EULA), the instructions to download and register with the Snackability app,
and the instruction on how to use the app every time they had a snack. Participants
randomized to the control group received a 1-page healthy snack information document
and access to the app after the 12-week study period.

Intervention
The Snackability smartphone app was developed based on the USDA Smart

Snack Guidelines.'® It allowed participants to search for a snack (scan barcode or type
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snack name), added a portion size consumed based on a portion size guide, and then the
app provided a snack score and the breakdown scores with a specific feedback message
about the score.?® The score ranges from -1 to 11 points, in which a higher score was
more compliant to the USDA guideline and therefore a healthier snack. Participants could
also specify if they had an allergy; if so, the app would alert the participants when they
chose a snack that contained the selected allergic ingredient.

The app incorporated behavior change techniques related to the constructs of the
SCT to facilitate snacking behavior change, such as observational learning, outcome
expectation, self-efficacy, goal setting, feedback on performance, self-motivation through
rewarding, self-monitoring, and self-regulation. The SCT focuses on individuals that play
an active role in their health by translating motivation into action by using the app to help
select healthier snack choices and reinforcing adherence to the app through self-efficacy,
goal setting, self-monitoring, and self-regulation.?®-8 The SCT also emphasizes on the
dynamic interplay between individuals and the environment which mutually influence
each other. College students use the app to help identify and select healthy snacks. Then,
if they have healthier snacks around them, they are more likely to eat these snacks. Thus,
the app intervention was meant to change the snacking behavior resulting in improving
the snack and diet quality as target outcome which may lead to the eventual outcome of
weight loss.

The app was a trial version that was not accessible through the App store or
Google Play; it was only accessible through the EXPO app (https://expo.dev), an open-
source platform for testing any type of app (for Android or i0S). The link and the

username for this app was shared privately with each participant randomized to the app
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group only; therefore, no one else had access to this app. After participants were
randomized to the app group, they started to receive automated text messages once a
week to remind them to use the app during the study. The messages were alternated with
tips of how to use the app and on how to search for the snacks. In addition, if participants
were not using the app, a research staff would send them an email reminding them to use
the app.

Outcome measures

The study assessments were done online for all participants at baseline, 4, 8, and
12 weeks as described below.

1. Socio-demographic questionnaire (completed at baseline via Qualtrics): it included

questions about age (in years), gender (male or female), race/ethnicity (White,
Hispanic or Latino, Black or African American, Asian, Other/multiracial), household
income (<$50,000, $50,000-$75,000, $75,000-$100,000, or >$100,000), food security
status (high, low, or very low) using the six-item short form of U.S household food
security survey module,?® and stress level using the validated stressometer (0; no stress
to 10; extreme stress).*

2. Body weight measures (completed at baseline, 4, 8, and 12 weeks via Qualtrics): Body

weight was reported by participants using a standardized protocol with written and
video instructions to measure this at home. Participants were instructed to perform the
measurements in the morning, after voiding and before eating or drinking, wearing
only light underclothing and barefoot, and to place the scale on a hard and flat surface

floor. Before weighing, participants were asked to calibrate the scale following the
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instructions shown in the video. Participant reported their weight with 1 decimal in kg
or pounds (Ib) in duplicate and height was self-reported in inches.

3. Diet and snack quality: was assessed from three non-consecutive 24-h dietary recalls

collected from each participant at baseline and 12 weeks and one 24-h dietary recall at

4 and 8 weeks. Dietary recalls were collected and analyzed by the Automated Self-

Administered 24-hour (ASA24) Dietary Assessment Tool, version 2020, developed by

the National Cancer Institute (NCI).3! Participants received the ASA24 quick start

guides for 24-h recalls via email to help them complete this. The first recall was done
together with the researcher via phone or Zoom call; during this call, participants were
instructed to enter the snacks, which was defined as foods consumed between meals.

The mean of the 24-h recalls was used in all analyses. Participants with a reported

mean energy intake below 600 (female) or 650 (male) kcal/d or above 4400 (female)

or 5700 (male) kcal/d were excluded.®? The diet and snack quality was assessed as
described below:

e Diet quality: it was assessed using the Healthy Eating Index (HEI)-2015 total score
and component scores for each participant at baseline, 4, 8, and 12 weeks by using
the simple HEI scoring algorithm method.*34 The HEI-2015 total score consists of
the sum of 13 components: 9 adequacy components (total vegetables, greens and
beans, total fruits, whole fruits, whole grains, dairy, total protein foods, seafood
and plant proteins, and fatty acids) and 4 moderation components (refined grains,
sodium, saturated fats, and added sugars). The HEI-2015 total score ranges from 0
to 100, in which a higher score is a better diet quality and more consistent with the

Dietary Guidelines for Americans (DGA) 2015-2020.%
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e Quality of snack: it was assessed using the scoring algorithm developed for the
Snackability app?®, which was based on the USDA Smart Snack Guideline.!®
Briefly, this score takes into account the first ingredient, the nutrient standard by
portion size, and the processing of foods for a score ranging from -1 to 11 points.
The higher the score, the healthier the snack is and more compliant to the
guideline. To identify the snacks consumed at each time point, the output from the
ASA24 was used; for each snack consumed, the type, number, and serving size
was recorded. The snack scores were calculated as mean score for each participant
at baseline, 4, 8, and 12 weeks.

4. App engagement: The frequency of app use was retrieved from the app Firebase

database, which showed each time the app was used by participants during the study.
It was recoded for each time point (week 4, 8, and 12).

Statistical analyses

For descriptive statistics, mean and standard deviation (SD) were used for
continuous variables and frequency and percentage for categorical variables. The socio-
demographic characteristics were compared between the two groups at baseline using
independent samples t-test for continuous variables and chi-square test for categorical
variables.

The intent-to-treat principle was used to compare mean changes in snack score,
diet quality, and weight between groups. The comparison of the outcomes between two
groups at 4, 8, and 12 weeks was computed by repeated measure ANOVA for equal
difference of variance and mixed model repeated measure ANOVA for unequal

difference of variance. Analyses were also done using simple imputation for missing
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data. All reported P-values were two-tailed, and P-values < 0.05 were considered
statistically significant. Statistical analysis was performed using SPSS Statistics software

(version 28, IBM, New York).

Results

Of the 262 who agreed to participate in the study, 142 participants completed all
baseline requirements and were randomized to the control or app intervention groups
(Table 1 and Figure 1). Three participants (2 in the control group and 1 in the app group)
were excluded based on reported energy intake outside the accepted range. Thus, the
imputed analysis included 72 participants in the control group and 67 participants in the
app group. In the control group, a total of 34 (47.2%) participants completed the follow-
up at week 4, 28 (38.9%) at week 8, and 56 (77.8%) at week 12. In the app group, 32
(47.8%) participants completed the follow-up at week 4, 27 (40.3%) at week 8, and 45
(67.2%) at week 12. In both groups, the main reason for not completing the follow ups
was that participants did not complete at least two 24-h dietary recalls.

There were no significant differences in baseline characteristics between the
control and app groups (Table 1). Overall, mean (SD) age was 21.1 (1.7) years, 84.6%
were females, 30.9% were Hispanic, 51.1% had household income less than $50,000,
71.2% reported having a high food security, stress level was considered “medium level”,
and mean (SD) BMI was 30.4 (5.6) kg/m?. The socio-demographics were similar between

those completed the study (n=106) and those lost to follow-up (n=33) (data not shown).

76



Table 1. Baseline characteristics of the randomized participants (N = 139)

Characteristics All Control App P-value
(N =139) (N=72) (N =67)
Age in years, mean (SD) 21.1 (1.7) 21.0 (1.6) 21.3 (1.8) 0.285
Female, n (%) 77 (84.6) 63 (87.5) 57 (85.1) 0.677
Race/Ethnicity, n (%)
White 41 (29.5) 22 (30.6) 19 (28.4)
Hispanic or Latino 43 (30.9) 21 (29.2) 22 (32.8)
Black or African 15(10.8)  8(1L.1) 7 (10.4) 0.156
American
Asian 15 (10.8) 4 (5.6) 11 (16.4)
Other/multiracial 25 (18.0) 17 (23.6) 8 (11.9)
State, n (%)
FL 113 (81.3) 60 (83.3) 53 (79.1)
Others (KY, LS, SC, TX) 26 (18.7) 12 (16.7) 14 (20.9)
Household income, n (%)
<$50,000 71 (51.1) 36 (50) 35 (52.2)
$50,000-$75,000 25 (18) 16 (22.2) 9 (13.4) 0.570
$75,000-$100,000 17 (12.2) 8 (11.1) 9 (13.4)
>$100,000 26 (18.7) 12 (16.7) 14 (20.9)
Food security, n (%)
High 99 (71.2) 50 (69.4) 49 (73.1)
Low 28 (20.1) 16 (22.2) 12 (17.9) 0.818
Very low 12 (8.6) 6 (8.3) 6 (9)
Stress, mean (SD) 6.9 (1.7) 6.8 (1.7) 7.0 (1.7) 0.415
BMI (kg/m?), mean (SD) 30.4 (5.6) 30.8 (5.6) 29.9 (5.7) 0.363
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Figure 1. Consort flow diagram of participants through the Snackability trial

[ Enrollment ] Assessed for eligibility (n=1401)

Excluded (n=1139)
» Not meeting inclusion criteria (n=1048)
» Declined to participate (n=91)

Completed consent form and baseline questions (n=262)

Excluded (n=120)

* Did not complete baseline dietary
recalls (n=119)

* Decline to participate (n= 1)

Randomized (n=142)

|

( Allocation 1 y
Allocated to control group (n=74) L Allocated to app intervention group (n=68)
» Received allocated application (n=68)
y { Follow Up 4
Lost to follow up (n=15) Lost to follow up (n=18)
» Unknown/No contact (n=15) » Unknown/No contact (n=14)

+ Discontmued intervention due to no
time to participate (n=4)

Analysis

S
Included in the imputed analysis at Included in the imputed analysis at

baseline, week 4, 8, and 12 (n=72) baseline, week 4, 8, and 12 (n=67)

Table 2 shows the mean change in snack score, HEI-2015 total score, and weight
at each time point using intent-to-treat analysis between groups. No significant changes

were detected in any of the outcomes.
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Table 2. Change in snack score, HEI-2015 total score, and weight between control and

app groups at baseline, week 4, 8, and 12 follow-ups using intent-to-treat principles

Change baseline  Change baseline to Change baseline

to Week 4 Week 8 to Week 12

Snack score?, Mean (SD)

Control -0.5 (2.8) (n=23) -0.5 (3.0) (n=10) 0.5 (2.8) (n=38)

App 0.1 (2.3) (n=26) 0 (2.7) (n=16) 0.2 (2.3) (n=28)

T-test (P-value)® -0.794 (p=0.431) -0.424 (p=0.675) 0.498 (p=0.620)
HEI total score, Mean (SD)

Control -3.3(16.2) (n=34)  -1.9(15.8) (n=28)  -0.7 (13.0) (n=56)

App 1.7 (13.4) (n=32)  -4.0 (15.9) (n=27)  -1.0 (15.6) (n=45)

T-test (P-value)® -1.352 (p=0.181) 0.497 (p=0.621) 0.100 (p=0.921)
Weight, Mean (SD)
Control 0.1(1.9) (n=34) 0.5(1.5) (n=21) 0.2 (3.0) (n=49)
App -0.9 (2.4) (n=28) -0.2 (2.0) (n=25) 0.2 (2.7) (n=44)
T-test (P-value)® 1.801 (p=0.077) 1.250 (p=.218) 0.005 (p=0.996)
& Not all participants consumed a snack
b Independent t-test with significant P-value < 0.05 (2-tailed)

Table 3 shows the repeated measures ANOVA using intent-to-treat principles
with simple imputation to compare snack scores, HEI-2015 scores, and weight between
control and app groups. Participants in the app group significantly increased snack score
at week 4 (P<0.001) and week 8 (P=0.015) compared to the control group. Similarly,
participants in the app group significantly increased HEI-2015 total score (P<0.001) at 4-
week compared to the control group. There was no significant difference of weight
between control and app groups during the 12-week study period, but the app group

tended to decrease in weight at week 4 and week 12 more than the control group did.
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Table 3. Comparison of snack score, HEI-2015 score, and weight between control and

app groups at baseline, week 4, 8, and 12 using intent-to-treat principles with simple

imputation (N = 139)

Variable Time Col\r}lter ;:1)r|1 ((IgD_)Z 2) A|;/|p§a(nN(§|§)7b) F P-value
Baseline 6.7 (2.0) 6.6 (1.9) 0.045  0.832
Snack score? Week 4 59(1.4) 7.3(1.4) 17.127 <0.001*
Week 8 6.0 (1.3) 6.7 (1.4) 6.192  0.015*
Week 12 6.8 (2.0) 7.1(1.7) 0.704  0.404
Baseline 53.8 (12.9) 55.9 (11.2) 1.122 0.291
HEI-2015 total ~ Week 4 51.8 (8.8) 59.2 (9.5) 22.312 <0.001*
score Week 8 50.2 (7.8) 51.3(8.4) 0.659 0.418
Week 12 52.9 (10.7) 55.5 (12.0) 1.833 0.178
Baseline 83.0 (1.6) 81.2 (1.6)
Weight Week 4 80.2 (1.6) 76.4 (1.6)
Week8  77.5(L.6) 759(16) 2461 0119
Week 12 82.7 (1.6) 78.1 (1.6)

aNot all participants consumed a snack so snack score was analyzed from 40 participants
in the control group and 42 participants in the app group at baseline week 4, 8, and 12.
bSnack score and HEI-2015 total score used repeated measure ANOVA was reported by
mean and standard deviation. Weight used mixed model repeated measure ANOVA was
reported by mean and standard error.

“P-value < 0.05 considered significant (2-tailed).

