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Recent work in several fields has identified a bias in citation practices such that papers from
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Mitchell 2016; Zhou et al. 2020; Wang et al., 2020). Here we sought to proactively consider
choosing references that reflect the diversity of the field. First, we obtained the predicted gender
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(and excluding self-citations to the first and last authors of our current paper), our references
contain 17% woman(first)/woman(last), 27% man/woman, 19% woman/man, and 37%
man/man. This method is limited in that a) names, pronouns, and social media profiles used to
construct the databases may not, in every case, be indicative of gender identity and b) it cannot
account for intersex, non-binary, or transgender people. We look forward to future work that
could help us to better understand how to support equitable practices in science.
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Abstract
Objective: Modifiable behaviors, including physical activity and sedentary behavior, are
important determinants of health. Health messages are important tools for influencing these
behaviors. Activity in regions of the brain’s default mode and salience systems are
independently associated with attending to information promoting health behavior. Interactions
between these brain systems support information processing. However, it remains unclear how
these brain systems interact during exposure to persuasive messages and how this interaction
relates to subsequent behavior change. Here, we examine how the relative integration between
default mode and salience systems while viewing health messages relates to changes in health
behavior. Methods: Using wrist-worn accelerometers, we objectively logged physical activity in
150 participants (mean age=33.17 years, 64% women; 43% Black, 37% white, 7% Asian, 5%
Hispanic, and 8% other) continuously for an average of 10 days. Participants then viewed health
messages encouraging physical activity while undergoing functional magnetic resonance
imaging (fMRI) and completed an additional month where physical activity was logged and the
health messages were reinforced with daily text reminders. Results: Individuals with higher
default mode and salience system integration during exposure to health messaging encouraging
physical activity were more likely to decrease their sedentary behavior and increase light
physical activity in the month following fMRI than participants with lower brain integration.
Conclusions: Interactions between the salience and default mode systems are associated with
message receptivity and subsequent behavior change, highlighting the value of expanding the
focus from the role of single brain regions in health behavior change to larger-scale
connectivity.

