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Associations between Coherent Neural Activity

Abstract

Objective: Worldwide, tobacco use is the leading cause of preventable death and illness. One common
strategy for reducing the prevalence of cigarette smoking and other health risk behaviors is the use of graphic
warning labels (GWLSs). This has led to widespread interest from the perspective of health psychology in
understanding the mechanisms of GWL effectiveness. Here we investigated differences in how the brain
responds to negative, graphic warning label-inspired antismoking ads and neutral control ads, and we probed
how this response related to future behavior.

Method: A group of smokers (N = 45) viewed GWL-inspired and control antismoking ads while undergoing
fMRI, and their smoking behavior was assessed before and one month after the scan. We examined neural
coherence between two regions in the brain’s valuation network, the medial prefrontal cortex (MPFC) and
ventralstriatum (VS).

Results: We found that greater neural coherence in the brain’s valuation network during GWL ads (relative to
control ads) preceded later smoking reduction.

Conclusions: Our results suggest that the integration of information about message value may be key for
message influence. Understanding how the brain responds to health messaging and relates to future behavior
could ultimately contribute to the design of effective messaging campaigns, as well as more broadly to theories
of message effects and persuasion across domains.

Keywords
behavior change, functional MRI (fMRI), neuroimaging, smoking, valuation

Disciplines

Analytical, Diagnostic and Therapeutic Techniques and Equipment | Biological Psychology | Cognition and
Perception | Cognitive Psychology | Communication | Graphic Communications | Health Communication |
Neurology | Neuroscience and Neurobiology | Neurosciences | Social and Behavioral Sciences | Substance
Abuse and Addiction

Author(s)
Nicole Cooper, Steven Tompson, Matthew B. O'Donnell, Jean M. Vettel, Danielle S. Bassett, and Emily B. Falk

This technical report is available at ScholarlyCommons: https://repositoryupenn.edu/asc_papers/S77


https://repository.upenn.edu/asc_papers/577?utm_source=repository.upenn.edu%2Fasc_papers%2F577&utm_medium=PDF&utm_campaign=PDFCoverPages

Running head: BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Associations between coherent neural activity in the brain’s value system during

antismoking messages and reductions in smoking

Nicole Cooper'?*, Steven Tompson?3, Matthew B. O’Donnell!, Jean M. Vettel>*3, Danielle S.
Bassett’, Emily B. Falk!"

1. Annenberg School for Communication, University of Pennsylvania, Philadelphia, PA,
USA

2. U.S. Army Research Laboratory, Aberdeen Proving Ground, MD, USA

3. Department of Bioengineering, University of Pennsylvania, Philadelphia, PA, USA

4. Department of Psychological & Brain Sciences, University of California, Santa Barbara,
CA, USA

5. Department of Electrical & Systems Engineering, University of Pennsylvania,
Philadelphia, PA, USA

* Corresponding Authors

Emily B. Falk, falk@asc.upenn.edu

Nicole Cooper, ncooper@asc.upenn.edu

Annenberg School for Communication
University of Pennsylvania

3620 Walnut St., Philadelphia, PA 19104
Phone: 215-573-1974


mailto:falk@asc.upenn.edu
mailto:ncooper@asc.upenn.edu

BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

ABSTRACT

Objective: Worldwide, tobacco use is the leading cause of preventable death and illness.
One common strategy for reducing the prevalence of cigarette smoking and other health risk
behaviors is the use of graphic warning labels (GWLs). This has led to widespread interest from
the perspective of health psychology in understanding the mechanisms of GWL effectiveness.
Here we investigated differences in how the brain responds to negative, graphic warning label-
inspired antismoking ads and neutral control ads, and we probed how this response related to
future behavior. Methods: A group of smokers (N = 45) viewed GWL-inspired and control
antismoking ads while undergoing fMRI, and their smoking behavior was assessed before and
one month after the scan. We examined neural coherence between two regions in the brain’s
valuation network, the medial prefrontal cortex (MPFC) and ventral striatum (VS). Results: We
found that greater neural coherence in the brain’s valuation network during GWL ads (relative to
control ads) preceded later smoking reduction. Conclusions: Our results suggest that the
integration of information about message value may be key for message influence.
Understanding how the brain responds to health messaging and relates to future behavior could
ultimately contribute to the design of effective messaging campaigns, as well as more broadly to

theories of message effects and persuasion across domains.

Keywords: brain-as-predictor; behavior change; smoking,; neuroimaging, functional magnetic

resonance imaging (fMRI), valuation



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

INTRODUCTION

Tobacco use is the leading cause of preventable death worldwide, increasing the odds of
developing cancer, heart disease, and other illnesses (World Health Organization, 2015b).
Although the prevalence of tobacco use has dramatically decreased over the last several decades,
1.1 billion people worldwide still smoke tobacco (World Health Organization, 2015a), and more
than 1 in 8 adults in the U.S. smoke tobacco cigarettes (Ward et al., 2016). The World Health
Organization recommends a variety of tobacco control policies, including the addition of graphic
warning labels (GWLs) to cigarette packaging (World Health Organization, 2009). Despite
widespread adoption of GWLs around the world, controversies exist concerning their
implementation in the U.S. (Canadian Cancer Society, 2014; R.J. Reynolds Tobacco Co., et al v.
Food & Drug Admin., et al, 2012; R.J. Reynolds Tobacco Co., et al v. Hamburg et al, 2011;
United States Public Laws, 2009), and the psychological and neurobiological mechanisms
underlying their effects on behavior are still poorly understood. This has led to interest in
understanding the effectiveness of GWLs in health messaging and the neurobiological
mechanisms underlying their effects. Health warning labels are also used in a variety of other
contexts, such as on alcoholic beverages and sugary drinks (Glock and Krolak-Schwerdt, 2013;
Martin-Moreno et al., 2013; Pettigrew et al., 2014; Schillinger and Jacobson, 2016; VanEpps and
Roberto, 2016), further increasing the need for a mechanistic understanding of their
effectiveness.

Recent work has demonstrated that neuroimaging can provide predictive information
about the influence of health messaging, and that brain data can be a useful measurement for
understanding the mechanisms of message effectiveness (Berkman and Falk, 2013; Cooper et al.,

2015, 2017, Falk et al., 2015, 2016; Imhof et al., 2017; Owens et al., 2017; Riddle et al., 2016;
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Schmiélzle et al., 2013; Vezich et al., 2016; Wang et al., 2013, 2015; Weber et al., 2015).
Average neural activity in the medial prefrontal cortex (MPFC) during messaging has been
associated with future health behavior change in individuals (e.g., for smoking reduction (Chua
etal., 2011; Cooper et al., 2015; Owens et al., 2017; Riddle et al., 2016; Wang et al., 2013),
physical activity (Cooper et al., 2017; Falk et al., 2015), and sunscreen use (Falk et al., 2010;
Vezich et al., 2016)) as well as population measures of anti-smoking campaign effectiveness
(e.g., online click-through-rates (Falk et al., 2016), calls to quit lines (Falk et al., 2012)).

