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ABSTRACT
Vaping is a growing threat to public health and there is much to learn regarding the

factors that precede vaping initiation, maintenance, and potential escalation. Building upon prior
research in the neuroscience of nicotine addiction, the current study utilized a novel functional
magnetic resonance imaging (FMRI) approach to evaluate whether brain reactivity to vaping
packaging predicts vaping frequency while also considering the potential moderating effect that
trait food craving may have on this relationship. Overall, there were three core aims of the
current study. First, we wanted to utilize a novel vaping packaging cue reactivity paradigm to
functionally identify brain regions of interest (ROIs) that significantly respond to vaping
packaging with either gray stimuli or colorful food stimuli. Second, we wanted to determine
whether we could use the reactivity of these ROIs to both types of packaging to predict vaping
outcomes (i.e., number of puffs on vaping devices reported in the four weeks following the initial
study visit). Third, we wanted to assess whether the potential association between the ROIs
reactivity to packaging and vaping outcomes was dependent upon an individual’s self-reported
level of trait food cravings. We identified 10 ROIs that exhibited the most robust significant

reactivity to vaping packaging containing gray or colorful food stimuli. These ROls are



predominantly engaged in visual, language, and attentional processes. Analyses conducted from
a sample of 59 young adult heavy vapers revealed that, in general, these ROIs were not
predictive of vaping outcomes on their own. However, significant interactions between ROI
reactivity to both types of vaping packaging and trait food craving were found to predict vaping
outcomes. The interaction involving ROI reactivity to gray packaging was in the expected
positive direction, but the interaction involving ROI reactivity to colorful food packaging was
unexpectedly negative. The findings from this study contribute to our understanding of how the
stimuli present on vaping packaging is processed, and how these neural responses can be used to
predict vaping outcomes. Our findings may contribute to the development and guidance of

evidence-based policies aimed at regulating the packages of vaping products.

INDEX WORDS:  Vaping, Electronic Nicotine Delivery Systems, Packaging, Functional
Magnetic Resonance Imaging, Young Adults, Food Cravings



NEURAL RESPONSES OF YOUNG ADULT VAPERS TO FLAVORED VAPING

PACKAGES AND THEIR SUBSEQUENT VAPING OUTCOMES

by

JOSHUA THOMAS MCMAINS
B.S., University of Georgia, 2015

M.S., Georgia Southern University, 2018

A Dissertation Submitted to the Graduate Faculty of The University of Georgia in Partial

Fulfillment of the Requirement for the Degree

DOCTOR OF PHILOSOPHY

ATHENS, GEORGIA

2024



© 2024
JOSHUA THOMAS MCMAINS

All Rights Reserved



NEURAL RESPONSES OF YOUNG ADULT VAPERS TO FLAVORED VAPING

PACKAGES AND THEIR SUBSEQUENT VAPING OUTCOMES

by

JOSHUA THOMAS MCMAINS

Major Professor: Lawrence Sweet
Committee: Jiaying Liu
Assaf Oshri

Electronic Version Approved:

Ron Walcott
Vice Provost for Graduate Education and Dean of the Graduate School

The University of Georgia
August 2024



DEDICATION

This dissertation is dedicated to my wife, Rebecca, who has been a source of unwavering love,
patience, encouragement, and support. | am truly thankful that you are my partner in life. I also
dedicate this to my son, Thomas, for coming along during my final year of graduate school,
brightening our lives daily, and providing the last bit of motivation I needed to complete this
dissertation. I also dedicate this to my two dogs Oliver and Honey who were constant sources of

unconditional love and support in the countless late nights working throughout graduate school.

| dedicate this dissertation to the rest of my family and friends who have supported me along this
long journey. This includes mom, Leslie, who taught me to be independent and to do good in the
world. This includes dad, Ed, who taught me to love what | do and inquire into the nature of
things. | know you were proud when | was admitted into my doctoral program, and I only wish
you had lived to witness me complete it. | also dedicate this to my siblings, Thressa (Scott),
Laurie (Danny), Sean (Caroline), Benjamin, and Cassie who have served as excellent examples

of what and what not to do throughout life. I would not be the person | am today without you all.

| dedicate this dissertation to all of the teachers who have, from daycare to graduate school,

guided me in the pursuit of knowledge.

Finally, I dedicate this dissertation to the neurologist and writer, Dr. Oliver Sacks, whose stories
inspired me to delve more into the amazing and complex functioning of the brain and its vast

interconnections to the human condition.



ACKNOWLEDGEMENTS

| cannot begin to express my thanks to Dr. Lawrence Sweet, who has served as a mentor
to me from junior year of my undergraduate years at UGA all the way through this doctoral
program. Larry, without your support, | would not have completed my goal of having a teaching
career in higher education. You knew that | wanted to pursue a career focused on teaching from
the beginning of this doctoral program, and | genuinely appreciate your encouragement and
guidance in this process despite this not being the path that you took. The kindness and humility
that you display through your mentorship will not be forgotten, and I only hope | can emulate it
for my future students.

| would also like to thank my Doctoral Advisory Committee members: Dr. Jiaying Liu,
and Dr. Assaf Oshri. Dr. Liu is one of the most positive and encouraging professors with whom |
have had the pleasure of working. She graciously allowed me to use her data for this dissertation
and she made me feel as though | was one of her own mentees. | also want to thank Dr. Assaf
Oshri for his willingness to allow me to join his graduate students in the process of conducting
research over the past few years. | also appreciate the fact that he allowed me to access data from

previous projects to further learn how to analyze, interpret, and disseminate research findings.



Vi

TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS ...ttt nnn e %

LIST OF TABLES. ...ttt bttt et b e e e nne e e e nneas vii

LIST OF FIGURES ... .ottt ettt ettt te e enns viil
CHAPTER

1. INTRODUCTION ...ttt ettt ettt sttt e et e sbe et e e sbeessbeesbeesnbeesree s 1

Electronic Nicotine Delivery Systems (ENDS) ..ot 3

FIAVOTEd ENDS ... ..ottt bbbttt 7

Functional MRI to Study Substance Use and AddiCtion ..........cccccoeviiiniiinininicieeee, 10

Cue Reactivity and Package Paradigms to Study Addiction ...........ccccceeveeveeieiievieenee 12

Current Study, AIms, and HYPOTNESES .........ccoiiiiiieeireee e 14

2. METHOD ...ttt ettt et e e bt et e e b e e e nbe e nre et e e reeenee e 18

PAITICIPANTS. ...ttt bbbttt b bt 18

PIOCEAUIES ...ttt bbbt bbbttt b e bbbt nes 19

SEIT-REPOI IMBASUIES.......eevieeieie ettt bbbttt 20

INEUFOTMAGING -tttk b bbbt bttt et et et e bbbt bt et e e eneeneas 22

SEALISICAl ANAIYSIS ... e 24

POWET ANAIYSIS ...ttt e et e s e et e e s re e e beesseeabeeanee s 28

3. RESU LT Sttt ettt b e bt e e bt et et et e e e be e b e e e e e e 31

A, DISCUSSION ...ttt ettt sb e e et e et e e s b e e abeeasbeeabeeemneesaeeanbeenreeas 39

REFERENGCES ... .ot 59



vii

LIST OF TABLES
Table 3.1: Regions of Interest (ROIs) with Significant Response to Gray or Food Packaging
...................................................................................................................................................... 83
Table 3.2: Hypothesis 2.1 Linear Regression Results: All ROl Responses to Gray Packaging
...................................................................................................................................................... 84
Table 3.3: Follow-Up Analyses of Hypothesis 2.1 Linear Regression Results: Individual ROI
Response t0 Gray PACKAGING .....ccveiieiuieiiiieie e sttt et ste et ste e te s e steesreenaesteeaesneenneas 85
Table 3.4: Hypothesis 2.2 Linear Regression Results: All ROI Responses to Food Packaging
...................................................................................................................................................... 86
Table 3.5: Hypothesis 2.2 Linear Regression Follow-Up Analyses: Individual ROI Responses
LCOJ oL To I o= Tod Vo Lo o RSO RSRTOR 87
Table 3.6: Hypothesis 2.3 Linear Regression Results: All ROI Responses to Gray and Food
PACKAGING ...ttt bbbt b e bbbt 88
Table 3.7: Linear Regression Results, Hypothesis 2.3 Follow-Up Analyses, Individual ROI
Response to Gray and FOOd PaCKagiNg ........ccccoveiiiiiiiiiieie ettt 89
Table 3.8: ANOVA Results, Hypothesis 2.3, Comparing All ROIs Regression Models ........... 91
Table 3.9: ANOVA Results, Hypothesis 2.3, Comparing Individual ROIs Regression Models
...................................................................................................................................................... 92
Table 3.10: Linear Regression Results, Hypothesis 3.1, All ROI Response to Gray and Food
Packaging Interacting with Trait FOOd Craving .........cccooiiiiieiie e 93
Table 3.11: Linear Regression Results, Hypothesis 3.1 Follow-Up Analyses, Individual ROI
Response to Gray and Food Packaging Interacting with Trait Food Craving .........cccccceeeveivenenn 94

Table 3.12: Linear Regression Results, Hypothesis 3.2, All ROI Response to Food Packaging
Interacting with Trait FOO CraVving ........ccoeiiiiiiiiii i 96

Table 3.13: Linear Regression Results, Hypothesis 3.2 Follow-Up Analyses, Individual ROI
Response to Food Packaging Interacting with Trait FOOd Craving .......ccccccevvvivevesiiesivenesiennns 97



viii

LIST OF FIGURES

Figure 1.1: Conceptual Model for Hypothesis 3.1. ... 99
Figure 1.2: Conceptual Model for Hypothesis 3.2. ..ot 100
Figure 2.1: Example Internet/Paper Flier AAVErtiSEMENtS .........ccoovvveieieneneneneneseseeeeeens 101
Figure 2.2: Example Packaging of Three Stimulus Types and Control ............cccccocvvvvininennn. 102
Figure 3.1: Significant Brain Responses to Gray Packaging ..........ccccocevviininieninnneniceenn 103
Figure 3.2: Significant Brain Responses to FOOd Packaging ..........ccccooevvrenenenennnesieeeeenns 104

Figure 3.3: Regions of Interest (ROIs) with Significant Response to Gray or Food Packaging
Figure 3.4 Interaction Plot, Hypothesis 3.1, All ROl Response to Gray Packaging and Trait Food
(01 721V o TP TS T TP PRT TR PRPRPPIN 106

Figure 3.5 Interaction Plot, Hypothesis 3.1, All ROl Response to Food Packaging and Trait Food
(@1 7= 1713 To S S RPRSPPSURRRIN 107

Figure 3.6 The Johnson-Neyman Plot on Moderating Effect of Trait Food Craving on the
Associations between All ROI Response to Food Packaging and Vaping Puffs ..................... 108



CHAPTER 1
INTRODUCTION

Problems stemming from substance use and misuse impact a sizable portion of the United
States population, so understanding the factors that lead to the increased risk of substance use
and its related problems is vital for prevention and treatment. Results from the 2022 National
Survey on Drug Use and Health (NSDUH) found that an estimated 168.7 million people in the
United States over the age of 12 used a substance (i.e., used tobacco products, vaped nicotine,
drank alcohol, or used an illicit drug) in the month prior to being surveyed (Substance Abuse and
Mental Health Services Administration [SAMHSA], 2023). In the United States, the fiscal
impact of substance use and misuse is estimated to be over $740 billion annually — increasing
each year — due to costs related to health care, lost productivity, and crime (National Institute on
Drug Abuse, n.d.). Young adults (YA), defined as those between the ages of 18 and 25, are also
at increased risk of substance use as they gain more independence (Arnett, 2007). This robust
research finding has been recognized by the Annual National Survey on Drug Use and Health in
publications also stating that substance use problems peak during this developmental period
(SAMHSA, 2023). It has been concluded that increasing adult responsibilities and related stress
can lead to increased substance use and begin patterns of negative health behaviors that extend
into later adulthood (Rogers et al., 2021). Therefore, substance use prevention efforts have
frequently focused on this critical period (Andsager et al., 2001; Arnett, 2007; Morgan et al.

2003; Rogers et al., 2021; Tan et al., 2018).



Cigarette smoking and nicotine vaping are two key contributors to overall substance use
in the United States. Results from the 2022 NSDUH showed that an estimated 41.1 million
people had smoked combustible cigarettes in the past month, while an estimated 23.5 million
people had vaped nicotine with an e-cigarette or another type of vaping device (SAMHSA,
2023). The annual monetary impact on health care that cigarettes have are estimated to be over
$225 billion, while vaping’s impact is $15.1 billion and growing (Shrestha et al., 2022; Wang et
al., 2023). It is noteworthy that cigarette smoking is declining overall (Schiller & Norris, 2023),
yet vaping prevalence is rapidly increasing overall, with particularly accelerating increases
among YAs (Farzal et al., 2019; Collins et al., 2019; Huang et al., 2019; Besaratinia & Tommasi,
2020).

Nicotine is a highly addictive chemical substance found in tobacco products like
combustible cigarettes and vaping products (Grana et al., 2014; Perkins & Karelitz, 2013).
Tobacco and nicotine routes of administration have significantly changed over the past century.
Combustible cigarette use escalated in the first half of the 20" century and peaked in 1964 with
approximately 42% of adults reporting that they were current smokers (Cummings and Proctor,
2014). From that point on, the number of cigarette smokers has steadily declined, and the number
of adults who report being a current smoker fell to a historic low point in 2022 (11.2%; Schiller
& Norris, 2023). A major contributor to this decline was an increase in the use of anti-tobacco
advertisements and messaging beginning in 1967, and a ban on cigarette advertisements on
television and radio by 1971 (Cummings and Proctor, 2014). With this increase in anti-tobacco
messaging and the increasingly well-known known negative health outcomes associated with
smoking cigarettes, including cancer, heart disease, stroke, and lung disease, public perception of

cigarette smoking has become much less favorable (Mishra et al., 2015; Warren et al., 2014).



Despite increased public awareness of the negative health effects and declining numbers
of cigarette smokers, it remains the leading cause of preventable death in the United States (U.S.
Department of Health and Human Services, 2014). Prevalence differs by source, but it is clear
that combustible cigarette smoking is decreasing while use of vaping products is rapidly
increasing (Bandi et al., 2021; Pierce et al., 2023; Sanford et al., 2024), especially among the YA
segment of the US population (Farzal et al., 2019; Collins et al., 2019; Huang et al., 2019;
Besaratinia & Tommasi, 2020).

Electronic Nicotine Delivery Systems (ENDS)

E-cigarettes and other vaping devices are collectively known as electronic nicotine
delivery systems (ENDS). ENDS may look like a combustible cigarette or a pen, but more
commonly they resemble universal serial bus (USB) flash drives and come in both reusable and
disposable configurations (Food and Drug Administration [FDA], 2023). These devices are
typically battery-powered and hold a liquid containing nicotine known as “e-liquid” or
colloquially as “vape juice” that is designed to be vaporized and inhaled (FDA, 2023; Raymond
et al., 2018). The liquid in these devices varies widely among products, but the key psychoactive
ingredient is usually cannabis or nicotine. Approximately half (54.2%) of adult vapers use
products containing only nicotine, 7.4% use products that only contain cannabis, nearly a quarter
(23.8%) use both cannabis and tobacco products, and 14.6% vape substances that contain neither
(Mattingly et al., 2022). Among YA who vape, it is estimated that 37.3% vape nicotine only,
10.8% vape cannabis only, 30.5% vape both cannabis and nicotine, and 21.4% vape substances
that contain neither (Mattingly et al., 2022). Non-cannabis vaping products nearly always
include nicotine and often contain propylene glycol, vegetable glycerin, flavorings, and other

additives (Glasser et al., 2017). Vitamin E acetate is an additive commonly found in aftermarket



products that was tied to an increase in serious lung injuries in 2019 and highlights the often-
unregulated side of developing and marketing of vaping products (Boudi et al., 2019; Soto et al.,
2023). The amount of nicotine in these products varies as well, and labeling inaccuracies have
shown that products may contain lower or higher levels of nicotine than advertised (Raymond et
al. 2018). Some vaping products contain higher levels of nicotine than combustible cigarettes,
which has amplified concerns about increasing the risk of nicotine addiction in vulnerable
populations such as YAs (Grana et al., 2014).

Some consumers see ENDS as a safe tool for smoking cessation, but also as a
replacement for combustible cigarettes. ENDS presents consumers with something that contains
everything they may like about smoking while reducing many of the things they may not enjoy.
These products have been marketed as a viable alternative to smoking because vapers would not
smell like cigarette smoke or inhale the carcinogens that are well-known to be contained in
combustible cigarettes (Ranjit et al., 2021; Shahab et al., 2017). ENDS vaping devices not only
replace the method of nicotine delivery via cigarette, but they also maintain the ritualistic
components of smoking (e.g., bringing one’s hand to their mouth as part of the action of
smoking) (Caponneto et al., 2012). In general, e-cigarettes are thought to be associated with
fewer short-term negative health outcomes than combustible cigarettes; however, long-term
effects are not as well known (NASEM, 2018). One known health concern associated with
vaping is the fact that vapers are inhaling potentially toxic components contained in their e-
liquid, including heavy metal particles (e.g., arsenic, chromium, nickel, and lead), formaldehyde,
and acrolein (Glasser et al., 2017; Olmedo et al., 2018; Shahab et al. 2017).

E-cigarettes were introduced to the United States market in 2007 (Boudi et al, 2019). The

popularity of e-cigarettes rose between 2014 and 2015, stabilized for a few years, and has



increased every year since 2018 (Farzal et al., 2019). The e-cigarette company Juul Labs, Inc.
was a major driver of this increased popularity in vaping by simplifying ENDS function and
vape liquid production, in addition to unprecedented engagement in advertising, marketing, and
promotions (Huang et al., 2019; Pennings et al, 2023). Their product could deliver almost twice
the amount of nicotine compared to other vaping products at the time, which was comparable to
a combustible cigarette (Rao et al., 2020). In fact, one Juul pod contains roughly the same
amount of nicotine as a pack of cigarettes, but is easier to inhale (e.g., no coughing and
wheezing) and thus easier to consume larger amounts of nicotine in a shorter period (Prochaska
et al., 2022). While this new product was potent, the innovative social media marketing that took
place was also thought to be a major contributor to the increased levels of vaping seen in
adolescents and YAs (Collins et al., 2019; Huang et al., 2019).

Vaping has especially increased in popularity in both adolescent and YA populations over
recent years and has become a common way for individuals to be introduced to nicotine products
(Farzal et al., 2019; Jones & Salzman, 2020). Higher susceptibility for future vaping has been
found in males and older youth (Bold et al., 2018). Vaping use in youth increased to a level in
which it was labeled an epidemic in 2018 (Besaratinia & Tommasi, 2020). These vaping
products are often flavored in appealing ways and marketed as safe alternatives to combustible
cigarettes. While one in five high schoolers is thought to have tried vaping products at least once,
elementary and middle school use has also been documented (Jones & Salzman, 2020). This is
especially troubling as the long-term effects of vaping product use are not fully known and
because nicotine use in adolescence can potentially lead to lifelong nicotine addiction (Birdsey et
al., 2023). A significant portion of both adolescents and young adults who vape have been shown

to be naive to the level of nicotine in vaping products and the impact that it can have on their



health (Golan et al., 2023; Morean et al., 2021). The 2023 National Youth Tobacco Survey has
shown a small decline in use in high school students and an increase in middle school students,
but this remains a public health concern because vaping products are the most used nicotine
products by adolescents, and of those users approximately 1 in 4 use it daily (Birdsey et al.,
2023). Additionally, use of vaping products with fruit and candy flavors in adolescents has been
tied to long-term continued use (Leventhal et al., 2019). Therefore, vaping behaviors that begin
in adolescence and increase long-term health risk are more likely to persist into young adulthood.
While the prevalence of vaping in adolescence is concerning, 24% of young adults are
estimated to vape, and this is the highest percentage of any age group (SAMHSA, 2023). Vaping
products are the most common tobacco product used by Y As, who frequently do not have a
history of cigarette use (Cornelius et al., 2020). A known influence on increased vaping in YAs
is marketing that specifically targets this age group on social media and other online advertising
platforms (Huang et al., 2019; Kornfield et al., 2015). Over 70% of YAs endorse having been
exposed to vaping marketing in the past month, which has been consistently found to be
associated with increased experimentation and use (Chen-Sankey et al., 2019). Likely influenced
by marketing, a boost in social status and group acceptance is often endorsed as a motive for
vaping in YAs (Ranjit et al., 2021). The vast number of flavors is a motivator for initiation but
can then serve as discussion points for these individuals and their peers as their use becomes
more social in nature (Ranjit et al., 2021). Some YA vapers also report using flavored vapes to
help curb their appetite and replace eating sweet foods, and limited evidence supports this notion
that vaping flavored e-liquids lessens food cravings for sweet foods (Dyer et al, 2023). YAs have
mixed perceptions of the overall safety of vaping and its efficacy as a smoking cessation tool, but

those who are current users tend to endorse more positive perceptions (Kelsh et al., 2023).



E-cigarettes and other vaping products were initially advertised a healthier alternative to
cigarettes and as a potential way to help with smoking cessation, yet there is still considerable
debate about this relationship (Creamer et al., 2021; Glasser et al., 2017; Primack et al., 2018;
Sanford et al., 2024). Evidence has been presented that vaping has the opposite gateway effect
and facilitates the smoking of cigarettes even in never smoking individuals around 18 months
after vaping initiation (Chapman et al., 2019; Primack et al., 2018). For instance, YAs who vape
have five times as much increased risk of initiating cigarette smoking than those who do not vape
(Primack et al., 2018). A model put forth by Soneji et al. (2018) estimated that 81 never-smoking
adolescents and young adults who use vaping products would eventually become smokers for
every one individual who quit smoking cigarettes with the assistance of e-cigarettes or other
vaping devices.

