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Dispositional Mindfulness Predicts Adaptive Affective Responses to Health

Messages and Increased Exercise Motivation

Abstract

Feelings can shape how people respond to persuasive messages. In health
communication, adaptive affective responses to potentially threating messages constitute one key
to intervention success. The current study tested dispositional mindfulness, characterized by
awareness of the present moment, as a predictor of adaptive affective responses to potentially
threatening health messages and desirable subsequent health outcomes. Both general and discrete
negative affective states (i.e., shame) were examined in relation to mindfulness and intervention
success. Individuals (n=67) who reported less than 195 weekly minutes of exercise were
recruited. At baseline, participants’ dispositional mindfulness and exercise outcomes were
assessed, including self-reported exercise motivation and physical activity. A week later, all
participants were presented with potentially threatening and self-relevant health messages
encouraging physical activity and discouraging sedentary lifestyle, and their subsequent affective
response and exercise motivation were assessed. Approximately one month later, changes in
exercise motivation and physical activity were assessed again. In addition, participants’ level of
daily physical activity was monitored by a wrist worn accelerometer throughout the entire
duration of the study. Higher dispositional mindfulness predicted greater increases in exercise
motivation one month after the intervention. Importantly, this effect was fully mediated by lower
negative affect and shame specifically, in response to potentially threatening health messages
among highly mindful individuals. Baseline mindfulness was also associated with increased self-

reported vigorous activity, but not with daily physical activity as assessed by accelerometers.
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These findings suggest potential benefits of considering mindfulness as an active individual

difference variable in theories of affective processing and health communication.
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Introduction

Exercise is associated a wide range of health benefits including lower risk of
several cancers (Holmes, Chen, Feskanich, Kroenke, & Colditz, 2005; Slattery et al.,
2003), coronary heart disease (Manson et al., 1999; Tanasescu et al., 2002), and stroke
(Do Lee, Folsom, & Blair, 2003), as well as lower overall morbidity and mortality (Gregg
et al., 2003; Lee, Hsieh, & Paffenbarger, 1995; Moore et al., 2012). Increases in even
light activity (vs. sedentary behavior) have both short and longer-term mental and
physical health benefits (Owen, Healy, Matthews, & Dunstan, 2010; Seguin et al., 2012).
However, one classic challenge intrinsic to designing health messages to promote
exercise is that those at the highest health risk for disease tend to be the most defensive.
That is, feelings can impact how people respond to persuasive health messages. In the
domain of health communication, personally relevant messages can be threatening to
individuals’ sense of self-competence, which can have counterproductive effects on
receptivity to messages and subsequent health outcomes. In the context of physical
activity behavior, sedentary individuals may show negative affective reactivity when
presented with messages encouraging exercise because such messages can threaten self-
worth. Negative responses to health messages, in turn, can lead to decreased risk
perception, motivation, and decreased likelihood of altering risk behaviors (Resnicow &
McMaster, 2012). Therefore, identifying predictors of adaptive affective responses to
potentially threatening health messages is critical among at-risk individuals.

Mindfulness, characterized by attention to and awareness of the present
experience (Brown, Ryan, & Creswell, 2007a), has been associated with various positive

health outcomes (Langer, 1989). For example, dispositional mindfulness predicted
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healthy dietary habits (Jordan, Wang, Donatoni, & Meier, 2014; Murphy, Mermelstein,
Edwards, & Gidycz, 2012), and better quality of sleep and self-reported general physical
health (Murphy et al., 2012). Although some studies have examined mindfulness in the
context of existing health behavior theories (e.g., Black, Sussman, Johnson, & Milam,
2012; Chatzisarantis & Hagger, 2007), few attempts have been made to incorporate
mindfulness within established health behavior models (Black, 2010), or within the
context of health communication specifically.

High dispositional mindfulness may dampen negative affective reactivity in the
face of potentially threatening health messages. In response to health messages, having
mindful awareness may help people disengage from patterns of automatized thought
processing. This may in turn allow individuals to make more considered decisions,
instead of reacting habitually to incoming stimuli (e.g., Brown, Ryan, & Creswell, 2007b;
Langer, 1989; Kang, Gruber, & Grey, 2013). In support of this view, greater dispositional
mindfulness was associated with lower daily negative affect (Brown & Ryan, 2003;
Miners, 2007) and less negative affect during experimentally induced interpersonal
conflict (Barnes, Brown, Krusemark, Campbell, & Rogge, 2007). Furthermore,
dispositional mindfulness was associated with attenuated activity within limbic regions
implicated in affective reactivity. Specifically, high mindfulness was associated with less
amygdala activation both at rest (Way, Creswell, Eisenberger, & Lieberman, 2010) and
during psychological threat (Desbordes et al., 2012), and more efficient prefrontal cortex
inhibition of amygdala during psychological threat (Creswell, Way, Eisenberger, &
Lieberman, 2007). In addition, dispositional mindfulness predicted decreased late

positive potential, a marker of high arousal affective reactivity, to unpleasant and