A current suggestion for why MPFC activity may be linked to behavior change hinges on
the role of MPFC in assessing the value of ideas to oneself (Cooper et al., 2015; Falk et al., 2015;
Falk and Scholz, 2018), or the integration of a message’s value with one’s self concept (Vezich
et al., 2016). The MPFC and ventral striatum (VS) have been identified as the two regions most
likely to be active during subjective valuation, or the valuation of behaviors and rewards relative
to the self (Bartra et al., 2013; Levy and Glimcher, 2012). One possibility is that MPFC assesses
the value or relevance of a health message to the self, and furthermore, that the extent of this
process may account for the extent of future behavior change. Outside of the health domain,
brain activity in the value system has also been associated with outcomes such as consumer
behavior (Berns and Moore, 2012; Genevsky and Knutson, 2015; Kiihn et al., 2016;
Venkatraman et al., 2015) and response to social influence (Cascio et al., 2015; Klucharev et al.,
2009; Mason et al., 2009; Nook and Zaki, 2015; Zaki et al., 2011).

Given the multiple psychological functions supported by MPFC (Roy et al., 2012; Vega
et al., 2016), examining coherent activity, also referred to as functional connectivity, specifically
within the brain’s value system can provide additional information about why and how certain

types of messages, like graphic warning messages, exert their effects. The meaning of activity in
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a particular region changes depending on its interactions with other key regions (Lindquist et al.,
2012; Poldrack, 2006; Shine et al., 2016), and examining the coherence of activity between brain
regions during exposure to different types of messages could provide new, complementary
information about brain function (Bassett et al., 2011; Bressler and Menon, 2010; Medaglia et
al., 2015; Park and Friston, 2013). In line with the importance of considering MPFC and VS
together, Cooper et al. (2017) find that functional connectivity within valuation regions during
exposure to physical activity health messages is linked to behavior change, independent of
average neural activation. Increased functional connectivity between MPFC and VS during
behaviorally relevant GWLs could indicate that an individual values the information contained in
the message. This type of updating of smoking values or beliefs may, in turn, be more likely to
induce later behavior change. If so, we might observe that differences in the brain’s value
network (MPFC and VS) during exposure to GWLs as compared to control ads in terms of
overall activation, functional connectivity, or both, relate to later behavior change.

To test these possibilities, we examined neural activation within and coherent neural
activity between brain regions while a group of smokers viewed antismoking ads. Some ads
portrayed the negative consequences of smoking, using messaging based on the FDA’s proposed
GWLs for cigarette packaging (Nonnemaker et al., 2010). Others were antismoking ads with
neutral control images. Smokers viewed these ads during a neuroimaging session, and their
smoking behavior was assessed before and one month after the scan. We hypothesized that
individuals with greater MPFC activation for GWL versus control ads, as well as greater
coherence in activity between MPFC and VS for GWL versus control ads, would demonstrate

larger smoking reductions. Understanding neural activation during GWLs and how this relates to
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future behavior change could have a large impact on the design of optimally effective GWLs and

broader health interventions.

MATERIALS AND METHODS

Participants. Fifty smokers participated in this fMRI study. This sample size was based
on previous studies linking brain responses to behavior change outcomes (Falk et al., 2010,
2011; Riddle et al., 2016; Vezich et al., 2016; Wang et al., 2015). All participants gave written
informed consent in accordance with the procedures of the Institutional Review Board at the
University of Michigan. Data were collected at the University of Michigan from February to July
2013. Two participants were excluded for missing data (one due to an error at the scanner, and
another for not participating in the final session). Three participants were excluded for data
quality issues (one for neurological abnormalities, one for excessive head motion, and a third for
both vision problems and excessive head motion). Exclusions for excessive head motion
displayed greater than 3mm total translation, 1 degree rotation, and 5 spikes of at least Imm.
This resulted in a final sample of 45 participants.

Participants were recruited from the general population using Craigslist and a university
research website. Advertising described the study as a “research study on the neural correlates of
effective health communication,” in which participants would be asked to complete surveys and
evaluate health and anti-smoking messages. The university research website allowed for
targeting of participants who met a particular set of health and/or demographic criteria. Wide
advertising, including Craigslist, and a fixed set of recruitment questions were used to reduce
bias. Interested participants completed an eligibility screening phone call. To participate in the

study, participants had to report smoking at least 5 cigarettes per day for the past month, have
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been a smoker for at least 12 months, and be between the ages of 18 and 65. Participants also had
to meet standard fMRI eligibility criteria, including having no metal in their body, no history of
psychiatric or neurological disorders, and currently not taking any psychiatric or illicit drugs. See
Table 1 for demographic information and Figure S1 for further details about study recruitment
and retention.

Study timeline. Participants completed three appointments once enrolled in the study.
The first was an intake appointment (Session 1), during which participants gave their informed
consent and completed baseline self-report surveys. This session lasted approximately 1 hr. The
fMRI scanning appointment (Session 2) took place an average of 6 days (SD = 4 days) after
Session 1, and lasted approximately 3 hr. Participants completed both prescan and postscan self-
report measures, as well as 1 hr of testing inside the MRI scanner. Participants were not
instructed to abstain from cigarettes for any period prior to the scan session. The follow-up
appointment (Session 3) was conducted over the phone, an average of 39 days (SD =9 days)
after Session 2.

Smoking questionnaires. Participants reported the number of cigarettes they smoked per
day at every appointment. As a reference, they were told that a pack contains 20 cigarettes. In
analysis, we examined the percent change in smoking from Session 2 to Session 3, because of its
proximity to the scan session. Reports of daily smoking at Session 1 and Session 2 were very
consistent (r = 0.94). Self-report measures are commonly used to track smoking behavior change
(Chua et al., 2011; Jasinska et al., 2012), and have been shown to have a moderate to high
correlation with physiological metrics such as expired CO (Falk et al., 2011; Jarvis et al., 1987;
Middleton and Morice, 2000) and saliva and serum cotinine (Etter et al., 2000; Patrick et al.,

1994; Pokorski et al., 1994; Vartiainen et al., 2002). Smoking levels were not biochemically
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verified. The Fagerstrom Test for Nicotine Dependence (FTND) was also administered at
Session 1.