Flavored ENDS

Flavors have become a key component to the marketing of e-cigarettes. The producers of
these products not only want to make them satiating to consumers seeking nicotine, but also
create a pleasant and enjoyable experience for any user (Leventhal et al., 2019). Towards this
end, one way in which vaping differs from other nicotine products is with the vast number of
flavors that exists with e-liquids including flavors that mimic high-calorie foods. There are over
14,000 estimated vape flavors available to consumers, with fruit and sweets (desserts and candy)
flavors ranking among the most popular (Ma et al., 2022). Unlike cigarettes, flavored vaping
products and advertisements feature salient and visually striking food cues that remain largely
unregulated (Chadi et al., 2019).

Flavors, except mint/menthol have been long outlawed in cigarettes because they facilitate

smoking initiation and increase addiction risk, especially children and young adults (Carpenter et



al., 2005; Klein et al., 2008; Manning et al., 2009). Flavors in vape products are attractive and
inherently rewarding to children and YA. Moreover, they are typically paired with nicotine in the
vape solution, increase nicotine addiction risk, mask tobacco flavor, and influence appetite
suppression effects of nicotine (Groom et al., 2020; Harrell et al, 2017; Kechter et al, 2022;
Pepper et al., 2016; Romm et al, 2022).

Flavor attracts people while nicotine addicts them. Approximately 9 in 10 adolescent vapers
are known to use flavored products, with fruit flavors being the most popular followed by flavors
with candy, dessert, and other sweet themes, and mint/menthol (Birdsey et al., 2023). Flavor is
often a primary reason for choosing to use a nicotine product in the first place, with 86% of YA
vapers citing flavors as the reason for vaping initiation and escalation (Villanti et al., 2017).
Vapers report higher levels of satisfaction when using flavored products (versus non-flavored),
but also report higher self-perceived addiction to these products (Landry et al, 2019). Vapers
who try and ultimately use a variety of flavors vape more and are more likely to smoke cigarettes
(Lanza et al., 2020). Vaping advertisements with candy-like flavors have been shown to increase
interest in purchasing and using vaping products in children (Vasiljevic et al., 2016). While not
yet implemented on a larger scale, there is some evidence that standardized plain packaging can
reduce the appeal that the colorful, flavor-themed packaging can have for youth, but this does not
seem to have the same effect on adults (Simonavicius et al., 2023; Taylor et al., 2023).

Tobacco (and thus nicotine) have a historical relationship with weight management, and
research has shown that some vapers may vape in or to help control their appetite and lose
weight (Kechter et al., 2022). Some vapers report using food-related flavors of e-liquid as an
alternative way to satisfy their food cravings because they may taste similar enough and are

essentially calorie-free (Kechter et al., 2022). Women have been found to be more likely to use



flavored vaping products to satisfy food cravings (Goldberg & Cataldo, 2018). With food
cravings potentially satiated by flavors in addition to the known appetite-reducing effects of
nicotine, there may be a decreased level of food consumption observed initially, but this may
only serve to increase food and nicotine cravings long term (Dobbie et al., 2020; Kechter et al.,
2022).

Like nicotine contained in e-liquid, flavors in vape products are also inherently rewarding
and both result in craving, a construct often included in addiction research that refers to an
intense urge and motivation to seek out and obtain a particular substance (Hormes & Rozin,
2010). High-caloric sweet foods and fruits are commonly craved foods (Meule, 2020a). Food
cravings are commonly experienced by the general population, and not considered addictive
behavior unless there is a loss of control over one’s eating behavior (Meule & Kiibler, 2012).
Food craving is a multifaceted experience that can be separated out into two main types of
craving. State food craving occurs when an experience of food craving is temporary whereas trait
food craving represents a more stable experience of the frequency and intensity of general food
cravings (Meule, 2020b). Current levels of hunger can affect the ratings of state food cravings, so
trait food craving may be a better measure of stable food cravings where state-dependent
variables cannot be controlled (Meule et al., 2014).

Though not always supported in research studies, there is strong evidence for the
involvement of common neural pathways underlying craving for both addictive substances and
food (Pelchat, 2002). It is widely accepted that nicotine acts on the dopamine pleasure and
reward circuits in the brain and can alter the normal development of the brain (Castro et al.,
2023; De Biasi & Dani, 2011). Long-term nicotine intake can also lead to mood changes,

anxiety, social withdrawal, and make adolescents lose interest in school and extracurricular
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activities (Iniguez et al., 2009; Kutlu & Gould, 2015; Martin & Sayette, 2018; Wiener et al.,
2020). Understanding how flavors in vape products play a role in craving these products is
important to minimize initiation and escalation and the negative impacts of nicotine in vulnerable
populations.

Functional MRI to Study Substance Use and Addiction

Functional MRI (FMRI) is a valuable tool for studying substance use and addiction due
to the known impacts that both have on brain development and functioning (Courtney et al.,
2024; Suckling & Nestor, 2017). FMRI is an indirect measure of neural activity that relies on
changes in blood flow and relative oxygenation that follows changes in neural demands
associated with neuron activation. Neurons require oxygen and glucose to sustain their
functioning, so when brain regions are engaged in cognitive tasks, they require more blood flow
(i.e., increased hemodynamic response) and exhibit increased blood oxygen level dependent
(BOLD) signal that is detected using specialized magnetic resonance (MR) scanner sequences
(Fowler et al., 2007; Logothetis, 2003).

As neural demand increases, oxygen-rich blood flow is increased to promote cognitive
processes in certain brain regions. The BOLD FMRI technique is based on a measurement of the
ratio between oxygen-rich and oxygen-poor blood. Hemoglobin is the protein that is responsible
for transporting oxygen in the blood, and oxygen-rich blood (containing oxygenated
hemoglobin) has a stronger MR signal compared to oxygen-poor blood (containing
deoxyhemoglobin), which is weakly magnetic (Hillman, 2014). The ratio between these two
states of hemoglobin underlies the BOLD signal. Increased BOLD signal helps to localize the
relative changes in activity of brain regions because the relationship between changes in BOLD

signal and changes in neural activity is linear (Logothetis, 2003).
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FMRI is frequently utilized to identify consistent patterns of brain activity that serve to
help us further understand craving and addiction. Patterns of brain response to FMRI paradigms
(i.e., experimental challenges) have yielded neuromarkers that serve as objective measures of
various components of addiction (e.g., craving), which are commonly paired together with
subjective self-reports to improve assessment these constructs and understanding of
neurobehavioral mechanisms (Koban et al., 2023). This complementary combination of
subjective and objective measures is especially useful because self-reports are known to be
confounded by social desirability and other biases, while FMRI allows objective assessments of
underlying neural mechanisms outside of conscious awareness that drive addiction (Khalili et al.,
2021).

A vast amount of research has utilized FMRI to understand brain structures and networks
related to addiction to nicotine, but much of this work has focused on combustible cigarettes. As
the prevalence and addictive potential of vaping is further understood, FMRI research related to
vaping has increased (Vollstadt-Klein et al, 2021; Wall et al., 2017). A prominent goal of this
research is understanding how brain function changes from initiation of substance use to
addiction to development effective preventative and intervention strategies (Volkow & Morales,
2015). Using these complementary objective and subjective assessments, researchers have been
able to predict addiction outcomes more accurately. Furthermore, the incremental predictive
validity of FMRI has been demonstrated in studies that have evaluated the effect that cue-
reactivity paradigms have on substance use outcomes (Owens et al., 2018; Ekhtiari et al., 2016;

Lin et al., 2020).
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Cue Reactivity and Package Paradigms to Study Addiction

Cue reactivity paradigms involve exposing an individual to substance-related stimuli that
are intended to induce craving and increase psychophysiological activity (Carter & Tiffany,
1999). Understanding how cues for substance use transition from being neutral to being a
meaningful signal of reward associated with a substance is important because these cues can then
trigger a user to seek out a substance (Payne et al., 1991). FMRI cue-reactivity paradigms have
been shown to be effective at predicting various substance use outcomes such as cessation and
relapse, but more cue reactivity research with vaping is needed (Courtney et al., 2016; Owens et
al., 2018; Versace et al., 2014).

Much of the FMRI cue reactivity research has been done with combustible cigarettes.
There are both cortical regions and subcortical structures that have been shown to exhibit
increased BOLD signal response specifically to smoking cues, including the precuneus, extended
visual system (areas involved in visual sensation and perception), anterior cingulate gyrus,
posterior cingulate gyrus, dorsal prefrontal cortex, medial prefrontal cortex, dorsal striatum, and
the insula (Brody et al., 2007; Engelmann et al., 2012; Janes et al., 2009; Lin et al., 2020;
Pennartz et al., 2023). In addition, studies using resting state functional connectivity to examine
network synchrony in the absence of experimental stimulation or task demands have shown that
synchronous fluctuations in baseline activity in the salience network, default mode network, and
executive control network are associated with nicotine addiction involving cigarettes (Fedota &
Stein, 2015). While these networks and network nodes are reactive to smoking cues, a meta-
analysis of FMRI studies found that overlapping brain regions that have been long associated
with craving (e.g., insula and striatum) also exhibit activation responses to food cues (Tang et al.,

2012). Therefore, functional neuroimaging evidence suggests that food cues trigger hunger and
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food cravings via similar neural mechanisms as smoking cues among cigarette smokers. Whether
the same relationship exists between food cues and vaping cues among vapers remains to be
seen, but there are some similarities between vapers and smokers that suggest these conditions
incentives may activate comparable brain networks.

Although there are fewer studies that assess cue reactivity related to vaping, studies that
used these paradigms have found that reactivity to vaping device cues is positively associated
with craving for vaping products (Keijsers et al., 2022). This is a result that mirrors what has
been reported in the combustible cigarette research literature. Dual users of cigarettes and vaping
products are common, and these users have shown higher cue reactivity to vaping products in
addition to cigarettes (King et al., 2021). The reactivity to both types of nicotine products
highlights a potential difficulty for individuals who use both products to reduce their use. These
findings also highlight the potential overlap that exists in the neurobiological mechanisms of
addiction across nicotine products and the need for more FMRI vaping cue reactivity studies to
investigate whether these mechanisms differ from smoking cue reactivity. While much of the cue
reactivity work is focused on the objects or devices used to intake nicotine, understanding how
the reactivity to the packaging these products are sold in is also important.

Even though there are much fewer flavor choices with cigarettes compared to vaping
products, menthol cigarettes sold in different packaging are a popular, and a more addictive
product than non-menthol cigarettes (Wickham, 2020). Menthol cigarettes tend to have a distinct
green hue to their packaging. Menthol smokers have shown increased activity in frontostriatal
and occipital areas of the brain while undergoing a cue reactivity paradigm involving menthol
cigarette packaging (Shi et al., 2023). The packaging seems to play a role in the behavior of

seeking out cigarettes as well. Hogarth et al. (2015) found branded cigarette packaging was
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predictive of higher levels of tobacco-seeking, while plain packaging was predictive of a
reduction in this behavior. Because there is a wider variety of flavors and packaging available for
vaping products, understanding how these intentionally bright, colorful, and visually appealing
packages may affect vaping behavior is crucial to investigate.

Though research specifically focused on the contents displayed on vaping packaging is
lacking, Garrison et al. (2018) used FMRI to help understand the impact that advertising for
flavored vaping products (included packaging) has on young adults. Their work showed that
individuals prefer sweet and fruit flavored vaping products compared to plain tobacco flavor. In
addition, they found that advertisements focused on these flavors took viewing time away from
warning labels that are also commonly on vaping packaging. The nucleus accumbens was
specifically shown to exhibit relatively greater activity when viewing vaping advertisements that
contained images of various sweets and fruits. The nucleus accumbens is a well-known structure
involved in cue reactivity to substances and is thus implicated in addiction (Chase et al., 2011,
Koob and Volkow, 2010). Stronger activation in areas of the brain related to reward, including
the middle portion of the anterior cingulate cortex, have been found in response to sweet flavors
(compared to savory flavors) as well (Hellmich et al., 2024). Understanding more about the way
food cues on vaping packaging influence vaping behaviors is important to inform potential
regulation of these products.

Current Study, Aims, and Hypotheses

Vaping continues to be a growing threat to public health with numerous questions
surrounding claims of its benefits compared to combustible cigarettes and unknown long-term
health effects due to nicotine addiction and untested chemical additives. Therefore, it is

imperative that research focus on the factors preceding vaping initiation, maintenance, and
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potential escalation, particularly among those most vulnerable to these risks. FMRI serves as a
unique tool for helping to uncover the underlying brain mechanisms that lead to increased levels
of vaping and risk of the negative consequences associated with vaping. By building on prior
research that has investigated the link between food cravings and substance use using
complementary subjective self-report and more objective behavioral and neuroimaging
approaches, we hope to contribute to the understanding of vaping behavior and aid in the
prevention and intervention for vaping among those vulnerable to its risks. The current study
takes a novel approach to understanding the implications of the design of vaping packaging, how

it draws on existing food cravings, and potentially leads to escalated vaping behavior.

The proposed study will examine neural responses to a FMRI cue reactivity to packages
paradigm among 59 Y As who vape regularly. We will then determine whether these neural
responses predict vaping frequency and evaluate how packaging stimuli and food cravings may
affect this relationship. This approach will allow us to address the following aims and

hypotheses:

Aim 1: Qualitatively evaluate the validity of the vape product packaging cue reactivity FMRI
paradigm:
Benchmark. The benchmark of success for this aim is identification of the 10 most robust
functional disjunction regions of interest (ROIs) for qualitative comparisons to prior cue
reactivity research on vaping and cigarette smoking, and to quantitatively identify 10
functionally defined ROIs to address the hypotheses of aims two through three.

Hypothesis 1.1. Based on prior literature, we expect increases in brain activity in the

bilateral visual system, anterior and posterior sections of the cingulate gyrus, dorsal and

medial sections of the prefrontal cortex, striatum, and the insula to be among these
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clusters of significant task-related response, and therefore, the set of 10 functionally
defined ROls.
Determine whether brain response predicts vaping outcomes:

Hypothesis 2.1. There will be a significant main effect of FMRI response to gray

packaging cues on vaping outcomes (total puffs across 4 weeks). Specifically, greater
brain activation response to the cue reactivity across the 10 ROIs will be associated with
a higher vaping frequency during the subsequent four weeks. The main effects of each
ROI on four-week vaping frequency will also be assessed in follow-up linear multiple
regression analyses to determine whether expected effects are driven by specific ROIs.

Hypothesis 2.2. There will be a significant main effect of FMRI response to food

packaging cues on vaping outcomes (total puffs across 4 weeks). Specifically, greater
brain activation response to the cue reactivity across the 10 ROIs will be associated with
a higher vaping frequency during the subsequent four weeks. The main effects of each
ROI on four-week vaping frequency will also be assessed in follow-up linear multiple
regression analyses to determine whether expected effects are driven by specific ROIs.

Hypothesis 2.3. FMRI response to gray packaging cues will predict higher vaping

frequency, but FMRI response to food packaging cues will increase the model’s
predictive utility. Additional variance will be explained by FMRI response to food
packaging cues above and beyond the FMRI response to gray packaging cues alone. The
main effects of each ROI on four-week vaping frequency will also be assessed in follow
up linear multiple regression analyses to determine whether expected effects are driven

by specific ROIs.
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Aim 3: If the main effect of FMRI response to packaging cues on vaping outcomes is significant,
we will determine whether this effect depends on self-reported trait food craving. If the main
effect of FMRI response to packaging cues on vaping outcomes is not significant, we will,
nevertheless, determine whether expected main effect for the whole network, or for each ROI,
could be obscured by an interaction with packaging type or trait food craving. Follow-up
analyses will be conducted for each of the 10 ROls.

Hypothesis 3.1. It is predicted that the brain response across 10 ROIls and within each of

the 10 ROIs from both packaging paradigms will interact with trait food craving (G-
FCQ-T) to predict vaping outcomes (total puffs across 4 weeks), such that positive
associations between ROI response to package cues will be stronger when participants
report higher trait food craving (Figure 1.1).

Hypothesis 3.2. It is predicted that the brain response across 10 ROIls and within each of

the 10 ROIs will statistically interact with responses specific to vape packaging with food
stimuli and trait food craving (G-FCQ-T) to predict vaping outcomes (total puffs across 4
weeks), such that positive associations between ROI response to package cues will be
stronger when participants have higher responses to flavored vape packaging and report

higher trait food craving (Figure 1.2).
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CHAPTER 2
METHOD

Participants

A sample of 67 YA (M = 20.03 years, SD = 1.47, Range = 18 - 24) heavy vapers without
a history of smoking cigarettes were enrolled. However, three participants were excluded from
data analysis for incomplete data and five were excluded due to artifacts (e.g., excessive head
movement during MRI) that precluded FMRI data analysis. Therefore, the final sample included
59 YA vapers (M = 20.10 years, SD = 1.48, Range = 18 - 24) composed of 41 female (69.49%)
and 18 male participants (30.51%). 43 participants identified as White (72.88%), 4 as Asian
Indian (6.78%), 3 as Black or African American (5.08%), 3 as Korean (5.08%), 2 as Multiracial
(3.39%), 1 as Vietnamese (1.69%), and 3 did not report their race (5.08%). Analyses involving
the G-FCQ-T scores will have a sample of 46 YA vapers (M = 19.98 years, SD = 1.48, Range =
18 - 24) composed of 34 female (73.91%) and 12 male participants (26.09%). Study participants
were recruited from local and university communities using internet and paper flier
advertisements seeking Y A vapers for participation in an FMRI study focusing on vaping
product use. Participants received $45 for their participation. Examples of internet and paper flier
advertisements are presented in Figure 2.1.

Participants were also recruited through undergraduate research pools at the university,
and these students were compensated with the same amount of money as the other participants,
but they also received course credit for fulfilling a requirement to participate in research. 31

participants were recruited from the Department of Communication Studies’ research pool, 22
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participants were recruited from non-research pool methods (i.e., internet and paper flier
advertisements), 4 participants were recruited via word-of-mouth referrals, and 2 participants
were from the Psychology Department’s research pool.

Phone eligibility screenings were used to assess whether potential participants met
inclusion criteria. To be eligible for the present study, potential participants met the study
classification of “heavy vaper” which was defined as using a vaping device in 15 or more of the
past 30 days. On average, participants used a vaping device in 25 of the past 30 days. Potential
participants were excluded if they had any current or prior major medical, psychiatric, or
neurological conditions. They were also excluded if they were disqualified for MRI due to safety
(e.g., metal implants or other metal in their bodies, claustrophobia, pregnancy).

Procedures

Eligible participants were invited to participate in a lab-based data collection session that
lasted three hours. During this time, written informed consent was obtained, followed by
administration of a battery of surveys compiled onto a Qualtrics survey. This pre-scan survey
included assessments of demographic information, vaping behavior, and trait food craving. Upon
completing this survey, participants were trained to perform the FMRI paradigms, which
included the vape packaging cue reactivity (CR) paradigm used in this study. During each
neuroimaging run of this paradigm, participants were queried three times about how much they
wanted to vape. After the 60-minute scanning session, participants completed a post-scan
Quialtrics survey. This post-scan survey included questions about current nicotine cravings and
the stimuli shown during the FMRI scan. These included queries about desire to eat, vape, and
smoke and questions about their willingness to pay for the vape products shown, how realistic

the product packaging was. Participants were sent links to weekly surveys through email or text
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message during the subsequent four weeks to gather information about their vaping frequency
using the Timeline Followback method described in the measures section. Therefore, in order to
reliably receive these survey links and the payment from the study, contact information and their
preferred means of communication was verified during the lab visit. The surveys are designed to
take less than 10 minutes to complete, and participants were compensated $2.50 for each survey
they completed for a total of $10. The $45 for the study visit, and the potential extra $10 was
emailed to participants after the four weeks of follow-ups were done.

Self-Report Measures

Timeline Followback (TLFB). TLFB is a structured self-reported retrospective
quantitative estimate of substance use over a given period (Brown et al., 1998; Sobell and Sobell,
1992). In the present study, participants were asked each week in the weekly post-scan surveys
about their use of ENDS over the previous seven-day period, including the number of puffs taken
each day. The TLFB method is a validated and reliable measure of substance use behavior and
provides information about the frequency and intensity of vaping (Brown et al., 1998; Sobell and
Sobell, 1992). In addition, the TLFB method has been used previously with young adult vapers
to assess their vaping frequency (Correa et al., 2019; Cassidy et al., 2020). Total number of
reported puffs per day were summed across four weeks to serve as the vaping outcome variable.
Yingst et al., (2020) used a similar method using puffs to report vaping frequency.

General Food Craving Questionnaire - Trait (G-FCQ-T). The G-FCQ-T is a validated
and reliable questionnaire that measures the intensity and frequency of general experiences of
food craving (Nijs et al., 2007). It is comprised of 21 items that query responses that include 1
(never), 2 (rarely), 3 (sometimes), 4 (often), 5 (usually), and 6 (always). The G-FCQ-T has a

four-factor structure that includes preoccupation with food (e.g., “I feel like I have food on my
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mind all the time.”), loss of control (e.g., “Once I start eating, I have trouble stopping.”), positive
outcome expectancy (e.g., “When I eat what I crave, I feel great.”), and emotional craving (e.g.,
“My emotions often make me want to eat.”). The responses to all items are summed together for
a total score. Higher scores indicate more intense and frequent food cravings. Variations of the
Food Craving Questionnaire have been used to assess cravings in young adults, and in vapers
(Ljubisavljevic et al., 2016; Maldonado et al., 2024). In addition, higher scores on the trait
version of the FCQ have been shown to be positively correlated with activity in the striatum and
orbitofrontal cortex (Ulrich et al., 2016). This questionnaire was administered via the pre-scan
Qualtrics survey.