Table 4 shows the repeated measures ANOVA using intent-to-treat principles
with simple imputation to compare each HEI-2015 component score between control and
app groups. Participants in the app group significantly increased component scores for
total vegetables (P=0.001), fatty acids (P=0.003), refined grain (P=0.019), sodium
(P=0.025), and saturated fats (P<0.001) at 4-week compared to the control group. When

these analyses are done without imputation, no significant results are detected for any of

the outcomes (data not shown).
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Table 4. Comparison of HEI-2015 component scores between control and app groups at

baseline, week 4, 8, and 12 using intent-to-treat principles with simple imputation (N =

139)
. : Control (N=72) App (N=67) i
Variable Time Mean (SD)? Mean (SD): F P-value
Baseline 3.4 (1.6) 3.3(1.4) 0.187 0.666
HEI-2015 total Week 4 3.2(1.3) 3.8(0.9) 10.684 0.001*
vegetables Week 8 2.8 (1.1) 3.3(1.0) 5.936 0.016*
Week 12 34 (1.2 3.2(1.3) 0.632 0.428
HEI-2015 greens Baseline 2.9 (0.3) 2.5 (0.3)
and beans Week 4 2.2(0.2) 2.9 (0.2) 0.170 0.681
Week 8 1.9(0.2) 1.5(0.2) ' '
Week 12 2.9(0.2) 2.7 (0.2)
Baseline 2.2(0.2) 2.3(0.2)
HEI-2015 total Week 4 1.5(0.2) 2.2(0.2)
fruits Week8  1.7(0.1) 1.8 (0.1) 3492 0.064
Week 12 1.9 (0.2) 2.2(0.2)
Baseline 2.5(0.3) 2.8 (0.3)
HEI-2015 whole Week 4 1.8 (0.2) 2.2(0.2)
fruits Week8  2.1(0.2) 22(0.2) 2662 0.105
Week 12 2.1(0.2) 2.5(0.2)
Baseline 3.1(0.4) 3.2(0.4)
HEI-2015 whole Week 4 2.9(0.3) 3.0(0.3)
grains  Week8  22(0.2) 2.8(0.2) 1592 0.209
Week 12 2.7(0.3) 3.3(0.3)
Baseline 5.5(0.3) 4.7 (0.3)
] . Week 4 4.9 (0.3) 4.7 (0.3) *
HEI-2015 dairy Week 8 52 (0.2) 42(0.2) 6.927 0.009
Week 12 5.5(0.3) 5.0 (0.3)
Baseline 45(0.1) 45 (0.1)
HEI-2015 total Week 4 4.5 (0.1) 4.5 (0.1)
protein foods  Week 8 4.2 (0.1) 4.2 (0.1) 0.089 0.766
Week 12 4.8 (0.1) 4.7 (0.1)
Baseline 3.1(0.2) 3.4(0.2)
HEI-2015
Week 4 2.7(0.2) 3.5(0.2)
seafo?gltficnzlant Week 8 1.9 (0.2) 1.7 (0.2) 3.181 0.077
b Week 12 3.2(0.2) 3.5(0.2)
HEI-2015 fatty Baseline 4.7 (0.4) 5.6 (0.4)
acids Week 4 4.9 (0.3) 6.0 (0.3) 9.334 0.003*
Week 8 5.9 (0.3) 6.1 (0.3) ' '
Week 12 5.0 (0.3) 5.8 (0.4)
Baseline 5.8 (3.6) 6.0 (3.0) 0.189 0.665
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Control (N=72) App (N =67)

Variable Time Mean (SD)? Mean (SD)* F P-value
HEI-2015 refined Week 4 6.2 (2.8) 7.3(2.3) 5.666 0.019*
grains Week 8 5.7 (2.4) 6.4 (2.3) 2.451 0.120
Week 12 5.7 (3.2) 5.4 (3.2 0.340 0.561
Baseline 3.4(0.4) 3.8(0.4)
HEI-2015 Week 4 3.5(0.3) 4.5 (0.3) *
sodium  Week8 2.6 (0.3) 2.5(0.3) 5126 0025
Week 12 2.0 (0.2) 3.1(0.3)
Baseline 4.7 (0.4) 5.9 (0.4)
HEI-2015
Week 4 5.4 (0.3) 5.9(0.3) *
saturated fats Week 8 5.8 (0.3) 6.4 (0.3) 5.667 0.019
Week 12 4.9 (0.4) 5.2(0.4)
HEI-2015 added Baseline 8.2 (0.3) 8.1(0.3)
sugars Week 4 8.2 (0.2) 8.8 (0.2) 0.668 0.415
Week 8 8.2 (0.2) 8.2(0.2) ' '
Week 12 8.9 (0.2) 8.9 (0.2)

®HEI-2015 total vegetables, and refined grains used repeated measures ANOVA was
reported by mean and standard deviation. HEI-2015 greens and beans, total fruits, whole
fruits, whole grains, dairy, total protein foods, seafood & plant proteins, fatty acids,
refined grains, sodium, saturated fats, and added sugars used mixed model repeated
measures ANOVA was reported by mean and standard error.
“P-value < 0.05 considered significant (2-tailed).

Frequency of app use among participants randomized to the app group declined
over time as shown in Figure 2. The mean (SD) app usage frequency was 11.5 (13.2)
times at week 4, 6.3 (10.8) times at week 8, and 2.9 (4.8) times at week 12. A total of
65.7% of participants used the app during the first 4 weeks of the study and it
significantly decreased to 38.8% at week 8 (P<0.001) and to 34.3% at week 12
(P=0.008). Of the 67 participants in the app group, only 21 participants (31.3%) used the

app at least one time every 4 weeks from baseline until the end of the study.
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Figure 2. Mean app usage frequency in participants randomized to the app group (N = 44)

Frequency of app use
o

(%]

Week 0 Week 4 Week 8 Week 12

Table 5 shows the correlation between the app usage frequency with snack score,
with HEI-2015 total score, and weight. No significant correlations were detected between
app usage frequency and the outcomes.

In addition, durign the study, the Snackability app had technical issues due to
technical issue of the Expo app for 3-4 weeks. These issues occurred when most
participants were in the middle or towards the end of the study. Out of 44 participants
who used the app during the 12-week study period, 63.6% (28 participants) experienced
app broken while 36.4% (16 participants) experienced no app broken. The snack scores
of participants that experienced app broken were not significantly different from
participants that experienced no app broken at week 4 (P=0.631), week 8 (P=0.110), and

week 12 (P=0.954).
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Table 5. Correlations between frequency of app usage and snack score, with HEI-2015

total score, and weight?

App usage (times) at | App usage (times) | App usage (times)
week 4 at week 8 at week 12

Snack score r=-0.149; p=0.254 | r=0.099; p=0.358 | r=0.050; p = 0.404
HEI-2015 r=0157:p=0.227 | r=0.198 p=0.176 | r=0.003; p = 0.494
total score

Weight r=0.170; p=0.224 | r=0.048; p =0.418 | r=-0.035; p =0.420
Include participants that used the app at least one time (significance at 2 tailed P-value <
0.05)

Discussion

The present study showed that the quality of snack intake and the total diet quality
significantly improved at week 4 among overweight and obese college students
randomized to the app group compared to the control group in a RCT. The HEI-2015
component scores for total vegetables, fatty acids, saturated fats, refined grains, and
sodium significantly increased in the app compared to the controls at week 4. At week 8
and week 12, the quality of snack intake and the diet quality were not significantly
different between groups. This is also consistent with the app usage frequency, which
significantly dropped after week 4.

Other studies using mobile applications have also seen improvements in diet. For
example, the study testing the SCT-based Vegethon mobile app intervention found a
significant increase of one serving of vegetable intake after 5 weeks using the app in
overweight adults as compared to the control group.?> However, the study testing the
Snack Track School app, which incorporating reflective and rewarding strategies in the
app, found that adolescents randomized to the app group for 4 weeks had no significant

improvements in healthy snack ratio as compared to the control group.2® They also
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reported that only 20.5% were still using the app at the end of the study. Another app
study called “Balance It” in overweight students ages 15-21 years found no significant
improvements in diet or physical activity in the app group compared to the control
group.3® However, they found that those with very high app usage had a significant
decrease in snack intake and significant increase in physical activity. Another study of
web-based game called Creature 101 implemented within the school curriculum reported
that intervention group significantly decreased intake of sugar-sweetened beverages and
processed snacks as compared to the control group.®” Unlike the Snackability app, these
apps did not provide the snack score based on the guidelines for healthy snhacks, score
feedback, and self-monitoring with mean daily score graph and consumed snack history.
The snack score and feedback message helped participants identify if a snack was healthy
or not at the moment of choosing the snack. The Snackability app may influence
participants to choose healthier snack choices. If participants decided to choose healthier
snacks, the app also provided reporting features and gamification features which helped
motivate and facilate participants to set goal and keep track of their snack intake over
time and then improved the quality of snack intake resulting in better diet quality.

In the present study, we observed a significant decline in the app usage from week
4 (64%) to week 8 (39%) and week 12 (34%). This decline may explain the loss of
significant effects of the app on the snack and diet quality beyond week 4. Several studies
have also shown that health-related mobile apps have a 30-day threshold use,*®4 similar
to what was observed in the present study. Another study testing the Lose It! mobile app
found that users (n = 1,011,008) were engaged with the app for 29 days.*® Similarly, the

popular smartphone app, MyFitnessPal, received high satisfaction with the app but the
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logins dropped sharply after the first month.*° The adherence rate in several studies
testing mobile apps was about 50% and they all showed a gradual decline with time. 044
Despite this expected decline in app usage after 30 days, the Snackability app had
technical issues due to technical issue of the Expo app for 3-4 weeks. These issues
occurred when most participants were in the middle or towards the end of the study.
However, within the app group, there was no significant effect of the app broken on the
snack scores as compared to participants with no experience of the app broken at week 4,
8, and 12.

To increase app engagement, many apps have several behavior change techniques
integrated. These include goal setting, feedback and self-monitoring, shaping knowledge
(information), and social support, all of which have shown positive outcomes on
individual and group-based interventions.?1:?224374245-51 The Snackability app had some
of these components integrated, such as the information on the total score for each snack
and the breakdown score, the feedback about how healthy the shack is, the gamification
features as self-motivation (level up and achievement gained), and reporting features as
goal-setting and self-monitoring (mean daily score and consumed snack history).
Furthermore, the app integrates types of snacks and portion size consumed contributing
to different quantity of energy and nutrient, first ingredient, and level of food processing.
All of these features may have had an impact on improving snack quality and total diet
quality observed in the present study among those randomized to the app in the first 4
weeks of the study. In spite all these features, app engagement still declined after 4

weeks, similar to what has been documented in the other studies using mobile apps.
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Interventions using mobile apps that have been incorporated within a
multicomponent intervention have detected significant improvements in health
outcomes.*"? For example, the study testing the FoodWiz2 app in 34 adolescents ages
16-19 years and study testing the TXT2BFiT app in 214 young adults with a high risk of
weight gain were incorporated within multicomponent interventions, including
personalized messages and coaching calls.*>>° Participants using the FoodWiz2 app had a
significant increase in the intake of fruits and a reduction in the intake of chocolates and
fizzy drinks.* Participants using the TXT2BFiT app had a significant reduction in body
weight, sugar-sweetened beverages intake, and energy-dense meals, and a significant
increase in vegetable consumption at 12 weeks, particularly among those with high
adherence.*®® The present study also incorporated automatic weekly text messages and
personalize emails to remind participants to use the app, which could have also helped in
the app engagement.

Body weight changes of participants in the app group were not significantly
different compared to the control group. This stand-alone app may not be sufficient to
result in a significant weight loss. Because there are several factors influencing body
weight, such as genetic, eating habit, physical activity, sleep, and family habits and
culture,>>® a multi-component intervention may be needed to have a significant impact on
weight. Most studies using weight loss apps have in fact incorporated multicomponent
interventions, such as including a prescribed diet, diet and exercise goals, and
communication with a health care professional to result in significant weight loss.>*>®

To the best of our knowledge, this is the first study to test the efficacy of a stand-

alone mobile app for improving snack quality and diet quality. The Snackability app
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significantly improved the snack quality probably by increasing the consumption of
healthy snacks, such as vegetables and other snacks low in saturated fats, refined grains,
and sodium as these components scores significantly improved at week 4, as well as the
total score of diet quality. Other studies have also shown that increasing the consumption
of fruits, vegetables, whole grains, nuts, and yogurt improves the diet quality.®91314.56-62
Interventions focusing on the inherent benefits of the target behavior change, such as
improving the quality of snack intake and diet quality may result in more sustained
behavior change and improving health outcome in the long-term. Future studies for the
app intervention should investigate and understand more about the factors and
determinants of app intervention to improve the app engagement and retention rate, 344763
Further exploration of the app database may be helpful to understand the app user’s
behavior. Also, studies suggested that personal support with the app and tailored or
personalized incentives matched with user preference or social support should be
considered to increase the adherence which would probably improve outcomes even
more.21:39424546.5064 However, too many notifications, complexity of the app, or
overwhelming the app users may be the reason for the low compliance for most apps.
Among the strengths of this study were that the app was developed based on the
SCT and USDA guidelines and tested using a RCT design, the gold standard to test the
effectiveness of interventions. The diet quality was assessed using HEI-2015 from at least
two 24-h dietary recalls, which allowed participants to enter details of the snacks and
meals consumed. Furthermore, the study included a diverse sample of students from
different colleges in the US. One of the limitations was that the present study included

only college students with overweight and obesity which cannot be generalize to other
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groups. The study was conducted during the COVID-19 pandemic, which may had led to
the low retention rate, especially at week 8 but researchers were able to contact existing
participants back again to complete the study at week 12. Under reporting in the 24-h
recalls could have affected the results, as this is greater in overweight and obese
individuals.®>® Eventhough most participants encountered the interruption of the app for
3-4 weeks due to technical issues with the Expo app, there was no significant effect on
the snack score. Future studies should consider changing from a regular mobile app to a
web-based app to avoid issues with the platform in which apps are embedded. In general
terms, a mobile app is built for a specific platform, whether iOS or Android, and requires
downloading and installing on the phone to use even without an internet connection.
Web-based apps require an internet connection when used but they do not require data to
be downloaded or installed on the phone. It operates directly from the internet browser

and are easier to update and maintain for researchers/developers.

Conclusions

The Snackability app can be a tool to help college students select healthy snack to
improve the snack quality and the overall diet quality in short-term. However, future
studies should consider increasing the app compliance by incorporating a
multicomponent intervention, such as personal support, social support, and tailored or
personalized incentives to match with the user preference of college students. Also, larger

sample size and longer studies are needed to achieve more definitive conclusions.

89



References

1.

U.S. Department of Agriculture, Agricultural Research Service. Snacks:
Percentages of Selected Nutrients Contributed by Food and Beverages Consumed
at Snack Occasions, by Gender and Age, What We Eat in America, NHANES
2017-2018. Published 2020. Accessed January 5, 2021. https://www.ars.usda.gov/
ARSUserFiles/80400530/pdf/1718/Table25 SNK_GEN_17.pdf.

Fabian C, Pagan |, Rios JL et al. Dietary patterns and their association with
sociodemographic characteristics and perceived academic stress of college
students in Puerto Rico. P R Heal Sci J. 2013;32(1):36-43. Accessed September
12, 2019. http://www.ncbi.nlm.nih.gov/pubmed/23556264.

Sogari G, Velez-Argumedo C, Gomez MI MC. College students and eating habits:
A study using an ecological model for healthy behavior. Nutrients. 2018;10:1823.
d0i:10.3390/nu10121823.

Amore L, Buchthal OV, Banna JC. Identifying perceived barriers and enablers of
healthy eating in college students in Hawai’i: a qualitative study using focus
groups. BMC Nutr. 2019;5(1):1-11. doi:10.1186/s40795-019-0280-0.

Yan Z, Harrington A. Factors that predict weight gain among first-year college
students. Health Educ J. 2020;79(1):94-103. doi:10.1177/0017896919865758.

Nicklas TA, O’Neil CE, Fulgoni VL. Snacking patterns, diet quality, and
cardiovascular risk factors in adults. BMC Public Health. 2014;14(1):1-14.
d0i:10.1186/1471-2458-14-388.

Murakami K. Nutritional quality of meals and snacks assessed by the Food
Standards Agency nutrient profiling system in relation to overall diet quality, body
mass index, and waist circumference in British adults. Nutr J. 2017;16(1):1-12.
doi:10.1186/s12937-017-0283-0.

Larson NI, Miller JIM, Watts AW, Story MT, Neumark-Sztainer DR. Adolescent
Snacking Behaviors Are Associated with Dietary Intake and Weight Status. J Nutr.
2016;146(7):1348-1355. d0i:10.3945/jn.116.230334.

Barnes TL, French SA, Harnack LJ, Mitchell NR, Wolfson J. Snacking Behaviors,
Diet Quality, and Body Mass Index in a Community Sample of Working Adults. J
Acad Nutr Diet. 2015;115(7):1117-1123. doi:10.1016/j.jand.2015.01.009.

90



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

O’Connor L, Brage S, Griffin SJ, Warecham NJ, Forouhi NG. The cross-sectional
association between snacking behaviour and measures of adiposity: The Fenland
Study, UK. Br J Nutr. 2015;114(8):1286-1293. doi:10.1017/S000711451500269X.

Zizza CA, Xu B. Snacking is associated with overall diet quality among adults. J
Acad Nutr Diet. 2012;112(2):291-296. doi:10.1016/j.jada.2011.08.046.

Caruso ML, Klein EG, Kaye G. Campus-Based Snack Food Vending
Consumption. J Nutr Educ Behav. 2014;46(5):401-405.
d0i:10.1016/j.jneb.2014.02.014.