Keywords: fMRI, functional connectivity, health messaging, health behavior, physical activity,
default mode, salience
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Brain System Integration and Message Consistent Health Behavior Change
Persuasive messages, such as those used in health media campaigns, can motivate
actions that improve health and prevent disease (Wakefield et al., 2010). However, individuals
are not uniformly responsive to health-promoting information. Instead, substantial differences
exist in how people process and respond to persuasive messages (Orbell et al., 2004). A
growing body of neuroimaging research has provided insight into how messages are processed
in the brain, and how brain responses to health messages relate to health behavior change
(Falk et al., 2010; Falk & Scholz, 2018). Despite progress, more work is needed to provide an
understanding of how persuasion unfolds in the brain and how persuasion-related processes
translate into differences in real-world behavior change. Here, we apply network neuroscience
methods to functional magnetic resonance imaging (fMRI) data captured while participants
viewed health messages encouraging physical activity. We link this neuroimaging data to
objective logs of physical activity behavior change in the following month captured with wristworn accelerometers. This approach allows us to quantify between-person differences in brain
activity that may explain why some individuals are more susceptible to changing their behavior
in response to health communication efforts than others.
A network neuroscience approach to health communication
The brain and aspects of its organization can be presented as a graph (or network),
consisting of nodes often representing anatomically defined brain regions, and edges
representing statistical associations between brain regions (Bassett & Sporns, 2017). The
network approach allows us to characterize information about the rich interactions of disparate
brain regions. Through this lens, brain regions are organized into a number of functionally
specialized and densely connected subgraphs or systems (Power et al., 2011). A growing body
of neuroscience research has described important between-person differences in the network
organization of these brain systems. These studies have linked individual differences in brain
network organization to differences in key processes central to health message processing and
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behavior change (Gallen & D’Esposito et al., 2019), such as attention (Shine et al., 2016),
learning (Bassett et al., 2011), and memory (Zhang et al., 2020. Together, prior work suggests
that network neuroscience tools may provide new insight about brain function during health
message processing that may supplement information provided by more traditional self-report
and neuroimaging measures (Fisher, Hopp & Weber, 2020), as well as provide information
about persuasion processes more broadly.
Default mode and salience systems in persuasion
Motivated by this work, we examine interactions between two core brain systems that
include many regions implicated in persuasion-related processes and message-induced
behavior change in prior work: the default mode or medial frontoparietal system and the
salience or mid cingulo-insular system (Uddin et al., 2019, Chua et al., 2011; Weber et al., 2015;
Ramsay et al., 2013; Cooper et al., 2017; Falk et al., 2015; Wang et al., 2013; Huskey et al.,
2017). Activity in the default mode system is associated with valuation, self-referential and
social thought processes, and its constituent regions offer key neural markers of receptivity to
persuasive messaging (Falk & Scholz, 2018). Increases in activity in key default mode regions,
including medial prefrontal cortex, precuneus, anterior cingulate cortex, and posterior cingulate
cortex during exposure to persuasive health messages have been linked to increased valuation
signals in response to health-promoting stimuli and greater message-induced reductions in
smoking (Chua et al., 2011; Cooper, et al., 2015; Falk, et al, 2011; Riddle, et al., 2016),
decreases in sedentary behavior (Falk et al., 2015; Kang et al., 2018), and increased sunscreen
use (Falk et al., 2010; Vezich, et al., 2017).
The salience system, anchored in the anterior insula and dorsal anterior cingulate
cortex, is critical for detecting external information (Menon & Uddin, 2010) and helps direct
attention from external stimuli to internally-oriented mental processes (Sridharan et al., 2008).
The salience system facilitates the deployment of working memory resources (Seeley et al.,
2007) and is implicated in emotional processing (Uddin, 2015). In the health messaging context,
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brain patterns within regions of the salience system related to affective processing have been
associated with increased receptivity to anti-drinking and anti-smoking health messaging (Doré
et al., 2019a; Doré et al., 2019b). Further, another study found that more effective anti-drug
messages elicited greater activation in salience brain regions associated with emotional arousal
relative to less effective messages (Ramsay et al., 2013).
Brain subsystem integration and persuasion
Although activity in individual regions of both the default mode and the salience systems
are independently implicated in message consistent outcomes following message exposure,
separate lines of research suggest it is important to consider how these large-scale systems
interact when persuasive messages are delivered. First, although useful to characterize discrete
functional systems of the brain, these subsystems interact to support a wide range of processes
essential to health message processing and behavior change. For example, these brain
subsystems may work together to direct attention to a health message and to further reflect on
and evaluate the message content (Ramsey et al., 2013; Cooper et al., 2018). Indeed,
neuroimaging research suggests that activity in the default mode and salience systems often
fluctuates together during cognitive task switching, with salience system activity modulating
default mode activity in response to externally and internally-oriented task demands (Jilka et al.,
2014; Bonnelle et al., 2012).
Similarly, models of persuasion from psychology, health communication, and behavioral
decision-making also motivate an examination of how the default mode and salience brain
systems work together in the moments during which persuasive messages are delivered. These
models highlight the integration of key attentional, affective, and cognitive processes, supported
by salience and the default mode activity in the brain, to facilitate successful persuasive
communication effects (Dillard and Peck, 2000; Petty et al., 2003; Nabi, 2021). One such
prominent model conceptualizes persuasion as a value-based decision making process
(Berkman et al., 2017, Berkman, 2018; Falk & Scholz, 2018). From this perspective, subjective
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value calculations, supported by activity in the default mode system, represent a final common
pathway or common currency through which different decision alternatives can be assessed
and translated into behavior, for example deciding to take the stairs or the elevator after viewing
a physical activity public service announcement (Bartra et al. 2013, Kable & Glimcher 2009).
Several studies provide support for theoretical perspectives that, in the context of
viewing health messages, the default mode system may integrate diverse inputs facilitated by
the salience system, including attentional, salient, and affective responses, into a summary
signal of the subjective value towards the persuasive stimuli (Haber and Knutson, 2010; Roy et
al., 2012; Bartra et al., 2013). For example, Cooper et al., (2017) found that associations
between the MPFC and the amygdala led to message consistent decreases in sedentary
behavior, likely by strengthening subjective positive valuation and salience or affect towards the
health messages. Doré et al. (2019b) found that successful persuasive communications elicited
salient, emotional reactivity and were mediated by a positive integrative value response in the
default mode, highlighting the integration of affective processing and value computations to
support message consistent behavior change in the default mode system. In a recent study,
Cooper et al. (2018) further observed that greater flexibility of the ventromedial prefrontal cortex
(vmPFC) in response to persuasive health messages, defined as the temporal switching of
affiliations of the vmPFC across brain systems, was associated with message-consistent
reductions in smoking behavior change. Thus, while the importance of integrative process
across the default mode and salience systems for persuasive remains to be tested, recent work
suggests an investigation of integration of these two systems may be useful in illuminating new
insights about health message effects and behavior change.
The present study
The present study builds on findings suggesting that effective persuasive message
processing simultaneously relies on specialized connections within individual systems in
addition to between-system cross talk, in order to integrate salient and affective responses in
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response to external stimuli into value computations. The current investigation examined the
extent to which effective message processing that leads to desired health behavior change was
supported by functional integration between the default mode and salience systems. We
examined the association between default mode and salience brain system integration during
exposure to health messages and subsequent longitudinal changes in physical activity. To do
this, we first measured the functional connectivity within and between the default mode and
salience systems while participants viewed persuasive health messages. Then, to capture
individual differences in functional integration, we created a subsystem integration measure to
quantify the relative difference in the connectivity strength between the default mode and the
salience system relative to the connectivity strength within each of the two systems. We tested
the extent to which between-person differences in integration are associated with messageinduced changes in the amount of time spent in sedentary activity, performing light activity, and
performing moderate-to-vigorous activity. In line with previous findings that showed that more
flexible connectivity patterns relate to persuasion susceptibility (Cooper et al., 2018), we
hypothesized that stronger between system integration relative to within-system segregation
would be associated with greater message-consistent changes in objectively logged physical
activity following message exposure.