Finally, after reporting their daily smoking levels, participants were asked at each time
point whether they were enrolled in a quit-smoking program at that time, and whether they had a
planned quit date. At Session 2, one participant was enrolled in a quit-smoking program and one
had a planned quit date. At Session 3, one participant had quit smoking, two participants were
enrolled in quit-smoking programs and had planned quit dates, and one had a planned quit date
but was not enrolled in quit-smoking program. Therefore, we infer that most of the change in
participants’ smoking behavior between sessions was not a result of external professional
interventions.

fMRI task. Participants saw 60 images presented with the text “Stop Smoking. Start
Living” (see Figure 1 for task design). Thirty were negative antismoking images, based on the
FDA’s proposed graphic warning labels (referred to as GWL ads). Twelve of these portrayed
social consequences of smoking (e.g., exclusion from a group) and 18 portrayed non-social and
health-related consequences of smoking (e.g., a tracheotomy). The remaining 30 images were
neutral control images (11 social, 19 nonsocial). The negative and neutral images were matched
in pairs, by content complexity, focal point, and number of people in the image.

Each trial consisted of 4s of image presentation, followed by a 3s response screen with
the statement “This makes me want to quit” and a 5-point rating scale (1=definitely does not,
5=definitely does). The response period was followed by a jittered inter-trial interval, consisting
of'a screen with only a fixation cross (3-7.5s, mean = 4.10s, median = 3.32s, SD = 1.01s). The
task also included 20 personal (Facebook) or control (NimStim) face images, which were

interspersed with the other image trials but are not the focus of the current investigation.
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The fMRI session consisted of four tasks, including the task that is the focus of this
report. Preceding this GWL image task were a self-relevance task, in which participants made
judgments about whether particular personality traits described them or close friends (Cooper et
al., 2015), and a counterarguing task, in which participants were prompted to think about
arguments for and against specific statements (no statements focused on smoking). Following the
GWL image task, participants completed a fourth task, in which they viewed banner ads from the
American Legacy Foundation’s EX campaign (Cooper et al., 2015). The task reported here is
also described in (Falk et al., 2016), which relates activation from single regions to measures of
population-level effectiveness of the task stimuli, and also in (Pegors et al., 2017), which focuses
on the relationships between multivariate measures of brain activity, social networks, and
individual behavior change.

MRI image acquisition. Neuroimaging data were acquired using a 3 Tesla GE Signa
MRI scanner. Two functional runs of the task (454 volumes total) were acquired. Functional
images were recorded using a reverse spiral sequence (TR = 2000 ms, TE = 30 ms, flip angle =
90°, 43 axial slices, FOV = 220 mm, slice thickness = 3mm; voxel size = 3.44 x 3.44 x 3.0 mm).
We also acquired in-plane T1-weighted images (43 slices; slice thickness = 3 mm; voxel size =
.86 x .86 x 3.0mm) and high-resolution T1-weighted images (SPGR; 124 slices; slice thickness =
1.02 x 1.02 x 1.2 mm) for use in coregistration and normalization.

fMRI pre-processing. Functional data were pre-processed and analyzed using Statistical
Parametric Mapping (SPMS8, Wellcome Department of Cognitive Neurology, Institute of
Neurology, London, UK). To allow for the stabilization of the BOLD signal, the first five
volumes (10s) of each run were discarded prior to analysis. Functional images were despiked

using the 3dDespike program (AFNI (Cox, 1996)). Data were next corrected for differences in
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the time of slice acquisition using sinc interpolation; the first slice served as the reference slice.
Data were then spatially realigned to the first functional image. We then co-registered the
functional and structural images using a two-stage procedure. First, in-plane T1 images were
registered to the mean functional image. Next, high-resolution T1 images were registered to the
in-plane image. After coregistration, high-resolution structural images were skull-stripped using
the VBMS toolbox for SPM (http://dbm.neuro.uni-jena.de/vbm), and then normalized to the
skull-stripped MNI template provided by FSL. Finally, functional images were smoothed using a
Gaussian kernel (§ mm FWHM).

Activation analysis. The fMRI data were modeled for each participant using fixed
effects models within the general linear model as implemented in SPMS8. The six rigid-body
translation and rotation parameters derived from spatial realignment were included as nuisance
regressors in the first level model. Data were high-pass filtered with a cutoff of 128 s. Ad
presentations were modeled as four regressors, one for each trial type (GWL social, GWL
nonsocial, control social, control nonsocial). The contrast of interest was GWL (social and
nonsocial) minus control (social and nonsocial) image trials. We modeled the 20 face trials in
one nuisance regressor, and the response period for all trials as an additional nuisance regressor.
Fixation rest-periods constituted an implicit baseline. The resulting contrast images were
combined using a random effects model in SPMS. From the a priori region of interest (ROI),
average parameter estimates were extracted at the group level using MarsBaR (Brett et al., 2002)
and converted to percent signal change.

Regions of interest (ROIs). The a priori ROIs in medial prefrontal cortex (MPFC) and
ventral striatum (VS) were defined based on a quantitative meta-analysis of 206 studies that

reported subjective value-related neural signals during decision-making (Bartra et al., 2013).
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This meta-analysis identified a subregion of MPFC (volume=3.58 ¢cm?) and the VS
(volume=4.00 cm?) as most likely to be active during personal value-related decision-making.
The study authors provided masks of the meta-analysis results.

Psychophysiological interactions. To assess functional connectivity, we estimated
psychophysiological interactions (PPIs) utilizing the SPM generalized PPI toolbox (McLaren et
al., 2012). PPI examines whether the coherence of neural activation in two brain regions is
stronger in one task condition than another task condition (Friston et al., 1996). We used the
MPFC region described above as the seed region. First-level PPI models included four PPI
regressors — GWL social, GWL nonsocial, control social, and control nonsocial ad trials. As
covariates of no interest, the PPI models included the time series of the seed region, the onsets of
each trial type, as well as the face trials, response periods, and 6 motion parameters. The contrast
of interest was GWL (social and nonsocial) minus control (social and nonsocial) image trials.
This results in a GLM for each voxel in the brain, for each individual, which contains
information about the extent to which activity in that voxel is differentially correlated with
average activity in the seed region during GWL and control images. To investigate group-level
PPI effects, the first-level contrast images were combined using a random effects model in
SPMS. Average parameter estimates of functional connectivity were extracted from MPFC and
VS ROIs at the group level using MarsBaR. Supplemental, exploratory analyses examining a
broader network of regions defined by the whole brain PPI analysis are reported in Supplemental
Materials.

Relating neural measures to smoking behavior. We used the robust linear model
(RLM) function in R’s (version 3.2.4) MASS library to relate neural activation and functional

connectivity measures to behavior change. Behavior change is primarily reported as the percent
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change in smoking from Session 2 to Session 3. We also constructed a normalized score by
normalizing cigarettes smoked per day across participants and taking the difference in these
scores between Session 2 and Session 3. The Wald test was used to assess significance of RLM
coefficients (robtest, R’s sfsmisc package). All models controlled for gender, centered age,
ethnicity (white versus other), and FTND score. Robust linear models are less sensitive to

outliers and high leverage data points, allowing the inclusion of all data points.