Hampl JS, Heaton CLB, Taylor CA. Snacking patterns influence energy and
nutrient intakes but not body mass index. J Hum Nutr Diet. 2003;16(1):3-11.
doi:10.1046/j.1365-277X.2003.00417 .x.

Njike VY, Smith TM, Shuval O, et al. Snack Food, Satiety, and Weight. Adv Nutr.
2016;7(5):866-878. doi:10.3945/an.115.009340.

US Department of Agriculture, Food and Nutrition Service. A guide to smart
snacks in school. Updated August 22, 2019. Accessed September 15, 2019.
https://www.fns.usda.gov/tn/guide-smart-snacks-school.

Pew Research Center. Mobile technology fact sheet. Published 2018. Accessed
June 5, 2019. https://www.pewinternet.org/fact-sheet/mobile/.

Kelley PG, Consolvo S, Cranor LF, Jung J, Sadeh N, Wetherall D. A Conundrum
of Permissions: Installing Applications on an Android Smartphone. In: Blyth, J.,
Dietrich, S., Camp, L.J. (eds);2012:68-79. doi:10.1007/978-3-642-34638-5_6.

Portal ST statistics. U.S. app installation & amp; use by device 2016. Published
2016. Accessed December 14, 2017. https://www.statista.com/statistics/681206/us-
app-installation-usage-device/.

Krebs P, Duncan DT. Health App Use Among US Mobile Phone Owners: A
National Survey. JIMIR mHealth uHealth. 2015;3(4):e101.
doi:10.2196/mhealth.4924.

De Cock N, Vangeel J, Lachat C, et al. Use of fitness and nutrition apps:
Associations with body mass index, snacking, and drinking habits in adolescents.
JMIR mHealth uHealth. 2017;5(4). doi:10.2196/mhealth.6005.

91



21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Naimark JS, Madar Z, Shahar DR. The impact of a Web-based app (eBalance) in
promoting healthy lifestyles: Randomized controlled trial. J Med Internet Res.
2015;17(3):1-14. d0i:10.2196/jmir.3682.

Mummah S, Robinson TN, Mathur M, Farzinkhou S, Sutton S, Gardner CD. Effect
of a mobile app intervention on vegetable consumption in overweight adults: A
randomized controlled trial. Int J Behav Nutr Phys Act. 2017;14(1).
d0i:10.1186/s12966-017-0563-2.

De Cock N, Van Lippevelde W, Vangeel J, et al. Feasibility and impact study of a
reward-based mobile application to improve adolescents’ snacking habits. Public
Health Nutr. 2018;21(12):2329-2344. d0i:10.1017/S1368980018000678.

Villinger K, Wahl DR, Boeing H, Schupp HT, Renner B. The effectiveness of app-
based mobile interventions on nutrition behaviours and nutrition-related health
outcomes: A systematic review and meta-analysis. Obes Rev. 2019;20(10):1465-
1484. d0i:10.1111/0br.12903.

Prapkree L, Sadjadi M, Huffman F, Palacios C. Development and pilot testing of
the snackability smartphone application to identify healthy and unhealthy snacks.
Healthc Inform Res. 2019;25(3):161-172. doi:10.4258/hir.2019.25.3.161.

Bandura A. Social cognitive theory of self-regulation. Organ Behav Hum Decis
Process. 1991;50(2):248-287. Accessed April 15, 2019,
http://www.uky.edu/~eushe2/BanduraPubs/Bandural9910BHDP.pdf.

Glanz K, Rimer BK VK. Health Behavior and Health Education: Theory,
Research, and Practice. 4th ed. Jossey-Bass A Wiley Imprint; 2008.

Contento IR. Nutrition Education: Linking Research, Theory, and Practice. 3rd ed.
Jones and Bartlett Learning; 2016.

Economic Research Service. U.S. Household Food Security Survey Module: Six-
Item Short Form. Published September 2012. Accessed March 18, 2020.
https://www.ers.usda.gov/media/8282/short2012.pdf.

Keegan D, Byrne K, Cullen G, Doherty GA, Dooley B, Mulcahy HE. The
Stressometer: A Simple, Valid, and Responsive Measure of Psychological Stress in
Inflammatory Bowel Disease Patients. J Crohns Colitis. 2015;9(10):881-885.
doi:10.1093/ecco-jcc/jjv120.

92



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

National Cancer Institute. Automated Self-Administered 24-Hour (ASA24®)
Dietary Assessment Tool. Epidemiology and genomics research program. Updated
December 14, 2021. Accessed May 1, 2020. https://epi.grants.cancer.gov/asa24.

National Cancer Institute. Reviewing and Cleaning ASA24® Data. Updated 2018.
Accessed Janruary 3, 2022. https://epi.grants.cancer.gov/asa24/resources/asa24-
data-cleaning.pdf

Kirkpatrick SI, Pannucci TE, Tooze JA, et al. Update of the Healthy Eating Index:
HEI-2015. J Acad Nutr Diet. 2018;118(9):1591-1602.
doi:10.1016/j.jand.2018.05.021.

National Cancer Institute. Healthy Eating Index: Choosing a method. Updated
December 14, 2021. Accessed March 9, 2022.
https://epi.grants.cancer.gov/hei/tools.html.

U.S. Department of Health and Human Services and U.S. Department of
Agriculture. 2015-2020 Dietary Guidelines for Americans. 8th Edition. December
2015. Accessed May 30, 2020. https://health.gov/our-work/food-nutrition/
previous-dietary-guidelines/2015.

Spook J, Paulussen T, Kok G, van Empelen P. Evaluation of a Serious Self-
Regulation Game Intervention for Overweight-Related Behaviors (“Balance It”):
A Pilot Study. J Med Internet Res. 2016;18(9):e225. d0i:10.2196/jmir.4964.

Majumdar D, Koch PA, Lee H, Contento IR, Islas-Ramos A de L, Fu D.
“Creature-101”: A Serious Game to Promote Energy Balance-Related Behaviors
Among Middle School Adolescents. Games Health J. 2013;2(5):280-290.
doi:10.1089/g4h.2013.0045.

Edney S, Ryan JC, Olds T, et al. User engagement and attrition in an app-based
physical activity intervention: Secondary analysis of a randomized controlled trial.
J Med Internet Res. 2019;21(11). doi:10.2196/14645.

Serrano KJ, Coa Kl, Yu M, Wolff-Hughes DL, Atienza AA. Characterizing user
engagement with health app data: a data mining approach. Transl Behav Med.
2017;7(2):277-285. doi:10.1007/s13142-017-0508-y.

Laing BY, Mangione CM, Tseng CH, et al. Effectiveness of a smartphone
application for weight loss compared with usual care in overweight primary care
patients. Ann Intern Med. 2014;161:S5-S12. doi:10.7326/M13-3005.

93



41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

Kelders SM, Kok RN, Ossebaard HC, Van Gemert-Pijnen JEWC. Persuasive
system design does matter: A systematic review of adherence to web-based
interventions. J Med Internet Res. 2012;14(6). doi:10.2196/jmir.2104.

Nour M, Chen J, Allman-Farinelli M. Young Adults’ Engagement With a Self-
Monitoring App for Vegetable Intake and the Impact of Social Media and
Gamification: Feasibility Study. JMIR Form Res. 2019;3(2):e13324.
doi:10.2196/13324.

Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone
application for weight loss compared to website and paper diary: Pilot randomized
controlled trial. J Med Internet Res. 2013;15(4). doi:10.2196/jmir.2283.

Eicher-Miller HA, Prapkree L, Palacios C. Expanding the Capabilities of Nutrition
Research and Health Promotion through Mobile-Based Applications. Adv Nutr.
2021;12(3):1032-1041. doi:10.1093/advances/nmab022.

Jimoh F, Lund EK, Harvey LJ, et al. Comparing Diet and Exercise Monitoring
Using Smartphone App and Paper Diary: A Two-Phase Intervention Study. JMIR
mHealth uHealth. 2018;6(1):e17. doi:10.2196/mhealth.7702.

Dunn CG, Turner-McGrievy GM, Wilcox S, Hutto B. Dietary Self-Monitoring
Through Calorie Tracking but Not Through a Digital Photography App Is
Associated with Significant Weight Loss: The 2SMART Pilot Study—A 6-Month
Randomized Trial. J Acad Nutr Diet. 2019;119(9):1525-1532.
doi:10.1016/j.jand.2019.03.013.

Schoeppe S, Alley S, Van Lippevelde W, et al. Efficacy of interventions that use
apps to improve diet, physical activity and sedentary behaviour: A systematic
review. Int J Behav Nutr Phys Act. 2016;13(1). doi:10.1186/512966-016-0454-y.

Watanabe-I1to M, Kishi E, Shimizu Y. Promoting Healthy Eating Habits for
College Students Through Creating Dietary Diaries via a Smartphone App and
Social Media Interaction: Online Survey Study. JMIR mHealth uHealth.
2020;8(3):e17613. doi:10.2196/17613.

Jabour AM, Rehman W, Idrees S, Thanganadar H, Hira K, Alarifi MA. The
Adoption of Mobile Health Applications Among University Students in Health
Colleges. J Multidiscip Healthc. 2021;14:1267-1273.d0i:10.2147/JMDH.S310539.

Partridge SR, McGeechan K, Hebden L, et al. Effectiveness of a mHealth Lifestyle
Program With Telephone Support (TXT2BFiT) to Prevent Unhealthy Weight Gain

94



51.

52.

53.

54,

55.

56.

S7.

58.

59.

in Young Adults: Randomized Controlled Trial. JMIR mHealth uHealth.
2015;3(2):e66. doi:10.2196/mhealth.4530.

Palacios C, Torres M, Lopez D, Trak-Fellermeier M, Coccia C, Pérez C.
Effectiveness of the Nutritional App “MyNutriCart” on Food Choices Related to
Purchase and Dietary Behavior: A Pilot Randomized Controlled Trial. Nutrients.
2018;10(12):1967. d0i:10.3390/nu10121967.

DeSmet A, Van Ryckeghem D, Compernolle S, et al. A meta-analysis of serious
digital games for healthy lifestyle promotion. Prev Med (Baltim). 2014;69:95-107.
doi:10.1016/j.ypmed.2014.08.026.

National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK).
Factors Affecting Weight & Health. Published February 2018. Accessed May 4,
2022. https://www.niddk.nih.gov/health-information/weight-management/adult-
overweight-obesity/factors-affecting-weight-health.

Martin CK, Miller AC, Thomas DM, Champagne CM, Han H, Church T. Efficacy
of SmartLoss, a smartphone-based weight loss intervention: Results from a
randomized controlled trial. Obesity. 2015;23(5):935-942. doi:10.1002/0oby.21063.

Alnasser A, Kyle J, Aloumi N, Al-Khalifa A, Marais D. The Twazon Arabic
Weight Loss App: App-Based Intervention for Saudi Women With Obesity. JMIR
mHealth uHealth. 2019;7(5):e10923. doi:10.2196/10923.

Kerr MA, Rennie KL, Mccaffrey TA, Wallace JMW, Hannon-Fletcher MP,
Livingstone MBE. Snacking patterns among adolescents: A comparison of type,
frequency and portion size between Britain in 1997 and Northern Ireland in 2005.
Br J Nutr. 2009;101(1):122-131. doi:10.1017/S0007114508994769.

Salas-Salvado J, Bullo M, Pérez-Heras A, Ros E. Dietary fibre, nuts and
cardiovascular diseases. Br J Nutr. 2006;96(2):45-51. doi:10.1017/BJN20061863.

Bellisle F. Meals and snacking, diet quality and energy balance. Physiol Behav.
2014;134(C):38-43. d0i:10.1016/j.physbeh.2014.03.010.

Reister EJ, Leidy HJ. An Afternoon Hummus Snack Affects Diet Quality,
Appetite, and Glycemic Control in Healthy Adults. J Nutr. 2020;150(8):2214-
2222. d0i:10.1093/jn/nxaal39.

95



60.

61.

62.

63.

64.

65.

66.

Leidy HJ, Todd CB, Zino AZ, et al. Consuming high-protein soy snacks affects
appetite control, satiety, and diet quality in young people and influences select
aspects of mood and cognition. J Nutr. 2015;145(7):1614-1622.
doi:10.3945/jn.115.212092.

St-Onge MP, Ard J, Baskin ML, et al. Meal Timing and Frequency: Implications
for Cardiovascular Disease Prevention: A Scientific Statement from the American
Heart Association. Circulation. 2017;135(9):e96-e121.
doi:10.1161/CIR.0000000000000476.

Chapelot D. The Role of Snacking in Energy Balance : a biobehavioral approach. J
Nutr. 2011;141(7):158S-162S. d0i:10.3945/jn.109.114330.158.

Perski O, Blandford A, West R, Michie S. Conceptualising engagement with
digital behaviour change interventions: a systematic review using principles from
critical interpretive synthesis. Transl Behav Med. 2017;7(2):254-267.
d0i:10.1007/s13142-016-0453-1.

Smith AC, Fowler LA, Graham AK, et al. Digital Overload among College
Students: Implications for Mental Health App Use. Soc Sci. 2021;10(8):279.
doi:10.3390/s0csci10080279.

Johansson G, Wikman A, Ahrén AM, Hallmans G, Johansson I. Underreporting of
energy intake in repeated 24-hour recalls related to gender, age, weight status, day
of interview, educational level, reported food intake, smoking habits and area of
living. Public Health Nutr. 2001;4(4):919-927. doi:10.1079/phn2001124.

Briefel RR, Sempos CT, McDowell MA, Chien S, Alaimo K. Dietary methods
research in the third National Health and Nutrition Examination Survey:
underreporting of energy intake. Am J Clin Nutr. 1997;65:1203S-1209S.
doi:10.1093/ajcn/65.4.1203S.

96



CHAPTER V
EFFECT OF USING THE SNACKABILITY APP TO PROMOTE HEALTHY
SNACKING BEHAVIOR IN US COLLEGE STUDENTS: A RANDOMIZED

CONTROLLED TRIAL

Introduction

The prevalence of overweight and obesity has become a major public health
concern in the United States (US), particularly among college students, with more than
one-third (~35%) considered overweight and obese in 2021. College students are
susceptible to weight gain and have difficulties in making healthy food choices, due to
the increased independency, stress, expense, and time constraints of college life in
addition to high availability of healthy foods and snacks on many college campuses.?* At
the same time, snack intake has increased recently.® According to National Health and
Nutrition Examination Survey (NHANES) 2017-2018, 95% of Americans age 20 years
and over consumed snacks on a daily basis,® and this is even higher among college
students with 98% consuming snacks daily at a frequency of about 4 times per day.” In
addition, it is well documented that most snacks consumed by college students are
energy-dense and nutrient-poor leading to lower diet quality and weight gain.®*2

Among college students, it is important to understand motivators of and barriers
to eating healthy foods and snacks. Motivators of eating healthy foods and snacks include
nutrition knowledge, parental influence, campus environment, social media, health
benefits, and weight management.2>*3-1% On the other hand, barriers include lack of

nutrition knowledge and motivation, poor taste of healthy foods and snacks, time
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management, peer and parental influence, unsupportive campus environment, limited
finance, and high cost of healthy food options.2*'3-1> Therefore, interventions are needed
to improve snacking behaviors resulting in healthier snack and diet quality and this could
eventually lead to weight loss among college students with overweight and obesity.