Mindfulness and Health Communication- 3

threatening stimuli (Brown, Goodman, & Inzlicht, 2013). These findings suggest that
individuals higher in mindfulness may be both less reactive to potential threat and better
at regulating negative affect. Therefore, when presented with potentially threatening
health information, highly mindful individuals may report low negative affect, which
may then predict increased exercise outcomes over time.

Negative affect in response to perceived threat is a central construct predicting the
likelihood of change in a number of major theories of behavior change, including the
widely-used Health Belief Model (Becker, 1974). Indeed, threat-induced fear appeals are
common in public health interventions to induce motivation and behavior change. When
accompanied by perceived efficacy (Peters et al., 2013), negative affect can increase the
persuasiveness of health messages (Witte & Allen, 2000) under some circumstances (c.f.,
Earl & Albarracin, 2007). However, negative affect may also trigger or accompany
defensive tendencies, resulting in counterproductive outcomes. For example, when
people are confronted with potentially threatening health information of high personal
relevance, they may react defensively by avoiding (Mendolia, 1999) and/or refuting
(Chaiken, 1992) the beneficial information. Therefore, lowering negative affective
responses to potentially threatening health messages can promote receptivity to important
and beneficial health information.

In particular, shame, a negative affective response that may result from failing to
meet personal or social expectations (e.g., Dickerson, Gruenewald, & Kemeny, 2004),
can result from facing personally relevant and potentially threatening health messages.
Shame is a maladaptive response to health information, and may trigger defensive

tendencies and avoidance (Tangney & Dearing, 2004). For example, individuals primed
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with shame were more likely to resist shame-inducing anti-drinking messages and report
increased intention to binge drink (Agrawal & Duhachek, 2010). Furthermore, among
newly recovering alcoholics, nonverbal displays of shame about past addiction predicted
the likelihood and severity of relapse (Randles & Tracy, 2013), suggesting that shame
may perpetuate or exacerbate problematic health behaviors. In the context of physical
activity, prior experiences with shame-inducing weight stigma were associated with
increased desire to avoid exercise, which in turn related to less frequent strenuous and
moderate exercise (Vartanian & Shaprow, 2008). Therefore, negative affect, felt in
response to health messages, may be associated with decreased exercise outcomes driven
by shame.

Exercise outcomes can be assessed at various stages using diverse methods. In
several theories of health behavior change (e.g., Health Action Process Approach;
Schwarzer & Luszczynska, 2008), the motivation phase often precedes the subsequent
action or volition phase by providing an initial impetus necessary for the change. In
particular, increases in motivation to exercise after exposure to health messages may
reflect a positive initial step. In addition to this proximal outcome (exercise motivation),
more distal changes in physical activity behavior can be assessed, using self-reported
physical activity and daily physical activity monitored by a wrist worn accelerometer.

In the current study, we tested dispositional mindfulness as a predictor of adaptive
affective responses to health messages as well as increased exercise outcomes.
Specifically, we tested a) the association between dispositional mindfulness and
attenuated negative affective responses to health messages that encourage physical

activity, b) dispositional mindfulness as a predictor of increased exercise outcomes
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following a health message intervention, and c¢) the mediating role of negative affect,
both general (i.e., averaged across multiple negative affect items) and specifically with
regard to shame, in the association between dispositional mindfulness and exercise
motivation. Motivated by previous findings that linked mindfulness and attenuated
affective reactivity, we show that a) those with higher dispositional mindfulness reported
lower negative affect, both generally and shame specifically, after a potentially
threatening health message intervention. Given the detrimental impact negative affect
may have in processing health messages, we further show that b) attenuation in negative
affect predicted increased positive exercise-relevant outcomes. Finally, we show that c)
negative affect mediates the effect of dispositional mindfulness on exercise motivation.
Method

Participants

Participants (n=67; 41 females; mean age=33.42 years, SD=13.04; 44 White, 12
Black, 3 Asian, 1 Hispanic, 7 Other; Table 1) were recruited through convenience
sampling for a longitudinal study that involved three visits to the laboratory (T1, T2, T3)
across five weeks, with compensation up to $100. Participants who self-reported having
engaged in less than 195 minutes of exercise, consisting of walking, moderate, and
vigorous physical activity, throughout the last seven days from the time of participation
were recruited (see Table 1 for baseline characteristics). Participants also met the
standard functional magnetic resonance imaging (fMRI) safety criteria (no metal in body,
not claustrophobic, not pregnant) and were right handed. Individuals who self-reported a
history of major physical or mental health disorders were excluded. Participants

responded to online advertisement and flyers describing a study about “daily activities”
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(to avoid selection bias related to physical activity), posted in Ann Arbor and surrounding
communities. Across three visiting time points, seven participants did not complete the

study, and the final samples consisted of 67 at T1, 61 at T2, and 60 participants at T3.