Methods
We used data from a larger study testing the effect of self-transcendence on health
message receptivity (see Kang et al., 2018 and Pandey et al., in press, for details).
Participants
Adults with low physical activity levels and body mass index (BMI) over 25 were
recruited using online advertisements and flyers (N =220; mean age=33.75 years, SD=11.62;
144 females; 96 Black, 86 white, 16 Asian, 9 Hispanic, 13 Other). To reach individuals at
increased health risks from physical inactivity (Guilbert, 2003), eligibility criteria screened for
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self-reported body mass index (BMI) over 25 and engagement in less than 2001 minutes of
moderate to vigorous physical activity and walking throughout the week prior to the screening,
derived from the International Physical Activity Questionnaire (IPAQ; Madison et al., 2007).
Further, individuals were screened for standard fMRI scanning criteria including no metal in
body, not claustrophobic, not pregnant/nursing, right-handed, no history of serious
psychiatric/medical conditions, and no current use of psychotropic medications.
Participants were excluded from analyses due to attrition before the fMRI appointment (n
= 10), ineligibilities discovered before the fMRI appointment (n = 5; coronary heart disease = 1,
brain abnormalities = 2, metal in body = 2), declining to complete scans (n = 10), and issues
with brain data acquisition and quality assessment (n = 28; technical difficulties = 3, frontal
distortion = 5, excessive motion defined as 1 mm spikes and/or more than 3 mm average
displacement across runs = 15, brain abnormalities discovered during analysis = 5). Participants
who did not complete the endpoint study appointment (n = 4) or either declined to wear
accelerometers or experienced equipment failure (n = 13) were further excluded from the
behavioral analyses. The sample with usable brain data included 167 participants and the final
sample with both neural and behavioral data included 150 participants. Participants included
and excluded from analyses did not differ significantly across gender, age, and race/ethnicity (all
p-values >.05).
Study procedure
Upon recruitment, participants were randomized into three between-subject intervention
conditions designed to manipulate receptivity to health messaging as part of the parent study