Although there are several interventions developed for improving snacking
behavior,'®-2® most have been developed to influence snack choice at the point of
purchase in vending machines, such as reducing the price of healthier items, classifying
all vending items with traffic light system, providing nutritional information of the snacks
with various levels of success. However, to our knowledge, none have used a mobile app
for improving snacking behavior. Mobile apps have been shown to be successful in
improving dietary behaviors in various populations, including college students.?%-4°

The Snackability smartphone app was developed by researchers at Florida
International University as a tool to help students choose healthy snacks.*! It was
developed based on the Social Cognitive Theory (SCT) for behavior change*?** and the
USDA Smart Snack Guidelines® in which each snack was scored ranging from -1 to 11
points (the higher score the more compliant to the guidelines and therefore the healthier
the snack is). The SCT focuses on individuals that play an active role in their health by
translating motivation into action by using the app to help select healthier snack choices
and reinforcing adherence to the app through self-efficacy, goal setting, self-monitoring,
and self-regulation.*>#** According to the literature, integration of constructs in the
behavior change theory into intervention strategies could be an effective way to facilitate
behavior changes and improve health outcomes.?**° In addition, few studies report on the

app evaluation including feasibility, acceptability, usability, and satisfaction. The app
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evaluation helps understand the effectiveness of the app intervention and possible
underlying factors that might explain why the intervention succeeded or failed in
effecting change in outcomes.*4/

This study aimed to determine whether the Snackability app facilitated behavior
change by increasing the motivators and reducing the barriers to eat healthy foods and
snacks among overweight and obese college students in a two-arm, 12-week randomized
controlled trial (RCT). It was hypothesized that when college students used the app over
time, the app would promote healthy snacking behaviors by increasing motivators and
reducing barriers to eating healthy foods and shacks. The secondary purpose of this study
was to evaluate the feasibility, usability, satisfaction, acceptability of the app
intervention. It was hypothesized that the app would be considered feasible, usable,

satisfactory, and acceptable by 50% or more of the participants.

Methods
Study design

The study was a two-arm, 12-week RCT to determine the effects of using the
Snackability app for improving snack behaviors among overweight and obese college
students (NCT05302830). Participants were recruited from various US colleges and the
trial was conducted completely online from June 2020 to June 2021 due to the COVID-
19 pandemic. The study was approved by the Institutional Review Board at Florida
International University (FIU; approval number IRB-20-0275). Written informed consent

was obtained from all participants prior to study commencement.
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Participants and eligibility

Overweight or obese college students (BMI > 25 kg/m?) were eligible to
participate if they were ages 18-24 years, owned a smartphone with Android or i0OS
platforms, had access to an internet connection to use the app, from non-nutrition majors,
and were willing to participate in a clinical trial for 3 months. Participants were excluded
if they were currently enrolled in a weight loss and/or nutrition program, were taking any
medications known to influence weight, and were pregnant or breastfeeding.

Recruitment, screening process, and randomization

Participant recruitment was done by email, webpage, and social media. The
electronic flyer was sent via email to faculty and staff in several universities for them to
distribute it to their students. Also, the flyer was posted on the Snackability webpage and
in social media (Facebook and Instagram). Interested students clicked on the link in the
flyer that led them to the screening form. Each eligibility criteria were automatically
assessed in a step-wise progression; if they met all the criteria, then they were
automatically led to the online consent form. Once participants signed the informed
consent, they automatically proceeded with the baseline questionnaires. Then,
participants were randomized using a simple computerized randomization scheme
assigned to either the control or app intervention using a 1:1 ratio. The researcher who
collected and analyzed the data was blinded to the study allocation throughout the study
period.

Participants who were randomized to the intervention group received an end-user
license agreement (EULA), the instructions to download and register with the

Snackability app, and the instruction on how to use the app every time they had a snack.
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Participants who were randomized to the control group received a 1-page healthy snack
information and access to the app at the end of the 12-week study period.
Intervention

The theory-based Snackability smartphone app*! was developed by researchers at
Florida International University. The details of the development have been published
elsewhere*!. Briefly, the development of the app was based on the USDA Smart Snack
Guideline*. According to this guideline, a healthy snack must have the first ingredient as
a whole grain, fruit, vegetable, dairy, or protein food and meet the nutrient standards for
calories, calories from fat, fats, sugar, and sodium. The app allowed participants to search
for a snack (scan barcode or type snack name), add a portion size, and then the app
provided a snack score and the breakdown scores with a specific feedback message about
the snack.*! The scores ranged from -1 to 11 points, in which a higher score was more
compliant to the USDA guideline and therefore a healthier snack. Participants could also
specify if they had an allergy; if so, the app would alert the participants when they chose
a snack that contained the selected allergic ingredient.

The app incorporated behavior change techniques related to the constructs of the
SCT to facilitate snacking behavior change, such as observational learning, outcome
expectation, self-efficacy, goal setting, feedback on performance, self-motivation through
rewarding, self-monitoring, and self-regulation. The SCT focuses on individuals that play
an active role in their health by translating motivation into action by using the app to help
select healthier snack choices and reinforcing adherence to the app through self-efficacy,
goal setting, self-monitoring, and self-regulation.*>** The SCT also emphasizes on the

dynamic interplay between individuals and the environment which mutually influence
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each other. College students use the app to help identify and select healthy snacks. Then,
if they have healthier snacks around them, they are more likely to eat these snacks. When
students select and consume healthy snacks more than unhealthy snacks (energy-dense
and nutrient-poor snacks) over time, food environment including home, campus stores,
snack bar, and vending machines will have healthy snack choices more available and
accessible for them. The focus was that participants used the Snackability app to help
increase the motivation of and decrease the barriers to selecting and eating healthier
snack choices which resulted in improving snack and diet quality and eventual weight
loss.

The app was a trial version that was not accessible through the App store or

Google Play; it was only accessible through the EXPO app (https://expo.dev), an open-

source platform for testing any type of app (for Android or i0S). The link and the
username for this app was shared privately with each participant randomized to the app
group only; therefore, no one else had access to this app. After participants were
randomized to the app group, they started to receive automated text messages once a
week to remind them to use the app during the study. The messages were alternated with
tips of how to use the app and on how to search for the snacks. In addition, if participants
were not using the app, a research staff would send them an email reminding them to use
the app.

Outcome measures

The study assessments were done online for all participants as described below.

1. Socio-demographic questionnaire (completed at baseline via Qulatrics): included

questions about age (in years), gender (male or female), race/ethnicity (White,
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Hispanic or Latino, Black or African American, Asian, Other/multiracial), household
income (<$50,000, $50,000-$75,000, $75,000-$100,000, or >$100,000), food security
status (high, low, or very low) using the six-item short form of U.S household food
security survey module,*® and stress level using the validated stressometer (0; no stress
to 10; extreme stress).*°

2. Body weight measures (completed at baseline and 12 weeks): Body weight was

reported by participants using a standardized protocol with written and video
instructions to measure it at home. Participants were instructed to perform the
measurements in the morning, after voiding and before eating or drinking, wearing
only light underclothing and barefoot, and to place the scale on a hard and flat surface
floor. Before weighing, participants were asked to calibrate the scale following the
instructions shown in the video. Participant reported their weight with 1 decimal in kg
or pounds (Ib) in duplicate and height was self-reported in inches. Body mass index
was calculated by transforming the weight from pounds to kg and the height to cm and
using the following equation: BMI = kg/m?.

3. Motivators of and Barriers to Healthy Foods and Snacks-Adult: This was a reliable and

valid questionnaire using the Adult Form as part of the Motivators of and Barriers to
Health Smart Behaviors Inventory (MB-HSBI).>°. The motivators scale of the
questionnaire consisted of 20 items categorized into 5 subscales including routine,
availability, health benefits, medical issues, and convenience. The barriers scale
consisted of 15 items categorized into 3 subscales including negative attitude,
availability, and self-control. The rate level of agreement of each item listed was

assessed with a 4-point Likert-type scale ranging from strongly disagree (1 point) to
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strongly agree (4 points). All points were added; the higher the points, the higher the
motivators of eating healthy foods and snacks. For the barriers, the higher the points,
the higher the barriers to eating healthy foods and snacks.

4. App usability, feasibility, acceptability, and satisfaction (completed at 12 weeks): This

questionnaire asked about the usability, feasibility, acceptability, and satisfaction with
the app using a 5-point Likert scale, ranging from strongly disagree (1 point) to
strongly agree (5 points) and Yes/No questions. This questionnaire also included the
five questions about perceived changes in using the Snackability app using a 5-point
Likert scale.

5. Frequency of app use: The frequency of app use was retrieved from the app Firebase

website, which showed each time the app was used by participants throughout the
study.

6. Diet and snack quality: This was assessed from three non-consecutive 24-h dietary

recalls (two during weekdays and one during the weekend) collected and analyzed by
the Automated Self-Administered 24-hour (ASA24) Dietary Assessment Tool, version
2020, developed by the National Cancer Institute (NCI).%° Participants received the
quick start guides for 24-hour recalls from ASA24 via email to help them complete
this. The first recall was done together via phone or Zoom call; during this call,
participants were instructed to enter snacks as referred to foods consumed between
meals. Energy and nutrient (protein, total fat, carbohydrate, total sugars, sodium, and
total saturated fatty acids) intake from overall diet and snacks was obtained from

ASA24 output and the data was averaged from the three recalls.

104



e For the overall diet quality, the Healthy Eating Index (HEI)-2015 total score was
calculated by the simple HEI scoring algorithm method.?*?2 The HEI-2015 total
score consists of the sum of 13 components: 9 adequacy components (total
vegetables, greens and beans, total fruits, whole fruits, whole grains, dairy, total
protein foods, seafood and plant proteins, and fatty acids) and 4 moderation
components (refined grains, sodium, saturated fats, and added sugars). The HEI-
2015 total score ranges from 0 to 100, in which a higher score is a better diet
quality and more consistent with the Dietary Guidelines for Americans (DGA)
2015-2020.2% The score for the individual components was also calculated.

e For the snack quality score, the output from ASA24 was used to identify the type,
number, and serving size of snacks consumed. Then, the score was calculated
using the algorithm developed for the Snackability app,*® which was based on the
USDA Smart Snack Guideline.'® Briefly, this score takes into account the first
ingredient, the nutrient standard by portion size, and the processing of foods for a
score ranging from -1 to 11 points. The higher the score, the healthier the snack is
and more compliant to the guideline. The snack scores were calculated as an
average score for each participant.

Statistical analyses

For descriptive statistics, mean and standard deviation were used for continuous
variables and frequency and percentage for categorical variables. The socio-demographic
characteristics were compared between the two groups at baseline using two samples t-

test for continuous variables and chi-square test for categorical variables.
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The intent-to-treat principle was used to compare mean changes in the motivator
and barrier subscales from baseline to 12 weeks between study groups. Analyses were
also done using simple imputation for missing data. Comparison of mean change between
the two groups was used two samples t-test. Stepwise regression analysis was used to
determine if change in subscale scores of motivators and barriers impacted on change in
outcomes within the app group.

For the app usability, feasibility, acceptability, and satisfaction questionnaire, the
app was considered usable, feasible, satisfactory, and acceptable if 50% or more of the
participants answered as ‘strongly agreed’/‘agreed’ or ‘Yes’ using one-sample binomial
tests. Spearman’s rho correlation coefficient was used to correlate app feasibility,
acceptability, and satisfaction and perceived changes in eating healthy snacks with
frequency of app use. Stepwise regression analysis was used to determine if app
feasibility, acceptability, satisfaction, frequency of app use, and perceived change in
eating healthy snacks impacted on the outcomes. All reported P-values were two-tailed,
and P-values < 0.05 were considered statistically significant. Statistical analysis was

performed using SPSS Statistics software (version 28, IBM, New York).

Results

Of the 262 who agreed to participate in the study, 142 participants completed all
baseline requirements and were randomized to the control or app intervention groups
(Table 1 and Figure 1). Three participants (2 in the control group and 1 in the app group)
were excluded based on reported energy intake outside the accepted range. Thus, the

imputed analysis was 72 participants in the control group and 67 participants in the app

106



group. In the control group, a total of 34 (47.2%) participants completed the follow-up at
week 4, 28 (38.9%) at week 8, and 56 (77.8%) at week 12. In the app group, 32 (47.8%)
participants completed the follow-up at week 4, 27 (40.3%) at week 8, and 45 (67.2%) at
week 12. In both groups, the main reason for not completing the follow ups was that
participants did not complete at least two 24-h dietary recalls.

There were no significant differences in baseline characteristics between the
control and app groups (Table 1). Overall, mean (SD) age was 21.1 (1.7) years with the
majority of female (84.6%), Hispanic (30.9%), students from universities in Florida
(81.3%), household income less than $50,000 (51.1%), having a high food security
(71.2%). Mean (SD) stress level and BMI were 6.9 (1.7) considered “medium level” and
30.4 (5.6) kg/m?. The socio-demographics were similar between those completed the

study (n=106) and those lost to follow-up (n=33) (data not shown).

Table 1. Baseline characteristics of the randomized participants (N = 139)

Characteristics All Control App P-value
(N =139) (N=72) (N =67)
Age in years, mean (SD) 21.1(1.7) 21.0 (1.6) 21.3(1.8) 0.285
Female, n (%) 77 (84.6) 63 (87.5) 57 (85.1) 0.677
Race/Ethnicity, n (%)
White 41 (29.5) 22 (30.6) 19 (28.4)
Hispanic or Latino 43 (30.9) 21 (29.2) 22 (32.8)
Black or African 15(10.8)  8(1L.1) 7 (10.4) 0.156
American
Asian 15 (10.8) 4 (5.6) 11 (16.4)
Other/multiracial 25 (18.0) 17 (23.6) 8 (11.9)
State, n (%)
FL 113 (81.3) 60 (83.3) 53 (79.1) 0.523

Others (KY, LS, SC, TX)  26(18.7)  12(16.7)  14(20.9)
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Characteristics All Control App P-value
(N =139) (N=72) (N =67)

Household income, n (%)
<$50,000 71 (51.1) 36 (50) 35 (52.2)
$50,000-$75,000 25 (18) 16 (22.2) 9 (13.4) 0.570
$75,000-$100,000 17 (12.2) 8 (11.1) 9 (13.4) '
>$100,000 26 (18.7) 12 (16.7) 14 (20.9)

Food security, n (%)
High 99 (71.2) 50 (69.4) 49 (73.1)
Low 28 (20.1) 16 (22.2) 12 (17.9) 0.818
Very low 12 (8.6) 6 (8.3) 6 (9)

Stress, mean (SD) 6.9 (1.7) 6.8 (1.7) 7.0 (1.7) 0.415

BMI (kg/m?), mean (SD) 30.4 (5.6) 30.8 (5.6) 29.9 (5.7) 0.363

Figure 1. Consort flow diagram of participants in the Snackability trial
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Table 2 shows the motivators to eating healthy foods and snacks at baseline and
change from baseline to 12 weeks between groups. There were no significant differences
in any of the motivators between the control and app groups at baseline. In the routine
subscale, the app group significantly increased the personal goal of eating healthier
snacks (P=0.028). In the availability subscale, the app group significantly increased the
variety of new fruits and vegetables tried (P=0.056) and had more fruits and vegetables
available at home (P=0.003). In the health benefit subscale, the app group significantly
increased the motivation of eating healthy foods for maintaining their body in shape
(P=0.010) and to be physically active (P=0.045).