RESULTS

In this study, we examined the effectiveness of GWL-inspired messaging on promoting
smoking cessation behaviors. Each subject participated over a 6 week period, reporting smoking
behavior before and approximately one month after completing an fMRI scanning session
involving exposure to GWL and control anti-smoking messages. We first assessed smoking
behavior change and then employed a two-stage analysis approach to examine neural activity
that related to future smoking behavior.

Smoking behavior change. Participants reported the number of cigarettes they smoked
on a typical day at each appointment. At the scanning appointment (Session 2), participants
smoked an average of 13.2 (SD = 6.8) cigarettes per day. The average score on the FTND was
4.7 (SD = 1.3), indicating moderate addiction. At the follow-up appointment (Session 3), which
took place an average of 39 days later (SD = 9 days), participants smoked an average of 10.2 (SD
= 17.7) cigarettes per day. This was a significant decline in daily smoking (paired t(44) = 3.06, p <
0.004). A histogram of smoking reduction, modeled as the percent change in smoking from
Session 2 to Session 3, can be found in Figure 2. During the fMRI task, participants rated

whether the images made them want to quit smoking. The average of participants’ quit ratings
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was 2.75 (on a scale from 1 to 5; SD = 0.7); quit ratings were not a significant predictor of
behavior change t(39)=-0.47, p<0.64), controlling for gender, age, ethnicity (white versus other),
and FTND score.

Associations between behavior change and neural activation. We tested whether the
difference between neural responses to GWL and control images in medial prefrontal cortex
(MPFC) was associated with the percent change in the number of cigarettes participants smoked
per day in the month following the scan. A negative percent change in smoking corresponds to a
reduction in cigarettes smoked per day. We used robust linear regression to predict behavior
change from the difference in MPFC activation between ad types. Across participants, the
difference in activation in our MPFC ROI during GWL and control ads (GWL > control) was not
related to behavior change (percent change in smoking: t(39) = 0.86, p < 0.401; normalized
change score: t(39) = 0.81, p < 0.426). This relationship was also not significant in the VS ROI
(percent change in smoking: t(39) = 1.08, p < 0.293; normalized change score: t(39) = 0.78, p <
0.441). We further examined whether these activation differences were related to baseline
smoking rates; cigarettes smoked per day before the scan was not significantly correlated with
activation for GWL > control ads in MPFC (1=-0.04, t(43)=-0.28, p<0.781) or VS (r=0.24,
t(43)=1.62, p<0.113). See Supplemental Materials for the results of an exploratory whole brain
analysis examining the relationship between behavior change and activation for GWL vs control
ads in other brain regions.

Associations between behavior change and functional connectivity. To complement
our activation analyses, we used functional connectivity to examine whether coherent activity
between brain regions is related to future behavior change. We compared functional connectivity

in the valuation network (MPFC and VS) during exposure to GWL and control ads. We used

12
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robust linear regression to predict behavior change from connectivity, where a negative percent
change in smoking corresponds to a reduction in cigarettes smoked per day. Functional
connectivity from MPFC to VS during GWL > control ads was significantly related to behavior
change (percent change in smoking: t(39) = -2.79, p < 0.008!; normalized change score: t(39) = -
2.63, p <0.012), such that greater connectivity during GWL ads was associated with a larger
reduction in smoking in the month after the scan (see Figure 2). The difference in connectivity
from MPFC to VS during GWL and control ads was not significantly correlated with
participants’ baseline number of cigarettes smoked per day (r=0.13, t(43)=0.88, p<0.384).
Finally, we performed an exploratory whole-brain analysis, described in the Supplemental
Materials, which identified a network of regions whose interactions with MPFC, and among one

another, relate to behavior change.

DISCUSSION

In this report, we investigate neural responses to graphic warning labels to determine how
the brain may forecast future behavior change and to aid in understanding why and how graphic
warnings may contribute to behavior change. We examined differences in how the brain
responds to negative, graphic warning label-inspired antismoking ads and to neutral control ads.
In particular, we focused here on the medial prefrontal cortex (MPFC). Across several domains
of health behavior, neural activity in the MPFC during exposure to messaging has been related to
subsequent message-consistent behavior change. This effect has been demonstrated in the
contexts of smoking (Chua et al., 2011; Falk et al., 2011; Owens et al., 2017; Riddle et al., 2016;

Wang et al., 2013), physical activity (Cooper et al., 2017; Falk et al., 2015), and sunscreen use

' Excluding the 4 participants who had quit smoking or were enrolled in quit programs at any time point,
this result remains significant (t(35) =-3.02, p <0.005).
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(Falk et al., 2010; Vezich et al., 2016). We expanded upon this previous work by examining
functional connectivity during exposure to anti-smoking messages within a system of brain
regions, including MPFC, that process how valuable an idea or object is to a person. Analyses of
functional connectivity, which consider interactions of neural activity between brain regions, can
aid in identifying the brain networks that are engaged by messaging and precede behavior
change. The neuroimaging literature identifies the MPFC as an information processing hub
(Andrews-Hanna et al., 2010; Buckner et al., 2009; Tomasi and Volkow, 2011), which can
connect systems throughout the brain to integrate conceptual and affective information
(D’Argembeau, 2013; Roy et al., 2012). Thus, the MPFC likely integrates information from
multiple brain processes in response to persuasive messaging to determine the self-relevance and
value of incoming stimuli (Bartra et al., 2013; Denny et al., 2012; Levy and Glimcher, 2012;
Murray et al., 2012), but this has not been considered for responses to tobacco messaging.
Building on past studies that focused on average activity in single brain regions, we first
considered two core regions in the valuation network, the MPFC and ventral striatum (VS).
Although the current analyses did not find significant relationships between average activity in
MPFC or VS and behavior change, greater connectivity within these regions was associated with
larger reductions in smoking. We found that smokers who showed more functional connectivity
from MPFC to VS during exposure to GWL ads compared to control ads also decreased their
smoking more in the month following the scan. Thus, greater coherence within the valuation
network during GWL-inspired, behaviorally relevant ads than during control ads preceded
behavior change. A similar effect was recently demonstrated in the physical activity domain
(Cooper et al., 2017), adding confidence in the robustness of this effect. This finding is also in

line with work in the neuroeconomics literature demonstrating both that value-related activity in
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these regions can reflect changes in preferences (for example, following exposure to others’
opinions (Berns et al., 2010; Klucharev et al., 2009; Mason et al., 2009; Zaki et al., 2011)) and
that functional connectivity between these regions increases during learning (Camara et al.,
2009; van den Bos et al., 2013).

An interpretation consistent with our data is that the MPFC serves as a region that
integrates information about the significance of a concept or a health message, and indexes the
extent to which an individual may use that information to change their behavior (Falk and
Scholz, 2018; Vezich et al., 2016). This is consistent with the idea that the MPFC functions as
the “final common pathway” for representing subjective value (Kable and Glimcher, 2009; Levy
and Glimcher, 2012; Rangel and Hare, 2010); we propose broadening the application of
subjective value from tangible goods to abstract ideas and behaviors, as in health warning labels
whose goal is to change the value that smokers place on smoking versus quitting. During
exposure to behaviorally relevant health messaging, individuals may increase the value that they
place on message-related behaviors, such as quitting smoking to avoid its negative consequences,
which is then associated with a reduction in that behavior. A similar interpretation is that MPFC
activity could index the integration of message value into one’s self-concept, increasing the
likelihood of message-consistent behavior (Vezich et al., 2016).