Table 1.

Demographic and Baseline Characteristics

Demographic

Age (Yrs) 33.43 (13.04)
Female (%) 61.2%
Caucasian (%) 65.7%
Education (Yrs) 16.62 (3.44)

Baseline Characteristics

Weekly Exercise Minutes (IPAQ) 123.5 (49.52)
BMI 27.99 (6.84)
Mindfulness (MAAS) 4.07 (0.90)
Exercise Motivation (BREQ-2) 5.94 (6.34)
Depression (BDI) 1.35(0.39)

Note: BDI = Beck Depression Inventory; BMI = Body Mass Index; BREQ-2 = Behavioral
Regulation in Exercise Questionnaire-version 2; IPAQ = International Physical Activity
Questionnaire (short-form, self-reported during the pre-study screening); MAAS = Mindful
Attention Awareness Scale. Mean values are displayed with standard deviations in parentheses
where applicable. N=67 unless otherwise noted.

Procedure

Participants visited the laboratory at three time points (i.e., T1, T2, T3; Figure 1). All
experimenters who worked with the participants and participants themselves were blind to the
present hypotheses throughout the study. During their initial visit (T1), participants reported their
weight and height from which the Body Mass Index (BMI) scores were derived, and completed

self-report measures of mindfulness, exercise motivation, physical activity, and depression (a
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potential covariate, see Measures below for more detail). For T1 accelerometer calibration,
participants completed a range of activities including walking at their usual pace along a
hallway, climbing stairs, and sitting for at least 30 minutes while wearing an accelerometer
device on their wrist. Participants continued to wear the accelerometers for the week between T1
and T2, which served as their baseline activity period, and for a month between T2 and T3,
which served as their post-intervention activity period.

Approximately a week after T1 (M=9.35 days, SD=6.16) participants visited the
laboratory for the second time (T2) to complete the health message intervention, followed by
reporting current positive and negative affect and exercise motivation. Participants continued to
wear their accelerometers for an additional month leading up to the last visit (T3). As a part of
the health message intervention, participants continued to receive daily health text messages on
their phone for a month between T2 and T3.

During the final T3 visit that took place approximately one month (M=35.92, SD=7.19)
after T2, participants completed self-report measures of exercise motivation and physical
activity. Upon completion, participants returned their accelerometers, were debriefed, paid, and

thanked for their participation.
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Figure 1. Overall study protocol. BDI = Beck Depression Inventory; BREQ-2 = Behavioral
Regulation in Exercise Questionnaire-version 2; [IPAQ = International Physical Activity
Questionnaire; MAAS = Mindful Attention Awareness Scale; PANAS = Positive and Negative
Affect Scale; SMS = Short Message Service.

Health message intervention. Participants were oriented to the health message
intervention verbally by the experimenter, and were self-guided through the intervention while in
an fMRI scanner using computerized software (Presentation; NeuroBehavioral Systems Inc.).
The health messages were developed in consultation with senior investigators and staff from
Center for Health Communications Research at University of Michigan, and were designed to be
an intervention that parallels what would be seen in everyday health communication contexts
(e.g., from a doctor, media, friends, etc.).

Specifically, messages were designed to promote physical activity by highlighting
increased risk for chronic disease due to sedentary behavior and elevated BMI (risk messages),
benefits of becoming more active (active why) and less sedentary (sedentary why), as well as

behavioral strategies to become more active (active how) and less sedentary (sedentary how). All
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messages were pilot tested to elicit varying degrees of threat responses. All participants were
presented with the same distribution of 50 health messages in a randomized order, with 10 active
why, 10 sedentary why, 10 active how, and 10 sedentary how messages, and a random selection
of 10 risk messages from a list of 16 (See Supplemental Material 1 for a complete list of
messages). At the end of each block of messages, participants were given a brief reflection
period in which they were asked to think of how they would apply the message in their own life.
The task also included advice regarding other daily behaviors not related to physical activity,
which are not the focus of the current investigation.

Health messages were reinforced via short message service (SMS) throughout the month
following the health intervention (T2) up until the third visit (T3). Participants received one
message per day drawn from the same health messages shown during the primary message
intervention.