1

U.S. Department of Health and Human Services recommends that “adults should do at least
150 minutes (2 hours and 30 minutes) to 300 minutes (5 hours) a week of moderate-intensity, or
75 minutes (1 hour and 15 minutes) to 150 minutes (2 hours and 30 minutes) a week of
vigorous-intensity aerobic physical activity.” Based on these recommendations, and to account
for over-reporting of physical activity in the screening process, a threshold of 200 minutes of
walking was set as the inclusion criterion for classifying individuals who might benefit from more
activity.
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(see Supplementary Figure 1 for study protocol and Kang et al., 2018 for details). Although the
intervention manipulation is not the focus in the current study, we controlled for the effects of the
three conditions (affirmation, compassion and control) in all analyses.
Participants visited the laboratory for 3 separate appointments: a baseline appointment
(T1), a subsequent fMRI appointment (T2) approximately 10 days later (mean = 9.60 days, SD
= 5.00), and a final appointment (T3) a month following T2 (mean = 34.91 days, SD = 2.79). All
participants provided informed consent and completed accelerometer calibration during the first
appointment (T1), completed a health messages intervention task in the fMRI scanner during
the second appointment (T2), and wore accelerometers from the baseline period until their final
appointment (T3). Further, throughout the T2-T3 post-intervention period, participants received
daily text messages reinforcing the health messages intervention, with content identical to the
stimuli presented during the fMRI task. At the last appointment, participants returned the
accelerometers and were debriefed, paid, and thanked for their participation. Participants
completed additional fMRI tasks and self-report assessments not reported here. The study was
approved by the University of Pennsylvania Institutional Review Board.
fMRI health messages task
During an fMRI scan, participants viewed 30 health messages encouraging physical
activity (targeted to high-BMI adults with low physical activity levels) and 30 control messages
unrelated to physical activity in a block design randomized across two runs (15 health
messages and 15 control messages in each) presented using PsychoPy 2 (run1= 376 volumes,
run2=344 volumes, 720 volumes total)2. See Supplementary Figure 2 for example health stimuli.
The health messages varied across three themes: a) health risks (e.g., “you are more likely to
die early if you stay sedentary”), b) reasons to be more active and less sedentary (e.g., “You
can live longer to enjoy the things you love if you start to sit less.”), or c) advice on how to

2

Refer to https://github.com/cnlab/PhysicalActivity2 for more details about the fMRI session.
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increase physical activity and decrease sedentary behavior (e.g., “Make a habit of walking up
and down the stairs whenever you can.”). In addition, the task included blocks with 30 parallel
messages regarding other daily behaviors (e.g. “It's very dangerous and illegal not to wear your
seatbelt”), which are not the focus of the current investigation. In each block, the textual
message was paired with black and white pictograms and an audio repetition of the text to
control for reading speed. Each block consisted of a health message (8s), relevance rating (4s),
and every fifth block contained a block of rest (12s). Gobbledygook (SMOG) grade was used to
control for reading levels across all messages. See Supplements A for details on scanning
parameters and Supplements B for additional analyses with the control messages unrelated to
physical activity.
Functional Connectivity
A summary of our preparation and analysis of the functional imaging data from the
health messaging task is as follows: we preprocessed and denoised the blood oxygen level
dependent (BOLD) time series, after which we created an association matrix representing the
functional connectivity among regions of the default mode and salience brain systems for each
participant. We then quantified default mode and salience integration for each association
matrix. We provide additional detail below.
BOLD Time Series Extraction and Pre-processing
To examine brain integration in the default mode and salience systems while participants
viewed health messages in the scanner, we first created brain network masks for the two
specific systems of interest using a parcellation that assigns brain nodes a priori to the default
mode and salience systems (Power et al., 2011) (See Supplementary Figure 3). The default
mode system comprised 58 nodes and the salience system comprised 18 nodes. We used
these brain masks to extract fMRI time courses for each subject across the two health
messages task runs. We concatenated the two runs, allowing us to estimate functional
connectivity across 30 messages. Next, time series were warped to the MNI template.
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Confound regression to remove signals of non-neural origin that were not of interest included
standard confound signals (six motion parameters plus global signal, white matter, and
cerebrospinal fluid) as well as the temporal derivative, quadratic term, and the temporal
derivative of the quadratic term (36 parameters in total; Lydon-Staley et al., 2019). Given that
residual effects of head motion may influence functional connectivity measures despite applying
preprocessing steps to reduce the impact of motion (Satterthwaite et al., 2013), we also
included the average framewise displacement across the two task runs as a covariate in the
regression models. Data were bandpass filtered in the range 0.01-0.12 Hz, detrended,
standardized and extracted from 8-mm radius spheres around the nodes (Ciric et al., 2017).
Despiking was used to minimize the effect of outliers and high variance confounds were
removed (Behzadi et al., 2007).
Brain Network Construction
From the extracted time series of nodes within the default mode and salience systems,
we used a Pearson’s correlation coefficient between pairs of nodal time series to estimate
functional connectivity. For each participant, we collated all individual functional connectivity
estimates and studied them as undirected and weighted matrices. All matrices were normalized
via a Fisher r-to-z-transform and negative edge weights were retained. See Supplementary
Figure 4 for average adjacency matrix across all participants.
Default Mode and Salience Integration
The default mode and salience system integration measure described the relative
strength of the connectivity between the default mode and salience systems relative to the
average connectivity observed within each system We calculated the relative integration index
as follows:
&&&&&&