Penn State Electronic Cigarette Dependence Index (PS-ECDI). The PS-ECDI is a
validated 10-item scale that is used to measure e-cigarette dependence (Foulds et al., 2015). The
scale includes questions to evaluate various constructs of dependence like the time of the first e-
cigarette for the day (e.g.,” On days that you can use your electronic cigarette freely, how soon
after you wake up do you first use your electronic cigarette?”’), number of times used per day
(e.g.,” How many times per day do you usually use electronic cigarette?”), cravings (e.g.,” Do
you ever have strong cravings to use an electronic cigarette?”), irritability (e.g., When you
haven’t used an electronic cigarette for a while or when you tried to stop using it, did you feel
more irritable because you couldn’t use an electronic cigarette?”’), and waking up at night to use
e-cigarettes (e.g.,” Do you sometimes awaken at night to use your electronic cigarette?”’). The
potential response differs by question, but the responses to all items are summed together, and
scores can range from 0 to 20. Scores from 0 to 3 indicate no dependence, scores from 4 to 8
indicate low dependence, scores from 9 to 12 indicate medium dependence, and scores of 13 or

more indicate high dependence on e-cigarettes.
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Neuroimaging

MRI Acquisition. Blood Oxygen Level Dependent (BOLD) FMRI data were acquired
during a visual vape packaging CR task using a GE 3.0T MRI (Discovery MR750) scanner with
a 32-channel head coil. A whole-brain high-resolution T1-weighted structural scan
(FOV=256?mm, matrix=2562, slice thickness=1mm) was acquired before whole-brain T2*
echoplanar data acquisitions for anatomical reference. Echoplanar data was acquired using the
following parameters: TR =2000ms, TE = 25ms, FOV = 208x180 mm, matrix = 104x90, MB
factor = 3, slice thickness = 3.5mm. The full scanning protocol was approximately one hour in
duration and included the vape packaging CR paradigm.

The vape packaging CR paradigm was presented in two 318s imaging runs that were
counterbalanced across participants. Participants were presented with blocks of images of vaping
packaging with flavors representing various fruits, mint, and other sweets, and a scrambled
image control condition. Stimuli were displayed on an LCD screen located behind the scanner
that the participant could view through an MRI-safe mirror system. The packaging stimuli
consisted of two types of colored images and a grayscale visual control condition. Food
packaging contained images of the food-based flavor (e.g., an image of a mango) in addition to a
color associated with the flavor (e.g., a mango shade of orange for mango) and the verbal label
for the flavor (e.g., “Mango”). Color packaging contained only the color and name of the flavor
(e.g., the color green and the word “Mint”). Gray packaging exhibited only the name of the
flavor on a grayscale package. Examples of the flavor, color, gray, and scrambled control vaping
packaging are presented in Figure 2.2.

During each imaging run, scrambled and gray image control conditions were shown three

times for 20s each, and flavor and color image experimental conditions were shown three times
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each for 30s each. Therefore, all blocks consisted of 6 stimulus image presentations. Each
imaging run also included three queries about how much participants wanted to vape on a 7-
point Likert scale (“1 - very little” to “7 - very much”) after viewing the flavor, color, and gray
image stimulus blocks for the first time. Responses were recorded with two handheld two-button
boxes. Participants selected their rating (1-7) using their right hand and submitted their response
using their left hand.

FMRI Quantification. Analysis of Functional Neuroimages (AFNI; Cox, 1996) software
was used to quantify individual brain responses during the vape packaging CR paradigm based
on example script 6b of the afni_proc.py program (Script retrieved in April 2022; Taylor et al.,
2018). This python script facilitates an overall processing pipeline that calls upon several AFNI
subprograms to accomplish slice-time correction, registration, outlier/motion censoring, removal
of linear drift, application of a 5mm blur, and stereotaxic standardization. Effects per voxel were
quantified for each experimental condition with general linear modeling (i.e., subprogram
3dDeconvolve) of observed BOLD signal using the presentation time course of three package
types (i.e., flavor, color, gray) convolved with a gamma function and covariates (e.g., observed
movement, linear drift) as regressors. This yielded individual 3-dimensional brain maps of beta
coefficients per voxel for each task condition that represent the strength of association between
the condition and observed BOLD signal relative to the scrambled control condition.

Regions of interest (ROIs) were functionally defined based on significant response to
only two of the package conditions (i.e., food and gray) compared to the scrambled control
image baseline. To accomplish this, voxel-wise one-sample t-tests were calculated versus a
hypothetical mean of zero (i.e., no difference between each of the two package conditions and

the scramble control condition). Results were thresholded at an FDR corrected p < .001
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significance and a >10 voxel cluster size. Two thresholded group summary maps reflecting food
and gray were created and then combined by using “or” logic, such that voxels were averaged
and included in the combined mask if they were included as significant in either of the two
package condition maps. The averaged group summary map was then further thresholded to
identify the center of mass coordinates of the 10 largest (by voxel size) and most intense (by
level of response) clusters. Large clusters >1000 voxels were separated into sub-clusters by
decreasing the p-threshold until peak coordinates could be identified to resolve separate clusters.
A final set of 10 functionally defined ROIs were defined by 5mm radius spheres surrounding
center of mass coordinates of clusters or the peak of clusters that had been separated due to large
size (i.e., >1000 voxels). Effects were averaged per condition per ROI per person for use in
hypothesis testing.
Statistical Analysis

For aim one, identified 10 brain regions with significant neural response to food and gray
stimuli on vaping packaging compared to the baseline control condition (scrambled images). The
procedure for this analysis is further discussed above in the section “FMRI Quantification.”
Because this is the first study of its kind, these clusters were compared qualitatively to relevant
prior literature on vaping and cigarette smoking to evaluate the validity of the paradigm and to
aid in interpretation of subsequent hypothesis testing results. Based on prior research, we
hypothesized that bilateral regions of the visual system, the anterior cingulate gyrus, the posterior
cingulate gyrus, the dorsal prefrontal cortex, the medial prefrontal cortex, the striatum, and the
insula will be among these functionally defined ROls.

Prior to hypothesis testing, the weighted averages for each ROl were calculated per

condition per person for use in statistical analysis. To begin the process of calculating these
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averages, the means and standard deviations of the effects were calculated to check for outliers
(i.e., values that were three or more standard deviations above or below the mean). Once
identified, outliers were then Winsorized by finding the next closest value and changing the
outlier to be one decimal unit above (if positive) or below (if negative) the next closest value
(Dixon & Yuen, 1974). Once outliers were Winsorized, the voxel size of each ROl was divided
by the total number of voxels (545), and that ROI-specific weight was multiplied by their raw
effect scores to produce their weighted average. The averages of each of the 10 ROIs were then
summed together to create the weighted average for all ROIs combined.

The remaining hypotheses were analyzed in R Studio using relevant functions within the
‘tidyverse,” ‘psych,’ ‘readxl,” ‘Im.beta,” ‘interactions,” ‘ggpubr,” ‘moments,” ‘Hmisc,’
‘correlation,” ‘rempsyc,” ‘openxlsx2,” and ‘stargazer.” These packages allowed us to assess
normality, skewness, and kurtosis in addition to calculating zero-order correlations, linear
regression models, and extracting data for use in tables and figures.

For Aim 2, Hypothesis 2.1., to determine if there was a main effect of the activation to
packaging with gray stimuli (i.e., weighted average of gray condition across all ROIs) of the
FMRI markers (i.e., independent variable) on four-week vaping frequency (i.e., dependent
variable), a simple linear multiple regression analysis was conducted. Sex was entered as a
covariate for this analysis due to the known potential confounding effects on the IV and DV. In
addition, we assessed the individual ROIs and their relationship with vaping frequency using the
same linear multiple regression model. Hypothesis H.2.1. will be supported if there is a
significant positive main effect of ROI response to the gray packaging predicting 4-week vaping
frequency. One-tailed significance levels of p<.05 were used due to the predicted directions of

effects.
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For Aim 2, Hypothesis 2.2., to determine if there was a main effect of the activation to
packaging with food stimuli (i.e., weighted average of food condition across all ROIs) of the
FMRI markers (i.e., independent variable) on four-week vaping frequency (i.e., dependent
variable), a simple linear multiple regression analysis was conducted. Sex was entered as a
covariate for this analysis due to the known potential confounding effects on the IV and DV. In
addition, we assessed the individual ROIs and their relationship with vaping frequency using the
same linear multiple regression model. Hypothesis H.2.2. will be supported if there is a
significant positive main effect of ROI response to the food packaging predicting 4-week vaping
frequency. One-tailed significance levels of p<.05 were used due to the predicted directions of
effects.

For Aim 2, Hypothesis 2.3., to determine if there was a main effect of both the activation
to packaging with food stimuli (i.e., weighted average of the food condition across all ROIs) of
the FMRI markers and of the activation to packaging with gray stimuli (i.e., weighted average of
the gray condition across all ROIs) on four-week vaping frequency (i.e., dependent variable), a
simple linear multiple regression analysis was conducted with both predictors entered into the
model. Sex was again entered as a covariate for this analysis. To determine if there was a
significant R? change between the regression model assessing the main effect of the activation to
packaging with gray stimuli alone (from Hypothesis 2.1) and the regression model assessing the
main effects of both the activation to packaging with food stimuli and to gray stimuli (model
from the beginning of Hypothesis 2.3), an ANOVA was conducted with the two models entered
as arguments. In addition, as follow-up analyses, we assessed the individual ROIs and their
relationship with vaping frequency using the same linear multiple regression models and

conducted ANOVAs for each ROI as well. Hypothesis H.2.3. will be supported if the regression
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model assessing the main effects of the activation to both packaging types is significantly better
at predicting (i.e., R? change significantly improves when activation to packaging with food
stimuli was added into the model) vaping outcomes compared to the regression model assessing
the main effects of the activation to packaging with gray stimuli alone. One-tailed significance
levels of p<.05 were used due to the predicted directions of effects.

Aim 3 is planned to examine predicted moderation effects on the expected main effect of
brain response to both types of vape product packages on four-week vaping frequency.

For Hypothesis 3.1., to evaluate the potential moderator role of trait food craving, a
moderation analysis was conducted using RStudio. The ‘Imtest,” ‘car,” ‘jtools,” ‘interactions,’
and ‘ggplot2’ packages were be utilized for this specific analysis. These packages allowed us to
calculate a moderated multiple regression model, interpret the moderation effect (i.e., trait food
craving x ROI response to gray/food packaging interaction), visualize the interaction effect, and
assess model assumptions. Sex was entered as a covariate due to the known potential
confounding effects on primary 1Vs and DVs. Hypothesis H.3.1. will be supported if the
interaction effect of trait food craving (G-FCQ-T) X brain response to both package types across
the 10 ROIs exhibit statistical significance predicting 4-week vaping frequency. It is predicted
that the brain response to vape product packaging with colorful food stimuli will exhibit
significantly stronger positive association with four-week vaping frequency than responses to the
gray packaging without images to indicate flavor. One-tailed significance levels of p<.05 will be
used due to the predicted directions of effects. Follow-up regressions were conducted per ROI to
determine whether expected effects were driven by specific ROIs.

For hypothesis H.3.2, to further evaluate the potential moderator role of trait food

craving, a moderation analysis was conducted using RStudio with the same packages used to
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complete the previous analysis for hypothesis H.3.1. Sex was entered as a covariate for this
analysis as well.

Hypothesis H.3.2. will be supported if the interaction effect of trait food craving (G-FCQ-
T) x brain response to only food packaging across the 10 ROIs exhibit statistical significance
predicting 4-week vaping frequency. It is predicted that the brain response to vape product
packaging with colorful food stimuli will exhibit a strong positive association with four-week
vaping frequency on its own. One-tailed significance levels of p<.05 will be used due to the
predicted directions of effects. Follow-up regressions were conducted per ROI to determine
whether expected effects were driven by specific ROIs.
Power Analysis

Power analyses were conducted using the G*Power 3 software (Version 3.1.9.7; Faul et
al., 2007). Because the data for the current research was collected before analysis, a sensitivity
power analysis was used to compute an effect size the proposed analyses would be able to detect
based on a given alpha error probability, desired level of power, sample size, and number of
predictors. f2represents the effect size an analysis would be able to detect. An f2>0.02, an f? >
0.15, and an 2> 0.35 represents small, medium, and large effects sizes, respectively (Cohen,
1988). Both analyses utilized the linear multiple regression: Fixed model, R? deviation for zero
statistical test under the F tests family. Prior literature in cue reactivity to vaping packaging with
food cues is limited, but one study found a large effect (n; = 0.27,p = .02) of condition
(viewing sweet, tobacco, or control images) on activity in nucleus accumbens (Garrison et al.,
2018). However, extant research is lacking information about predicting vaping frequency based
on neural responses to vaping packaging with or without flavor cues such as food stimuli. To

compare to work in the combustible cigarette literature, neural reactivity during cue reactivity
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paradigms (including, but not limited to packaging) has been shown to predict the initiation of
smoking and medium to large effect sizes have been produced (Conklin et al., 2015; Lin et al.,
2020).

Aim 1, Hypothesis.1.1: Prior CR studies reliably elicit brain significant responses in the
visual system structures, anterior and posterior sections of the cingulate gyrus, dorsal and medial
sections of the prefrontal cortex, striatum, and the insula (Brody et al., 2007; Engelmann et al.,
2012; Janes et al., 2009; Lin et al., 2020; Pennartz et al., 2023). These effects are very large due
to the way they are thresholded and the use of multiple comparison correction and they have
obtained significant effects in sample sizes smaller than the present proposal.

Aim 2, Hypothesis.2.1 and Hypothesis 2.2: A power analysis was conducted using a one
tailed alpha error probability of 0.05 (given the directional hypotheses), power of 0.80, a sample
size of 59, and 2 predictors. This study will be adequately powered to detect an f2 of 0.136,
which is a medium effect size. Relevant research literature has reported medium effect sizes in
similar studies, which suggest that the present study has sufficient statistical power (Garrison et
al., 2018).

Aim 2, Hypothesis 2.3: A power analysis was conducted using a one tailed alpha error
probability of 0.05 (given the directional hypotheses), power of 0.80, a sample size of 59, and 3
predictors. This study will be adequately powered to detect an f2 of 0.158, which is a medium
effect size. Relevant research literature has reported medium effect sizes in similar studies,
which suggest that the present study has sufficient statistical power (Garrison et al., 2018).

Aim 3, Hypothesis.3.1: A power analysis was conducted using a one tailed alpha error
probability of 0.05 (given the directional hypotheses), power of 0.80, a sample size of 46, and 6

predictors. This study will be adequately powered to detect an £ of 0.276, which is a medium
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effect size. Given the medium effects reported in similar smoking literature, we conclude that the
design may be sufficient to detect expected effects in H.3.1 with this sample size (Conklin et al.,
2015; Lin et al., 2020). Relevant research literature assessing vaping and trait craving together
has not been found to provide us with the size of expected effects.

Aim three, Hypothesis 3.2: A power analysis was conducted using a one tailed alpha
error probability of 0.05 (given the directional hypothesis), power of 0.80, a sample size of 46,
and 4 predictors. This study will be adequately powered to detect an f2 of 0.231 which is a

medium effect size.
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CHAPTER 3
RESULTS

The primary study variables were assessed for normality using the Shapiro-Wilk test for
normality (Shapiro & Wilk, 1965). The scores on the G-FCQ-T were normally distributed (p >
.05) across the study sample and had a mean of 48.89 (SD = 16.93, range = 21 - 91) out of a
maximum score possible of 126. The scores on the PS-ECDI were normally distributed (p > .05)
across the study sample and had a mean of 8.46 (SD = 5.03, range = 0 - 20) out of a maximum
score possible of 20 which indicated that the sample exhibited low to medium dependence on e-
cigarettes. The mean total number of puffs on a vaping device was 777.78 (SD = 893.96, range =
0 - 3600) and they were not normally distributed (W =0.79, p <.001). Log-10, square root, and
cube root transformations were completed, and the cube root transformation provided the best
approximation to a normal distribution (W = 0.99, p = 0.68). The weighted average of responses
across all functionally defined ROIs to each, the gray and the food packaging, were normally
distributed (ps > .05). Average beta coefficient response was 0.18 (SD = 0.16) to gray packages
and 0.33 (SD = 0.21) to food packages, indicating that these conditions elicited greater responses
than the control condition and that the mean response to packages with food stimuli was nearly
twice as intense and the response to gray packages.

H.1.1:

Significant responses to gray packaging, shown in figure 3.1, were found in the bilateral
supplementary motor area (SMA), bilateral caudal dorsolateral prefrontal cortex (dIPFC),

bilateral inferior parietal lobule, right superior occipital gyrus, bilateral precuneus, bilateral
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insula/inferior frontal gyrus, bilateral visual identification system (visuoidentification regions
from the inferior occipital gyrus to the inferior temporal gyrus, and including the lingual and
fusiform gyri), and the left cerebellum.

Significant responses to food packaging, shown in figure 3.2, were found in the bilateral
SMA, bilateral caudal dIPFC, bilateral inferior parietal lobule, bilateral medial frontal
gyrus/anterior cingulate, bilateral orbitofrontal cortex, bilateral precuneus/posterior cingulate,
bilateral insula/inferior frontal gyrus, bilateral posterior thalamus, left entorhinal cortex, bilateral
amygdala, bilateral visual identification system (visuoidentification regions from the inferior
occipital gyrus to the inferior temporal gyrus, and including the lingual and fusiform gyri), and
the left and medial cerebellum.

Once these two thresholded group summary maps reflecting responses to food and gray
packages were created, they were then combined to identify the most robust brain regions that
significantly responded (FDR-corrected p < .001) to either package type. Robustness was
operationally defined by exhibiting higher levels of overall response intensity in addition to
having the largest cluster of voxels. A total of 10 brain regions with significant neural response
to vaping packaging with food or gray stimuli compared to the baseline control condition
(scrambled images) were identified. These regions of interest (ROIs) are identified with their
name, voxel size, and RAI Talairach coordinates in Table 3.1. These ROIs are shown in Figure
3.3.

The LCIFS, LEC, LIPL, LPT, RCIFS, RFG, RIOG, and RIPL exhibited mean activation
responses during each package condition, while the RLG and RSOG exhibited mean deactivation
responses. Responses of each ROI were assessed for normality using Shapiro-Wilk test (Shapiro

& Wilk, 1965). ROI responses that were not normally distributed underwent transformation
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before inclusion in planned follow up inferential tests of individual ROIs. Individual ROI
responses to gray packaging were normally distributed except the RIOG (W =0.92, p =.001).
Log-10, square root, and cube root transformation were completed, and the square root
transformation provided the best approximation to a normal distribution (W = 0.97, p = 0.12).
Most of the individual ROI responses to food packaging were normally distributed except LIPL
(W =0.96. p=.05), RFG (W =0.96, p =.04), and RIOG (W =0.92, p =.001). Log-10, square
root, and cube root transformation were completed, and the square root transformation provided
the best approximation to a normal distribution for the RIOG (W = 0.96, p = .045), RFG (W =
.96, p = .06), and LIPL (W =.98. p = .32).

A linear regression was used to assess if overall network brain response to gray
packaging predicted number of puffs while controlling for sex. The overall regression result,
shown in Table 3.2, was not statistically significant (R?> = 0.01, F(2,56) = 1.29, p = 0.14).
Follow-up analyses, shown in Table 3.3, also revealed that none of the individual ROIs were
significant predictors of number of puffs.

A linear regression was used to assess if overall brain response to food packaging across
all ROI predicted number of puffs while controlling for sex. The overall regression result, shown
in Table 3.4, revealed a strong effect in the predicted direction, but it was not statistically
significant (R? = 0.03, F(2,56) = 1.89, p = 0.08). Follow up analyses of individual ROIs, listed in
Table 3.5, revealed strong effects in the predicted direction in the LCIFS (p =.017), RFG (p =

.038), and RCIFS (p = .038); however, they did not survive FDR correction using Hochberg’s

step-up procedure (Hochberg, 1988).
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Two linear regressions were used to determine whether brain responses would predict
vaping puffs, and then an ANOVA was used to compare the fit of the two regression models.
The first linear regression was used to assess if using brain response across all 10 ROIs during
exposure to gray packaging, while controlling for sex, would predict vaping puffs at follow up.
This model was not significant (R? = 0.01, F(2,56) = 1.29, p = 0.14). The second linear
regression was used to assess if entering brain response across all 10 ROIs during exposure to
food packaging as a predictor in addition to brain response to gray packaging, while controlling
for sex, would predict vaping puffs at follow up. The second linear regression result, listed in
Table 3.6, was also not statistically significant (R?> = 0.01, F(3,55) = 1.27, p = 0.15). As planned,
an ANOVA was used to compare the fits of the two models (i.e., one with all ROI gray effects
and the other with both all ROI gray and food effects), and it was not statistically significant (p =
0.14). Full results of the ANOVA are shown in Table 3.8. Therefore, adding in the brain
response to food packaging did not increase the predictive utility of brain response to gray
packaging alone.

Follow up regression analyses, shown in Table 3.7, of individual ROIs responses to both
gray and food packaging revealed that the overall models for LPT (p <.01) and LCIFS (p =.04)
were significant predictors of puffs. The LCIFS did not survive FDR correction using
Hochberg’s step-up procedure, but the LPT remained significant after FDR correction.

Follow up analyses using ANOVAs to compare model fits of the two models for each
individual ROI (i.e., one with ROI gray effects and the other with both ROI gray and food
effects), listed in Table 3.9, revealed that the LPT (p <.01), and LCIFS (p = .03) were strong

predictors of vaping puffs at follow up. Therefore, the individual ROI response to food
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packaging, when added in as a predictor, increased the predictive utility of the model compared
to individual ROI response to gray packaging alone. The LCIFS did not survive FDR correction
using Hochberg’s step-up procedure, but the LPT remained significant after FDR correction.