Table 3 shows the barriers to healthy foods and snhacks intake at baseline and
change from baseline to 12-week follow-up between groups. At baseline, the app group
had a significantly higher barrier for 1 item in the negative attitude subscale (not paying
attention if the meal/food has fruits or vegetables) and for 2 items in the availability
subscale (fresh healthy foods are not easily available or easy to find at restaurants)
compared to the control group. However, after the 12-week intervention, participants in
the app group significantly reduced the barriers in 2 items in the negative attitude
subscale (not caring about eating fruits and vegetables every day; P=0.015 and not paying
attention if the meal/food has fruits or vegetables; P=0.050) and 1 item in the availability
subscale, in which the app group had fresh healthy foods significantly more easily

available at home (P=0.007) as compared to the control group.
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Table 2. Motivators of healthy foods and snacks intake at baseline and change from baseline to 12-week follow-up between groups

using intent-to-treat principles with simple imputation (N = 139)

ltem Baseline Change from baseline to week 12
Group Mean SD P-value Mean SD P-value
When | eat healthy foods (like fruits, vegetables, and lower-calorie snacks) it is because...
Routine
...eating healthy foods is part of my regular App 2.69 0.91 0.680 0.59 0.84 0.134
routine. Control 275  0.90 037 088
...I have a personal goal of eating healthier snacks. App 3.54 0.70 0.392 0.08 0.80 0.028*
Control  3.63 0.49 -0.19 0.60
...| eat healthy foods every day so that | canbe  App 2.70 0.92 0.820 0.57 0.97 0.119
healthy. Control 274  0.87 033 087
... have the discipline to eat healthy. App 2.48 0.99 0.514 0.30 0.97 0.158
Control  2.58 0.92 0.04 1.11
Availability
...fruits and vegetables can be easily eaten without App 3.16 0.86 0.332 -0.01 0.84 0.757
being cooked. Control 331  0.85 005  0.88
...I like the taste of most fruits and vegetables. App 3.27 0.79 0.744 0.12 0.69 0.953
Control  3.22 0.88 0.11 0.76
...I like to add variety to what | eat by trying new App 2.88 0.95 0.444 0.44 1.04 0.056
fruits and vegetables. Control  3.00  0.89 012  0.90
...fruits and vegetables (fresh or frozen) are usually App 2.90 0.87 0.075 0.47 0.92 0.003*
available in my home. Control 317  0.90 0.00  0.89
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Baseline Change from baseline to week 12

Item Group Mean SD P-value Mean SD P-value
Health Benefits
...eating healthy foods and snacks helps me look App 3.30 0.74 0.526 0.29 0.83 0.097
good. Control 338  0.68 008  0.69
...cating healthy foods keeps my body in shape. App 3.31 0.76 0.082 0.37 0.80 0.010*
Control 3.51 0.58 0.04 0.68
...someone has taught me why fruits and App 3.27 0.75 0.269 0.14 0.70 0.582
vegetables are healthy. Control 342  0.82 007 078
...I think about what could happen if I eat too App 3.25 0.80 0.368 0.18 0.96 0.181
many unhealthy foods. Control 338  0.78 003 0.8
...eating healthy foods helps me to be physically App 3.19 0.86 0.342 0.28 0.90 0.045*
active. Control 332  0.69 0.00  0.77
Medical issues
...I am concerned about preventing high blood App 2.93 1.08 0.359 0.28 0.96 0.970
pressure. Control 308  0.95 029  0.92
...l am concerned about preventing high App 2.96 0.94 0.062 0.16 0.92 0.834
cholesterol.
Control 3.25 0.90 0.12 1.00
...I am concerned about preventing diabetes. App 3.19 0.99 0.805 0.01 0.93 0.097
Control  3.15 0.97 0.28 0.96
...I have a health or medical condition and need to App 1.94 1.11 0.533 0.36 1.18 0.909
eat healthy because of it. Control 2.06 1.06 0.33 1.17
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Baseline Change from baseline to week 12

Item Group Mean SD P-value Mean SD P-value
Convenience
...I can find healthy snacks that come in handy,  App 2.78 0.90 0.559 0.16 0.98 0.873
small packages. Control ~ 2.86  0.81 018  0.85
...there are healthy options at most restaurants that App 2.30 0.94 0.079 0.36 0.97 0.971
'gorto. Control 257  0.87 037  1.03
...healthy snacks come in little packages that help App 2.49 0.91 0.437 0.21 1.05 0.469
me to not eat too much. Control 261  0.88 034  1.01

*P-value < 0.05 considered significant.
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Table 3. Barriers to healthy foods and snacks intake at baseline and change from baseline to 12-week follow-up between groups

using intent-to-treat principles with simple imputation (N = 139)

Baseline Change from baseline to
Item Group week 12
Mean SD P-value Mean SD P-value
When I do not eat healthy foods (like fruits, vegetables, and low-calorie snacks), it is because...

Negative Attitude
... just do not care about eating fruits and App 1.84 0.91 0.386 -0.13 0.89 0.015*
vegetables every day. Control 171 081 023 0.85
...I do not like the taste of most vegetables. App 1.94 0.98 0.764 -0.05 0.91 0.420
Control 1.89 1.03 0.07 0.85

...when | go to the grocery store, | do not App 2.12 0.98 0456 -0.19 0.90 0.483
specifically think about buying fruits or |
vegetables. Contro 2.00 0.90 -0.08 0.94
... just do not care about eating healthy every App 1.91 0.95 0.366 -0.09 0.96 0.609
day.

v Control 178  0.77 002 0.79
...when | make or buy a meal, | do not think about App 2.43 0.97 0.015* -0.30 1.20 0.050*
whether or not it has fruits or vegetables in it. Control 206 0.83 008 1.05
...I do not like to try new fruits or vegetables that App 1.94 1.04 0.817 -0.10 0.97 0.505
| have never had before. Control  1.90  0.86 0.00 0.79
...when I think “healthy food,” I think “tastes App 1.94 0.94 0.567 -0.12 0.84 0.305
bad. Control 185  0.97 0.04 0.96
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. Change from baseline to
Baseline

Item Group week 12
Mean SD P-value Mean SD P-value
...I do not look or feel any different when [ eat ~ App 1.90 0.86 0249 0.01 105 0.653
healthy.
Control 1.74 0.77 0.08 0.78
Availability
...fresh healthy foods are not easily available. App 2.58 0.94 0.019* -0.38 0.90 0.007*
Control  2.19 0.99 0.08 1.05
...I cannot get healthy snacks in the snack App 2.87 1.04 0.619 -0.23 111 0.155
machines. Control 278  1.04 0.04 1.08
...healthy foods are not easy to find at restaurants. App 2.81 0.97 0.033* -0.12 0.86 0.995
Control 2.47 0.86 -0.12  0.88
Self-control
... get cravings for unhealthy foods. App 3.70 0.52 0399 -0.18 0.69 0.100
Control  3.63 0.54 -0.38 0.73
... crave sweets or junk food instead of fruitasa App 3.33 0.75 0.244 -0.12 0.80 0.557
snack. Control  3.17  0.87 021 0.93
...when someone cooks or gives me unhealthy  App 3.42 0.72 0.893 -0.10 0.70 0.527
food, I eat it. Control 340  0.60 -0.18 0.70
...when there are unhealthy foods at home, itis  App 3.34 0.71 0.105 -0.21 0.83 0.075
hard to choose healthy foods. Control 313  0.86 0.06 0.94

*P-value < 0.05 considered significant.
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Table 4. Subscale scores of the motivators of and barriers to eating healthy foods and snacks at baseline and change from baseline

to 12-week follow-up between groups using intent-to-treat principles with simple imputation (N = 139)

Subscale Group Baseline Change from baseline to week 12
Mean SD P-value Mean SD P-value
IMotivators of eating healthy foods and snacks |
Routine App 2.85 0.66 0.497 0.38 0.66 0.024*
Control 2.92 0.60 0.14 0.58
Health benefits App 3.27 0.52 0.095 0.25 0.55 0.009*
Control 3.40 0.42 0.04 0.42
Medical issues App 2.75 0.82 0.311 0.20 0.73 0.649
Control 2.89 0.71 0.26 0.71
Availability App 3.05 0.56 0.246 0.25 0.54 0.048*
Control 3.17 0.66 0.06 0.60
Convenience App 2.52 0.60 0.106 0.24 0.67 0.571
Control 2.68 0.54 0.31 0.65
Barriers to eating healthy foods and snacks
Negative attitude App 2.00 0.69 0.201 -0.12 0.65 0.091
Control 1.86 0.56 0.05 0.55
Availability App 2.75 0.74 0.026* -0.24 0.68 0.038*
Control 2.48 0.68 0.00 0.70
Self-control App 3.45 0.49 0.176 -0.15 0.52 0.863
Control 3.33 0.53 -0.17 0.55

*P-value < 0.05 considered significant.

115



After the 12-week intervention, the app group significantly increased the routine,
availability, and health benefits subscales as motivators of eating healthy foods and
snacks as shown in table 4. In addition, the app group significantly decreased barriers by
realizing that there were less healthy foods and snacks available around them as
compared to the control group.

The results in table 5 shows that the availability subscale in barrier scale was a
significant predictor for change in the snack score in the app group from baseline to week
12 while there was no significant predictor for change in the HEI-2015 total score as
shown in table 6. In table 7, health benefit and medical issue subscales in motivator scale
were significant predictors for change in body weight in the app group from baseline to

week 12.
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Table 5. Stepwise regression analysis results between change in subscale score of healthy
food and snack motivators and barriers and change in snack score from baseline to 12-
week follow-up within the app group using intent-to-treat principles with simple

imputation (N = 67)

Variable B SEB p t P-value?

Healthy food and snack motivators

Routine -0.008"  -0.057 0.955

Availability 0.084° 0.596 0.554

Health benefits 0.109° 0.779 0.440

Medical issues -0.171°>  -1.228 0.226

Convenience 0.010° 0.072 0.943
Healthy food and snack barriers

Negative attitudes 0.065° 0.454 0.652

Availability 0.964 0.423 0.319 2.281 0.027*

Self-control 0.106° 0.727 0.471

Note: Snack score is dependent variable. *P-value < 0.05 considered significant.
&Predictor in the model: (Constant), Barrier availability
bBeta In of excluded variables from the model

Table 6. Stepwise regression analysis results between change in subscale score of healthy
food and snack motivators and barriers and change in HEI total score from baseline to
12-week follow-up within the app group using intent-to-treat principles with simple

imputation (N = 67)

Variable B SEB p t P-value

Healthy food and snack motivators

Routine -1.390 3.667 -0.063 -0.379 0.706

Availability 4.620 3.856 0.170 1.198 0.236

Health benefits 1.475 4.406 0.055 0.335 0.739

Medical issues 1.915 2.723 0.096 0.703 0.485

Convenience 0.725 2.970 0.033 0.244 0.808
Healthy food and snack barriers

Negative attitudes 0.357 3.339 0.016 0.107 0.915

Availability 3.357 2.919 0.156 1.150 0.255

Self-control -5.903 3.911 -0.210 -1.510 0.137

Note: HEI total score is dependent variable.
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Table 7. Stepwise regression analysis results between change in subscale score of healthy
food and snack motivators and barriers and change in body weight from baseline to 12-
week follow-up within the app group using intent-to-treat principles with simple

imputation (N = 67)

Variable B SEB p t P-value?

Healthy food and snack motivators

Routine -0.128°  -0.923 0.360

Availability 0.092° 0.716 0.477

Health benefits -8.524 2.895 -0.373 -2.944 0.005*

Medical issues 4.868 2.160 0.285 2.254 0.028*

Convenience 0.141° 1.213 0.230
Healthy food and snack barriers

Negative attitudes 0.003° 0.019 0.985

Availability -0.006°  -0.055 0.956

Self-control 0.148° 1.254 0.214

Note: Body weight is dependent variable. *P-value < 0.05 considered significant.

aPredictors in the model: (Constant), Health benefits, Medical issues

bBeta In of excluded variables from the model

Table 8 shows the responses to the feasibility, acceptability, satisfaction, and

usability questionnaire for the app at the end of study. Out of 44 participants in the app
group that answered the evaluation questionnaire, 19 participants (43.2%) continually
used the app at least once every 4 weeks during 12-week study period. Among this group,
the feasibility responses ranged from 33.3% (the app was quick) to 73.7% (the app was
easy to learn). For acceptability, the responses ranged from 52.6% (felt comfortable using
the app) to 94.7% (icon and font used were attractive and recognizable). For satisfaction,
the responses ranged from 31.6% (would use the app again) to 42.1% (overall liked the

app). For usability, the responses ranged from 36.8% (snack score improved in the past 4

weeks using the app) to 89.5% (snack score was >5 in the past 4 weeks).
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Table 8. Feasibility, acceptability, satisfaction, and usability of the Snackability app in

the app group at the end of study

All participants in

Participants using

the app group? the app at least one
Questions (N=44) time every 4 weeksP
N (%) (N=19)
N (%)
Feasibility questions
The app was easy to use 20 (45.5%) 11 (57.9%)
The app was easy to learn 27 (61.4%) 14 (73.7%)
It was easy to find snacks in the app 16 (36.4%) 8 (42.1%)
The app was very quick 11 (25.6%) 6 (33.3%)
The app had all the information | 13 (29.5%) 7 (36.8%)
wanted
Acceptability questions
The icon ar]d font used were attractive 32 (72.7%) 18 (94.7%)
and recognizable
| felt very comfortable using the app 20 (45.5%) 10 (52.6%)
| liked the layout of the app 25 (56.8%) 14 (73.7%)
| liked the screen of the app 28 (63.6%) 15 (78.9%)
Satisfaction questions
| would use this app again 14 (31.8%) 6 (31.6%)
Overall, I liked the App 17 (38.6%) 8 (42.1%)
Usability questions
Used the app when snacking in the 20 (45.5%)° 13 (68.4%)
past 4 weeks
Snack score >5 in the past 4 weeks 28 (63.6%) 17 (89.5%)
Sr_lack score improved in past 4 weeks 11 (25.0%) 7 (36.8%)
with the app
App helped choose healthier snacks 14 (31.8%) 11 (57.9%)

All participants in the app group who completed the app evaluation questionnaire at

week 12

bBased on the app usage from the Firebase web analytics of the app

Table 9 shows the evaluation of feasibility, acceptability, satisfaction, and

usability using the binomial test. Among all participants in the app group at the end of the

study, only acceptability (70.5%) was significantly greater than 50% (P<0.05). When

evaluating the app among participants that used the app at least one time in every 4
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weeks, only acceptability (89.5%) and usability (94.7%) were significantly greater than

50% (P<0.05).

Table 9. Evaluation of feasibility, acceptability, satisfaction, and usability of the

Snackability app in the app group at the end of trial

All participants in the Participants using the app

App evaluation app group (N=44) at Ieastlvc;r;igzp\lillng)every 4
N (%) P-value N (%) P-value
Feasibility (>50%) 18 (40.9%) 0.178 11 (57.9%) 0.293
Acceptability (>50%) 31 (70.5%) 0.008* 17 (89.5%) <0.001*
Satisfaction (>50%) 18 (40.9%) 0.178 8 (42.1%) 0.356
Usability (>50%) 26 (59.1%) 0.178 18 (94.7%) <0.001*

One-sample binomial test was performed to test each hypothesis.
*P < 0.05 considered significant.

At week 12, the frequency of app use had no significant correlation with the app
feasibility, acceptability, and satisfaction while the frequency of the app use significantly
correlated with perceived changes in using the app, including increased knowledge
(P=0.010), actual goal setting (P=0.038), and consistency (P=0.020) in eating healthy
snacks (Table 10). In table 11, stepwise regression results present that the app
acceptability and increased self-monitoring of eating healthy snacks from using the app
over time significantly impacted on the snack score at week 12. However, the app
evaluation, the frequency of app use, and perceived changes in using the app were not

significant predictors on HEI-2015 total score and body weight at week 12.
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Table 10. Correlation results between frequency of app use and app evaluation and

perceived changes in using the Snackability app within the app group at week 12

Frequency of app use

Variables Spearman

. P-value
correlation

App evaluation
App feasibility 0.093 0.453
App acceptability 0.181 0.142
App satisfaction -0.134 0.279
Perceived changes in using the Snackability app
Increased knowledge of choosing and eating 0.313 0.010*
healthy snacks
Increased actual goal setting to eat healthy 0.254 0.038*
snacks
Increased consistency in eating healthy snacks 0.283 0.020*
Increased self-monitoring of eating healthy 0.148 0.231
snacks
Improved snacking behavior change 0.179 0.147

*P-value < 0.05 considered significant.