&&&&&&&&&
! ' )%! )
%%%%%%%%%%%%! − (#$%
Relative default mode salience integration = !"#$#
,
+
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where we use (DMNw) to refer to the default mode within-system connectivity strength,
computed as the mean connectivity strength of edges between all node pairs within the default
mode system. We use (SNw) to refer to the mean salience within-system connectivity strength,
measured as the average connectivity strength of edges between all node pairs within the
salience system. The line above each term refers to the average value. We computed the
overall average within connectivity system strength by taking the average of the within
connectivity strengths of each of the two systems DMNw and SNw. To calculate the connectivity
strength between the two systems, we computed the mean connectivity strength of edges
between all pairs of nodes that span the two systems noted as (DMNSNb). To obtain the
relative integration vs. segregation between the default mode and salience systems we
subtracted the average within connectivity strength across the two systems from the
connectivity strength between the two systems. Similar to prior measures (Cohen & D’Esposito,
2016), the integration measure allowed to capture important individual variability in the relative
strength of between default mode and salience network connectivity, while simultaneously
accounting for individual differences in the strength of the within network connectivity. Higher
relative integration scores capture increased connectivity strength between the default mode
and the salience systems relative to the connectivity within each specialized system. In turn,
lower integration scores capture decreased between system connectivity and higher withinsystem connectivity within the default mode and the salience systems.
Physical Activity Outcomes
We assessed three behavior change outcomes and their associations with relative
default mode and salience system integration: changes in sedentary behavior, changes in light
physical activity, and changes in moderate-to-vigorous activity. See Supplements A for more
detail on physical activity calibration and previous work (Kang et al., 2018). Consistent with prior
work, we tested the association between individual differences in relative integration during
health messaging and each of the three behavioral outcomes separately as these may have
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related yet distinct effects on health. For instance, being sedentary is a risk factor for poor
health independent of physical activity (Hamilton et al., 2008). Further, moderate-to-vigorous
physical activity (MVPA) is independently linked to cardiorespiratory benefits (Knaeps et al.,
2016). Briefly, to obtain behavioral change scores, we first computed the average daily
proportions of activity during the baseline and post intervention periods by dividing the durations
of sedentary times, light moderate/vigorous, activity separately, by the total usable time that
excludes sleep and non-wear time for each day tagged by three blind coders.
Next, the daily scores for sedentary times, light and moderate/vigorous activity were
averaged across the ten-day baseline and one-month post-intervention periods. Finally, to
obtain change scores for sedentary behavior, light physical activity, and moderate-to-vigorous
activity, we subtracted the average baseline intervention proportion scores from post
intervention proportion scores for each of the three outcomes. Consistent with Kang et al.
(2018), we excluded days with fewer than 5 hours of accelerometer wear from further analyses
(6,242 days of 7,092 tagged, or 88%, remained after applying this exclusion criteria and were
included in subsequent analyses). We did not observe any substantive differences in results
when retaining all days (See Supplements B).
Self-reports
In all three visits, participants also completed a modified version of a health-behavior
change survey (Fishbein et al., 1992), which asked participants to report their attitudes, efficacy,
and intentions towards changing their physical activity levels, among other measures. Attitudes
were measured using 10 items presented on 7- point bipolar adjective scales. The instrumental
component was captured by the following items that came after the stem “Increasing my
physical activity on a daily basis would be”: wise-foolish, pleasant-unpleasant, correct-incorrect,
easy-difficult, enjoyable-unenjoyable, good-bad, I like-I dislike, beneficial-harmful, fun-boring,
healthy-harmful. The attitudinal scores were summed, with higher scores representing more
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positive attitudes about being physically active. Cronbach’s α indicated acceptable scale
reliability at each of the three visits: T1 = 0.81; T2 = 0.84; T3 = 0.83.
To measure efficacy, participants responded to one-item “I can be physically active at
least 5 times per week for at least 30 minutes” on 7-point Likert Type scales ranging from 1
(extremely disagree) to 7 (extreme agree). To measure intentions, participants rated one-item “I
intend to be physically active at least 5 times per week for at least 30 minutes” on 7-point Likert
Type scales ranging from 1 (extremely disagree) to 7 (extreme agree). Additionally, participants
reported on other self-reported items beyond the focus of the present report (Kang et al., 2018).
Analysis Plan
We performed regression analyses to test the association between default mode and
salience system integration and changes in light, sedentary, and moderate-to-vigorous
behavior, independently. In all models, we controlled for participant baseline activity levels prior
to message exposure, condition (with control condition as the reference group), and in-scanner
motion. In addition, we reexamined the association between default mode and salience
integration and changes in light, sedentary, and moderate-to-vigorous behavior controlling for
age, gender, ethnicity, years of education and differences in accelerometer wear time, and we
observed no substantial results in our findings (See Supplementary Table 1). All analyses were
performed in R (v3.0.1, www.r-project.org) using the R-studio interface (v0.98.1103).