In sum, brain responses to neither gray nor food packaging predicted vaping outcomes.
Comparing the first model (ROI response to gray only) and the second model (ROl response to
gray and food packaging) across the full set of ROIs did not reveal significant differences.
However, models for the LPT and LCIFS showed predictive utility that increased when
individual ROI response to food was added into their respective models.

A linear regression was used to assess if overall network brain activation during exposure
to gray and food packaging would interact with trait food craving to predict follow up vaping
puffs while controlling for sex. The overall model result, shown in Table 3.10, was not
significant (R? = 0.01, F(6,39) = 1.10, p = 0.19), but there was a significant interaction between
response to food packaging and trait food craving (p = .02), and between response to gray
packaging and trait food craving (p = .04). To facilitate interpretation of these two significant
interactions, interaction plots are presented in Figure 3.4 and Figure 3.5.

The gray packaging and trait food craving interaction effects exhibited the predicted
direction, such that among participants with higher brain responses to gray packaging, higher
trait food craving led to more total vaping puffs than did lower trait food craving. The food
packaging and trait food craving interaction effects did not exhibit the predicted direction, such
that among participants with higher brain responses to food packaging, higher trait food craving

led to fewer total vaping puffs than lower trait food craving.
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To further investigate the interaction between ROI response to food packaging and trait
food craving, we conducted follow-up analysis applying the Johnson-Neyman technique
(Johnson & Neyman, 1936). This method identifies specific values of the trait food craving
variable where the effect of the ROI response to food packaging is statistically significant, using
actual data rather than arbitrary cutoff points to define significance. This approach ensures more
data-driven and accurate conclusions. Our analysis using the Johnson-Neyman technique
revealed that for individuals with trait food craving levels at or below approximately 34 on a 21
— 126 scale, an increased response from all ROIs combined to food packaging was significantly
associated with increased levels of vaping puffs at follow-up. Additionally, for individuals with
trait food craving levels at or above 103, an increased response from all ROIs combined to food
packaging was significantly associated with decreased levels of vaping puffs at follow-up. Given
that our observed data range for the trait food craving variable was 21-91, this latter finding,
however, falls outside this range. This exploratory analysis thus helps empirically determine the
regions of significance for the interaction result. To visually inspect these results, see the
Johnson-Neyman plot in Figure 3.6.

These overall effects were further examined in follow up interaction analyses of each
ROI that are listed in Table 3.11. Follow-up interaction analyses of individual ROIs revealed that
the LCIFS regression model was significant (p = .03), and the interaction between LCIFS
response to gray packaging and trait food craving (p = .03) and LCIFS response to food
packaging and trait food craving (p = .04) were significant, but only the interaction between
LCIFS response to gray packaging was in the predicted direction. Among participants with
higher LCIFS response to gray packaging, higher trait food craving led to more total vaping

puffs than lower trait food craving. The LCIFS response to food packaging and trait food craving
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interaction did not exhibit effects in the predicted direction, such that among participants with
higher LCIFS response to food packaging, higher trait food craving led to fewer total vaping
puffs than lower trait food craving.

While the LIPL regression model was not significant, there was a significant interaction
between LIPL response to food packaging and trait food craving (p = .05), but it was not in the
expected direction. Among participants with higher LIPL response to food packaging, higher
trait food craving led to fewer total vaping puffs than lower trait food craving.

While the RCIFS regression model overall did not significantly predict the vaping
outcome, there was a significant interaction between RCIFS response to gray packaging and trait
food craving that did (p = .03), and a significant interaction between RCIFS response to food
packaging and trait food craving (p = .02). Only the interaction between RCIFS response to gray
packaging was in the predicted direction. Among participants with higher RCIFS response to
gray packaging, higher trait food craving led to more total vaping puffs than participants with
lower trait food craving. The RCIFS response to food packaging and trait food craving
interaction did not exhibit effects in the predicted direction, such that among participants with
higher RCIFS response to food packaging, higher trait food craving led to fewer total vaping
puffs than lower trait food craving.

While the RFG regression model was not significant, there was a significant interaction
between RFG response to food packaging and trait food craving that predicted vaping puffs at
follow-up (p = .01), but not in the expected direction. Among participants with higher RFG
response to food packaging, higher trait food craving led to fewer total vaping puffs than lower

trait food craving.
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While there were significant interactions between the four individual ROIs (i.e., LCIFS,
LIPL, RCIFS, and RFG) and trait food craving, none of these interactions remained significant
after FDR correction.

Due to the expectation that food packaging would be a better predictor of vaping
outcome, a linear regression was used to evaluate if overall brain response during exposure to
food packaging alone would interact with trait food craving to predict vaping puffs while
controlling for sex. The overall model result, shown in Table 3.12, was not significant (R? = -
0.02, F(4,41) =0.77, p = 0.27). Follow-up analyses, listed in Table 3.13, of individual ROIs
revealed that the LCIFS overall model significantly predicted vaping puffs at follow up (p = .04),
but the interaction between LCIFS and trait food craving did not. Conversely, the RFG model
was not significant, but the interaction between RFG activation response to food packaging and
trait food craving significantly (p = .03) predicted vaping puffs at follow up. Additionally, while
the LPT model was not significant, the interaction between LPT response to food packaging and
trait food craving (p = .04) significantly predicted vaping puffs at follow up. While significant,
the interactions between both the RFG and LPT and trait food craving did not predict vaping
puffs at follow up in the predicted direction. For both ROIs, among participants with higher
response to food packaging, higher trait food craving led to fewer total vaping puffs than lower

trait food craving. While there were significant interactions between both ROIs and trait food

craving, neither of the interactions remained significant after FDR correction.
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CHAPTER 4
DISCUSSION

The current study examined how neural responses to the stimuli present on simulated
vaping packaging predicted vaping outcomes in a sample comprised of 59 YAs who vape
heavily. Trait food cravings were also investigated to determine whether they affected the
expected relationship between brain response to packaging stimuli and subsequent vaping. The
main aims of the current study were to (1) identify functionally defined regions of interest
(ROIs) that exhibit significant neural responses while viewing vaping packages with gray stimuli
and with colorful food stimuli; (2) determine whether these neural responses to vaping packages
predict vaping outcomes; and (3) test the potential moderator effect of trait food craving on the
association between neural responses and vaping frequency four weeks later.

Overall, findings showed that brain regions that exhibited significant responses to vaping
packages were not directly associated with vaping outcomes during the subsequent four weeks.
However, vaping outcomes were significantly predicted by interactions between these neural
responses and trait food craving. Additionally, during follow-up analyses it was revealed that
vaping outcomes were strongly predicted by both direct and indirect effects in specific ROIs,
including the LCIFS, LIPL, RCIFS, RFG, and LPT. While the study hypotheses received mixed
support, findings provide evidence that FMRI is a tool with unique utility to facilitate
understanding of vaping outcomes. While the current study is an extension of prior research, this

novel approach to understanding the effects of the design of vaping packaging, how it draws on



40

trait food cravings, and potentially leads to escalated vaping behavior, is expected to contribute
significantly to the nicotine and vaping research literature.
Aim 1

Group summary maps were created to identify functionally defined ROIs for hypothesis
testing and to qualitatively compare the areas of the brain that significantly responded to vape
product packaging to areas that are often reported in prior cue reactivity research on vaping and
cigarette smoking. The benchmark of success for the first aim of the study was to identify the 10
most robust functional disjunction regions of interest (ROIs). We conclude that this benchmark
was met, as 10 ROIs were identified that displayed significant response to vaping packaging with
either gray or food stimuli. These 10 ROIs were represented throughout the major lobes of the
brain.

As has been reported by prior tobacco product cue reactivity research, portions of the
precuneus, extended visual system, anterior and posterior cingulate gyri, dorsal and medial
prefrontal cortex, and the insula exhibited significant response to either the gray packaging or
food packaging (Brody et al., 2007; Engelmann et al., 2012; Janes et al., 2009; Lin et al., 2020;
Pennartz et al., 2023). The striatum was the sole area of the brain, often implicated in the cue
reactivity literature, in which we did not find expected significant response to either the gray or
food packaging. Therefore, most of the areas of the brain that are consistently implicated in the
combustible cigarette literature showed significant response to the vaping stimuli, so Hypothesis
1.1 was mostly supported.

While these brain regions exhibited significant response to either type of packaging, only
the 10 most robust regions were included in hypothesis testing. This explains why, for example,

the left hemisphere visual perception system is not represented in the 10 most robust ROIs even
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though it significantly responded to both types packaging. While both hemispheres exhibited
significant responses in the visual system, the left hemisphere response was less robust. Inclusion
of only the most robust clusters as ROIS was done to limit multiple comparisons and to optimize
prediction of vaping outcomes.

Findings from Hypothesis 1.1 suggest the neural response to visually presented vape
product packaging occurs in systems that mediate selective attention, language, and visual
perception. These same brain systems have been implicated in cigarette cue reactivity research
(Courtney et al., 2016; Owens et al., 2018; Versace et al., 2014). The lack of response found in
reward areas of the brain — which are often implicated in the cigarette cue reactivity literature —
may be due to the fact that the current study used novel vaping packaging stimuli. Thus, the
participants may not find packaging that they have never seen before to be rewarding.
Additionally, the level of addiction severity, as measured by the PS-ECDI, was potentially too
low to produce activation in the striatum or other reward areas of the brain. In fact, other
research with a comparable sample (displaying low to medium dependence on e-cigarettes) to
ours did not observe significant activation in reward areas of the brain when viewing vaping cues
either (Nichols et al., 2016). If a person’s addiction level is lower, then their cravings will be
lower and reward areas may not be as reactive. Additionally, novel stimuli may be more salient
and this can lead to the increased reactivity in visual and attentional areas that we observed.

Much of the overlap was with brain structures that engage in visual processing. These
include the right fusiform gyrus (RFG), right inferior occipital gyrus (R1IOG), right lingual gyrus
(RLG), and the right superior occipital gyrus (RSOG). These areas engage in the higher order
processing of visual information involved in processing of faces, object recognition, and the

reading of textual information (de Haas et al., 2021; Margalit et al., 2017; Mechelli et al., 2000;



42

Weiner & Zilles, 2016). Engagement of these regions is evidence of a heightened focus on the
visual details of the stimuli contained on the packaging. The heightened response to the colorful
food packaging is consistent with prior research on menthol cigarette packaging, where menthol
cigarette smokers exhibited more intense activation responses in occipital lobe structures while
viewing archetypal green-hued menthol packaging (Shi et al., 2023). One subcortical nucleus
was included among the 10 most robust. The left posterior thalamus (LPT) is predominantly
made up of the pulvinar and lateral geniculate nucleus of the thalamus. These areas are well
known as nodes in visual processing pathways and suggest processing of the contralateral right
visual field where vaping cartridges were present (Barron et al., 2015).

Two frontal ROIs were identified. The left and right caudal inferior frontal sulci (LCIFS
and RCIFS) are in the lateral prefrontal cortex and have known involvement in phonological
working memory processes (Papoutsi et al., 2009). The LCIFS and RCIFS are also components
of the inferior frontal junction that engages in attention shifting (Ruland et al., 2022).
Additionally, the LCIFS overlaps with Broca’s area, suggesting that the language system may be
engaged by the packaging, possibly due to reading, perceiving language syntax, and semantic
processing functions associated with this area, as both types of packaging included written verbal
information (Ford et al., 2010). The right inferior frontal cortex, which includes the RCIFS, is a
known area tied to inhibitory control (Aron et al., 2014).

One of the temporal lobe ROIs outside of the visual system was the left entorhinal cortex
(LEC). This region includes the primary input and output pathway between the hippocampus and
association cortex of all lobes, implicating engagement of memory processes and
visuoidentification, specifically the encoding and retrieval of the features of objects (Schultz et

al., 2015).
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The two parietal lobe ROIs were the right inferior parietal lobules (LIPL and RIPL).
These regions are known for involvement in visuospatial attention, symbolic logic (e.g.,
language and arithmetic), and social cognition (Numssen et al., 2021). The LIPL and RIPL are
collectively known for their involvement in visuospatial attention, and they are key structures of
the frontoparietal attention network, with strong connectivity to frontal lobe areas, including the
RCIFS (Malhotra et al., 2009; Singh-Curry & Husain, 2009; Uddin et al., 2019). The RIPL has
also been shown to be activated by drug cues (Chase et al., 2011). Increased attention and
reactivity to drug cues in this region has been shown to be predictive of the development of
substance use disorders (Hill-Bowen et al., 2021). The LIPL has also been shown to be uniquely
involved in language perception, reading, and mental arithmetic, further supporting our
conclusions about engagement of the left hemisphere language system to read package
information (Barbeau et al., 2017; Brownsett & Wise, 2010; Rivera et al, 2005).

Aim 2

The second aim of the current study has three hypotheses, all focused on whether brain
reactivity predicts vaping outcomes.

Hypothesis 2.1 was not supported. It was expected that the combined brain response
across the 10 ROIs to vaping packaging with grayscale stimuli would be associated with
increased vaping in the four weeks following the initial study visit. However, combined ROI
response to gray packaging, statistically controlling for sex, was not a significant predictor of
total number of puffs over the subsequent four weeks. Additionally, follow-up analyses revealed
that none of the individual ROls, also statistically controlling for sex, were significant predictors

of total number of subsequent puffs.



44

Findings from Hypothesis 2.1 suggest that exposure to the gray packaging is not
predictive of vaping outcomes, and this is potentially due to the packaging being less salient and
generally eliciting a low level of neural response. Research observing differences in brain
activation to plain (though still with color) and branded packaging with health warning labels
displayed on them, found that there was increased activity in the extended areas of the visual
cortex when observing branded packages compared to plain package (Maynard et al., 2017). This
follows other research showing a decreased cue-eliciting effect of plain packaging (Hogarth et
al., 2015). In fact, numerous studies have shown that plain cigarette and vaping packaging,
lacking typical design elements, are less appealing overall and rated as such by adolescents and
adults (Gomes et al., 2024; White et al., 2015).

Findings from Hypothesis 2.1 suggest that responses to gray package stimuli are not
effective predictors of outcome, perhaps due to low visual salience. It is also possible that this
was confounded by interaction effects, and this may have masked the effect we were expecting.

Hypothesis 2.2 was partially supported. It was expected that the combined brain response
from the 10 ROIs to vaping packaging with food stimuli would be associated with increased
vaping in the four weeks following the initial study visit. However, combined response to food
packaging across all ROIs, statistically controlling for sex, was only a marginally significant
predictor of total number of puffs. Although the overall model was not significant, the effect was
strong and in the expected positive direction. Planned follow-up analyses revealed that three of
the 10 individual ROls, the LCIFS, RCIFS, and RFG, were significant predictors of total number
of puffs after statistically controlling the effects of sex. The effects of each of these ROIs were
also in the predicted direction. However, none of these ROIs remained significant after multiple

comparisons correction.
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Findings from Hypothesis 2.2 suggest that the current study was not sufficiently powered
to detect the direct effects of predicting vaping outcomes using brain responses to vape
packaging. However, this warrants further investigation because effects were trending in the
hypothesized direction and nominally significant in some cases (i.e., did not survive FDR
correction). The overall ROI model may also have been non-significant because of the weighted
averaging method by which the ROI responses were combined. This combined method may be
masking the more robust effects of smaller individual ROls.

Of the three ROIs that nominally predicted vaping outcome, the LCIFS and RCIFS are
both associated with increased vigilance and shifting attention while the RFG is associated with
visual processing and object recognition (Ruland et al., 2022; Weiner & Zilles, 2016). This
increased activation in attentional and visual perception areas may reflect the higher level of
salience that the stimuli present on food vaping packaging (i.e., the colorful packaging and the
presence of salient food cue) may possess. Participants may have been shifting their attention to
focus on the various stimuli present on the food vaping packaging that the gray packaging lacks.

Hypothesis 2.3 was partially supported. This hypothesis was designed to determine
whether there was an incremental effect of food packaging compared to grayscale packaging. It
was expected that combined brain responses to vaping packaging with grayscale and food stimuli
would predict vaping outcome. It was further expected that when responses to food stimuli was
added as a predictor into the model including only response to gray packaging as a predictor, the
predictive utility of the model would increase (i.e., demonstrating the added predictive utility of
the food stimuli). However, not only did the combined model not significantly predict vaping

outcome, but the two separate models with only gray stimuli or food stimuli added were not
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significantly different from each other. Therefore, adding brain response to food packaging into
the original model did not enhance the predictive utility of the model.

Planned follow-up analyses of the individual ROIs and their response to combined gray
and food packaging showed that the LCIFS and LPT models were significant predictors of
vaping puffs during the subsequent four weeks. The effects of the LCIFS and LPT model
containing both types of responses were partially in the predicted direction. ROI response to gray
packaging had a negative association with vaping puffs, while ROI response to food packaging
had a positive association with vaping puffs in the model using both responses as predictors.
Both the LCIFS and LPT models with both predictors were significantly different than the
models with only ROI response to gray packaging. After multiple comparisons correction, only
the LPT remained a significant predictor of vaping puffs.

Findings from Hypothesis 2.3 suggest that combined ROI response to food packaging
may not predict vaping outcomes above and beyond the ROI response to gray packaging.
However, these findings also suggest that the gray packaging is potentially less salient overall
and this may be responsible for the non-significant, and overall weaker response. Given the fact
that the main effects in Hypotheses 2.1 and 2.2 were not significant, it is not surprising that the
model, with ROI response to gray packaging and ROI response to food packaging both entered
as predictors, was not significant either. However, individual ROI did garner different results
than the combined effects of our 10 ROIs. As previously stated, a known function the LCIFS is
associated with shifting attention and having increased attention towards objects, so this may
reflect that increased attention towards the more salient cues on the food packaging is predictive
of vaping outcomes (Ruland et al., 2022). Additionally, The LPT engages in visual processing,

so perhaps the predictive nature of this ROI is reflecting an increased level of attention and
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feature processing of the packaging with food cues (van der Laan et al., 2011). In fact, color
sensitive neurons have been found in the pulvinar nucleus of the posterior thalamus, so the added
color that the food packaging has may be driving this effect (Saalman & Kaster, 2011).

Aim 3

The third aim of the current study has two hypotheses that were both focused on brain
reactivity predicting vaping outcomes with trait food craving moderating the relationship
between reactivity and vaping.

Hypothesis 3.1 was partially supported. It was expected that, controlling for sex,
increased ROI response to vaping packaging with gray and food stimuli would interact with trait
food cravings to predict higher levels of vaping where higher trait food cravings were observed.
Brain responses to both types of packaging significantly interacted with trait food craving to
predict vaping outcomes. However, only the responses to gray packaging interaction with trait
food craving was in the predicted direction. Therefore, higher response to gray packaging and
higher levels of trait food craving were predictive of higher amounts of vaping. Additionally,
higher response to gray packaging and lower levels of trait food craving were predictive of lower
amounts of vaping. This portion of Hypothesis 3.1 was supported. Conversely, the ROI response
to food packaging interaction with trait food craving, while significant, was not in the predicted
direction. Therefore, higher ROI response to food packaging and higher levels of trait food
craving were predictive of lower amounts of vaping, so this portion of Hypothesis 3.1 was not
supported.

Follow-up analyses for Hypothesis 3.1 showed that the LCIFS, LIPL, RCIFS, and RFG
significantly interacted with trait food craving to predict vaping outcomes. As was observed in

the main analysis examining the combined response of 10 ROIS, our predicted effects were



48

partially supported for the individual ROIs. The LCIFS and RCIFs showed the same pattern in
which their response to gray packaging and its response to food packaging both interacted with
trait food cravings. When the response in these two ROIs to gray packaging was higher,
participants with higher levels of trait food cravings vaped more. The LIPL and RFG response to
gray packaging did not interact with trait craving. When the response from the LCIFS, RCIFS,
LIPL, and RFG to food packaging was higher, participants with higher levels of trait food
cravings vaped less.

While the portion of Hypothesis 3.1 related to ROI response to gray packaging was
supported, the portion related to ROI response to food packaging was not supported. Considering
that the main effect of ROI response to gray packaging on vaping outcomes was positive, though
not significant, the positive direction of the interaction with trait food craving seems logical. The
main effect of ROI response to food packaging on vaping outcomes was also positive, but only
marginally significant. Therefore, like the gray packaging interaction, we would expect a
positive effect, but this was not the case for the combined ROI response to food packaging or the
response of the individual ROIs.

Findings from Hypothesis 3.1 suggest that among individuals with higher levels of trait
food craving, increased brain activation to gray packaging may be predictive of increased vaping
behaviors. This result was expected, but it was expected to coincide with increased brain
activation to food packaging being even more predictive of vaping outcomes. The gray
packaging is likely the most novel packaging that the participants have seen, so perhaps there is a
novelty effect that is affecting our results. In food and diet research, similar unexpected
outcomes have been seen with household items compared to food items, where household items

elicited stronger responses in visuospatial and attentional regions compared to food stimuli
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(Schulte et al., 2019). Individuals who display addictive-like eating are known to have a
heightened level of ambivalence (simultaneous positive and negative attitudes) towards food and
this can be a barrier to adopting healthier eating behaviors. Schulte et al. (2019) suggest that
perhaps a lack of ambivalence towards neutral stimuli is driving this unexpected outcome as they
may be seeing these neutral items more positively than the food stimuli. Future research should
consider the level of ambivalence a person may have towards food or vaping cues. In the current
study, all images of vaping packaging still contain images of vaping cartridges. The gray
packaging only has the color and food image associated with the flavor removed. The cartridges
on the packaging remain. Vaping cues have been shown to reliably induce cravings for vaping
products (Keijsers et al., 2022). This may provide support for vaping packaging to be stripped
down in detail even further to remove any vaping device cues.