Table 11. Stepwise regression results of app evaluation, frequency of app use, and

perceived changes in using the Snackability app on snack score within the app group at

week 12
Variable B SE B B t P-value
App evaluation
App feasibility -0.419p -1.632 0.112
App acceptability 0.684 0.308 0.361 2.221 0.033*
App satisfaction -0.161b -0.641 0.526
Frequency of app use 0.102b  0.616 0.542

Perceived changes in using the Snackability app
Increased knowledge of choosing

and eating healthy snacks

Increased actual goal setting to eat

healthy snacks

Increased consistency in eating

healthy snacks

-0.234b  -0.508 0.617

-0.788b  -1.926 0.067

-0.391b -1.176 0.252
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Variable B SE B B t P-value
Increased self-monitoring of eating 0723 0309 0.431 234 0.028%
healthy snacks ' ' ' ' '
Improved snacking behavior
change

-0.269b -0.766 0.451

*P-value < 0.05 considered significant

Discussion

The present study aimed to test if the theory-based Snackability app could
increase the motivators and reducing the barriers to eating healthy foods and snacks as
determinants of healthy snacking behavior. This study showed that having access to this
app led to significant improvements in the motivators and significant reductions in the
barriers to eating healthy foods and snacks as compared to controls during 12-week study
period. This time frame is consistent with the time required to form or adopt a new
behavior, which takes about 66 (18-254) days for most individuals.>

These changes may be related to the different features in the app, such as setting a
goal of eating healthier snacks as a part of health action process, which may help in
actively replacing an unhealthy routine with a new healthy one.>? Setting a personal goal
of eating healthy snacks may serve as an orienting function for being healthy. Other
studies using nutrition/diet related mobile apps incorporated behavior change techniques
(goal settings, feedback, self-monitoring, shaping knowledge, and self-reward found
positive dietary behavior changes by increasing goal setting, frequency, and consistency
of eating healthy foods and snacks.3!°3%° Supported by the present study, the more
frequency of the Snackability app use significantly correlated with the increased

knowledge, goal settings, and consistency in eating healthy snacks.
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Goal setting as part of self-efficacy and self-regulation in the SCT constructs is
needed to overcome barriers and maintain healthy behavior.*>* This was evidenced by a
significant improvement in negative attitude among participants in the app group, such as
caring to eat fruits and vegetables every day and including fruits or vegetables when
making or buying a meal. The Snackability app scores most fruits and vegetables with 9-
11 points out of a total of 11, so this knowledge may have influenced a change in
negative attitude.

In this study, routine, health benefits, and availability in the motivator scale and
availability in the barrier scale in the app group significantly improved from baseline to
week 12 as compared to controls. Furthermore, within the app group, health benefits and
medical issues as motivators significantly effect on the change in body weight among this
sample of college students with overweight and obesity. Supported by the literature,
motivators of eating healthy foods and snacks among college students and young adults
were to improve self-esteem, desire for improved health and attractiveness, assist with
weight management, and exercise influencing on food choices.?31315%6:57 Thys, the
Snackability app was considered as a practical way that could motivate participants to use
the app that helped increase motivators and reduce barriers to eating healthy foods and
snacks. The app helped participants increase knowledge of choosing healthy snacks, set
goals to have healthier snacks, and try to eat healthy foods and snacks as part of their
regular routine to achieve the expected health benefits. Furthermore, the app also
modestly increased the motivation to eating healthy foods to keep their body in shape and
to be physically active, which is consistent with studies showing that college students are

concerned for being physically active to keep their bodies in shape.>® This may explain
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that participants using the app perceived health benefits as a positive outcome
expectation. Using the app may maximize the anticipated positive outcomes of eating
healthy.

Obviously, the present study shows that the food environment has a huge impact
on healthy food and snhack intake among overweight and obese college students. It was
surprising to observe significant improvements in the availability subscale for both the
motivators and barriers to eating healthy foods and snacks and the availability in barrier
scale significantly impacted on the change of snack score from baseline to week 12
among the app participants. In particular, the improvements were observed in the
subscale of trying new fruits and vegetables and having more fruits and vegetables and
fresh healthy foods available at home. As found in many studies, college campuses had
greater availability and accessibility to unhealthy snacks than healthy snacks which
significantly impacted college students’ dietary behavior.*%°%2 However, this study was
conducted during the COVID-19 pandemic, when many US colleges were mainly
teaching remotely and students were restricted to home. A recent study among college
students conducted during the COVID-19 pandemic reported that the at-home-restrictions
imposed the access to sufficient healthy foods among college students differently, with
some students experiencing no change while others severely affected.®® During the
normal or pandemic situation, home food availability and accessibility is a major factor
of snack intake.®*% Studies among adolescents found that availability of unhealthy foods
at home was positively associated with energy-dense, sweet, and savory snack intake
(P<0.05).56%7 Thus, the app influenced and motivated students to have healthy foods and

snacks available to them resulting in improving the quality of snack intake. Particularly in
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college students with overweight and obesity, health benefits and weight loss may be the
main driving factors for healthier snack intake, such as vegetables, fruits, nuts, seeds,
dairy, and protein foods considered as healthy snack choices.

When evaluating the Snackability app, participants rated the feasibility and
satisfaction lower than expected. For the development of the app, we used features that
matched the target user preference, such as being simple, pleasant to use, requiring low
effort, with goal-setting and self-monitoring, with feedback and advice on how to change
behaviors, with tracking functions, showing how the snacks were scored, and developed
by experts or academics.*+%85° However, incorporating multicomponent intervention,
such as personal support, social support, and tailored or personalized incentives found to
match with the user preference of college students and young adults.?3%7° These may
help improve app engagement, feasibility, and satisfaction which would probably
improve outcomes even more.

This study found that increased self-monitoring of eating healthy snacks
significantly improved the snack score in the app group at 12 weeks. Another study
compared diet and exercise monitoring using smartphone app (FoodWiz2) and paper
diary among adolescents age 16-19 years.® Participants using the app significantly
increased fruit intake and reduced intake of chocolate snacks and fizzy drinks. However,
the study of dietary self-monitoring via a Calorie Counting app in undergraduate women
found no significant effect on the dietary intake.”* From the literature, self-monitoring of
dietary intake is a valuable component to facilitate healthy dietary behavior change and
behavioral weight loss.>®"2 Hence, the reporting features (average daily score shown as

progress graph and consumed snack history) of the Snackability app helped facilitate self-
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monitoring so that participants could keep tracking of their snack intake leading to
improve the quality of snack intake. Future studies should evaluate the self-monitoring
method that will work best for college students with overweight and obesity to increase
adherence.

Among the strengths of this study were that the app was developed based on the
SCT and the USDA guideline and it was tested using a RCT design, the gold standard to
test the effectiveness of interventions. Furthermore, the study included a diverse sample
of students from different colleges in the US. One of the limitations was that the present
study was only college students with overweight and obesity which cannot be generalize
to other groups. Also, the study was conducted during the COVID-19 pandemic which
may have different results from normal situation. Lastly, self-report questionnaires and
dietary recalls may lead to imprecise data report, but it would be difficult to evaluate
motivators and barriers to eating healthy foods and shacks, the app evaluation, and

dietary recalls without self-report data from the participants.

Conclusions

The present study showed that the theory-based Snackability app led to significant
improvements in the motivators and significant reductions in the barriers to eat healthy
foods and snacks with the expected health benefits among overweight and obese college
students during 12-week study period. This app can be used as nutrition tool to help
promote healthy snack intake through shaping knowledge, positive outcome expectation,
goal-setting, and self-monitoring. When participants use the app over time, the app will

facilitate snacking behavior change resulting in improving snack and diet quality.
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CHAPTER VI

CONCLUSIONS

In the present study, the theory-based Snackability app can be used as a tool to
help increase the nutrition behavior of selecting and consuming healthier snacks. This
sample of college students with overweight and obesity used the app to help identify if a
snack was healthy or not. At the same, the app influenced participants to purchase and
consume healthy snacks. When participants used the app over time, the app facilitated
healthy snacking behavior change by increasing motivators of and reducing barriers to
eating healthy snacks for their anticipated health benefits. Participants increased nutrition
knowledge, goal setting, self-monitoring, frequency, and consistency of eating healthy
foods and snacks from using the app over time. In addition, the app created awareness
among participants to realize that there were greater availability of unhealthy snacks
around them and participants tried to choose healthier snacks that are available around
them and had more healthy snacks available at home. These findings demonstrate the
effect of using the Snackability smartphone app to facilitate healthy snacking behavior
change resulting in improving the quality of snack intake and diet quality. The university-
related persons and policy makers should consider the implementation of theory-based
smartphone apps to support healthy dietary behavor change together with the
improvement of food environment for eventual weight loss among college students with

overweight and obesity in order to prevent associated chronic diseases in their future.
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CHAPTER VII

STRENGTHS AND LIMITATIONS

Among strengths of this study, the Snackability app was developed based on the
SCT for behavior change and the Smart Snack Guidelines and tested using a RCT design
which is the gold standard to test the effectiveness of interventions. Second, the diet
quality was assessed using HEI-2015 from ASA24 dietary recalls, which allowed
participants to enter snack occasions, time, type and amount of snacks consumed
separating from meals. The data output of snack intake extracted from 24-h dietary
recalls was able to use for the calculation of the snack scores. Last, the study included a
diverse sample of students from different colleges in the US.

One of the limitations is that the present study included only college students with
overweight and obesity which cannot be generalize to other groups of population. Also,
the study was conducted during the COVID-19 pandemic, which may had led to the low
retention rate, especially at week 8 but researchers were able to contact more participants
back again to complete the study at week 12. Under reporting in the 24-h recalls could
have affected the results, as this is greater in overweight and obese individuals.
Additionally, self-report questionnaires and dietary recalls may lead to imprecise data
report, but it would be difficult to evaluate snacking behavior and dietary recalls without
self-report data from the participants. Lastly, the interruption of the app for 3-4 weeks
due to technical issues with the Expo app but there was no significant difference of the

snack scores between participants that experienced app broken and no app broken.
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CHAPTER VIII

FUTURE RESEARCH

The future studies should evaluate how snacking behavior changes over time
through a longitudinal study cause and effect relationships on overall diet quality, snack
quality, and body weight in a larger sample. This information could be used in the future
to design interventions to improve the environment to have healthy snacks more
accessible and available for college students together with improving the snacking time
and types of snacks consumed.

Future studies should also evaluate how to improve the compliance to the
Snackability by incorporating a multicomponent intervention, such as personal support,
social support, and tailored or personalized incentives to match with the user preference.
In addition, the technical issue of the app is possible to happen during the study as the
app needs to be maintained and updated consistently. Future studies should consider
changing from a regular mobile app to a web-based app to avoid issues with the platform
in which apps are embedded. As the present study was conducted during the COVID-19
pandemic, future studies should test the efficacy of the Snackability app in a normal
setting, which may result in different intervention effects. Lastly, larger sample size and

longer studies are needed to achieve more definitive conclusions.
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FLORIDA
INTERNATTONAL
LINIVERSITY

ADULT COMSENT TO PARTICIPATE IN A RESEARCH STUDY

Effectivensss of the Snackablliity smartphons application to Improve quallty of the snack
Intaks, gensral dist gualtty, and welght among collegs studsnis

SUMMARY INFORMATION

Things you showld know about this study:
+ Purppas: To determing the efects of the Snackablity app on gualty of snack Iniake,
general det qualty and walght In college students.

«  Procedures: 17 you chooss o paricipate, you will be assigned a1 random. The
Intervention group will b= asked 10 use the app when consuming snacks during the
sidy. You will respond several questionnalres online and maasure your welght at home
at baseline, 4, &, and 12 waeks.

«  Duration: 12 wesks.

« Risks: There is minimal fisk in this study; you may feel discomfort whan taking your
wealght at home and there |5 a risk of disclsure of personal Information.

« Beneflis; Leaming aoout healthy snacks and recelving the Information on your digtary
Intake

+  Alternatives: There are no known atemathes avallabie o you other than not taking part
In this stugy.

« Participation: Taking part In this research project s voluntary.

Please carsfully read the entire documen? before agreeing io parficlpate.

PURPOSE OF THE STUDY

Tao datermine the affects of the Snackabliity smariphone applcation (app) for 12 wesks on qualty of
snacks and the general diet and weight In college students as compared fo coninol.

HUMBER OF STUDY PARTICIPANTS

If you decite 1o be In this study, you will be one of 192 overweight FIU students (aged 18-24 years) in
this research sbudy. To participaie, you showd be an owner of a smartphone with access 1o Infemet,
not enrolled In 3 weight |55 and'or nutrtion program, naot taking any medications to lose weight and
not pregnant or breastfaeding.

CDURATION OF THE STUDY

¥our participation will require o compiste online questionnalres and measure your walght at homs at
baselne, 4, B, and 12 wesks.

PROCEDURES

If you agree to be In the stwdy, you will b2 randomly 3ssigned o one of teo QoEps:

Pags | of 4

143



AU IRE Approval: | 05/25/2020

AU IRE Expiration: | 05/23/2021

FL IRE! Pousmibyer: IRE-Z0-0273

1. Interventlon group: you will have access 10 the Snackablity app from baselne. We will send
¥ou an email with the Instructions on how to download and to use the app every time you have
3 snack for the next 12 weeks. To register In the app, we wil 3sk you to use a non-FIU emall,
which could be your personal emall, or 3 new emall created |ust to get access to the app. Your
emall registered In the app will be usad to track the Information of the app In the Firebase
weDslte. This app will not have access 1o the Information In your phone; only the Information on
SNack search, sNacks consumed, porlon slze defined for each snack, score of 2ach snack,
date and time of the snacks consumed, points galned per snack and per day, and allergles.
Also, the app will request access to the camera o be able to scan the barcode of the snacks to
easlly find the snacks. You will be provided with an end-user license agreement {EULA) to
review before downloading the app.

2. Control group: you will recalve a 1-page Information on healthy snacks and wil also have

access to the Snackabllity app at the and of the study.

During the study, we will 3sk you to complete several guestons onling wsing QUalirics, 3 B2cuUre Wel-
based suréay, as Tlows:

Pra-gcrasning: You will compists 3 short pre-screening checklist via Quakinics to 3assess I you quality
for the study. If you have guestions about the study, we will prowide owr emall and phone number o
contact us before signing the consent farm.

Baseline onlina tasks (30 — 40 minutes or lsas): I you qualfy and decide to paricpate In the study,
vou will review, sign, and date the Informed consent using Quaitncs. Then, you will have 3ccess o the
following onling quastionnalres:

Contact and soclo-demographis questionnare: ¥ou wil provide your phong numoer, email
address, age, gender, raceiethnicity, Information about your major at FIU, Income of your parents,
fiood situation, and the kevel of your siress.

Perception of food and snack consumplion questionnaine: You wil compiete questions about your
perception of why you consume heakhy foods and snacks.

Intaks aof snack quaslionnalre: You will complete questions about your frequency of snack Intake,
gnacking time, favorite snacks, avallabilty of snacks, and reasons for snacking.

Disordered Eating Aftftude Scale: You wil complete questions about your beliefs, thoughts,
fiealings, behavior and relationship with food.

24-howr food recals: This will be completed In another webshe, the Automabed Sef-Adminisiened
24-hour Dietary Recall (ASAZ4-2020). We will send you an emall with the link, your usemame and
a strong passwond; these were crealed spacilically for you. The ASAZ4 sysiem has no access bo
any contact Information ar personaly ldentifabie iInformation. In the ASA24 website, you wil
recond all the foods and beverages consumed In the past 24 hours. This will be done for 2 days
during the weekdays and 1 day during the weskend. You can confact us for assistance by phang
or emall.

Welght and height You will measure your weight at home by using any scale you have. If you do
nod have one, we wil try to send you one by mall. We wil send you detalled Instrucilons on how bo
do this at home and 3 link to report your welght and helight.