Results
Descriptive Statistics
The brain and behavioral analyses included 150 participants (64% female) with a mean
age of 33.17 years (SD =11.18). The self-identified race/ethnicity composition of the usable
sample included: 43% Black, 37% white, 7% Asian, 5% Hispanic, and 8% other. The average
BMI was 31.8 (SD = 5.8). Descriptive statistics and correlations associated with key study
variables may be found in Supplementary Table 2.
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Relative Default Mode and Salience System Integration and Behavior Change.
We performed three separate regression analyses to test associations between relative
default mode and salience system integration and changes in sedentary behavior, light physical
activity, and moderate-to-vigorous physical activity. The results of the first regression indicated
that relative default mode and salience system integration, baseline sedentary behavior, motion,
and condition explained ~10% of the variance of the change in sedentary behavior (R2=.10,
F(5,144) = 3.22, p <.01; Table 1). A parallel regression model explained ~8% of the variance in
light physical activity (R2 =.08, F(5,144) = 2.49, p = .03, Table 1) and ~9% of the variance in
moderate-to-vigorous activity (R2= .09, F(5,144) =2.74, p = .02, Table 1). Relative default mode
and salience system integration accounted for ~3% of variance in the behavior change in the
models.
Greater default mode and salience system integration was significantly associated with
message consistent behavior change, as indicated by a decrease in sedentary behavior in the
post intervention period (β = -.17, t(5,144)= -2.04, p = .04), and an increase in light physical
activity (β = .18, t(5,144)= 2.14, p = .03). We observed no association between default mode
and salience system integration and changes in moderate-to-vigorous activity (β = -.02,
t(5,144)= -.19, p = .85. Together, these findings (Figure 1) suggest that individuals with more
integrated default mode and salience systems, relative to the average within-system
segregation, may be more receptive to persuasive messages and may subsequently engage in
message consistent behavior changes by decreasing their sedentary behavior and increasing
their light physical activity.
Additional Analyses. Additional analyses and robustness checks are included in the
Supplements. These analyses include tests of the added value of considering the relativeintegration between the default and salience systems versus considering the component
connectivity variables. Findings indicated that the raw within component variables are not
associated with behavior change outcomes. Additional analyses include control comparisons
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indicating that the observed associations between default mode system and the salience
system are specific to the two systems of interest and to processing health messages versus
messages unrelated to physical activity (though effects are in the same direction). Additional
analyses also indicated that default mode and salience system integration was associated with
behavior change measures above and beyond self-reported ratings of behavior change (See
Supplements B).
Discussion
Substantial differences exist in how people process and respond to persuasive
messages and how messages in turn impact their health-related behaviors. The current study
examined how between-person differences in the relative integration between the default mode
and salience systems at the time of persuasive health messaging exposure relates to future
changes in health behavior. Participants viewed messages in the scanner highlighting risks
associated with being inactive, and how and why to be active, and we assessed later changes
in physical activity outside the lab environment. Individuals with stronger than average default
mode and salience system integration were more receptive to the messages, demonstrating a
greater likelihood of engaging in message-consistent behavior in the month following message
exposure. We observed associations between system segregation and both decreased
sedentary behavior and increased light physical activity. However, we did not observe any
associations between system segregation and moderate-to-vigorous physical activity.
Our findings are consistent with theoretical models conceptualizing health message
processing as a value-based decision making process (Falk & Scholz, 2018, Berkman et al.,
2017, Berkman, 2018). When persuasive messages are delivered, the default mode system
may integrate diverse inputs facilitated by the salience system, including attentional, salient, and
affective responses, into a summary signal of the subjective value towards the health promoting
stimuli (Haber and Knutson, 2010; Roy et al., 2012; Bartra et al., 2013). Consistent with this
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view, one common feature of the salience system, among many others, is that it is involved in
salience detection and switching attention between salient external stimuli and internal
cognitions, thus readying the individual for action in response to salient stimuli (Menon & Uddin,
2010; Sridharan et al., 2008). It is possible that increased integration between the salience and
default mode system during message exposure, may reflect a greater propensity for attention to
be captured by salient, affective stimuli and shifted towards deeper, internally-oriented
processing of persuasive message content, an effect described in the cognitive psychology
literature as processing stimuli more deeply (Craik & Lockhart, 1972). In the current study,
activity in the salience system in response to the health messages may provide inputs to an
individual’s calculation of the value that may be gained by performing the health-related
behavior (increasing physical activity). In turn, greater integration between the salience and