Our data are further consistent with the possibility that the subjectively-assessed value, or
relative importance, of the content in a health message is a component of how persuasive the
message is to an individual, and that persuasion involves updating one’s values. Several
prominent health behavior theories, such as the health belief model (Rosenstock et al., 1988;
Strecher and Rosenstock, 1997) and social cognitive theory (Bandura, 1977, 1986), emphasize

the importance of the personal relevance of the costs and benefits of health behavior change;
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personal relevance also plays a role in the elaboration likelihood model of persuasion (Petty and
Brinol, 2012; Petty and Cacioppo, 1986). Learning, both through experience and observation of
others, is a key component of updating self-efficacy in social cognitive theory. Likewise,
reasoned action models (Fishbein et al., 2001; Fishbein and Ajzen, 2011) include elements of
expected value of outcomes. One possibility is that message value and personal relevance may
be responsible for the relationship between MFPC activity and behavior change, and may be
critical components to emphasize in the design of tobacco control and other health intervention
materials.

To search more broadly for regions related to behavior change beyond connections
between MPFC and VS, we also examined connections from the MPFC to the rest of the brain.
This exploratory analysis, described in the Supplemental Materials, identified a network that
showed differential connectivity between GWL and control ads, and which was related to
behavior change. This network included regions implicated in the processing of salience and
cognitive control (e.g., anterior and middle cingulate gyrus; Miller and Cohen, 2001; Seeley et
al., 2007; Shenhav et al., 2016), mentalizing and prospection (e.g., parahippocampal gyrus,
precuneus; Andrews-Hanna, 2012; Spreng et al., 2008; Yeo et al., 2011), and behavior and action
planning (e.g., motor and supplementary motor areas; Desmurget and Sirigu, 2009; Kennerley et
al., 2004; Nachev et al., 2008). We found that the interactions between these regions, and not
only their interactions with MPFC, were associated with smoking reduction. Building on recent
work in the burgeoning field of network neuroscience, this result highlights the promise in
considering larger brain networks in understanding message-induced behavior change.

Future work would also benefit from several improvements in behavior measurement.

For example, the addition of methods such as timeline follow-back and biochemical verification
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for assessing smoking could increase confidence in the accuracy of behavior outcomes (Brown et
al., 1998; Perkins et al., 2013; Robinson et al., 2014). Self-report may be more susceptible than
these other methods to demand effects, or the desire of participants to appear in a positive light to
the experimenter (Nichols and Maner, 2008; McCambridge et al., 2014; Orne, 1962; Zizzo,
2010); it 1s possible that participants may report lower levels of smoking than would appear with
biochemical verification. We also note that especially in the case of heavier smokers, participants
could have experienced withdrawal during the course of the scanning session. Future work could
investigate the possible interaction between participants’ experiences of withdrawal and neural
responses to messaging, particularly in relation to later behavior change.

This report provides evidence for a differential neural response to GWL-inspired
messages than to control messages that is related to later behavior change. GWLs are used on
cigarette packaging and in other health contexts in countries around the world, with many reports
of positive effects (Brewer et al., 2016; Canadian Cancer Society, 2014; Hammond, 2011; Noar,
Francis, et al., 2016; Noar, Hall, et al., 2016). From a regulatory perspective, adding to our
understanding of the neurobiological mechanisms of GWLs could affect their implementation in
the United States and other countries lacking expansive tobacco control policies. Further,
understanding how the brain responds to different types of health messaging and how this is
associated with later behavior could ultimately contribute to the efficient design of effective
messaging campaigns, as well as more broadly to theories of health message effects and

persuasion across domains.

Acknowledgements: We acknowledge Richard Gonzalez, Sonya Dal Cin, Victor

17



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Strecher, and Lawrence An for collaboration on a larger study relevant to this work; and Francis
Tinney Jr., Kristin Shumaker, Li Chen, Nicolette Gregor, Becky Lau, Larissa S. Svintsitski, and
Cole Schaffer for assistance with data collection. This work was supported in part by grants from
The Michigan Center of Excellence in Cancer Communication Research/NIH-P50 CA101451
(PI Strecher), an NIH New Innovator Award/NIH 1DP2DA03515601 (PI Falk), NIH/National
Cancer Institute and FDA Center for Tobacco Products pilot grant award under grant
P5S0CA179546 (to PIs Falk, Bassett, and Cooper), and the U.S. Army Research Laboratory,
including work under Cooperative Agreement Number W91 1NF-10-2-0022. DSB would like to
acknowledge support from the John D. and Catherine T. MacArthur Foundation, the Alfred P.
Sloan Foundation, the Paul G. Allen Foundation, the Army Research Office through

contract numbers W911NF-14-1-0679 and W911NF-16-1-0474, the National Institute of Health
(2-R0O1-DC-009209-11, IROIHD086888-01, R0O1-MH107235, R0O1-MH107703, ROIMH109520,
IROINS099348 and R21-M MH-106799), the Office of Naval Research, and the National
Science Foundation (BCS-1441502, CAREER PHY-1554488, BCS-1631550, and CNS-
1626008).The content is solely the responsibility of the authors and does not necessarily
represent the official views of any of the funding agencies.

Contributors: EBF, ST, MBO, and NC designed the study and analysis. ST and MBO collected
the data. NC analyzed the data. All authors critically reviewed and interpreted the findings and
contributed to writing the manuscript. All authors approved the final version for publication.
Competing interests: None

Patient consent: Obtained

Ethics approval: University of Michigan IRB Committee (for data collection), University of

Pennsylvania IRB Committee (for data analysis)

18



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Data sharing statement: Data will be made available upon request.

REFERENCES

Andrews-Hanna JR (2012) The Brain’s Default Network and its Adaptive Role in Internal
Mentation. The Neuroscientist : a review journal bringing neurobiology, neurology and
psychiatry 18(3): 251-270.

Andrews-Hanna JR, Reidler JS, Sepulcre J, et al. (2010) Functional-Anatomic Fractionation of
the Brain’s Default Network. Neuron 65(4): 550-562.

Austin Lee Nichols and Maner JK (2008) The Good-Subject Effect: Investigating Participant
Demand Characteristics. The Journal of General Psychology 135(2): 151-166.

Bandura A (1977) Social learning theory. Englewood Cliffs, N.J.: Prentice Hall.

Bandura A (1986) Social foundations of thought and action: A social cognitive theory. Prentice-
Hall series in social learning theory., Englewood Cliffs, NJ, US: Prentice-Hall, Inc.