Measures

Mindfulness. Dispositional mindfulness was measured by the 15-item Mindful Attention
Awareness Scale (MAAS; Brown & Ryan, 2003) at T1. The MAAS assesses an individual’s
tendency to attend and be aware of the present moment’s experience, rated on a 1 (almost
always) to 5 (almost never) scale. All scores were reverse coded for higher values to reflect
higher dispositional mindfulness. An example item is, “I could be experiencing some emotion
and not be conscious of it until some time later.” The scale’s internal consistency in the current
study (a=.92) was high.

Negative affect. Self-reported negative affect following the health message intervention
was assessed at T2 using the positive and negative affect scale (PANAS; Watson, Clark, &

Tellegen, 1988) consisting of fifteen negative affect terms (frustrated, upset, distressed, guilty,
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miserable, scared, hostile, irritable, disappointed, ashamed, nervous, troubled, jittery, unhappy,
afraid) rated on a 1 (not at all) to 5 (extremely) scale. In addition, positive affect was measured,
by using the PANAS’s fifteen individual positive affect terms (interested, excited, strong, happy,
relieved, enthusiastic, pleased, proud, alert, content, inspired, joyful, determined, attentive,
active). From this, general negative and positive affect mean scores were created. Internal
consistency scores in the current study for negative (0=.88) and positive (0=.93) affect items
were high.

Exercise motivation. Motivation to exercise was measured at T1, T2, and T3 with the
19-item Behavioral Regulation in Exercise Questionnaire-version 2 (BREQ-2; Markland &
Tobin, 2004). The BREQ-2 includes five subscales assessing different types of exercise
motivation (i.e., intrinsic, identified, introjected, and external), as well as amotivation, rated on a
0 (not true for me) to 4 (very true for me) scale. A global composite score that represents the
degree to which individuals are self-determined to exercise was derived by multiplying each
subscale score by its weighting and summing these weighted scores (See Markland, 2011, for
scoring instruction). Internal consistency scores within subscales across T1, T2, and T3 in the
current study (Otmean=.84, Olrange=-74-.93) were high.

Self-reported physical activity. Self-reported physical activity was obtained using the
long version of the International Physical Activity Questionnaire (IPAQ); Craig et al., 2003) at T1
and T3 (though not at T2 due to time constraints). The IPAQ assesses minutes of moderate and
vigorous-intensity physical activity and walking over the past seven days across four domains,
including occupation, transportation, house/yard work, and recreation/leisure.

Daily physical activity. Daily physical activity was monitored using accelerometers. We

collected accelerometer data throughout the entire five-week duration of the study using a
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triaxial GENEA accelerometer (Esliger et al., 2011) worn on the left wrist (all participants were
right-handed). Subjects were encouraged to continue wearing the waterproof accelerometers at
all times.

In order to calculate levels of non-sedentary physical activity, we defined baseline
physical activity cut points according to measurements taken during the T1 laboratory baseline
calibration in which participants performed a number of activities including at least 30 minutes
of sedentary activities such as completing surveys while seated at a computer terminal. The peak
acceleration during this 30-minute sedentary period was used to determine appropriate cut points
for each participant such that activity above that threshold was tagged as “physical activity.”
Using the physical activity threshold, we computed the minutes of physical activity each day
throughout the T1-T2 (one week) baseline and the T2-T3 (one month) post-intervention periods
(Figure 1). Changes in daily physical activity represent the difference scores between physical
activity during the T1-T2 and T2-T3 periods, with positive scores representing increases in
physical activity.

Covariates. Baseline exercise minutes and BMI scores were assessed as potential
covariates. Baseline exercise minutes were assessed at the time of recruitment during the
prescreening process, and represent the sum of self-reported minutes spent walking and doing
moderate and vigorous physical activity in the prior seven days. BMI was calculated by dividing
body weight (kg) by body height squared (m?), self-reported at T1. Participants’ baseline level of
depression was assessed as a potential covariate given its association to both mindfulness (Argus
& Thompson, 2008; Christopher & Gilbert, 2010; Paul, Stanton, Greeson, Smoski, & Wang,
2013) and negative affectivity (Bylsma, Morris, & Rottenberg, 2008). Depression was measured

by the 21-item Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh,
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1961). Scores were summed to reflect current depressive symptoms, ranging from 0 to 63. The
measure’s internal consistency in the current study (0=.92) was high (For a complete list of
survey measures administered in this study, see Supplemental Material 2).
Data Analyses