Increased brain activation to food packaging was expected to be associated with higher
levels of vaping, but it was not. The LCIFS, RCIFS, LIPL, and RFG all exhibited activation to
food packaging, but were associated with decreased vaping. A possible explanation for this
unexpected result is that participants are trying to inhibit their own behavior, of wanting to vape,
because they are experiencing craving from the colorful food stimuli on the packaging. The
activation of the visual and attention-related ROIs suggests that the stimuli are salient. The LIPL
is a structure that plays a role in visual attention and works with frontal lobe structures like the
RCIFS through the frontoparietal attention network (Malhotra et al., 2009; Singh-Curry &
Husain, 2009; Uddin et al., 2019). Additionally, the RCIFS plays a role in inhibitory control
(Aron et al., 2014). It is possible that the LIPL is still guiding selective attention, but the RCIFS
may be involved in inhibiting the person from looking at the craving-inducing colorful food cues

on the packaging because it is making them crave. The RCIFS may be guiding the LIPL to shift
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the focus of their attention to a part of the packaging that is less craving inducing. To provide
evidence for this possible explanation, the inclusion of eye tracking techniques during the vape
package FMRI paradigm would be useful in interpreting the activation of these ROIs. In fact,
this combination of methods has been used in cigarette smoking research and has allowed
individual differences in attentional bias and neural responses during exposure to drug cues to be
further understood (Kang et al., 2012). Further research is needed to understand, among those
higher in trait food craving, the negative association between ROI response to food packaging
and vaping.

Hypothesis 3.2 was partially supported. Before hypothesis testing, we expected that brain
reactivity to vaping packaging with food stimuli would be a better predictor of increased vaping
by itself than brain reactivity to vaping packaging with gray stimuli, but as the prior analyses
have shown this has not been supported. Nonetheless, it was expected that increased ROI
response to vaping packaging with food stimuli would interact with trait food cravings to predict
higher levels of vaping where higher trait food cravings were seen. ROI response to vaping
packaging with food stimuli did not significantly interact with trait food craving to predict
vaping outcomes. Therefore, the main hypothesis was not supported.

Follow-up analyses for Hypothesis 3.2 showed that the RFG and LPT response to vaping
packaging with food stimuli significantly interacted with trait food craving to predict vaping
outcomes, but neither were in the expected direction. When both the RFG and LPT response to
food packaging was higher, participants with higher levels of trait food cravings vaped less. We
expected participants to vape more when RFG and LPT response was higher and when the
participants had higher trait food cravings, but as with the analyses in Hypothesis 3.1, our

predicted effects were in the opposite direction.
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Findings from Hypothesis 3.2 suggest that, as the sole predictor, ROI response to food
packaging does not interact with trait food craving to predict vaping outcomes. As previously
stated, the sample with trait food craving data was smaller than the sample used to address the
hypotheses in Aims 1 and 2. With the decreased sample size, we were likely not sufficiently
powered to detect the effect of the ROI response to food packaging interacting with trait food
craving to predict vaping outcomes. Additionally, among the participants in this sample, a
relatively small group of individuals (n = 8) reported higher levels (+ 1 SD) trait food craving
and this may be biasing our results (Meule, 2018). Among these individuals there is a higher
level of variance with trait food craving and this is a challenge for this variable to serve as a valid
and reliable estimate within our analyses. Thus, future studies with larger sample sizes would
yield more reliable estimates of high levels of trait food craving. The trend of the negative
association between ROI activation and vaping outcome, while not significant, did follow the
same trend seen in Hypothesis 3.1. The attention-related structures did not exhibit significant
interactions with trait food cravings to predict vaping outcomes in this analysis. Research coming
from the food and diet literature has shown that individuals with higher levels of self-regulation
have been found to have higher activation levels in visual areas of the brain (Smeets et al., 2013).
This may help explain why areas involved in visual perception are exhibiting significant
interactions in the opposite direction of what was expected. We did not include a self-regulation
measure in this study, but future studies may consider this to determine if self-regulation is
potentially responsible for the overall lower amount of vaping despite the increased levels of trait
food craving. In addition, the inclusion of eye tracking and more qualitative assessments of

packages may help untangle the complexity of these interactions.
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General Conclusions

While we did not find significant responses in reward-related brain areas that are often
implicated in the combustible cigarette literature, we did observe strong responses to our vaping
package paradigm within known nodes of visual processing, selective attention, and language
networks. The increased activation that we observed in these visual processing, language
processing, and selective attention areas has been attributed to increased selective attention
towards the more salient food and vaping cues, which is consistent with prior research (Hellmich
et al., 2024; van der Laan et al., 2011). Like cigarette packaging, vaping packaging serves as a
powerful cue for nicotine use, and these packages are designed with the intent of magnifying
their cue effects (Shi et al., 2023; Wakefield et al., 2002). Because substance cues are often
reported as a reason for relapse, the presence of salient cues on vaping packaging may maintain
and potentially lead to escalation of vaping (Buczkowski et al., 2014). These packages, and the
flavors that are often displayed with bright and colorful food cues, serve as an important
advertising and marketing tool for vaping companies, thus there is a call for the investigation of
their contributions to the initiation and escalation of vaping behaviors (Leventhal et al., 2019).

Due to the presence of some unexpected and marginally significant findings, further
research is needed to determine how vaping packages affects young adults and their subsequent
vaping outcomes. Future research should consider the strong and significant interaction effects
that we have found with trait food craving and the salient food cues on packaging. While
responses to grayscale packaging in those with higher levels of trait food craving predicted
increased vaping, future research should determine whether the effect remains if all vaping cues
are stripped from the packaging. Future research should focus on whether generic or plain

packaging, devoid of any vaping cues, is associated with decreased neural responses compared to
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vaping packaging used in the current study which contained images of vaping cartridges on
every package type. The implementation of plain packaging policies may reduce motivation to
vape especially in vulnerable youth who find the bright and colorful packaging containing food
cues appealing (Simonavicius et al., 2023). This appeal contributes to the introduction and
initiation into nicotine use that can continue into adolescence, young adulthood, and beyond
(Jones & Salzman, 2020). By minimizing the number of adolescents introduced to vaping, we
can limit how many of those individuals go on to develop nicotine addiction through vaping and
smoking cigarettes in adulthood. While reducing the appeal of these vaping products to youth is
beneficial to not prompt the initiation of nicotine use, there is also evidence that adults who may
be using vaping as a smoking cessation tool do not find generic packaging to be less appealing
(Taylor et al., 2023). In addition to other regulatory strategies, the regulation of packaging in
addition to the restriction of the use of flavors in both cartridge-based and disposable vaping
products would theoretically reduce the desirability of these products in youth and reduce their
risk of nicotine use overall (Reiter et al., 2024).

Increased brain responses in those with higher levels of trait food cravings to vaping
packaging containing food and vaping cues (i.e., cartridges) warrant further research aimed at
understanding how these stimuli influence vaping behaviors in samples that are more
representative of vapers overall. Flavors are often cited as a reason to initiate nicotine vaping,
and the appetitive food cues on packaging can further entice individuals with higher levels of
food cravings (Villanti et al., 2017). Additionally, both cigarette and vaping users have been
known to use nicotine to suppress their appetite and cravings, but evidence suggests that the
effectiveness of this strategy is exaggerated (Chao et al., 2017; Kechter et al., 2022). Smokers

who experience higher levels of nicotine dependence have been found to have higher levels of
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food cravings, but not after accounting for symptoms of stress and depression (Chao et al.,
2017). In fact, the increased nicotine and food intake may be collectively associated with
increased stress and depressive symptoms. Those who use vaping products with appetitive
flavors often report doing so to satisfy their food cravings (Kechter et al., 2022). However, in the
long term this does not decrease their food and nicotine consumption and instead increases it
(Dobbie et al., 2020). The vaping flavors and nicotine both act on the reward systems of the
brain, and it is no surprise that the high caloric sweet foods and fruits that individuals often crave
are often the same flavors the vapers desire (Castro et al., 2023; De Biasi & Dani, 2011; Ma et
al., 2022; Meule, 2020a). Overall, this study contributes to our understanding of vaping
packaging by highlighting the interaction of the stimuli present on the packaging and existing
trait food cravings in predicting vaping outcomes. These findings have implications for public
health and stress the need for regulation of the allurement and enticement of vaping packaging
containing appetitive food stimuli in addition to other vaping cues.
Limitations

There are important limitations of the current study that should be considered when
interpreting the study outcomes. First, the participants in this study were limited to young adults
who were classified as heavy vapers without a history of combustible cigarette use. There are
various definitions of heavy vapers, so these results should only be interpreted within the context
of our definition of a heavy vaper and these results may not generalize to other samples of
vapers. While the goal of this research was to assess outcomes in young adults, they are not the
only age group who vapes. It is unknown whether these results would generalize to other age
groups. Additionally, the participants in this study were predominantly white and female. While

the prevalence of vaping is highest among White Y As and males, this study population does not
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accurately reflect the true diversity and range of individuals who vape (Kramarow & Elgaddal,
2023a). Additionally, it is quite common for individuals who vape to also smoke combustible
cigarettes or have a history of smoking them. Among adult vapers, 29.4% also smoke
combustible cigarettes while 40.3% have a history of smoking cigarettes (Kramarow & Elgaddal,
2023b). The sample of the current study is solely focused on individuals without a history of
smoking cigarettes (30.3% of adults fall into this category) so these results may not generalize to
this substantial portion of vapers who are dual users of these two methods of nicotine use or at
least have a history of smoking cigarettes.

Second, After accounting for incomplete, missing, or invalid data, this study’s sample
size was below what would be considered acceptable for hypothesis testing despite finding
strong effects in expected brain regions at the group level reliably (Turner et al., 2018).
Specifically, the sample for the analyses including trait food cravings were even lower, so this
affected the statistical power for hypothesis testing. With a larger sample that is more reflective
of those who vape, there are important effects with smaller effect sizes that could be uncovered.

Third, the amount of prior FMRI research that has been done in relation to vaping is quite
limited. Some of the rationale and many of the power estimates that we used for this study were
based on similar research that was published in the combustible cigarette literature. It remains
unclear whether results from combustible cigarette research literature will generalize to vaping.
More research in this area is necessary to determine the nature of this relationship between the
two types of nicotine use methods.

Fourth, FMRI is a useful tool to help understand the underlying mechanisms that drive
substance use and addiction, but it has limitations. Small movements during scanning sessions

can be a major hinderance to the quality of the data (Wylie et al., 2014). Exclusion due to
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excessive movement can threaten internal and external validity. Furthermore, given significant
variability in brain organization and functioning, larger samples are important to obtain reliable
group level effects and account for participants who are inevitably excluded due to excessive
motion during FMRI data processing.

Fifth, self-report measures are known to have limitations in which a person, intentionally
or unintentionally, does not report their behavior accurately. In the current study, this could
certainly occur when individuals are reporting their levels of food cravings or amount of vaping
that they could perceive as being unhealthy or abnormal. This will affect the ability to predict
outcomes. Ultimately, this is why a combination of objective assessments alongside these
subjective assessments is essential (Khalili et al., 2021).

Future Directions and Conclusions

We have provided evidence of the utility of this novel vaping cue reactivity paradigm
using FMRI. Addiction to nicotine is signaled by increased neural responses to nicotine-related
cues that individuals have been conditioned to over time. Drug cues elicit cravings which are
responsible for the maintenance, escalation, and even relapse of substance use. Our FMRI results
show that young adult vapers without a history of smoking cigarettes displayed significant neural
responses to vaping cues associated with the packaging of vaping products. However, these are
some of the first findings that are uncovering the neurocognitive mechanisms tied to the
maintenance and potential escalation of vaping behaviors. Other researchers can expand on this
work to explore the impact that other variables, such as mental health (i.e., depression) and
stress, the use of other tobacco products and other substances, and the interpersonal and social
factors have on the underlying mechanisms that lead to vaping initiation, maintenance, and

escalation (McCausland et al., 2024). Additionally, we provide evidence that a person’s trait
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food cravings can affect the connection between their perception of vaping specific cues and
their own vaping behaviors. Therefore, further investigation into how food craving interact with
neural responses to vaping to predict vaping outcomes is warranted. Finally, researchers should
consider a multimethod approach in which FMRI data is collected alongside
psychophysiological responding (e.g., eye tracking, galvanic skin response, heart rate
variability).

Because understanding vaping outcomes using an FMRI vaping packaging cue reactivity
paradigm is a novel approach, there are many aspects that future researchers can build upon and
improve. While future sample sizes should be larger, it is also important that they be more
representative of the population of people who vape. The current study provides insight into the
potential impact of the design of vaping packaging. We identified brain regions, primarily
involved in visual perception, selective attention, and language functioning, that significantly
responded to vaping packaging with food and vaping cues (i.e., cartridges). We propose that the
cues present on these packages elicit increased focus and attention on vaping packages, and this
remains true even if color is removed. This increased attention is likely a product of the
increased salience of the packaging stimuli. These, often intentional, design features are drawing
the attention of individuals and eliciting significant neural responses that are interacting with
their trait food cravings to predict vaping outcomes. Even though, unexpectedly, the grayscale
packaging in the current study interacted with trait food craving to predict increased levels of
vaping, there is evidence that the presence of vaping cues, like cartridges for vaping devices, are
enough to elicit a significant response. The color and the food stimuli that are often present on
vaping packaging may only serve to increase the overall salience of the packaging. Therefore,

more research is needed to determine if packaging without any vaping cues may lead to less
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reactivity overall. By understanding how the stimuli present on vaping packaging influence these
neural systems, we can inform policies that can be implemented to restrict the content allowed on
vaping packaging.

Adapting what is observed in research into public health policies and initiatives is critical
for reducing the impact that vaping has on vulnerable populations like adolescents and young
adults. While the public health threat of vaping continues to grow, this research will add to the
limited existing research findings to inform work towards preventing the initiation and escalation

of vaping overall.



59

REFERENCES

Andsager, J. L., Austin, E. W., & Pinkleton, B. E. (2001). Questioning the value of realism:
young adults’ processing of messages in alcohol-related public service announcements
and advertising. Journal of Communication, 51(1), 121-142.

Arnett, J. J. (2007). Emerging Adulthood: What Is It, and What Is It Good For? Child
Development Perspectives, 1(2), 68-73.

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2014). Inhibition and the right inferior frontal
cortex: one decade on. Trends in Cognitive Sciences, 18(4), 177-185.
https://doi.org/10.1016/j.tics.2013.12.003

Bandi, P., Cahn, Z., Goding Sauer, A., Douglas, C. E., Drope, J., Jemal, A., & Fedewa, S. A.
(2021). Trends in e-cigarette use by age group and combustible cigarette smoking
histories, U.S. adults, 2014-2018. American Journal of Preventive Medicine, 60(2), 151—
158.

Barbeau, E. B., Chai, X. J., Chen, J.-K., Soles, J., Berken, J., Baum, S., Watkins, K. E., & Klein,
D. (2017). The role of the left inferior parietal lobule in second language learning: An
intensive language training fMRI study. Neuropsychologia, 98, 169-176.
https://doi.org/10.1016/j.neuropsychologia.2016.10.003

Barron, D. S., Eickhoff, S. B., Clos, M., & Fox, P. T. (2015). Human pulvinar functional
organization and connectivity. Human Brain Mapping, 36(7), 2417-2431.

https://doi.org/10.1002/hbm.22781



60

Besaratinia, A., & Tommasi, S. (2020). Vaping epidemic : challenges and opportunities. Cancer
Causes & Control, 31(7), 663-667.

Birdsey, J., Cornelius, M., Jamal, A., Park-Lee, E., Cooper, M. R., Wang, J., Sawdey, M. D.,
Cullen, K. A., & Neff, L. (2023). Tobacco product use among U.S. middle and high
school students - National Youth Tobacco Survey, 2023. MMWR. Morbidity and
Mortality Weekly Report, 72(44), 1173-1182. https://doi.org/10.15585/mmwr.mm7244al

Bold, K. W., Kong, G., Cavallo, D. A., Camenga, D. R., & Krishnan-Sarin, S. (2018). E-
cigarette susceptibility as a predictor of youth initiation of e-cigarettes. Nicotine &
Tobacco Research, 20(1), 140-144.

Boudi, F. B., Patel, S., Boudi, A., & Chan, C. (2019). Vitamin E acetate as a plausible cause of
acute vaping-related illness. Cureus, 11(12), €6350. https://doi.org/10.7759/cureus.6350

Brody, A. L., Mandelkern, M. A., Olmstead, R. E., Jou, J., Tiongson, E., Allen, V., Scheibal, D.,
London, E. D., Monterosso, J. R., & Tiffany, S. T. (2007). Neural substrates of resisting
craving during cigarette cue exposure. Biological Psychiatry, 62(6), 642—-651.

Brownsett, S. L. E., & Wise, R. J. S. (2010). The contribution of the parietal lobes to speaking
and writing. Cerebral Cortex, 20(3), 517-523. https://doi.org/10.1093/cercor/bhp120

Buczkowski, K., Marcinowicz, L., Czachowski, S., & Piszczek, E. (2014). Motivations toward
smoking cessation, reasons for relapse, and modes of quitting: results from a qualitative
study among former and current smokers. Patient Preference & Adherence, 8, 1353—
1362. https://doi.org/10.2147/PPA.S67767

Caponnetto, P., Campagna, D., Papale, G., Russo, C., & Polosa, R. (2012). The emerging
phenomenon of electronic cigarettes. Expert Review of Respiratory Medicine, 6(1), 63.

https://doi.org/10.1586/ers.11.92



61

Carpenter, C. M., Wayne, G. F., Pauly, J. L., Koh, H. K., & Connolly, G. N. (2005). New
cigarette brands with flavors that appeal to youth: Tobacco marketing strategies. Health
Affairs, 24(6), 1601-1610. https://doi.org/10.1377/hlthaff.24.6.1601

Carter, B. L., & Tiffany, S. T. (1999). Meta-analysis of cue-reactivity in addiction
research. Addiction, 94(3), 327-340. https://doi.org/10.1046/j.1360-0443.1999.9433273.x

Cassidy, R. N., Tidey, J. W., & Colby, S. M. (2020). Exclusive e-cigarette users report lower
levels of respiratory symptoms relative to dual e-cigarette and cigarette users. Nicotine &
Tobacco Research, 22, S54-S60. https://doi.org/10.1093/ntr/ntaal50

Castro, E. M., Lotfipour, S., & Leslie, F. M. (2023). Nicotine on the developing
brain. Pharmacological Research, 190. https://doi.org/10.1016/j.phrs.2023.106716

Chadi, N., Hadland, S. E., & Harris, S. K. (2019). Understanding the implications of the “vaping
epidemic” among adolescents and young adults: a call for action. Substance Abuse, 40(1),
7-10.

Chao, A. M., White, M. A, Grilo, C. M., & Sinha, R. (2017). Examining the effects of cigarette
smoking on food cravings and intake, depressive symptoms, and stress. Eating
Behaviors, 24, 61-65. https://doi.org/10.1016/j.eatbeh.2016.12.009

Chapman, S., Bareham, D., & Maziak, W. (2019). The gateway effect of e-cigarettes:
Reflections on main criticisms. Nicotine and Tobacco Research, 21(5), 695-698.

Chase, H. W., Eickhoff, S. B., Laird, A. R., & Hogarth, L. (2011). The neural basis of drug
stimulus processing and craving: An activation likelihood estimation meta-

analysis. Biological Psychiatry, 70(8), 785-793.



62

Chen-Sankey, J. C., Unger, J. B., Bansal-Travers, M., Niederdeppe, J., Bernat, E., & Choi, K.
(2019). E-cigarette marketing exposure and subsequent experimentation among youth
and young adults. Pediatrics, 144(5). https://doi.org/10.1542/peds.2019-1119

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). L. Erlbaum
Associates.

Collins, L., Glasser, A. M., Abudayyeh, H., Pearson, J. L., & Villanti, A. C. (2019). E-Cigarette
marketing and communication: How e-cigarette companies market e-cigarettes and the
public engages with e-cigarette information. Nicotine & Tobacco Research: Official
Journal of the Society for Research on Nicotine and Tobacco, 21(1), 14-24.
https://doi.org/10.1093/ntr/ntx284

Conklin, C. A, Vella, E. J., Joyce, C. J., Salkeld, R. P., Perkins, K. A., & Parzynski, C. S.
(2015). Examining the relationship between cue-induced craving and actual smoking.
Experimental and Clinical Psychopharmacology, 23(2), 90-96.

Cornelius, M. E., Wang, T. W., Jamal, A., Loretan, C. G., & Neff, L. J. (2020). Tobacco product
use among adults—United States, 2019. Morbidity and Mortality Weekly Report, 69(46),
1736.

Correa, J. B., Tully, L. K., & Doran, N. (2019). Expectancies and reasons for use of e-cigarettes
among young adults: A longitudinal analysis. Psychology of Addictive Behaviors, 33(8),
730-735.