Bartra O, McGuire JT and Kable JW (2013) The valuation system: A coordinate-based meta-
analysis of BOLD fMRI experiments examining neural correlates of subjective value.
Neurolmage 76: 412—427.

Bassett DS, Wymbs NF, Porter MA, et al. (2011) Dynamic reconfiguration of human brain
networks during learning. Proceedings of the National Academy of Sciences. Available
from: http://www.pnas.org/content/early/2011/04/15/1018985108 (accessed 31 May
2014).

Berkman ET and Falk EB (2013) Beyond Brain Mapping: Using Neural Measures to Predict
Real-World Outcomes. Current Directions in Psychological Science 22(1): 45-50.

Berns GS and Moore SE (2012) A neural predictor of cultural popularity. Journal of Consumer
Psychology 22: 154—-160.

Berns GS, Capra CM, Moore S, et al. (2010) Neural mechanisms of the influence of popularity
on adolescent ratings of music. Neuroimage 49: 2687-96.

Bressler SL and Menon V (2010) Large-scale brain networks in cognition: emerging methods
and principles. Trends in Cognitive Sciences 14(6). 277—290.

Brett M, Anton J-L, Valabregue R, et al. (2002) Region of interest analysis using an SPM
toolbox [abstract]. Sendai, Japan. Available from: Available on CD-ROM in Neurolmage,
Vol 16, No 2.

Brewer NT, Hall MG, Noar SM, et al. (2016) Effect of Pictorial Cigarette Pack Warnings on

Changes in Smoking Behavior: A Randomized Clinical Trial. JAMA Internal Medicine
176(7): 905.

19



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Brown RA, Burgess ES, Sales SD, et al. (1998) Reliability and validity of a smoking timeline
follow-back interview. Psychology of Addictive Behaviors 12(2): 101-112.

Buckner RL, Sepulcre J, Talukdar T, et al. (2009) Cortical Hubs Revealed by Intrinsic Functional
Connectivity: Mapping, Assessment of Stability, and Relation to Alzheimer’s Disease.
The Journal of Neuroscience 29(6): 1860—-1873.

Camara E, Rodriguez-Fornells A and Minte TF (2009) Functional Connectivity of Reward
Processing in the Brain. Frontiers in Human Neuroscience 2. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2647336/ (accessed 6 August 2015).

Canadian Cancer Society (2014) Cigarette package health warnings: international status report.
Canadian Cancer Society. Available from: http://www.tobaccolabels.ca/wp/wp-
content/uploads/2014/10/Cigarette-Package-Health-W arnings-International-Status-
Report-English-CCS-Sept-2014.pdf (accessed 24 October 2016).

Cascio CN, O’'Donnell MB, Bayer J, et al. (2015) Neural Correlates of Susceptibility to Group
Opinions in Online Word-of-Mouth Recommendations. Journal of Marketing Research
52(4): 559-575.

Chua HF, Ho SS, Jasinska AJ, et al. (2011) Self-related neural response to tailored smoking-
cessation messages predicts quitting. Nature Neuroscience 14(4). 426—427.

Cooper N, Tompson, S, O’'Donnell, MB, et al. (2015) Brain activity in self- and value-related
regions in response to online antismoking messages predicts behavior change. Journal
of Media Psychology 27(3): 93—108.

Cooper N, Bassett DS and Falk EB (2017) Coherent activity between brain regions that code for
value is linked to the malleability of human behavior. Scientific Reports 7(43250).

Cox RW (1996) AFNI: Software for Analysis and Visualization of Functional Magnetic
Resonance Neuroimages. Computers and Biomedical Research 29(3): 162—173.

D’Argembeau A (2013) On the Role of the Ventromedial Prefrontal Cortex in Self-Processing:
The Valuation Hypothesis. Frontiers in Human Neuroscience 7. Available from:
http://journal.frontiersin.org/article/10.3389/fnhum.2013.00372/abstract (accessed 10
December 2015).

Denny BT, Kober H, Wager TD, et al. (2012) A meta-analysis of functional neuroimaging studies
of self- and other judgments reveals a spatial gradient for mentalizing in medial
prefrontal cortex. J Cogn Neurosci 24: 1742-52.

Desmurget M and Sirigu A (2009) A parietal-premotor network for movement intention and
motor awareness. Trends in Cognitive Sciences 13(10): 411-419.

Etter JF, Vu Duc T and Perneger TV (2000) Saliva cotinine levels in smokers and nonsmokers.
American Journal of Epidemiology 151(3): 251-258.

Falk E and Scholz C (2018) Persuasion, Influence, and Value: Perspectives from
Communication and Social Neuroscience. Annual Review of Psychology 69(1): null.

20



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Falk EB, Berkman ET, Mann T, et al. (2010) Predicting persuasion-induced behavior change
from the brain. Journal of Neuroscience 30: 8421—4.

Falk EB, Berkman ET, Whalen D, et al. (2011) Neural activity during health messaging predicts
reductions in smoking above and beyond self-report. Health Psychology: Official Journal
of the Division of Health Psychology, American Psychological Association 30(2): 177—
185.

Falk EB, Berkman ET and Lieberman MD (2012) From neural responses to population behavior:
neural focus group predicts population-level media effects. Psychol Sci 23: 439-45.

Falk EB, O’'Donnell MB, Cascio CN, et al. (2015) Self-affirmation alters the brain’s response to
health messages and subsequent behavior change. Proceedings of the National
Academy of Sciences 112(7): 1977-1982.

Falk EB, O’'Donnell MB, Tompson S, et al. (2016) Functional brain imaging predicts public
health campaign success. Social Cognitive and Affective Neuroscience 11(2): 204-214.

Fishbein M and Ajzen | (2011) Predicting and Changing Behavior: The Reasoned Action
Approach. Taylor & Francis.

Fishbein M, Triandis HC, Kanfer FH, et al. (2001) Factors influencing behavior and behavior
change. In: Baum A, Revenson TA, and Singer JE (eds), Handbook of health
psychology, Mahwah, NJ: Lawrence Erlbaum Associates, pp. 3—16.

Friston KJ, Frith CD, Fletcher P, et al. (1996) Functional topography: multidimensional scaling
and functional connectivity in the brain. Cereb Cortex 6: 156—64.

Genevsky A and Knutson B (2015) Neural Affective Mechanisms Predict Market-Level
Microlending. Psychological Science 26(9): 1411-1422.

Glock S and Krolak-Schwerdt S (2013) Changing outcome expectancies, drinking intentions,
and implicit attitudes toward alcohol: a comparison of positive expectancy-related and
health-related alcohol warning labels. Applied Psychology. Health and Well-Being 5(3):
332-347.

Hammond D (2011) Health warning messages on tobacco products: a review. Tobacco Control
20(5): 327-337.