default more systems may facilitate the aggregation of these inputs in the value computations,
supported by the default mode system. This theoretical view is consistent with a recent study
where Doré et al. (2019b) observed that salient inputs from health-promoting messages
increased the perceived value of health messages. Similarly, our study suggests that more
salient and stronger affective responses facilitated by salience system processing, may provide
the default system with more favorable inputs into value computations, and thus lead to greater
message consistent behavior change.
Further, the proposed theoretical framework builds on behavioral research proposing
that attentional and affective responses are central components to the effects of persuasive
communication (Dillard and Peck, 2000; Petty et al., 2003; Nabi, 2021). Individuals must first
pay attention to a health message to process it (Chaiken et al., 1987) and more emotionally
evocative responses to health messages may be more likely to elicit message effectiveness
(Dunlop et al., 2008). However, attentional and affective responses to health messages alone
may not be sufficient to translate into downstream, message-induced behavior change in the
real world, if they do not also contribute positively to an integrative value response (Falk &
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Scholz, 2018). As such, our data provide new insight into the underlying mechanisms of
effective message-induced behavior change, suggesting that the neural integration of
attentional and affective reactivity (supported by the salience system) with value computations
(supported by the default mode system) at the moment when messages are delivered facilitate
behavior change.
More specifically, our results highlight the value of considering the integration between
the default mode and the salience systems to understand individual differences in effective
message processing. Independently, the connectivity strength within the saliency system and
within the default mode during message processing was not associated with behavior change.
Instead, the relative integration between the two systems, provided important information for
understanding behavior change that was not captured by examining within-system connectivity
and between system connectivity separately. This finding lends further support for the role of
integrative processes between brain systems in facilitating effective health information
processing and downstream message effects (Cooper et al., 2018). Further, it highlights the
value of expanding the focus from the role of a single brain system or set of regions to largerscale connectivity in the brain to understand variability in complex health behavior change.
An additional finding of interest was that the relative integration between the default
mode and the salience brain system during message processing was associated with changes
in sedentary and light physical activity above and beyond participants’ changes in self-ratings of
physical activity-related attitudes, efficacy, and intentions over the intervention period. These
findings add to a body of literature indicating the unique variance in health behaviors explained
by fMRI approaches that is not captured by self-report methods (Falk et al., 2011; Knutson et
al., 2007). The unique contribution to understanding behavior change available via fMRI may
stem from the contribution of information that is not biased by social desirability effects (BoothKewley et al., 2007) or a lack of conscious access to factors implicated in health behavior
change (Rebar et al., 2016).
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The findings of this study should be interpreted in the light of the strengths and
limitations of the current study design. First, the current sample purposefully recruited
individuals with more than 200 minutes of weekly physical activity weekly and BMI greater than
25 to reach individuals at elevated risks from physical inactivity. Thus, findings may not
generalize to nationally or world representative populations. Second, more work is needed to
understand the underlying origin of individual differences in functional connectivity. One open
question relates to the extent to which the observed differences in default mode system and
salience system integration during message processing are associated with individual personlevel traits, states, or message content features. Although integration of default mode and
salience systems during health message exposure was significantly associated with behavior
change and during control message exposure was not, the effects were directionally similar
(See Supplements B), suggesting that more research is needed to determine the extent to
which these effects are driven by person-level traits, message-induced responses, or their
interaction.
Conclusion
The present study builds on findings suggesting that effective health message
processing simultaneously relies on specialized connections within individual systems in
addition to between-system cross talk in the brain in order to integrate salient and affective
responses in response to external stimuli into value computations. Thus, examining individual
differences in salience and default mode integration during exposure to health messages may
provide insight into who is more or less likely to change their behavior in response to health
promoting messages. This line of work helps advance the understanding of underlying
persuasion and health behavior change processes in the brain and may further help to
strengthen individual health messaging receptiveness by developing ways to increase default
mode and salience integration.
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Figure 1. Relationship between default mode and salience system integration during health messaging
and future behavior change.