Courtney, K. E., Baca, R., Thompson, C., Andrade, G., Doran, N., Jacobson, A, Liu, T. T., &
Jacobus, J. (2024). The effects of nicotine use during adolescence and young adulthood
on gray matter cerebral blood flow estimates. Brain Imaging and Behavior, 18(1), 34-43.

https://doi.org/10.1007/s11682-023-00810-5



63

Courtney, K. E., Schacht, J. P., Hutchison, K., Roche, D. J. O., & Ray, L. A. (2016). Neural
substrates of cue reactivity: Association with treatment outcomes and relapse. Addiction
Biology, 21(1), 3-22. https://doi.org/10.1111/adb.12314

Creamer, M. R., Dutra, L. M., Sharapova, S. R., Gentzke, A. S., Delucchi, K. L., Smith, R. A., &
Glantz, S. A. (2021). Effects of e-cigarette use on cigarette smoking among US youth,
2004-2018. Preventative Medicine, 142, 106316.
https://doi.org/10.1016/j.ypmed.2020.106316

Cummings, K. M., & Proctor, R. N. (2014). The changing public image of smoking in the United
States: 1964-2014. Cancer Epidemiology, Biomarkers & Prevention, 23(1), 32-36.
https://doi.org/10.1158/1055-9965.EP1-13-0798

De Biasi, M., & Dani, J. A. (2011). Reward, addiction, withdrawal to nicotine. Annual Review of
Neuroscience, 34, 105-130. https://doi.org/10.1146/annurev-neuro-061010-113734

de Haas, B., Sereno, M. I., & Schwarzkopf, D. S. (2021). Inferior Occipital Gyrus Is Organized
along Common Gradients of Spatial and Face-Part Selectivity. Journal of
Neuroscience, 41(25), 5511-5521. https://doi.org/10.1523/INEUROSCI.2415-20.2021

Dixon, W. J., & Yuen, K. K. (1974). Trimming and winsorization: A review. Statistical
Papers, 15(2-3), 157-170. https://doi.org/10.1007/BF02922904

Dobbie, F., Uny, I., Jackson, S. E., Brown, J., Aveyard, P., & Bauld, L. (2020). Vaping for
weight control: Findings from a qualitative study. Addictive Behaviors Reports, 12.
https://doi.org/10.1016/j.abrep.2020.100275

Dyer, M. L., Khouja, J. N., Jackson, A. R., Havill, M. A., Dockrell, M. J., Munafo, M. R., &

Attwood, A. S. (2023). Effects of electronic cigarette e-liquid flavouring on cigarette



64

craving. Tobacco Control, 32(el), e3—€9. https://doi.org/10.1136/tobaccocontrol-2021-
056769

Ekhtiari, H., Nasseri, P., Yavari, F., Mokri, A., & Monterosso, J. (2016). Neuroscience of drug
craving for addiction medicine: From circuits to therapies. Progress in Brain
Research, 223, 115-142.

Engelmann, J. M., Versace, F., Robinson, J. D., Minnix, J. A., Lam, C. Y., Cui, Y., Brown, V.
L., & Cinciripini, P. M. (2012). Neural substrates of smoking cue reactivity: A meta-
analysis of fMRI studies. Neurolmage, 60(1), 252-262.
https://doi.org/10.1016/j.neuroimage.2011.12.024

Farzal, Z., Perry, M. F., Yarbrough, W. G., & Kimple, A. J. (2019). The adolescent vaping
epidemic in the United States - How it happened and where we go from here. JAMA
Otolaryngology-- Head & Neck Surgery, 145(10), 885-886.

Faul, F., Erdfelder, E., Lang, A.-G. & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39, 175-191.

Fedota, J. R., & Stein, E. A. (2015). Resting-state functional connectivity and nicotine addiction:
prospects for biomarker development. Annals of the New York Academy of
Sciences, 1349(1), 64-82. https://doi.org/10.1111/nyas.12882

Food and Drug Administration. (2023). E-Cigarettes, Vapes, and other Electronic Nicotine
Delivery Systems (ENDS). Retrieved from https://www.fda.gov/tobacco-
products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-

nicotine-delivery-systems-ends



65

Ford, A., McGregor, K. M., Case, K., Crosson, B., & White, K. D. (2010). Structural
connectivity of Broca’s area and medial frontal cortex. Neurolmage, 52(4), 1230-1237.
https://doi.org/10.1016/j.neuroimage.2010.05.018

Foulds, J., Veldheer, S., Yingst, J., Hrabovsky, S., Wilson, S. J., Nichols, T. T., & Eissenberg, T.
(2015). Development of a Questionnaire for Assessing Dependence on Electronic
Cigarettes Among a Large Sample of Ex-Smoking E-cigarette Users. Nicotine & Tobacco
Research, 17(2), 186-192.

Fowler, J. S., Volkow, N. D., Kassed, C. A., & Chang, L. (2007). Imaging the addicted human
brain. Science & Practice Perspectives, 3(2), 4-16. https://doi.org/10.1151/spp07324

Garcia, G. 1., Narberhaus, A., Marqués, . 1., Garolera, M., Radoi, A., Segura, B., Pueyo, R.,
Ariza, M., & Jurado, M. A. (2013). Neural responses to visual food cues: Insights from
functional magnetic resonance imaging. European Eating Disorders Review, 21(2), 89—
98. https://doi.org/10.1002/erv.2216

Garrison, K. A., O’Malley, S. S., Gueorguieva, R., Krishnan-Sarin, S., & O’Malley, S. S. (2018).
A fMRI study on the impact of advertising for flavored e-cigarettes on susceptible young
adults. Drug & Alcohol Dependence, 233-241.
https://doi.org/10.1016/j.drugalcdep.2018.01.026

Glasser, A. M., Collins, L., Pearson, J. L., Abudayyeh, H., Niaura, R. S., Abrams, D. B., &
Villanti, A. C. (2017). Overview of Electronic Nicotine Delivery Systems: A Systematic
Review. American Journal of Preventive Medicine, 52(2), e33-€66.

Golan, R., Muthigi, A., Ghomeshi, A., White, J., Saltzman, R. G., Diaz, P., & Ramasamy, R.
(2023). Misconceptions of vaping among young adults. Cureus, 15(4), e38202.

https://doi.org/10.7759/cureus.38202



66

Goldberg, R. L., & Cataldo, J. K. (2018). Using an e-cigarette is like eating tofu when you really
want meat. American Journal of Health Behavior, 42(5), 54-64.
https://doi.org/10.5993/AJHB.42.5.5

Gomes, M. N., Reid, J. L., & Hammond, D. (2024). The effect of branded versus standardized e-
cigarette packaging and device designs: an experimental study of youth interest in vaping
products. Public Health (Elsevier), 230, 223-230.
https://doi.org/10.1016/j.puhe.2024.02.001

Grana, R., Benowitz, N., & Glantz, S. A. (2014). E-cigarettes: a scientific review. Circulation,
129(19), 1972-1986.

Groom, A. L., Vu, T.-H. T., Kesh, A, Hart, J. L., Walker, K. L., Giachello, A. L., Sears, C. G.,
Tompkins, L. K., Mattingly, D. T., Landry, R. L., Robertson, R. M., & Payne, T. J.
(2020). Correlates of youth vaping flavor preferences. Preventive Medicine Reports, 18.
https://doi.org/10.1016/j.pmedr.2020.101094

Harrell, M. B., Weaver, S. R., Loukas, A., Creamer, M., Marti, C. N., Jackson, C. D., Heath, J.
W., Nayak, P., Perry, C. L., Pechacek, T. F., & Eriksen, M. P. (2017). Flavored e-
cigarette use: Characterizing youth, young adult, and adult users. Preventive Medicine
Reports, 5, 33-40. https://doi.org/10.1016/j.pmedr.2016.11.001

Hellmich, I. M., Kriisemann, E. J., van der Hart, J. R., Smeets, P. A., Talhout, R., & Boesveldt,
S. (2024). Context matters: Neural processing of food-flavored e-cigarettes and the
influence of smoking. Biological Psychology, 108754.

Hill-Bowen, L. D., Riedel, M. C., Poudel, R., Salo, T., Flannery, J. S., Camilleri, J. A., Eickhoff,
S. B., Laird, A. R., & Sutherland, M. T. (2021). The cue-reactivity paradigm: An

ensemble of networks driving attention and cognition when viewing drug and natural



67

reward-related stimuli. Neuroscience and Biobehavioral Reviews, 130, 201-213.
https://doi.org/10.1016/j.neubiorev.2021.08.010

Hillman, E. M. C. (2014). Coupling mechanism and significance of the BOLD signal: A status
report. Annual Review of Neuroscience, 37, 161-182.

Hochberg, Y. (1988). A Sharper Bonferroni Procedure for Multiple Tests of
Significance. Biometrika, 75(4), 800-802. https://doi.org/10.2307/2336325

Hogarth, L., Maynard, O. M., & Munafo, M. R. (2015). Plain cigarette packs do not exert
Pavlovian to instrumental transfer of control over tobacco-seeking. Addiction, 110(1),
174-182. https://doi.org/10.1111/add.12756

Hormes, J. M., & Rozin, P. (2010). Does “craving” carve nature at the joints? Absence of a
synonym for craving in many languages. Addictive Behaviors, 35(5), 459-463.
https://doi.org/10.1016/j.addbeh.2009.12.031

Huang, J., Duan, Z., Kwok, J., Binns, S., Vera, L. E., Kim, Y., Szczypka, G., & Emery, S. L.
(2019). Vaping versus JUULIng: How the extraordinary growth and marketing of JUUL
transformed the US retail e-cigarette market. Tobacco Control: An International
Journal, 28(2), 146-151. https://doi.org/10.1136/tobaccocontrol-2018-054382

Iniguez, S. D., Warren, B. L., Parise, E. M., Alcantara, L. F., Schuh, B., Maffeo, M. L.,
Manojlovic, Z., & Bolanos-Guzman, C. A. (2009). Nicotine exposure during adolescence
induces a depression-like state in adulthood. Neuropsychopharmacology, 34(6), 1609—
1624.

Janes, A. C., Frederick, B. deB., Richardt, S., Burbridge, C., Merlo-Pich, E., Renshaw, P. F.,

Evins, A. E., Fava, M., & Kaufman, M. J. (2009). Brain fMRI reactivity to smoking-



68

related images before and during extended smoking abstinence. Experimental and
Clinical Psychopharmacology, 17(6), 365-373. https://doi.org/10.1037/a0017797

Johnson, P. O., & Neyman, J. (1936). Tests of certain linear hypotheses and their application to
some educational problems. Statistical Research Memoirs.

Jones, K., & Salzman, G. A. (2020). The vaping epidemic in adolescents. Missouri Medicine,
117(1), 56-58.

Kang, O. S., Chang, D. S., Jahng, G. H., Kim, S. Y., Kim, H., Kim, J. W., Chung, S. Y., Yang, S.
., Park, H. J., Lee, H., & Chae, Y. (2012). Individual differences in smoking-related cue
reactivity in smokers: an eye-tracking and fMRI study. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 38(2), 285-293.
https://doi.org/10.1016/j.pnpbp.2012.04.013

Kechter, A., Ceasar, R. C., Simpson, K. A., Schiff, S. J., Dunton, G. F., Bluthenthal, R. N., &
Barrington-Trimis, J. L. (2022). A chocolate cake or a chocolate vape? Young adults
describe their relationship with food and weight in the context of nicotine
vaping. Appetite, 175, 1-5. https://doi.org/10.1016/j.appet.2022.106075

Kelsh, S., Ottney, A., Young, M., Kelly, M., Larson, R., & Sohn, M. (2023). Young adults’
electronic cigarette use and perceptions of risk. Tobacco Use Insights, 1-6.
https://doi.org/10.1177/1179173X231161313

Khalili, P., Nadimi, A. E., Baradaran, H. R., Janani, L., Rahimi-Movaghar, A., Rajabi, Z.,
Rahmani, A., Hojati, Z., Khalagi, K., & Motevalian, S. A. (2021). Validity of self-
reported substance use: research setting versus primary health care setting. Substance

Abuse Treatment, Prevention, and Policy, 16(1), 1-13.



69

Klein, S. M., Giovino, G. A., Barker, D. C., Tworek, C., Cummings, K. M., & O’Connor, R. J.
(2008). Use of flavored cigarettes among older adolescent and adult smokers: United
States, 2004—-2005. Nicotine & Tobacco Research, 10(7), 1209-1214.

Koban, L., Wager, T. D., & Kober, H. (2023). A neuromarker for drug and food craving
distinguishes drug users from non-users. Nature Neuroscience, 26(2), 316—325.
https://doi.org/10.1038/s41593-022-01228-w

Koob, G. F., & Volkow, N. D. (2010). Neurocircuitry of
Addiction. Neuropsychopharmacology, 35(1), 217-238.

Kornfield, R., Huang, J., Vera, L., & Emery, S. L. (2015). Rapidly increasing promotional
expenditures for e-cigarettes. Tobacco Control, 24(2), 110-111.

Kramarow, E. A., & Elgaddal, N. (2023a). Current Electronic Cigarette Use Among
Adults Aged 18 and Over: United States, 2021. NCHS data brief, no 475. Hyattsville,
MD: National Center for Health Statistics.

Kramarow, E. A., & Elgaddal, N. (2023b). QuickStats: Percentage Distribution of Cigarette
Smoking Status Among Current Adult E-Cigarette Users, by Age Group - National
Health Interview Survey, United States, 2021. Morbidity and Mortality Weekly Report:
MMWR, 72(10), 270. https://doi.org/10.15585/mmwr.mm7210a7

Kutlu, M. G., & Gould, T. J. (2015). Nicotine modulation of fear memories and anxiety:
Implications for learning and anxiety disorders. Biochemical Pharmacology, 97(4), 498—
511. https://doi.org/10.1016/j.bcp.2015.07.029

Landry, R. L., Groom, A. L., Vu, T.-H. T., Stokes, A. C., Berry, K. M., Kesh, A., Hart, J. L.,
Walker, K. L., Giachello, A. L., Sears, C. G., McGlasson, K. L., Tompkins, L. K.,

Mattingly, D. T., Robertson, R. M., & Payne, T. J. (2019). The role of flavors in vaping



70

initiation and satisfaction among U.S. adults. Addictive Behaviors, 99.
https://doi.org/10.1016/j.addbeh.2019.106077

Lanza, H. I, Leventhal, A. M., Cho, J., Braymiller, J. L., Krueger, E. A., McConnell, R., &
Barrington-Trimis, J. L. (2020). Young adult e-cigarette use: A latent class analysis of
device and flavor use, 2018-2019. Drug and Alcohol Dependence, 216.
https://doi.org/10.1016/j.drugalcdep.2020.108258

Leventhal, A. M., Goldenson, N. 1., Cho, J., Kirkpatrick, M. G., McConnell, R. S., Stone, M. D.,
Pang, R. D., Audrain-McGovern, J., & Barrington-Trimis, J. L. (2019). Flavored e-
cigarette use and progression of vaping in adolescents. Pediatrics, 144(5).
https://doi.org/10.1542/peds.2019-0789

Lin, X., Deng, J., Shi, L., Wang, Q., Li, P., Li, H., Liu, J., Que, J., Chang, S., Bao, Y., Shi, J.,
Weinberger, D. R., Wu, P., & Lu, L. (2020). Neural substrates of smoking and reward
cue reactivity in smokers: a meta-analysis of fMRI studies. Translational Psychiatry,
10(1), 97. https://doi.org/10.1038/s41398-020-0775-0

Ljubisavljevic, M., Maxood, K., Bjekic, J., Oommen, J., & Nagelkerke, N. (2016). Long-term
effects of repeated prefrontal cortex Transcranial Direct Current Stimulation (tDCS) on
food craving in normal and overweight young adults. Brain Stimulation, 9(6), 826-833.
https://doi.org/10.1016/j.brs.2016.07.002

Logothetis, N. K. (2003). The underpinnings of the BOLD functional magnetic resonance
imaging signal. The Journal of Neuroscience, 23(10), 3963-3971.

Ma, S., Qiu, Z., Yang, Q., Bridges, J. F. P., Chen, J., & Shang, C. (2022). Expanding the E-

Liquid Flavor Wheel: Classification of Emerging E-Liquid Flavors in Online Vape



71

Shops. International Journal of Environmental Research and Public Health, 19(21),
13953. https://doi.org/10.3390/ijerph192113953

Maldonado, G. T., Héchsmann, C., Anbil, A., Neubig, K., Imran, R., Fuemmeler, B. F., Lipato,
T., Rachagiri, V., Barnes, A. J., Martin, C. K., & Cobb, C. O. (2024). Initial evidence of
the acute effect of electronic nicotine delivery system use on energy intake. Experimental
and Clinical Psychopharmacology. https://doi.org/10.1037/pha0000710

Manning, K. C., Kelly, K. J., & Comello, M. L. (2009). Flavoured cigarettes, sensation seeking
and adolescents’ perceptions of cigarette brands. Tobacco Control, 18(6), 459-465.

Margalit, E., Biederman, 1., Tjan, B. S., & Shah, M. P. (2017). What Is Actually Affected by the
Scrambling of Objects When Localizing the Lateral Occipital Complex? Journal of
Cognitive Neuroscience, 29(9), 1595-1604. https://doi.org/10.1162/jocn_a_ 01144

Martin, L. M., & Sayette, M. A. (2018). A review of the effects of nicotine on social
functioning. Experimental and Clinical Psychopharmacology, 26(5), 425-439.
https://doi.org/10.1037/pha0000208

Mattingly, D. T., Patel, A., Hirschtick, J. L., & Fleischer, N. L. (2022). Sociodemographic
differences in patterns of nicotine and cannabis vaping among US adults. Preventive
Medicine Reports, 26. https://doi.org/10.1016/j.pmedr.2022.101715

Maynard, O. M., Brooks, J. C. W., Munafo, M. R., & Leonards, U. (2017). Neural mechanisms
underlying visual attention to health warnings on branded and plain cigarette
packs. Addiction, 112(4), 662—672. https://doi.org/10.1111/add.13699

McCausland, K., Booth, S., Leaversuch, F., Freeman, B., Wolf, K., Leaver, T., & Jancey, J.
(2024). Socio-ecological factors that influence youth vaping: perspectives from Western

Australian school professionals, parents and young people. International Journal of



72

Qualitative Studies on Health and Well-Being, 19(1).
https://doi.org/10.1080/17482631.2024.2322753

Mechelli, A., Humphreys, G. W., Mayall, K., Olson, A., & Price, C. J. (2000). Differential
Effects of Word Length and Visual Contrast in the Fusiform and Lingual Gyri during
Reading. Proceedings: Biological Sciences, 267(1455), 1909-1913.

Meule, A. (2018). Food cravings in food addiction: Exploring a potential cut-off value of the
Food Cravings Questionnaire-Trait-reduced. Eating and Weight Disorders, 23(1), 39-43.
https://doi.org/10.1007/s40519-017-0452-3

Meule, A. (2020a). The psychology of food cravings: the role of food deprivation. Current
Nutrition Reports, 9(3), 251-257. https://doi.org/10.1007/s13668-020-00326-0

Meule, A. (2020b). Twenty Years of the Food Cravings Questionnaires: a Comprehensive
Review. Current Addiction Reports, 7(1), 30-43.

Meule, A., & Kibler, A. (2012). Food cravings in food addiction: The distinct role of positive
reinforcement. Eating Behaviors, 13(3), 252-255.
https://doi.org/10.1016/j.eatbeh.2012.02.001

Meule, A., Teran, C. B., Berker, J., Griindel, T., Mayerhofer, M., & Platte, P. (2014). On the
differentiation between trait and state food craving: Half-year retest-reliability of the
Food Cravings Questionnaire-Trait-reduced (FCQ-T-r) and the Food Cravings
Questionnaire-State(FCQ-S). Journal of Eating Disorders, 2.
https://doi.org/10.1186/s40337-014-0025-z

Mishra, A., Chaturvedi, P., Datta, S., Sinukumar, S., Joshi, P., & Garg, A. (2015). Harmful
effects of nicotine. Indian Journal of Medical & Paediatric Oncology, 36(1), 24-31.

https://doi.org/10.4103/0971-5851.151771



73

Morean, M. E., Wackowski, O. A., Eissenberg, T., Delnevo, C. D., & Krishnan-Sarin, S. (2021).
Adolescents and young adults have difficulty understanding nicotine concentration labels
on vaping products presented as mg/mL and percent nicotine. Nicotine & Tobacco
Research, 23(8), 1389-1397. https://doi.org/10.1093/ntr/ntab007

Morgan, S. E., Palmgreen, P., Stephenson, M. T., Hoyle, R. H., & Lorch, E. P. (2003).
Associations between message features and subjective evaluations of the sensation value
of antidrug public service announcements. Journal of Communication, 53(3), 512-526.

National Academies of Sciences, Engineering, and Medicine (NASEM) (2018). Public health
consequences of e-cigarettes. The National Academies Press.

National Institute on Drug Abuse. (n.d.). Costs of Substance Abuse.
https://archives.drugabuse.gov/trends-statistics/costs-substance-abuse#supplemental-
references-for-economic-costs

Nichols, T. T., Foulds, J., Yingst, J. M., Veldheer, S., Hrabovsky, S., Richie, J., Eissenberg, T.,
& Wilson, S. J. (2016). Cue-reactivity in experienced electronic cigarette users: Novel
stimulus videos and a pilot fMRI study. Brain Research Bulletin, 123, 23-32.

Nijs, I. M. T., Franken, I. H. A., & Muris, P. (2007). The modified Trait and State Food-Cravings
Questionnaires: Development and validation of a general index of food craving. Appetite,
49(1), 38-46. https://doi.org/10.1016/j.appet.2006.11.001.

Numssen, O., Bzdok, D., & Hartwigsen, G. (2021). Functional specialization within the inferior
parietal lobes across cognitive domains. elife, 10, €63591.