Imhof MA, Schmalzle R, Renner B, et al. (2017) How real-life health messages engage our
brains: Shared processing of effective anti-alcohol videos. Social Cognitive and Affective
Neuroscience: 1-9.

Jarvis MJ, Tunstall-Pedoe H, Feyerabend C, et al. (1987) Comparison of tests used to
distinguish smokers from nonsmokers. American Journal of Public Health 77(11): 1435—
1438.

Jasinska AJ, Chua HF, Ho SS, et al. (2012) Amygdala response to smoking-cessation

messages mediates the effects of serotonin transporter gene variation on quitting.
Neuroimage 60: 766—73.

21



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Kable JW and Glimcher PW (2009) The Neurobiology of Decision: Consensus and Controversy.
Neuron 63(6): 733-745.

Kennerley SW, Sakai K and Rushworth MFS (2004) Organization of Action Sequences and the
Role of the Pre-SMA.. Journal of Neurophysiology 91(2): 978-993.

Klucharev V, Hyténen K, Rijpkema M, et al. (2009) Reinforcement learning signal predicts social
conformity. Neuron 61: 140-151.

Kihn S, Strelow E and Gallinat J (2016) Multiple “buy buttons” in the brain: Forecasting
chocolate sales at point-of-sale based on functional brain activation using fMRI.
Neurolmage 136: 122—128.

Levy DJ and Glimcher PW (2012) The root of all value: a neural common currency for choice.
Current opinion in neurobiology 22(6): 1027—-1038.

Lindquist KA, Wager TD, Kober H, et al. (2012) The brain basis of emotion: a meta-analytic
review. The Behavioral and Brain Sciences 35(3): 121-143.

Martin-Moreno JM, Harris ME, Breda J, et al. (2013) Enhanced labelling on alcoholic drinks:
reviewing the evidence to guide alcohol policy. European Journal of Public Health 23(6):
1082-1087.

Mason MF, Dyer RG and Norton MI (2009) Neural mechanisms of social influence.
Organizational Behavior and Human Decision Processes 110: 152—159.

McCambridge J, Witton J and Elbourne DR (2014) Systematic review of the Hawthorne effect:
New concepts are needed to study research participation effects. Journal of Clinical
Epidemiology 67(3): 267-277.

McLaren DG, Ries ML, Xu G, et al. (2012) A generalized form of context-dependent
psychophysiological interactions (gPPI): A comparison to standard approaches.
Neurolmage 61(4): 1277-1286.

Medaglia JD, Lynall M-E and Bassett DS (2015) Cognitive network neuroscience. Journal of
Cognitive Neuroscience 27(8): 1471-1491.

Middleton ET and Morice AH (2000) Breath carbon monoxide as an indication of smoking habit.
Chest 117(3): 758-763.

Miller EK and Cohen JD (2001) An integrative theory of prefrontal cortex function. Annual
Review of Neuroscience 24(1): 167-202.

Murray RJ, Schaer M and Debbané M (2012) Degrees of separation: A quantitative
neuroimaging meta-analysis investigating self-specificity and shared neural activation
between self- and other-reflection. Neuroscience & Biobehavioral Reviews 36(3): 1043—
1059.

Nachev P, Kennard C and Husain M (2008) Functional role of the supplementary and pre-
supplementary motor areas. Nature Reviews Neuroscience 9(11): 856—869.

22



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Noar SM, Hall MG, Francis DB, et al. (2016) Pictorial cigarette pack warnings: a meta-analysis
of experimental studies. Tobacco Control 25(3): 341-354.

Noar SM, Francis DB, Bridges C, et al. (2016) The impact of strengthening cigarette pack
warnings: Systematic review of longitudinal observational studies. Social Science &
Medicine 164: 118-129.

Nonnemaker J, Farrelly M, Kamyab K, et al. (2010) Experimental Study of Graphic Cigarette
Warning Labels. Research Triangle Park, NC 27709: RTI International.

Nook EC and Zaki J (2015) Social norms shift behavioral and neural responses to foods.
Journal of Cognitive Neuroscience 27(7): 1412—-1426.

Orne MT (1962) On the social psychology of the psychological experiment: With particular
reference to demand characteristics and their implications. American Psychologist
17(11): 776-783.

Owens MM, MacKillop J, Gray JC, et al. (2017) Neural correlates of graphic cigarette warning
labels predict smoking cessation relapse. Psychiatry Research: Neuroimaging 262: 63—
70.

Park H-J and Friston K (2013) Structural and Functional Brain Networks: From Connections to
Cognition. Science 342(6158): 1238411.

Patrick DL, Cheadle A, Thompson DC, et al. (1994) The validity of self-reported smoking: a
review and meta-analysis. American Journal of Public Health 84(7): 1086—1093.

Pegors TK, Tompson S, O’Donnell MB, et al. (2017) Predicting behavior change from
persuasive messages using neural representational similarity and social network
analyses. Neurolmage 157: 118-128.

Perkins KA, Jao NC and Karelitz JL (2013) CONSISTENCY OF DAILY CIGARETTE SMOKING
AMOUNT IN DEPENDENT ADULTS. Psychology of addictive behaviors : journal of the
Society of Psychologists in Addictive Behaviors 27(3). Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3822912/ (accessed 2 June 2017).

Pettigrew S, Jongenelis M, Chikritzhs T, et al. (2014) Developing cancer warning statements for
alcoholic beverages. BMC Public Health 14(1). Available from:
http://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-786 (accessed
28 October 2016).

Petty RE and Brinol P (2012) The Elaboration Likelihood Model. In: Kruglanski AW, Van Lange
PAM, and Higgens ET (eds), Handbook of theories of social psychology, London,
England: Sage Publications, pp. 224-245.

Petty RE and Cacioppo JT (1986) The elaboration likelihood model of persuasion. Advances in
experimental social psychology 19: 123-205.

Pokorski TL, Chen WW and Bertholf RL (1994) Use of urine cotinine to validate smoking self-
reports in U.S. Navy recruits. Addictive Behaviors 19(4): 451-454.

23



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

Poldrack RA (2006) Can cognitive processes be inferred from neuroimaging data? Trends in
Cognitive Sciences 10: 59-63.

Rangel A and Hare T (2010) Neural computations associated with goal-directed choice. Current
Opinion in Neurobiology 20(2): 262—-270.

Riddle PJ, Newman-Norlund RD, Baer J, et al. (2016) Neural response to pictorial health
warning labels can predict smoking behavioral change. Social Cognitive and Affective
Neuroscience: nsw087.

R.J. Reynolds Tobacco Co., et al v. Food & Drug Admin., et al (2012).
R.J. Reynolds Tobacco Co., et al v. Hamburg et al (2011).

Robinson SM, Sobell LC, Sobell MB, et al. (2014) Reliability of the Timeline Followback for
cocaine, cannabis, and cigarette use. Psychology of Addictive Behaviors 28(1): 154—
162.