(A) Relative integration versus future sedentary behavior. (B) Relative integration versus future light physical activity.
(C) Relative integration versus moderate-to-vigorous activity. On the x-axis, more positive integration scores correspond
to greater integration between the default mode and the salience systems relative to the average within-system segregation.
Notes:*p<0.05; β = standardized coefficient.
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Table 1. Results for regression analysis testing association between default mode and salience integration and changes in
sedentary behavior, light physical activity and moderate-vigorous physical activity
% change in sedentary
behavior

Intercept
Default mode and salience. Integration
Baseline sedentary/active (%)
In-scanner head motion
Affirmation condition (ref. control)
Compassion condition (ref. control)
Adjusted R2
R2

% change in light physical
activity

% change in moderatevigorous activity

B

(S.E)

β

B

(S.E)

β

B

(S.E)

β

-.02
-.17*
-.14**
.16
-.01
-.03

(.03)
(.08)
(.05)
(.11)
(.01)
(.02)

.00
-.17
-.23
.12
-.07
-.13

.13**
17*
-.11*
-.13
.00
.02

(.04)
(.08)
(.05)
(.11)
(.01)
(02)

.00
.18
-.19
-.10
-.03
.08

.00
-.01
-.09*
-.04
.01*
.01

(.01)
(.03)
(.04)
(.05)
(.01)
(.01)

00
-.02
-.18
-.08
.23
.12

.07**
.10**

05*
.08*

.06*
.09*

Note. *p ≤ .05, **p ≤ .01, ***p ≤ .001. B = unstandardized coefficient. SE = standard error. β = standardized coefficient. Ref. =
reference category