Olmedo, P., Goessler, W., Tanda, S., Grau-Perez, M., Jarmul, S., Aherrera, A., Rui Chen,
Hilpert, M., Cohen, J. E., Navas-Acien, A., & Rule, A. M. (2018). Metal concentrations

in e-cigarette liquid and aerosol samples: The contribution of metallic



74

coils. Environmental Health Perspectives, 126(2), 1-11.
https://doi.org/10.1289/EHP2175

Owens, M. M., MacKillop, J., Gray, J. C., Beach, S. R. H., Stein, M. D., Niaura, R. S., & Sweet,
L. H. (2018). Neural correlates of tobacco cue reactivity predict duration to lapse and
continuous abstinence in smoking cessation treatment. Addiction Biology, 23(5), 1189
1199. https://doi.org/10.1111/adb.12549

Papoutsi, M., de Zwart, J. A., Jansma, J. M., Pickering, M. J., Bednar, J. A., & Horwitz, B.
(2009). From phonemes to articulatory codes: An fMRI study of the role of Broca’s area
in speech production. Cerebral Cortex, 19(9), 2156-2165.
https://doi.org/10.1093/cercor/bhn239

Payne, T. J., Schare, M. L., Levis, D. J., & Colletti, G. (1991). Exposure to smoking-relevant
cues: Effects on desire to smoke and topographical components of smoking
behavior. Addictive Behaviors, 16(6), 467—-479. https://doi.org/10.1016/0306-
4603(91)90054-L

Pelchat, M. L. (2002). Of human bondage: Food craving, obsession, compulsion, and
addiction. Physiology & Behavior, 76(3), 347-352. https://doi.org/10.1016/S0031-
9384(02)00757-6

Pennartz, C. M. A., Lohuis, M. N. O. N., & Olcese, U. (2023). How “visual” is the visual cortex?
The interactions between the visual cortex and other sensory, motivational and motor
systems as enabling factors for visual perception. Philosophical Transactions of the
Royal Society B: Biological Sciences, 378(1886), 20220336.

https://doi.org/10.1098/rstb.2022.0336



75

Pennings, J. L. A., Havermans, A., Pauwels, C. G. G. M., Kriisemann, E. J. Z., Visser, W. F., &
Talhout, R. (2023). Comprehensive Dutch market data analysis shows that e-liquids with
nicotine salts have both higher nicotine and flavour concentrations than those with free-
base nicotine. Tobacco Control, 32(3), e78-€82.
https://doi.org/https://tobaccocontrol.bmj.com/content/32/e1/e78

Pepper, J. K., Ribisl, K. M., & Brewer, N. T. (2016). Adolescents’ interest in trying flavoured e-
cigarettes. Tobacco Control: An International Journal, 25(Suppl 2), 62—-66.
https://doi.org/10.1136/tobaccocontrol-2016-053174

Perkins, K. A., & Karelitz, J. L. (2013). Reinforcement enhancing effects of nicotine via
smoking. Psychopharmacology, 228(3), 479-486.

Pierce, J. P., Luo, M., McMenamin, S. B., Stone, M. D, Leas, E. C., Strong, D., Shi, Y., Kealey,
S., Benmarhnia, T., & Messer, K. (2023). Declines in cigarette smoking among US
adolescents and young adults: indications of independence from e-cigarette vaping
surge. Tobacco Control. https://doi.org/10.1136/tc-2022-057907

Primack, B. A., Shensa, A., Sidani, J. E., Hoffman, B. L., Soneji, S., Sargent, J. D., Hoffman, R.
M., & Fine, M. J. (2018). Initiation of traditional cigarette smoking after electronic
cigarette use among tobacco-naive US young adults. The American Journal of Medicine,
131(4), 443.

Prochaska, J. J., Vogel, E. A., & Benowitz, N. (2022). Nicotine delivery and cigarette
equivalents from vaping a JUULpod. Tobacco Control, 31(el), e88—€93.
https://doi.org/10.1136/tobaccocontrol-2020-056367

Ranjit, A., McCutchan, G., Brain, K., & Poole, R. (2021). 'That’s the whole thing about vaping,

it’s custom tasty goodness’: a meta-ethnography of young adults’ perceptions and



76

experiences of e-cigarette use. Substance Abuse Treatment, Prevention, and
Policy, 16(1), 1-12. https://doi.org/10.1186/s13011-021-00416-4

Raymond, B. H., Collette-Merrill, K., Harrison, R. G., Jarvis, S., & Rasmussen, R. J. (2018). The
Nicotine Content of a Sample of E-cigarette Liquid Manufactured in the United
States. Journal of Addiction Medicine, 12(2), 127.
https://doi.org/10.1097/ADM.0000000000000376

Rao, P., Liu, J., & Springer, M. L. (2020). JUUL and combusted cigarettes comparably impair
endothelial function. Tobacco Regulatory Science, 6(1), 30-37.
https://doi.org/10.18001/TRS.6.1.4

Reiter, A., Hébert-Losier, A., Mylocopos, G., Filion, K. B., Windle, S. B., O’Loughlin, J. L.,
Grad, R., & Eisenberg, M. J. (2024). Regulatory strategies for preventing and reducing
nicotine vaping among youth: A systematic review. American Journal of Preventive
Medicine, 66(1), 169-181. https://doi.org/10.1016/j.amepre.2023.08.002

Rivera, S. M., Reiss, A. L., Eckert, M. A., & Menon, V. (2005). Developmental changes in
mental arithmetic: Evidence for increased functional specialization in the left inferior
parietal cortex. Cerebral Cortex, 15(11), 1779-1790.

Rogers, C. J., Forster, M., Grigsby, T. J., Albers, L., Morales, C., & Unger, J. B. (2021). The
impact of childhood trauma on substance use trajectories from adolescence to adulthood:
findings from a longitudinal Hispanic cohort study. Child Abuse & Neglect, 120, 105200.

Romm, K. F., Henriksen, L., Huang, J., Le, D., Clausen, M., Duan, Z., Fuss, C., Bennett, B., &
Berg, C. J. (2022). Impact of existing and potential e-cigarette flavor restrictions on e-
cigarette use among young adult e-cigarette users in 6 US metropolitan areas. Preventive

Medicine Reports, 28. https://doi.org/10.1016/j.pmedr.2022.101901



77

Ruland, S. H., Palomero-Gallagher, N., Hoffstaedter, F., Eickhoff, S. B., Mohlberg, H., &
Amunts, K. (2022). The inferior frontal sulcus: Cortical segregation, molecular
architecture and function. Cortex, 153, 235-256.
https://doi.org/10.1016/j.cortex.2022.03.019

Saalmann, Y. B., & Kastner, S. (2011). Cognitive and perceptual functions of the visual
thalamus. Neuron, 71(2), 209-223.

Sanford, B. T., Brownstein, N. C., Baker, N. L., Palmer, A. M., Smith, T. T., Rojewski, A. M., &
Toll, B. A. (2024). Shift from smoking cigarettes to vaping nicotine in young
adults. JAMA Internal Medicine, 184(1), 106-108.
https://doi.org/10.1001/jamainternmed.2023.5239

Schiller, J. S., & Norris, T. (2023). Early release of selected estimates based on data from the
2022 National Health Interview Survey. Division of Health Interview Statistics, National
Center for Health Statistics. Retrieved from
https://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease202304.pdf

Schulte, E. M., Yokum, S., Jahn, A., & Gearhardt, A. N. (2019). Food cue reactivity in food
addiction: A functional magnetic resonance imaging study. Physiology & Behavior, 208.
https://doi.org/10.1016/j.physbeh.2019.112574

Schultz, H., Sommer, T., & Peters, J. (2015). The role of the human entorhinal cortex in a
representational account of memory. Frontiers in Human Neuroscience, 9, 628.

Shahab, L., Goniewicz, M. L., Blount, B. C., Brown, J., McNEeill, A., Alwis, K. U., Feng, J.,
Wang, L., & West, R. (2017). Nicotine, carcinogen, and toxin exposure in long-term e-
cigarette and nicotine replacement therapy users: A cross-sectional study. Annals of

Internal Medicine, 166(6), 390—400. https://doi.org/10.7326/M16-1107



78

Shapiro, S. S., & Wilk, M. B. (1965). An Analysis of Variance Test for Normality (Complete
Samples). Biometrika, 52(3/4), 591-611. https://doi.org/10.2307/2333709

Shi, Z., Wang, A.-L., Fairchild, V. P., Aronowitz, C. A., Lynch, K. G., Loughead, J., &
Langleben, D. D. (2023). Addicted to green: priming effect of menthol cigarette
packaging on brain response to smoking cues. Tobacco Control, 32(el), e45-e52.
https://doi.org/10.1136/tobaccocontrol-2021-056639

Shrestha, S. S., Ghimire, R., Wang, X., Trivers, K. F., Homa, D. M., & Armour, B. S. (2022).
Cost of cigarette smoking-attributable productivity losses, US, 2018. American Journal
of Preventive Medicine, 63(4), 478-485. https://doi.org/10.1016/j.amepre.2022.04.032

Simonavicius, E., East, K., Taylor, E., Nottage, M., Reid, J. L., Arnott, D., Bunce, L., McNeill,
A., & Hammond, D. (2023). Impact of e-liquid packaging on vaping product perceptions
among youth in England, Canada, and the United States; a randomized online
experiment. Nicotine & Tobacco Research : Official Journal of the Society for Research
on Nicotine and Tobacco. https://doi.org/10.1093/ntr/ntad144

Singh-Curry, V., & Husain, M. (2009). The functional role of the inferior parietal lobe in the
dorsal and ventral stream dichotomy. Neuropsychologia, 47(6), 1434-1448.
https://doi.org/10.1016/j.neuropsychologia.2008.11.033

Smeets, P. A. M., Kroese, F. M., Evers, C., & de Ridder, D. T. D. (2013). Allured or alarmed:
Counteractive control responses to food temptations in the brain. Behavioural Brain
Research, 248, 41-45. https://doi.org/10.1016/j.bbr.2013.03.041

Soneji, S. S., Sung, H. Y., Primack, B. A., Pierce, J. P., & Sargent, J. D. (2018). Quantifying
population-level health benefits and harms of e-cigarette use in the United States. PloS

one, 13(3), 1-19.



79

Soto, B., Costanzo, L., Puskoor, A., Akkari, N., & Geraghty, P. (2023). The implications of
Vitamin E acetate in E-cigarette, or vaping, product use-associated lung injury. Annals of
Thoracic Medicine, 18(1), 1-9. https://doi.org/10.4103/atm.atm_144 22

Substance Abuse and Mental Health Services Administration. (2023). Key substance use and
mental health indicators in the United States: Results from the 2022 National Survey on
Drug Use and Health.
https://www.samhsa.gov/data/sites/default/files/reports/rpt42731/2022-nsduh-nnr.pdf

Suckling, J., & Nestor, L. J. (2017). The neurobiology of addiction: the perspective from
magnetic resonance imaging present and future. Addiction, 112(2), 360-369.
https://doi.org/10.1111/add.13474

Tan, A. S. L., Rees, V. W., Rodgers, J., Agudile, E., Sokol, N. A., Yie, K., & Sanders-Jackson,
A. (2018). Effects of exposure to anti-vaping public service announcements among
current smokers and dual users of cigarettes and electronic nicotine delivery
systems. Drug and Alcohol Dependence, 188, 251-258.
https://doi.org/10.1016/j.drugalcdep.2018.04.013

Tang, D. W., Fellows, L. K., Small, D. M., & Dagher, A. (2012). Food and drug cues activate
similar brain regions: A meta-analysis of functional MRI studies. Physiology &
Behavior, 106(3), 317-324. https://doi.org/10.1016/j.physbeh.2012.03.009

Taylor, E., Arnott, D., Cheeseman, H., Hammond, D., Reid, J. L., McNeill, A., Driezen, P., &
East, K. (2023). Association of fully branded and standardized e-cigarette packaging with
interest in trying products among youths and adults in Great Britain. JAMA Network

Open, 6(3), €231799. https://doi.org/10.1001/jamanetworkopen.2023.1799



80

Taylor, P. A., Chen, G., Glen, D. R., Rajendra, J. K., Reynolds, R. C., Cox, R. W. (2018). FMRI
processing with AFNI: Some comments and corrections on ‘Exploring the Impact of
Analysis Software on Task fMRI Results.” bioRxiv 308643; d0i:10.1101/308643

uUddin, L. Q., Yeo, B. T. T., & Spreng, R. N. (2019). Towards a universal taxonomy of macro-
scale functional human brain networks. Brain Topography, 32(6), 926-942.

U.S. Department of Health and Human Services (2014). The Health Consequences of Smoking:
50 Years of Progress. A Report of the Surgeon General. Atlanta, GA: U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention, National Center
for Chronic Disease Prevention and Health Promotion, Office on Smoking and Health.

Ulrich, M., Steigleder, L., & Gron, G. (2016). Neural signature of the Food Craving
Questionnaire (FCQ)-Trait. Appetite, 107, 303-310.
https://doi.org/10.1016/j.appet.2016.08.012

van der Laan, L. N., de Ridder, D. T. D., Viergever, M. A., & Smeets, P. A. M. (2011). The first
taste is always with the eyes: A meta-analysis on the neural correlates of processing
visual food cues. Neurolmage, 55(1), 296-303.
https://doi.org/10.1016/j.neuroimage.2010.11.055

Vasiljevic, M., Petrescu, D. C., & Marteau, T. M. (2016). Impact of advertisements promoting
candy-like flavoured e-cigarettes on appeal of tobacco smoking among children: an
experimental study. Tobacco Control, 25(E2), E107-E112.
https://doi.org/10.1136/tobaccocontrol-2015-052593

Versace, F., Engelmann, J. M., Robinson, J. D., Jackson, E. F., Green, C. E., Lam, C. Y.,
Minnix, J. A., Karam-Hage, M. A., Brown, V. L., Wetter, D. W., & Cinciripini, P. M.

(2014). Prequit fMRI responses to pleasant cues and cigarette-related cues predict



81

smoking cessation outcome. Nicotine & Tobacco Research, 16(6), 697-708.
https://doi.org/10.1093/ntr/ntt214

Villanti, A. C., Johnson, A. L., Ambrose, B. K., Cummings, K. M., Stanton, C. A., Rose, S. W.,
Feirman, S. P., Tworek, C., Glasser, A. M., Pearson, J. L., Cohn, A. M., Conway, K. P.,
Niaura, R. S., Bansal-Travers, M., & Hyland, A. (2017). Flavored tobacco product use in
youth and adults: Findings from the first wave of the PATH Study (2013-2014).
American Journal of Preventive Medicine, 53(2), 139-151.

Volkow, N. D., & Morales, M. (2015). The brain on drugs: From reward to
addiction. Cell, 162(4), 712. https://doi.org/10.1016/j.cell.2015.07.046

Vollstadt-Klein, S., Grundinger, N., Gorig, T., Szafran, D., Althaus, A., Mons, U., & Schneider,
S. (2021). Study protocol: evaluation of the addictive potential of e-cigarettes (EVAPE):
neurobiological, sociological, and epidemiological perspectives. BMC Psychology, 9(1).
https://doi.org/10.1186/s40359-021-00682-8

Wakefield, M., Morley, C., Horan, J. K., & Cummings, K. M. (2002). The Cigarette Pack as
Image: New Evidence from Tobacco Industry Documents. Tobacco Control, 11, i73-i80.

Wang, Y., Sung, H.-Y., Lightwood, J., Yao, T., & Max, W. B. (2023). Healthcare utilisation and
expenditures attributable to current e-cigarette use among US adults. Tobacco
Control, 32(6), 723-728. https://doi.org/10.1136/tobaccocontrol-2021-057058

Warren, G. W., Alberg, A. J., Kraft, A. S., & Cummings, K. M. (2014). The 2014 Surgeon
General's report: "The health consequences of smoking--50 years of progress": a

paradigm shift in cancer care. Cancer, 120(13), 1914-1916.



82

Weiner, K. S., & Zilles, K. (2016). The anatomical and functional specialization of the fusiform
gyrus. Neuropsychologia, 83, 48-62.
https://doi.org/10.1016/j.neuropsychologia.2015.06.033

White, V., Williams, T., & Wakefield, M. (2015). Has the introduction of plain packaging with
larger graphic health warnings changed adolescents’ perceptions of cigarette packs and
brands? Tobacco Control, 24, ii42-ii49.

Wickham, R. J. (2020). The biological impact of menthol on tobacco dependence. Nicotine &
Tobacco Research, 22(10), 1676-1684. https://doi.org/10.1093/ntr/ntz239

Wiener, R. C., Bhandari, R., Morgan, S., Shockey, A. K. T., & Waters, C. (2020). Adolescents’
perceived risk of harm due to smoking: The role of extracurricular activities. Journal of
Dental Hygiene, 94(4), 47.

Wylie, G. R., Genova, H., DelLuca, J., Chiaravalloti, N., & Sumowski, J. F. (2014). Functional
magnetic resonance imaging movers and shakers: Does subject-movement cause
sampling bias? Human Brain Mapping, 35(1), 1-13.

Yingst, J., Foulds, J., Veldheer, S., Cobb, C. O., Yen, M.-S., Hrabovsky, S., Allen, S. I., Bullen,
C., & Eissenberg, T. (2020). Measurement of electronic cigarette frequency of use among
smokers participating in a randomized controlled trial. Nicotine & Tobacco

Research, 22(5), 699-704. https://doi.org/10.1093/ntr/nty233



83

TABLES

Table 3.1

Regions of Interest (ROIs) with Significant Response to Gray or Food Packaging

ROI Size X y z
(In Voxels)
1. Right Inferior Occipital Gyrus (RIOG) 120 -28.3 +943 -10.9
2. Right Superior Occipital Gyrus (RSOG) 101 -16.2 +89.9 +14.3
3. Right Caudal Inferior Frontal Sulcus (RCIFS) 97 -45.7 -15.1 +29.8
4. Right Inferior Parietal Lobule (RIPL) 75 -30.7 +63.7 +39.9
5. Left Inferior Parietal Lobule (LIPL) 63 +28.1 +63.7 +34.9
6. Right Lingual Gyrus (RLG) 26 -125 +726 -6.0
7. Left Posterior Thalamus (LPT) 23 +21.4 +304 -0.8
8. Left Caudal Inferior Frontal Sulcus (LCIFS) 20 +425 -8.7  +28.6
9. Left Entorhinal Cortex (LEC) 10 +30.1 +83 -27.1
10. Right Fusiform Gyrus (RFG) 10 -385 +619 -13.38

Note: Center of mass RAI Talairach x, y, z coordinates are reported. Size = number of 3.5mm

isometric voxels. Significance threshold is FDR-corrected p < .001 and at least 10 voxels.
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Table 3.2:
Hypothesis 2.1 Linear Regression Results: All ROI Responses to Gray Packaging
Unstandardized Standardized
Coefficients Coefficient
B S.E. B t p
1. All ROI Response to Gray ~ 1.351 3.066 0.058 0.441 0.331
2. Sex -1.632 1.026 -0.210 -1.591 0.059
Constant 8.046 0.763 - 10.542  0.000%**

Residual standard error: 3.587 on 56 degrees of freedom
Multiple R% 0.04397, Adjusted R*: 0.009831
F-statistic: 1.288 on 2 and 56 DF, p-value: 0.142

Note: (n =59); Dependent Variable: total number of puffs (total puffs across 4 weeks); All ROI

Response to Gray = weighted average of 10 functionally defined ROlIs ; * = One-tailed p < 0.05,

*% = p <0.01, ¥ = p < 0.001.
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Table 3.3:
Follow-Up Analyses of Hypothesis 2.1 Linear Regression Results: Individual ROI Response to Gray
Packaging

1 2 3 4 5 6 7 8 9 10

LCIFS 64.43

(65.43)
LEC 40.065

(163.77)
LIPL 4.350
(23.439)
RCIFS 6.553
(14.994)
RFG 59.483
(75.632)
RIOG 3.113
(5.727)
RIPL 18.634
(17.624)
RLG -30.394
(28.141)
LPT -78.369
(66.911)
RSOG -2.411
(7.211)

Sex -1.544  -1574 -1.572 -1590 -1.632 -1.715 -1.700* -1.616 -1.641 -1.612

(1.008) (1.016) (1.016) (1.016) (1.014) (1.050) (1.014) (1.007) (1.006) (1.024)

Constant T.726%** 8 203 ***k § | 53*** T QRA***k T ROSH*k T *¥* T 5% ** ] T Q¥*k*  58Q*k** Q ()37 H**
(0.787) (0.632) (0.862) (0.869) (0.738) (2.948) (0.810) (0.762) (0.615) (0.906)
Observations 59 59 59 59 59 59 59 59 59 59

Multiple R 0.057  0.042  0.041 0.044  0.051 0.046  0.059 0.060 0.064  0.043
Adjusted R? 0.023  0.007 0.007 0.010 0.017 0.012 0.026 0.027 0.030 0.008

Residual Std. Error 3.563  3.591 3,592  3.587 3574 3584 3558 3.556 3.550  3.590

(df = 56)
F Statistic 1692 1218 1205 1286 1509 1341 1769 1795 1902  1.245

(df =2;56)
Note: Unstandardized coefficient and standard error are reported for each ROI. * = One-tailed p <

0.05, ** = p < 0.01, *** = p < 0.001.
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Table 3.4:
Hypothesis 2.2 Linear Regression Results: All ROI Responses to Food Packaging
Unstandardized Standardized
Coefficients Coefficient
B S.E. B t p
1. All ROI Response to Food ~ 2.625 2.266 0.153 1.159 0.126
2. Sex -1.788 1.022 -0.230 -1.749  0.043*
Constant 7.467 0.891 - 8.382  0.000%***

Residual standard error: 3.551 on 56 degrees of freedom
Multiple R*: 0.06312, Adjusted R*: 0.02966
F-statistic: 1.886 on 2 and 56 DF', p-value: 0.081

Note: (n =159); Dependent Variable: total number of puffs (total puffs across 4 weeks); All ROI