Group asskignment: When you have compleied all tasks, then we will Infomm you of your randomly

assignad group by emal.

4 and B-week online tasks (20 minutes or leas):
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» Pencaption of food and snack consumplion questonnaire: You wil compiete questions about your
perception of why you consume healihy foods and snacks.

+ App usablity and snacking behavior: You will complete questions about app wsage and snacking
benhavior.

+  24-howr food recal: You will compleis one 24-h recall as you did at baselne.
+ Welght: You will measure your welkght a1 homs as you dif ai baseling.

12-wesk onling tasks (30 — 40 minutes or less): You wil compiete al the tasks done at bassline
except for the contact form. You will aiso complete questions about the wsabiiity, Teasibilty,
satisTaction, and acceptabilty with the app.

Reminders throughout the study: We will remind you to compiete the tasks of the study by text
massages or by email using youwr FIU emall. For those In e Intervention growp, we will also send you
dally noiifications to remind you to us= the app by automated text messages and also friendly
reminders by emall E=ing your FIU emall.

RISKS ANDIOR DISCOMFORTS

There Is minimal sk In this stwdy. You may fesl discomfort when taking salf-aeight measurements
and thers Is a isk of disciosurs of personal Infarmation.

BEHEFITS

¥ou wil recalve Information on how deniify healthy snacks based on the USDA guidelines and
healthy snacks. You will 3o recelve Informathon of your distany intake. The resulis of the sudy will
help s know I the Snackabliiy app helps Improve on quallty of snacks and on your general dist and
on welght. This can be used In the future by all college shudents.

LALTERHATIVES

There are no known altematives avallabée to you other than not taking part In this study. Any
significant new Nindings developad dunng the study which may ralate to your wilingness to continue
participation will be provided io you.

CONFIDENTIALITY

The records of this study wil be kept private and will be protected to the fullest extent provided by law.
In any sort of report, we might publish, we will not Include any Information that will make it possidle o
|-HEI'I'|:|'|'!|' oL Research records will be stared -EE'E:I.I'EI]', and Dﬂr}' the regaanzhar izam will have ascess
in them. However, your recorts may be Inspecied by authorized University or other agenis who will
alzo IE'EP the Infomation confidentlal. I we leam about serious hamm Yau ar gamepne ekze, we will
iake steps to proftect the person endangered even If It reguires teling the authortes without your
permission.

USE OF YOUR INFORMATION

Identifiers about you might be remaved from the Identfiable privabe iImformation and that, ater such
removal, the Information cowld be used Tor future research studies or distibuted o another
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Investigator for future research studies without addrional Informed consent from you of your egally
authorized representative.

COMPENSATION & COSTS

You will recelve a snack bag with healthy snacks and 3 water bottle at the end of the study. You will
also recelve @ 10 gitt card at the end of the study. There are na costs io you Tor parlicipating In this

study.
RIGHT TO DECLINE OR WITHDRAW
Your participation In this study Is voluntary. You are free to participate In the study or withdraw your

consent at any time during the stedy. You will not lose any benefts If you decide not to participate or I

you quit the study early. The Investigator resarves the right to remove you without your consent at
such time that he'she feeis | is In the Dest Interest

RESEARCHER CONTACT INFORMATION
If you have any questions about the research study, you may contact the principal Investgator

Cristina Palacios at the Depanment of Dhetetics and Mutrition, FIU, {305) 343-3235 or
Crisling. palacos{au. edu.

IRE CONTACT INFORMATION

If you would ke fo talk with somecne about your rights of b2ing a subject In this research study or
about ethical Issues with this research study, you may contact the FIU Ofce of Research Infegrity by
FII'IDﬂE at 305~346-2494 ar I:l'!|' emal a1 or ﬂ!!U.E': .

PARTICIPANT AGREEMENT
| hawe read the Information in this consent form and agree o panticlpate In this study. | have had a

chance to ask any questions | have about this study, and ey have been answered for me. |
undierstand that | will b= glven a copy of this form far my recards.

Signature of Parbcipant Dae

Prinied Mame of Pariclpant

Signature of Person Obdaining Consent Date

Pags 4of £
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AW IRE Approval: | 037312021
AW IRE Expiration: | 03/27/2022
AU IRE Number: | 1R5-20-0273

FLORIDA
INTERNATTONAL
LINTYERSITY

ADULT CONSENT TO PARTICIPATE IN A RESEARCH STUDY

Effectiveness of the Snackability smartiphone application to improve quality of the snack
intake, general diet quality, and weight among college stedents

SUMMARY INFORMATION

Thlngs you should know about this study;

= Purpose: To determine the effiects of the Snackabiity app on quality of snack intake. general
diet quality and weight in college students.

= Procedures: |f you choose o participate, you will b2 assigned at mndom. The intervention
group will be asked to wse the app when consurming snacks during the shudy. ¥ow will
respond several guesiionnaires onfine and measure your weight at home at baseline, 4, B,
and 12 weeks,

= Duration: 12 wesks.
Risks: There is minimal risk in this study; you may fee! discomfort when taking your weight at
home and there is a risk of disclosure of personal information.

=« Benefits: | eaming about healthy snacks and receiving the information on youwr distary intake

= Alternatives: There are no known afematives available to you ofher than not taking part in
this study.

= Participation: Taking part in this research project is voluntary.

Please carefully read the entire docurnent befiore agreeing to participats.

PURPOSE OF THE STUDY
To determnine the effects of the Snackability smartphone apphcation (app) for 12 wesks on quality
of snacks and the general diet and weight in college students as compared fo control.

HUMBER OF STUDY PARTICIPANTS

If you decide to be in this study, you will be one of 272 ovenweight college students (aged 13-24
years) in this research study. To participate, you should be an owner of 3 smartphome with
access to intemet, not enrcdled in a weight loss andior nubrtion proegram, ot taking any
medications to lose weight and not pregnant or breastieeding.

DURATION OF THE 5TUDY

Your participation will require to complete online guestionnairss and measure your weight at
home at baseline, 2, B, and 12 weeks.

PROCEDURES
I wou agres to be in the study. you will be randomly assigned to one of wo groups:

Pags 1 of £
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AL IRE Exparation: | 03,/25/2022
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1. Intervention group: you will have access to the Snackability app from baseline. VWe will
send you an email with the instructions on how to download and 1o use the app every time
yioul have 3 snack for the next 12 weeks. To register in the app, we will ask you to use 3
non-university email, which could be your personal email, or 3 new email created just o get
acress o the app. Your emal registered in the app will be used o rack the information of
the app in the Firebase website. This app will not have access to the nformation in your
phone; only the information on snack search, snacks consumed, portion size defined for
each snack, score of each snack, date and time of the snacks consurmed, points gained per
snack and per day, and allergies. Also, the app will request acoess to the camera to be
able to scan the barcode of the: snacks 1o easily find the snacks. You will be provided with
an end-user license agreement (ELILA) 1o review before downloading the app.

2. Conirol group: you will recesve a 1-page nformation on healthy snacks and will also have

access o the Snackability app at the end of the study.

Duning the shudy, we will sk you to complste several quesiions online using Qualirics, a secure
web-based sursey, as follows:

Pre-sereening: ¥ou will compiste 3 short pre-sereening checkdist via Qualtrics to assess i you
qualify for the study. If you hawe questions about the study, we wil provide our email and phone
nurmizer to contact us before signing the consent form.

Baseline online tasks {30 — 40 minutes or less): Fyou qualify and decide to participate in the
study, you will reviesw, sign, and date the informed consent using Qualirics. Then, you will have
access to the following online guesSonnaires:

L

Ciontact and socio-demnographic questionnaine: You will provide your phone nuember, email
address, age, gender, racsdethnicity, information about your magor, income of your parents,
food situation, and the level of your stress.

Percapbon of food and snack consumption guestionnars You will complete questions about
your percaption of why you consume healthy foods and snacks.

Irtake of snack questionnaire You will complete questions about your freguency of snack
intake, snacking time. favorie snacks, availabiity of snacks, and reasons for snacking.
Cisordened Eating Attitude Scale: You wil complete questions about your beliefs, thoughts,
feelings, behavior and relationship with food.

24-hoar food recalls: This will b= completed n another website, the Autormiated Self-
Administered 24-hour Dietary Recall (ASA22-2020). We will send you an email with the link,
your usemame and a strong password: these were created speciically for you. The ASA2Y
sysiem has no access o any contact information or personally identifiable information. In the
ASAM website, you will record all the foods and beverages consumed i the past 24 hours.
Thits will be done fior 2 days during the weekdays and 1 day during the weekend. You can
contact us for assistance by phone or email.

Weight and height ou will measure your weight at home by using any scale you have. Fyou
dix not have one, we will iy to send you one by mal. We wil send you detailed instructions on
hiow tor do this at home and a link to regaort yowr weight and height.

Group assignment: When you have completed all tasks, then we will inform you of your
randomly assigned group by email.
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4 and B-week online tasks (20 minutes or less):

= Percepbon of food and snack consumption guestionnars: You will compleie questions about
your pereaption of why you consume healthy foods and snacks.

= App usability and snacking behawior: You will complete questions about app wsage and
snacking behawior.

= 2d-hour food recall: You will complete one 24-h recall as you did at baseline.

= Wisight: You will measures your weight at home as you did at bassline.

12-week online tasks (30 — 40 minutes or less): You will complete 3l the tasks done at
baseline except for the contact formn. You will also complete questions about the usability,
feasibility, satisfaction, and acceptability with the app.

Rerminders throughout the stedy: We will rermind you to complete the tasks of the study by teat
messages or by email using your university email. For those in the intervention groug, we will also
send you daily notiScations to remind you to use the app by automated text messages and also
friendly reminders by ermal using yowr university emad.

RISKS ANDIOR DISCOMFORTS

There is minimal risk in this study. You may feel discomion when taking self-weight
measurements and there is a nsk of dscosure of personal information.

BEMNEFITS

ou will receive information on how idenisfy healthy snacks based on the LIS0DA guidelines and

healthy snacks. You will also receve infommation of your dietary intake. The results of the study
will help us know if the Snackabidity app helps improve on quality of snacks and on your general
diet and on weight. This can be wsed in the futue by all college students.

ALTERMNATIVES

Thers are no known altematives avalable to you other than not taking part in this study. Any
significant new findings developed during the study which may relate to your willingness to
continue particapation will be provided to you.

CONFIDENTIALITY

The records of this shudy will b2 kept prvate and will be protected o the fullest extent provided by
Law. In any sort of report, we might publish, we will not include any information that will make it
possible to identify you Research reconds will b= stored securely, and only the researcher team
will have access fo them. Howewer, your records may be nspected by authonzed University or
other agents who will also keep the information confidential. I we leam about serious hamm to you
or smeone else, we will take steps to protect the person endangered ewven if it requires telling
the authortes without yowr pemission.

USE OF YOUR INFORMATION

Phags 3 of £
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ldentifiers about you might be remowed from the identifiable private infomation and that. afier
such remioval, the information could be used fior future research studies or distributed to another
mwestigabor for future research studies without sdditional informed consant from you or your
lzqgally authorzed representatve.

COMPEMNSATION & COSTS

o will receive a snack bag with healthy snacks and 3 water boftle after we assign you to 3
randomized growp. Yow will receive 3 35 gift card at week 4, 3 55 gift card 3t wesk & and a 310
gt card af the end of the study. There are no costs o you for participating in this shdy.
RIGHT T DECLINE OR WITHDRAW

Your parbcipation in this study is voluntary. You are free to participate in the study or withdraw
your consent at any time during the study. You will not lose any benefits i you decide not to
parbcipate or i you quit the study earfy. The inwestigator reserves the nght to remove you without
your consent at such tme that hel/she feels it 5 n the st interest.

RESEARCHER CONTACT INFORMATHON
If you have amy guestions about the research study, you may contact the principal investigator
Crisfina Palacios. at the Departrment of Dietetics and Muirition, FIU, {305) 343-3235 or

L= i fiy e
IRE CONTACT INFORMATION
I you would like to talk with someone about your rights of being a subject in this research study
o abeout ethical isswes with this research study, you may contact the FIL Ofice of Research
Integrity by phone at 305-348-2484 or by email at or@fiu.edu.

FARTICIPANT AGREEMENT

| hawe read the nformation in this consent formm and agres to participate in this study. | have had
a chance fo ask any questions | have sbout this study, and they have been answersd for me. |
uwnderstand that | will b= grven a copy of this fomm for my records.

Signature of Participant Ciate

Printed Mame of Participsnt

Sagnature of Person Obtaming Consent Cate
Pags 4 of 4
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FLORIDA Office of Research Intesrity
INTERNATTONAL Research Compliance, MARC 414

UNIVERSITY
MEMOEANDIA
Tu: Dir. Cristira Palacios
cc: Lukkamo] Praplkres
From: Maria Melendez-Vargas, MIBA. [RE Cocrdinator "" J
Diafe: Tume 10, 2020

Protocol Title:  “Effectivensss of the Snackability smariphone applicafion to mmprove
quality of the soack intake, general diet guality, and weight among collegs
students™

The Health Scisnces Institational Peview Board of Florida Infernational University has
approved your study for the use of human subjects via the Fuoll Board Eeview process. Vour
study was found to be in compliance with this instifution’s Federal Wide Assurance (D000050].

IRE Protocol Approval#:  IEB-20-0173 IEE Approval Date: 032520
TOPAZ Reference #: 108729 IEE Expiration Date: 0323721

As a requirement of IRE Approval vou ars reguired to:

1} Sobmit an [FB Amendment Form for all propesed additions or chanees n the procedures
mvelving boman subjects. All additsons and changes moust be reviewed and approved by the
IREB prior to implementation.

2} Promptly submit an IRB Event Feport Ferm for every sarious or unusual or unanticipated
adverse event, problems with the nghts or welfare of the human subjecis, and'or deviations
from the approved prodocol.

3} Utdlize copies of the date stamped consent docnment{s) for ebtaining consent from subjects
(unless waived by the IRB). Sipned consent documents nmast be retained for at least three
vears after the completion of the stody.

2} Obtain confinwing review and re-approval of the study prior to the IRE expiraton date.
Submit the IRB Fenswal Form at least 30 days m advance of the stody’s expiration date.

5} Sobmit an IR B Project Completion Feport Form when the stody is fintshed or discontimaed.

HIP4A Privacy Rule: N/A

Special Conditions:  NA

For furtber mfoomation, you may visit the [RE website at bitp:'mssarch fiuedu'irh,

MDA em
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ﬂu ‘ FLORIDA Office of Research Intesrity
INTERNATIONAL Eesearch Compliance, MARC 414
UNIVERSITY

MEMOERANDUM
To: Dir. Cristna Palacios
CC: Lukkamo] Prapkres
From: _ _ .f".,-'l
Maria Malendez-Vargas, MIBA [FB Coordinator
Diate: April 5, 2021

Profocol Title:  "Efectvensss of the Snackability smariphene application fo improve

quality of the snack intake peneral diet quality, and weight amens college
stodents”

The Health Sciences Institotional PBeview Board of Florids Imfernational University has
re-approved your study for the use of boman subjects via the Foll Board Review process. Your
stady was found o be in compliance with this instinetion”s Federal Wide Assurance (DMI00G0).

IRE Protocol Approval 71 [EE-20-0173-CEL0]1  IEE Approwval Drate: 0331721
TOPATL Reference #: 108728 IRE Expiration Drate: 03723722

As a requirement of [RE Approval vea are reguired fo:

1} Submuit an IRB Amendment Form for all propesed addidens or changss in the procedurss
mvelving oman subjects. Al additions and chanpes nmst be reviswed and approved by the
IRB prior to mmplementation.

2} Promptly submit an IRB Event Feport Form for every serious or uousual or anantcipated
adverse event, problems with the nghts or welfare of the human sobjects, and'or deviadons
from the approved prodecal.