Rosenstock IM, Strecher VJ and Becker MH (1988) Social learning theory and the Health Belief
Model. Health Education Quarterly 15(2): 175-183.

Roy M, Shohamy D and Wager TD (2012) Ventromedial prefrontal-subcortical systems and the
generation of affective meaning. Trends in Cognitive Sciences 16(3): 147-156.

Schillinger D and Jacobson MF (2016) Science and Public Health on Trial: Warning Notices on
Advertisements for Sugary Drinks. JAMA 316(15): 1545.

Schmalzle R, Hacker F, Renner B, et al. (2013) Neural Correlates of Risk Perception during
Real-Life Risk Communication. The Journal of Neuroscience 33(25): 10340-10347.

Seeley WW, Menon V, Schatzberg AF, et al. (2007) Dissociable intrinsic connectivity networks
for salience processing and executive control. The Journal of Neuroscience: The Official
Journal of the Society for Neuroscience 27(9): 2349-2356.

Shenhav A, Cohen JD and Botvinick MM (2016) Dorsal anterior cingulate cortex and the value
of control. Nature Neuroscience 19(10): 1286—-1291.

Shine JM, Bissett PG, Bell PT, et al. (2016) The Dynamics of Functional Brain Networks:
Integrated Network States during Cognitive Task Performance. Neuron 92(2): 544-554.

Spreng RN, Mar RA and Kim ASN (2008) The Common Neural Basis of Autobiographical
Memory, Prospection, Navigation, Theory of Mind, and the Default Mode: A Quantitative
Meta-analysis. Journal of Cognitive Neuroscience 21(3): 489-510.

Strecher VJ and Rosenstock IM (1997) The health belief model. In: Baum A, Newman S,
Weinman J, et al. (eds), The health belief model. In: Cambridge handbook of
psychology, health and medicine, Cambridge, UK: Cambridge University Press, pp.
113-117.

Tomasi D and Volkow ND (2011) Functional connectivity hubs in the human brain. Neurolmage,
Special Issue: Educational Neuroscience 57(3): 908-917.

24



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

United States Public Laws (2009) Family Smoking Prevention and Tobacco Control Act of 2009.
111th Congress, 1st Session.

van den Bos W, Talwar A and McClure SM (2013) Neural Correlates of Reinforcement Learning
and Social Preferences in Competitive Bidding. The Journal of Neuroscience 33(5):
2137-2146.

VanEpps EM and Roberto CA (2016) The Influence of Sugar-Sweetened Beverage Warnings.
American Journal of Preventive Medicine 51(5): 664—672.

Vartiainen E, Seppala T, Lillsunde P, et al. (2002) Validation of self reported smoking by serum
cotinine measurement in a community-based study. Journal of Epidemiology and
Community Health 56(3): 167-170.

Vega A de la, Chang LJ, Banich MT, et al. (2016) Large-Scale Meta-Analysis of Human Medial
Frontal Cortex Reveals Tripartite Functional Organization. Journal of Neuroscience
36(24): 6553—6562.

Venkatraman V, Dimoka A, Pavlou PA, et al. (2015) Predicting Advertising Success Beyond
Traditional Measures: New Insights from Neurophysiological Methods and Market
Response Modeling. Journal of Marketing Research 52(4): 436—452.

Vezich IS, Katzman PL, Ames DL, et al. (2016) Modulating the neural bases of persuasion:
why/how, gain/loss, and users/non-users. Social Cognitive and Affective Neuroscience:
nsw113.

Wang A-L, Ruparel K, Loughead JW, et al. (2013) Content Matters: Neuroimaging Investigation
of Brain and Behavioral Impact of Televised Anti-Tobacco Public Service
Announcements. The Journal of Neuroscience 33(17): 74207427 .

Wang A-L, Lowen SB, Romer D, et al. (2015) Emotional reaction facilitates the brain and
behavioural impact of graphic cigarette warning labels in smokers. Tobacco Control
24(3): 225-232.

Ward B, Clarke T, Nugent C, et al. (2016) Early Release of Selected Estimates Based on Data
From the 2015 National Health Interview Survey. Available from:
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201605.pdf (accessed 31
October 2016).

Weber R, Huskey R, Mangus JM, et al. (2015) Neural Predictors of Message Effectiveness
during Counterarguing in Antidrug Campaigns. Communication Monographs 82(1): 4—
30.

World Health Organization (2009) Guidelines for implementation of Article 11 of the WHO
Framework Convention on Tobacco Control (Packaging and labeling of tobacco
products). WHO. Available from:
http://www.who.int/fctc/guidelines/adopted/article_11/en/ (accessed 24 October 2016).

World Health Organization (2015a) WHO | Prevalence of tobacco smoking. Prevalence of

tobacco smoking. Available from: http://www.who.int/gho/tobacco/use/en/ (accessed 6
December 2016).

25



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

World Health Organization (2015b) WHO report on the global tobacco epidemic. WHO.
Available from: http://www.who.int/tobacco/global_report/2015/en/ (accessed 31 October
2016).

Yeo BTT, Krienen FM, Sepulcre J, et al. (2011) The organization of the human cerebral cortex
estimated by intrinsic functional connectivity. Journal of Neurophysiology 106(3): 1125—
1165.

Zaki J, Schirmer J and Mitchell JP (2011) Social influence modulates the neural computation of
value. Psychol Sci 22: 894-900.

Zizzo DJ (2010) Experimenter demand effects in economic experiments. Experimental
Economics 13(1): 75-98.

26



BRAIN CONNECTIVITY PRECEDES SMOKING REDUCTION

TABLES AND FIGURES

Table 1. Demographic information

Age 32 (SD=13)
Gender 28 M, 17 F
Race 30 Cau, 5 AA, 5 His, 5 Mixed
Education 10 BS+, 4 AS, 7 current
college, 18 >HS, 6 <=HS

Cau, Caucasian; AA, African American; His, Hispanic/Latino
BS, Bachelor’s degree or postgraduate; AS, Associate’s degree; >HS, some post-high
school training or college; <=HS, high school education or less

Fig 1. Task design. Participants viewed GWL-inspired images portraying the negative health
and social consequences of smoking and neutral control images. After viewing each image,
participants rated how much the ad made them want to quit smoking, then viewed an intertrial

fixation period.

Stop Smoking. This ad makes Stop Smoking.
Start Living. me want to quit Start Living.
\
S0 I +
Definitely  Definitely
does not does
4s 3s ~4s 4s

Fig 2. Analysis design and results. (A) Histogram of smoking behavior change, where a
negative percent change represents a reduction in cigarettes smoked per day. (B) Functional

connectivity within value regions (from MPFC to VS) was assessed for the contrast of GWL >
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control ads. (C) Percent change in cigarettes smoked per day plotted against functional
connectivity for each participant. Greater connectivity during GWL ads was related to a larger

reduction in smoking.
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