Response to Food Packaging = weighted average of 10 functionally defined ROIs ; * = One-tailed

p <0.05,** =p <0.01, ***=p <0.001.
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Table 3.5:
Hypothesis 2.2 Linear Regression Follow-Up Analyses: Individual ROI Responses to Food
Packaging
1 2 3 4 5 6 7 8 9 10
LCIFS 97.908*
(45.272)
LEC 184.090
(145.661)
LIPL 16.964
(12.840)
RCIFS 17.129*
(10.052)
RFG 64.779*
(38.016)
RIOG 3.166
(5.755)
RIPL 18.030
(13.784)
RLG 2.929
(31.005)
LPT 85.954
(62.968)
RSOG -2.545
(8.201)
Sex -1.601  -1.546 -1.579 -1.744* -1.904* -1.769 -1.661 -1.564 -1.599 -1.598
(0.976) (1.002) (1.001) (0.996) (1.010) (1.079) (1.003) (1.016) (1.000) (1.021)
Constant 7.098%*** 7 498%** 1,954 7.588*%** _13.462 6.620%* 7.474%** 8 297*¥* 7 490*** §.2]10***
(0.766) (0.827) (4.816) (0.680) (12.768) (3.060) (0.825) (0.607) (0.797) (0.598)
Observations 59 59 59 59 59 59 59 59 59 59
Multiple R? 0.115 0.067 0.070 0.088 0.088 0.046 0.069 0.041 0.072 0.042
Adjusted R? 0.083 0.034  0.036  0.055 0.055 0.012  0.036  0.007  0.038 0.008
Residual Std. Error  3.452 3.543 3.538 3.504 3.504 3.584 3.540 3.593 3.535 3.590
(df = 56)
F Statistic 3.624*%* 2,019  2.097 2.700* 2.700* 1.344  2.078 1.191 2.158 1.237
(df =2; 56)

Note: Unstandardized coefficient and standard error are reported for each ROI. * = One-tailed p <

0.05, ** = p < 0.01, *** = p < 0.001.
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Table 3.6:
Hypothesis 2.3 Linear Regression Results: All ROI Responses to Gray and Food Packaging

Unstandardized Standardized

Coefticients Coefticient
B S.E. B t P
1. All ROI Response to Gray ~ -1.219  3.840 -0.053 -0.318 0.376
2. All ROI Response to Food ~ 3.176 2.867 0.185 1.108 0.137
3. Sex -1.788 1.032 -0.229 -1.720 0.046*
Constant 7.504 0.906 - 8.286  0.000***

Residual standard error: 3.58 on 55 degrees of freedom
Multiple R%: 0.06483, Adjusted R*: 0.01382
F-statistic: 1.271 on 3 and 55 DF, p-value: 0.147
Note: (n =59); Dependent Variable: total number of puffs (total puffs across 4 weeks); All ROI

Response to Gray = weighted average of 10 functionally defined ROIs; All ROI Response to Food
Packaging = weighted average of 10 functionally defined ROIs ; * = One-tailed p < 0.05, ** =p <

0.01, *** =p <0.001.
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Table 3.7:
Linear Regression Results, Hypothesis 2.3 Follow-Up Analyses, Individual ROI Response to Gray and
Food Packaging
1 2 3 4 5 6 7 8 9 10
LCIFS (Gray)  -10.985
(75.299)
LCIFS (Food) 102.047*
(53.768)
LEC (Gray) -55.175
(179.392)
LEC (Food) 204.932
(161.734)
LIPL (Gray) -27.329
(30.597)
LIPL (Food) 26913
(17.015)
RCIFS (Gray) -8.149
(17.092)
RCIFS (Food) 19.957*
(11.732)
RFG (Gray) -51.608
(102.683)
RFG (Food) 82.947
(52.644)
RIOG (Gray) 1.780
(8.098)
RIOG (Food) 1.913
(8.137)
RIPL (Gray) 5.597
(24.179)
RIPL (Food) 15.029
(19.009)
RLG (Gray) -51.580
(35.725)
RLG (Food) 37.543
(38.959)
LPT (Gray) -190.674**
(77.330)
LPT (Food) 187.800%*
(73.084)
RSOG (Gray) 11,655
(10.053)
RSOG (Food) -1.246
(11.432)
Sex -1.606 -1.532 -1.542 -1.742* -1.942* -1.774 -1.686 -1.632 -1.824%* -1.613
(0.985) (1.011) (1.003) (1.003) (1.020) (1.088) (1.018) (1.007) (0.962) (1.034)
Constant 7.142%%% 7 508*** .0.990 7.835*** -19.229 6.375% 7.420%** 7.601*** 7321*** 8.080***
(0.829) (0.834) (5.843) (0.859) (17.230) (3.280) (0.864) (0.771) (0.766)  (0.995)
Observations 59 59 59 59 59 59 59 59 59 59
Multiple R? 0.115  0.069 0.083 0.092 0.092 0.047 0.070 0.076 0.164 0.043
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Adjusted R? 0.067 0.018 0.033 0.042 0.043 -0.005 0.019 0.025 0.118 -0.009

Residual Std. Error 3483 3.572 3545  3.528 3527  3.614 3570 3559 3385  3.622
(df=55)
F Statistic 2381* 1356 1.659 1.851 1.860 0.897 1380  1.505 3.596**  0.819
(df=3; 55)

Note: Unstandardized coefficient and standard error are reported for each ROI. * = One-tailed p <

0.05, ** =p < 0.01, *** = p < 0.001.
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Table 3.8:
ANOVA Results, Hypothesis 2.3, Comparing All ROIs Regression Models

Res. DF RSS DF Sum of Sq F p
Model 1 56 720.53
(Gray)
Model 2 56 704.81 1 15.719 1.2267 0.136
(Gray + Food)

Note: Model 1 = All ROI Response to Gray predicting total puffs; Model 2: All ROI Response to Gray
and All ROI response to Food predicting total puffs; * = One-tailed p < 0.05, ** =p <0.01, *** =p <

0.001.
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Table 3.9:
ANOVA Results, Hypothesis 2.3, Comparing Individual ROIs Regression Models

Res. DF RSS DF Sum of Sq F p
LCIFS  Model 1 (Gray) 56 710.72
Model 2 55 667.03 1 43.686 3.6021  0.032%*
(Gray + Food)
LEC  Model 1 (Gray) 56 722.25
Model 2 55 701.77 1 20.485 1.6055 0.105
(Gray + Food)
LIPL  Model 1 (Gray) 56 722.58
Model 2 55 691.14 1 31.437 2.5017 0.060
(Gray + Food)
RCIFS ~ Model 1 (Gray) 56 720.57
Model 2 55 684.55 1 36.016 2.8937 0.047
(Gray + Food)
RFG  Model 1 (Gray) 56 715.13
Model 2 55 684.24 1 30.885 2.4826 0.060
(Gray + Food)
RIOG  Model 1 (Gray) 56 719.23
Model 2 55 718.51 1 0.72167  0.0552 0.408
(Gray + Food)
RIPL  Model 1 (Gray) 56 708.87
Model 2 55 700.91 1 7.9659 0.6251 0.216
(Gray + Food)
RLG  Model 1 (Gray) 56 708.27
Model 2 55 696.51 1 11.76 0.9287 0.170
(Gray + Food)
LPT  Model 1 (Gray) 56 705.74
Model 2 55 630.09 1 75.646 6.603  0.006**
(Gray + Food)
RSOG  Model 1 (Gray) 56 721.58
Model 2 55 721.43 1 0.15573  0.0119 0.457
(Gray + Food)

Note: Model 1 = Individual ROI Response to Gray predicting total puffs; Model 2: Individual ROI
Response to Gray and All ROI response to Food predicting total puffs; * = One-tailed p < 0.05, ** =p <

0.01, *** = p <0.001.
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Table 3.10:
Linear Regression Results, Hypothesis 3.1, All ROI Response to Gray and Food Packaging
Interacting with Trait Food Craving

Unstandardized Standardized

Coefficients Coefficient
B S.E. B t )4

1. All ROI Response to Gray  -29.133  16.578 -1.287 -1.757 0.044*
2. All ROI Response to Food  27.313  11.455 1.729 2.384 0.011*
3. Trait Food Craving 0.072 0.040 0.354 1.797 0.040*
4. Sex -0.098  1.231 -0.013 -0.080 0.468
5. All ROI Response to Gray ~ 0.665 0.360 1.817 1.846 0.036*
x Trait Food Craving

6. All ROI Response to Food  -0.572  0.255 -2.193 -2.240 0.015%*
x Trait Food Craving

Constant 4.227 2.192 - 1.928 0.061

Residual standard error: 3.405 on 39 degrees of freedom
Multiple R*: 0.145, Adjusted R*: 0.01341
F-statistic: 1.102 on 6 and 39 DF, p-value: 0.189
Note: (n =59); Dependent Variable: total number of puffs (total puffs across 4 weeks); All ROI

Response to Gray = weighted average of 10 functionally defined ROIs; All ROI Response to Food
Packaging = weighted average of 10 functionally defined ROIs ; Trait Food Craving = scores on G-
FCQ-T; All ROI Response to Gray x Trait Food Craving = interaction between weighted average of
10 functionally defined ROIs and scores on G-FCQ-T; All ROI Response to Food x Trait Food
Craving = interaction between weighted average of 10 functionally defined ROIs and scores on G-

FCQ-T; * = One-tailed p < 0.05, ** = p < 0.01, *** = p < 0.001.
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Linear Regression Results, Hypothesis 3.1 Follow-Up Analyses, Individual ROI Response to Gray and

Food Packaging Interacting with Trait Food Craving

1 2 3 4 5 6 7 9 10
LCIFS (Gray)  -440.092
(264.269)
LCIFS (Food)  435.707**
(181.253)
LEC (Gray) -15.235
(591.846)
LEC (Food) 1,157.415
(783.734)
LIPL (Gray) -133.923
(113.484)
LIPL (Food) 120.832%*
(53.455)
RCIFS (Gray) -119.874%*
(60.348)
RCIFES (Food) 91.017%**
(36.407)
RFG (Gray) -593.477
(355.609)
RFG (Food) 54271 7%%*
(196.567)
RIOG (Gray) -35.598
(26.202)
RIOG (Food) 27.293
(26.189)
RIPL (Gray) -82.389
(91.599)
RIPL (Food) 120.239
(73.719)
RLG (Gray) -153.440
(174.546)
RLG (Food) 223.997
(169.307)
LPT (Gray) -131.449
(340.377)
LPT (Food) 385.499
(272.184)
RSOG (Gray) 9.951
(41.791)
RSOG (Food) 10.404
(44.607)
Trait Food Craving  0.039 0.097*  0.657* -0.031  3.333** -0.048 0.043 0.024 0.055 -0.018
(0.047)  (0.057) (0.366) (0.048)  (1.387) (0.178) (0.046) (0.054) (0.045) (0.074)
Sex -0.422 0.055 -0.350  -1.013 -0.426 0.209 -0.540 -0.301 -1.094 -0.221
(1.084)  (1.268) (1.158) (1.161) (1.165) (1.343) (1.181) (1.206) (1.155) (1.234)
LCIFS (Gray) x ~ 9.384*
Craving (5.007)
LCIFS (Food) x  -6.433*
Craving (3.600)



LEC (Gray) x
Craving
LEC (Food) x
Craving
LIPL (Gray) x
Craving
LIPL (Food) x
Craving
RCIFS (Gray) x
Craving
RCIFS (Food) x
Craving
RFG (Gray) x
Craving
RFG (Food) x
Craving
RIOG (Gray) x
Craving
RIOG (Food) x
Craving
RIPL (Gray) x
Craving
RIPL (Food) x
Craving
RLG (Gray) x
Craving
RLG (Food) x
Craving
LPT (Gray) x
Craving
LPT (Food) x
Craving
RSOG (Gray) x
Craving
RSOG (Food) x
Craving
Constant

4.924%*
(2.292)

-0.144
(11.932)

-18.687
(13.706)

2.423

2.064

(2.312)

-1.823%

(1.078)
2.736*
(1.397)
-1.586*
(0.783)

(3.560) (18.222) (2.293)

13.590
(8.336)
-10.174%
(4.298)

-34.621* 8.872*** -170.80**

0.868

(0.537)

-0.726

(0.518)

11.289 5.219%*
(64.086) (11.221) (2.234)

1.808

(1.932)

-2.070

(1.499)

1.978
(3.483)
-3.196
(3.062)

6.601%*
(2.870)

95

-1.008
(6.989)
-3.783
(6.262)
-0.204
(0.824)
-0.296
(0.827)
4.696%* 9.087**
(2.141) (3.731)

Observations
Multiple R
Adjusted R?

Residual Std. Error

(df=56)
F Statistic
(df=2;56)

46
0.253

0.138
3.184

2.196*

46

0.073

-0.069
3.544

0.516

46 46
0.165 0.185

0.036
3.365

0.059
3.325

1.283 1.474

46

0.203

0.081
3.287

1.657

46

0.085

-0.056
3.522

0.605

46

0.123

-0.012
3.449

0.910

46

0.097

-0.042
3.499

0.698

46 46
0.207  0.050

0.085
3.279

-0.096
3.588

1.697 0.344

Note: Unstandardized coefficient and standard error are reported for each ROI. * = One-tailed p <

0.05, ** =p <0.01, *** =p <0.001.
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Table 3.12:
Linear Regression Results, Hypothesis 3.2, All ROI Response to Food Packaging Interacting
with Trait Food Craving

Unstandardized Standardized

Coefficients Coefficient
B S.E. B t P

1. All ROI Response to Food ~ 9.397 6.143 0.595 1.530 0.067
2. Trait Food Craving 0.057 0.040 0.282 1.434 0.080
3. Sex -0.544  1.228 -0.070 -0.443 0.330
4. All ROI Response to Food ~ -0.145 0.108 -0.556 -1.343 0.093
x Trait Food Craving

Constant 4915 2.189 - 2.246 0.015*

Residual standard error: 3.463 on 41 degrees of freedom
Multiple R*: 0.0702, Adjusted R*: -0.02052
F-statistic: 0.7738 on 4 and 41 DF, p-value: 0.274
Note: (n =159); Dependent Variable: total number of puffs (total puffs across 4 weeks); All ROI

Response to Gray = weighted average of 10 functionally defined ROIs; All ROI Response to Food
Packaging = weighted average of 10 functionally defined ROIs ; Trait Food Craving = scores on G-
FCQ-T; All ROI Response to Food x Trait Food Craving = interaction between weighted average of
10 functionally defined ROIs and scores on G-FCQ-T; * = One-tailed p <0.05, ** =p <0.01, *** =

p <0.001.
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Table 3.13:

Linear Regression Results, Hypothesis 3.2 Follow-Up Analyses, Individual ROI Response to Food
Packaging Interacting with Trait Food Craving

1 2 3 4 5 6 7 8 9 10
LCIFS (Food)  238.754*
(134.173)
LEC (Food) 1,157.994
(734.322)
LIPL (Food) 77.480%*
(38.042)
RCIFS (Food) 41.992

(27.514)
RFG (Food) 281.155*
(120.263)
0.543
(19.986)
61.959*
(35.220)

RIOG (Food)
RIPL (Food)

RLG (Food) 106.950

(105.810)
LPT (Food) 453.109*

(206.982)
RSOG (Food) 19.218

(23.887)
Trait Food Craving ~ 0.053  0.096* 0466  0.036  1.474* 0048 0.056 -0.001  0.070*  -0.003

(0.047)  (0.055) (0.279) (0.035)  (0.764) (0.164) (0.043) (0.042) (0.041) (0.040)
Sex 20409  0.055 -0.28%8  -0.782  -0.649 -0.213 -0.495 -0269 -0.665 -0.187

(1.105)  (1.192) (1.147) (1.183) (1.159) (1.324) (1.161) (1.210) (1.150) (1.187)
LCIFS (Food) x  -2.448

Craving (2.893)

LEC (Food) x -18.927
Craving (12.183)

LIPL (Food) x -1.168
Craving (0.742)

RCIFS (Food) x -0.477

Craving (0.550)

RFG (Food) x -4.364%

Craving (2.307)
RIOG (Food) x -0.047

Craving (0.322)
RIPL (Food) x
Craving
RLG (Food) x
Craving
LPT (Food) x
Craving
RSOG (Food) x

Craving (0.438)
Constant 4.387* 2.467  -22.058 5.928*** -86.539%* 6.924 4.754%* 8.635%** 4310%* §.353%**
(2316) (3.421) (14.433) (1.791) (40.023) (10.191) (2.146) (2.188) (2.045) (2.085)

-0.836
(0.702)

-1.657
(1.860)

-7.476*
(4.116)

-0.467




98

Observations 46 46
Multiple R 0.183 0.073
Adjusted R? 0.103  -0.017
Residual Std. Error  3.246 3.457
(df=56)
F Statistic 2.296* 0.811
(df=2;56)

46

0.123

0.037
3.363

1.436

46

0.101

0.014
3.404

1.156

46
0.146

0.062
3.319

1.749

46

0.020

-0.076
3.555

0.208

46

0.103

0.016
3.401

1.178

46

0.041

-0.052
3.517

0.439

46

0.128

0.043
3.353

1.510

46

0.049

-0.044
3.503

0.526

Note: Unstandardized coefficient and standard error are reported for each ROI. * = One-tailed p <

0.05, ** = p < 0.01, *** = p < 0.001.



Figure 1.1.

FIGURES

Conceptual Model for Hypothesis 3.1.

Significant Brain Activation to
Food and Gray Packaging
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Vaping Frequency (Total Puffs)

Trait Food Cravings
(G-FCQ-T)
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Figure 1.2.
Conceptual Model for Hypothesis 3.2.

Significant Brain Activation to

; ) i
Food Packaging Vaping Frequency (Total Puffs)

Trait Food Cravings
(G-FCQ-T)
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Figure 2.1

Example Internet/Paper Flier Advertisements

DO YOU VAPE/JUUL?

VAPERS NEEDED

We are conducting a brain imaging research study that will look to
understand young adults' perceptions and evaluations of visual and

We are conducting a brain imaging research study that will look to textual images related to health mes
understand young adult vapers' perceptions and evaluations of
ekl i ST e idiatiod o dibines ) WHO IS ELIGIBLE?
visual and textual mmages related to tobacco use¢ ‘who ipe GO hid e 16,28 vaiiés 6k aind
» can safely have an MRI,

WHO IS ELIGIBLE?

Young adult vapers who are between 18-25 years old
and are compatible with the MR system

DESCRIPTION OF STUDY

Through an online survey, you will answer questions
about yourself, MR safety, and COVID-19. If eligible,
you will be invited to & Zoom interview. Afterward,
you will be invited 10 the main study - MRI Study on
Health Messages- which consists of a two-hour tab
session. Individusls who participate in the lab
session will be compensated $45,

DESCRIPTION OF STUDY

Through an online survey, you will answer questions
about yourself, fMRI safety and COVID-19 safety
questions. If eligible, you will be scheduled for a
Zoom interview. If still eligible, you will be invited to
the main study - IMRI Study on Anti-Tobacco Ads -
which consists of a two-hour lab session

Indrviduals who participate in the lab session will be

H Department of Communication Studies
Frenhiio Coullege of Arte and Sciemces
INTERESTED? v UNIVERSITY OF GEORGIA

Scan the QR code below of use the link to start the
safety screening survey and find out if you are

compensated $45 engibie for the main study. ‘&Y Department of Psychology
Franhfin College of Arts and Sciemces
For additional information, please contact us at UNIVERSITY OF GEORGIA
INTERESTED? ARMLABLGARE™a - B

if you need additional information, please contact us
at CHARMLabUGAGgmail com.

Or you can click on the link below, or scan the QR
code on the right, to start the safety screening
survey, and find out if you are eligible for the study

SCAN ME

https://ugeorgia.cal.qualtrics.com/
jfe/form/SV_4UwlyVidE3j4zGu

(A) (B)
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Figure 2.2

Example Packaging of Three Stimulus Types and Control

JUIC JUIC B JUIC o}

CE | 2z M 2 MM = =g
2 N 5 K .t .
= I [ m "

o - o
(A) (B) | ©) (D)

Note. Figures 2.2A — 2.2C display three examples of vaping packaging with (A) food image,
color, and name; (B) food color and name; (C) grayscale color scheme and food name,
respectively. Figure 2.2D displays an example of a scrambled control image. Scrambled images
were created by pixelating images of vaping packages and scrambling the pixels to serve as a

control condition.
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Figure 3.1

Significant Brain Responses to Gray Packaging

Note: Brain activation (red) and deactivation (blue) to grayscale vaping packaging with no food
stimuli. Map is thresholded to FDR-corrected p < .001. Slices are from z-plane = 75 to z-plane =

-45 in 5-millimeter increments.
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Figure 3.2

Significant Brain Responses to Food Packaging

Note: Brain activation (red) and deactivation (blue) to colorful vaping packaging with food
stimuli. Map is thresholded to FDR-corrected p < .001. Slices are from z-plane = 75 to z-plane =

-45 in 5-millimeter increments.
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Figure 3.3

Regions of Interest (ROIs) with Significant Response to Gray or Food Packaging

Note: Regions of interest (ROIs) with significant response to gray or food packaging. Numbers
correspond to each ROI listed in Table 3.1. ROI Colors: 1 = Pink, 2 = Green, 3 = Purple, 4 =
Salmon, 5 = Navy Blue, 6 = Orange, 7 = Red, 8 = Yellow, 9 = Blue, and 10 = Cyan.

Slices are from z-plane = 65 to z-plane = -30 in 5-millimeter increments.
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Figure 3.4

Interaction Plot, Hypothesis 3.1, All ROI Response to Gray Packaging and Trait Food Craving
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Figure 3.5
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Interaction Plot, Hypothesis 3.1, All ROI Response to Food Packaging and Trait Food Craving

12+
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Figure 3.6
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The Johnson-Neyman Plot on Moderating Effect of Trait Food Craving on the Associations

between All ROI Response to Food Packaging and Vaping Puffs
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