3} Utilize copies of the date stamped consent documents) for obtining consent from subjects
(unless waived by the IRB). Signed consent documents mvost be refained for at least three years
after the completion of the smudy.

2} Receive annual review and re-approval of vour stody prior to voor IEE expiration date.
Submir the IRB Benewal Form at least 30 days in advance of the stody’s expiration date.

5) Submit an IF.B Project Completion Report Form when the study is finished or discontimued.

HIPAA Privacy Rule: NiA
Special Condifoms: NA
Far farther informaten. you may wisi the IRB website af bifp:Tesearch S et i,

M e
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Date

Screening checklist to participate in the study

1. Areyou 18 — 24 years old? No  Yes
2. Are you a non-nutrition college student at Florida No  Yes
International University?
3. What is your weight? __Ibor__ kg
4. What is your height? ___inor_cm
5. BMI calculation (25.0 —39.9 kg/m?) — THISWILLBE |No___ Yes
AUTOMATICALLY DONE BY QUALTRICS WITH
THE WEIGHT AND HEIGHT
6. Do you own a smartphone with access to internet No  Yes
connection to use the app?
7. Are you willing to be randomized into the intervention | No___ Yes
group (access to the Snackability app now) or control
group (access to the Snackability app later)?
8. Can you participate in the study for 3 months and No  Yes
complete assessments every 4 weeks from home
(online questionnaires and self-weight)? NOTE: we will
provide one if you do not have one
9. Areyou enrolled in a weight loss and/or nutrition No  Yes
program?
10. Do you take medications for weight loss? No_ Yes
11. Are you currently pregnant or breastfeeding? No  Yes
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Contact and Socio-Demographic Form

Name and last name:

Cellphone:

FIU Email:

Personal email:

Age years
Gender: _ Female __ Male
Race/Ethnicity:

__White __Hispanic/Latino __Afro Caribbean
__African American __Asian __Other

Full time student: __Yes _ No

Year of study (i.e. 1%, 2", 3. .. _.year at FTU): year
Field of study:
College: Department:

Household income:
__<$50,000 ___$50,000-$75,000
___$75,000-$100,000 ___>$100,000

Food situation questions

1. The food that (I/we) bought just didn’t last, and (I/we) didn’t have money to get more
in the past 12 months.
___Often true
___Sometimes true
___Never true
___Don’t know or refuse to answer

2. (I/we) couldn’t afford to eat balanced meals in the last 12 months
__ Often true
___Sometimes true
__Never true
__Don’t know or refuse to answer
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3. Inthe last 12 months, did (you/you or other adults in your household) ever cut the
size of your meals or skip meals because there wasn't enough money for food?
__Yes. If yes, how often did this happen?
___Almost every month
__Some months but not every month
__Only 1 or 2 months

__No

___Don’t know or refuse to answer

4. Inthe last 12 months, did you ever eat less than you felt you should because there
wasn't enough money for food?
__Yes
__No
___Don’t know or refuse to answer

5. Inthe last 12 months, were you every hungry but didn't eat because there wasn't
enough money for food?
__Yes
__No
__Don’t know or refuse to answer

Stressometer

Please circle the number (0-10) that best describes your stress level over the past week

$52115
ON
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Intake of snacks
In a typical day, how often do you eat snacks?

times/day days/week

In a typical day, when do you usually consume snacks? (select all that applies)

_____ Breakfast time
_____Mid-morning
____Lunch time
_____Mid-afternoon
_____Dinner time
___ After dinner

. What are the reasons for snacking? (select all that applies)

_____Snacks are tasty/palatable.
_____To stave off hunger
_____Snacks are convenient
_____Tofill the gap between meal
_____Snacks are affordable
_____Snacks are pleasure

. What kinds of snacks do you usually consume?

Do you know how to choose a healthy snack? _ No Yes

If YES, how do you know if a snack is healthy?

If NO, why?

. Which type of snack is more accessible and available to you?

____Unhealthy snacks (i.e. chips, crackers, cookies, candies, chocolate, etc.)

___Healthy snacks (i.e. fruits, vegetables, nuts, seeds, whole grain low sugary
bars/cookies/crackers, etc.)
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HEALTHY FOODS AND SNACES

Think abont when yon eat healthy foods and healthy snacks. Healthy foods
and smacks are low im fat, calories, and sugar. There are many bealiby foods
and smacks. These are jost some examples of bealthy foods and smacks:

— A mirkey of chicken sandwich instead of & — Peemrels, nus, o popenm {withioo hemer
hgssbirger bl salt) instead of chips

~ Halad with vinasgreme insiesd of reech’hise = Laow-lat Trofes yogur insiead of e Crem
chese dressing — Snesred borem race iastead of fried ncs

— baming haked or grdled feb moead of meats mece of it i o mack insiead of
tigher on fag {like beel, lamb, or pork) oondcies

— A meal vtk vepelbles manead of & meal _ Haked chickes o fish insiesd of fried
with & vegesablen chicken o Fiah

— A bezs bumbo instesd of & besl Bunnne

When I eat healthy foods (like fruits, vepetables, and lower-
calorie smacks), it iz because...

1. ...Ican find healthy spacks that come in handy, small packages ... ...
1. ...fmoits and vepetables o be easily eaten without being cooked. ...
3. ...there are healthy options at most restanrants tat [ goto........

4. ._someone has tanght me why fruits and vepetables are beakther. .
5

6

...eafing bealthny foods is part of my regular DoWEDE. ..o

I. .. Ihawve a personal goal of eating healthier snacks . ...
2. .. .cating healthy foods belps me to be phrpsically actve..
10. ...I hawe a health or medical condition mdntcdtn:athralmfhn-:ﬂmnfn........
11. ...I eat healthy foods every day so that T em be healthy .
11, .1 mm concemed about preventing hish chofesterol. .
13. ... heakthy snacks come in Lirtle packapes Lhdthrl]}m: to mot eat too much. ...
15. ...I am concerned about preventing diabetss. . -
16. ...Ilike to add vamery to whltI:-atl}Fm new fruits and vepetables.

17. ...cating healthy foods and snacks helps me look good. ..o
1. .. .froits and wepetables (fresh or frozen) are nsually available in my Bome. ...
1%, ...Thawe the discipline to et Bealthiy . ..o
20. ...I think about what coubd happen if T eat too meny mbealty foods. ...

DD D 0 00 0000000000000 O Stongy Diagres
QD D 0 O 00 QO 0 Q0 O 000 O 0 O Semeehl DNegres

o0 0000000000000 0000 Q2 SomewhtAgres
DD D0 0000 00000000003 O Srengy Agre

Woridm $250 13 Page 7 of I8 0 Carvyn W, Facker and Kmneih & Rice, 5002
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When I do not eat healthy foods (like fruits, vesetables, and

HEALTHY FOODS AND

lower-calorie snacks), it 1= because...

Lol

LA

Woriden 020202

...when there are unbealthy foods at bome, it is hard 1o choose healtny foods. ...
...fresh bealthy foods are not easily avadlable.
...when I go to the zrocery siore, [ do mot :pn-:lﬁta]lftnnl ab-:mthmm frits

or vegetables..

...1 do not like the taste of most vepetables .
...J cammot pet bealthy smacks in the snack machimes. ...
...I do not like to try new fnaits or vegetables that I have never bhad before. ...
... when someone coaks o gives me mhealthy food, Teatic
...J do not look or feel any different when Teat healthy .
...1crave sweets of junk food instead of frudt as asnack ..

...1 just do ot care about eating frmits and vepetmbles every day. ...
... when I make or buy a meal, I do not think abowt whether or not it has foits

or vegetables init. .

... healihy fopds are pot easy to find af restamamds. . ...

Page § of I
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o
o
o
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Please put an [X} mark in the box underneath the response that most closely

corresponds with how you feel about the guestions on the left.

NECESSAry and necessary

Enting this food Exting this food oc- | Mot eating this food
aften is healthy and | casionally is healthy | is healthy and neces-

sary

Sugar

French Fries

ail

Breads

Blice

Beans

Pasta

Red Bleat

Whole Milk

Cheese

Vepetzbles

Fruits

White Meat

Yes Mo

Do you feel pleasure when you eat?

Does eating ever feel unnatural to you?

Hawe you ever spent one or more days without eating or having only lig-
uids because you believed you could lose weight?

Do you count the calories of everything you eat?

Do you enjoy the feeling of an empty stomach ?

[ho you “skip™ meals to avoid putting on weizht?

Does eating make you feel “dirky™?

Do you hawe pood memories related to food?

Would you like to not need to eat?

Do you believe that it is normal to eat sometimes just because you zne sad,

upset or bored?

Plepse select ome answer from the options on the right

When you eat miore than usual, what Restart =ating as usual

is your behavior aftersands?
= e
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Please put an (X} mark in the box underneath the response that most dosely
corresponds with how you feel about the guestions on the left.

Alweys | Ususlly | Often | Sometimes | Raralyf

Mayar

| feed guilty when | =at something that

| thought | should not eat for some

reEason.

| guit eating a kind of food i | find out

it has more calories than | thought.

| worry all the time about what | am

Eoing to eat, how much to eat, how

to prepare food and whether | should
&ator not.

| worry about how musch & certain

kind of food or meal will make me
pain weishi

| am angry when | feel hungry.

It is hard to choose what to eat, be-
cause | abways think | should 2zt less
or choose the option with fewer clo-
ries.
When | desire a specific kind of food, |
know | won't stop eating urtil | hawe
finished with it.
| would ke to have my sppetite and
eating behavior under total control.
| try eating less in front of others in
order to overeat when | am alone.
| am afraid to start eating and not be
able to stop.
| dream of & pill that would replace

fond.

| pet mervous andfor lose my self-
control at parties and buffets, dwee to
& preat amount of foods available.
My relationship with food messes up
my life a5 = whole.
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Body weight Recording FORM
Baseline

Participant ID:
Date: [/ [/
Time:

Type of scale used:
Brand of scale used:
Areyouusingkgorlb?

Scale calibration

- What item did you use to calibrate the scale?

- What is the regular weight of that item?
- What was the weight displayed on your scale for that item?

Body weight measurement
- Weightl  *
- Weight2
- Were you wearing ONLY undergarments? Yes No
o If not, what were you wearing?
- Were you bare feet? Yes No

Height
- What is your regular height in inches?
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()]

Usability of Snackability app and snacking behavior

How often did you use the app when snacking in the past 4 weeks?

___Everytime
___Most times
____Sometimes

Almost never

Never

Estimate how many times did you use the App during the past 4 weeks?

times/day

In the past 4 weeks, how often did you eat snacks?

times/day

days/week

days/week

Did your score improve during the past 4 weeks that you used the App?

No Yes

Explain

Did the app help you choose healthier snacks?

No Yes

Explain

. In the past 4 weeks, using the Snackability app has...

Questions

Strongly | Agree
Agree

Neutral

Disagree

Strongly
Disagree

Increased knowledge of
choosing and eating
healthy snacks

Increased my actual goal
setting to eat healthy
snacks

Increased my consistency
in eating healthy snacks

Increase self-monitoring
of eating healthy snacks

Improved my snacking
behavior change

166




Evaluation of acceptability, feasibility, satisfaction, and usability
of the Snackability smartphone app

Questions

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Feasibility questions

1. The App is easy to use.

2. The App is easy to learn.

3. It was easy to find the
snack | wanted to eat in the

app.

4. The App is very quick.

5. The App provided me all
the information | wanted.

Acceptability questions

1. The icon and font used are
attractive and recognizable.

2. | felt very comfortable
using the application.

3. I liked the layout of the
App.

4.1 liked the screen of the
App.

Satisfaction questions

5. I would use this App again.

6. Overall, | liked the App.

Usability questions

___Everytime
___Most times
____Sometimes

times/day
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1. How often did you use the app when snacking in the past 4 weeks?

Almost never

Never

3. In the past 4 weeks, how often did you eat snacks?

2. Estimate how many times did you use the App during the past 4 weeks?

days/week




times/day

days/week

4. Did your score improve during the past 4 weeks that you used the App?

No Yes

Explain

5. Did the app help you choose healthier snacks?

No Yes

Explain

6. In the past 4 weeks, using the Snackability app has...

Questions

Strongly
Agree

Agree | Neutral | Disagree

Strongly
Disagree

Increased knowledge of
choosing and eating
healthy snacks

Increased my actual goal
setting to eat healthy
snacks

Increased my consistency
in eating healthy snacks

Increase self-monitoring
of eating healthy snacks

Improved my snacking
behavior change

7. Were there foods not found in the app?

If yes, which ones:

No Yes

8. Would you pay for this app? No

Yes Maybe

9. What is your overall star rating of the app? (from 1 to 5, being 5 the highest)
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Appendix 7 — Information provided for the control group
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Smart Snacks in a Nutshell

Mutrition Standards for All Foods 5old In Schools Final Bulz

Thez Smart Snacks Final Bulc finalires scicnocc-bascd nutrition guidelines for competitive foods sold on the schaol
campws during the school dav. Foods and boverages sald in schools must mect both the goncral standards and the
nivtricnt standards cutlined in the final rule if they dio not gualify for an coomption.

Foods

General Standards

Endrécs, snacks, and sides must moct oo of the follwing criteria:
¢ Becawholc grain-rich product
¢ Hawe a fruit. vepotable, dadry product, or protein food (mecat, boans, poultry, cte] as the First ingredicnt
¢ Bc acombination food with at least ¥ cup froit andfor vegetablc

Mutrient Standards
Mutricnt standard s should be asscsscd for the scrving size available for purdchasc amd include all
accompanimaents. Entrées, snacks, and sides miust mcct all of the following standards

Table 1 Alpeable limit por nutricnt
urtrient Allcrerable lmit
Calloarics, cnitrco = 350 calowrics
i, snack or side | = 200 calorics
Fat = 35% of total calorics from Fat
Exrmptions reduccd-fat checse, part-skim moerseclls, muts, soods, motfsood buttors, dricd fruit
with nuts or scods (eith no addicd nutritive swocboners or fat), scafood withno addod fat, ceps
Saturated fat = 1% of tokal calorics from sturatcd fag
Exemptions: reduccd-fat choese, part-skim moeeserclls, ruts, scods, nutfscod buttors, dricd fruit
with nuts or scods (eith no addicd nutritive swectoners or fat], scafood withino added fat, cpes
Trans fat 0 off e Fart (<105 =)
Sadium, anmtrée =400 mg
Sodium, snockor sdc | 2200mg
S = 35% ol wecight frowm total sugar
Exemptions: dricd’dchywdrated fruits or vegetables wathout added nutritiec swectencrs, dricd
fruits with nutritiec ssvcctcrcrs for proocssing andfor palatabifity, deicd frui eath onby
it socds fno addicd nuiritive sweoctoncrs o fat)
Exemptions from General and Mutrient Standards
Thez falbawing items arc cxoompt from all of the gencral and nutrient standands:
BAn cntréc the day of and the day after it is screed as part of a reimbur sabde mecal
Fresh and frozen fruits and vwegotables with no added ingredicnts cxocpt wator
Canncd fruits with o added ingredionts cxcept water, which arc packed in 100% juice, extra light syrup,
ar light syrup
Lo sodiven and no—salt added canncd vepe tables with no added Fat

Entrées
An cntrce is defined as the main course of 2 meal that mects anc of the following defnitions:

¢ A combination food of mecat/meat albcrnate and whole grainerich grain

¢ A combination food of meat/mcat albernate and vegctablc or fruit

¢ A mcatimoat altcrnatc alone (codudes vogurt, cheose, nuts, scods, nutfscod buttors, and meat snacks

leg-, b jorkyl)

¢ & brcakfast ctrée defined by the monu planncr and served as part of the School Breakfast Program
If a product docs ot mect any of the gualifications for an ondrec, it mest be cvalusted against the nutricnt
standards for 5 snack/side.
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