All regression analyses were conducted with dispositional mindfulness as a predictor
variable for each of the outcome measures, with reported covariates when appropriate. Formal
bootstrapping procedures with 1000 bootstraps were used for mediation analyses (Preacher &
Hayes, 2008). In addition, evidence of moderate heteroscedasticity was present in the equation
for mindfulness predicting shame. To address this issue, we normalized the mindfulness and
shame variables by applying square root transformations and obtained parallel results (raw scores
are reported for the ease of interpretation). Assumptions of homoscedasticity were met in all
other analyses. The coefficient of determination (R, Rzadjumd), standardized beta coefficients (j3),
and 95% confidence intervals are reported for all focal results. All reported p values are two-
tailed. All analyses were performed in R (v3.0.1, www.r-project.org) using the R-studio interface
(v0.98.1103) and the Statistical Package for Social Science software (IBM SPSS Statistics 21).

Results

Effect of Mindfulness on Negative Affect

Participants’ dispositional mindfulness did not significantly differ with respect to age,
gender, ethnicity, or education (ps>.50). We first tested whether dispositional mindfulness
measured at baseline (T1) predicted negative affect generally and shame specifically, following
exposure to health messages. Two regression analyses with mindfulness as a predictor and
negative affect and shame, separately, as an outcome variable revealed a significant effect of

mindfulness on decreased general negative affect and shame, such that those with greater
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dispositional mindfulness reported lower general negative affect, sttepf. 175, Rzadjusted:. 161, B=-
419, 1(58)=-3.512, p<.001, 95% CI [-0.343, -0.094], and shame R’ ep=.143, R*wgjustei=-128, p=-
378, t(57)=-3.083, p=.003, 95% CI [-0.498, -0.106], after the health message intervention.
Mindfulness was not associated with positive affect following the health message intervention,
R*=.006, R ,jjusiea=---011, p=.076, #(58)=.580, p=.565, 95% CI [-0.165, 0.300].
Effect of Mindfulness on Exercise Outcomes

We next examined the impact of dispositional mindfulness on our primary, proximal
outcome: changes in exercise motivation. Exercise motivation scores at T1, T2, and T3 were
significantly correlated (e =.847, ps<.001; See Table 2). Two hierarchical regression analyses
tested our hypothesis that those with higher dispositional mindfulness would report a greater
increase in exercise motivation. In each regression model, T1 exercise motivation was entered as
a covariate at Step 1, and mindfulness as a predictor at Step 2; exercise motivation at T2 and T3,
separately, were entered as an outcome variable (Table 3). Greater dispositional mindfulness was
associated with a non-significant (marginal) increase in exercise motivation at T2, sttep2=.845 ,
R aijusiea=-839, AR>=.010, p=.099, (57)=1.875, p=.066, 95% CI [-0.046, 1.389], and a significant
increase in exercise motivation at T3 with modest effect size, sttep2=.698, Rzadjusted:.687,

AR’=.047, =219, (56)=2.952, p=.005, 95% CI [0.479, 2.500].

Table 2.
Zero-order Correlations of Predictor Variables and Main Outcome Measures

. Negative T1 Exercise | T2 Exercise | T3 Exercise
Mindfulness Shame . N .
(MAAS: Affect (PANAS: Motivation | Motivation | Motivation
n=66) ’ (PANAS; n=60) ’ (BREQ-2; (BREQ-2; (BREQ-2;
n=61) n=67) n=61) n=60)
Mindfulness - - 42%* - 38#* 14 25 33%*
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Negative

- *k _13% _ QA7 _ &%
Affect .79 33 37 .53

Shame - - 35%* - 35%* - 55%*

T1 Exercise

_ % %
Motivation 91 81

T2 Exercise

- skok
Motivation 82

T3 Exercise
Motivation

Note: BREQ-2 = Behavioral Regulation in Exercise Questionnaire-version 2; MAAS = Mindful
Attention Awareness Scale; PANAS = Positive and Negative Affect Scale. Pearson product-
moment correlation coefficients are displayed.

*p <.05, **p <.01.

Table 3.
Hierarchical multiple regression analyses assessing mindfulness as a predictor of exercise
motivation at T2 and T3

i t p R’ AR’
T2 Exercise Motivation
Step 1 .835
T1 Exercise Motivation 914 17.150 .000
Step 2 .845 .010
T1 Exercise Motivation .897 16.953 .000
Mindfulness .099 1.875 .066
T3 Exercise Motivation
Step 1 .651
T1 Exercise Motivation .807 10.313 .000
Step 2 .698 .047
T1 Exercise Motivation 775 10.437 .000

Mindfulness 219 2.952 .005
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Note: Exercise motivation was measured by the Behavioral Regulation in Exercise Questionnaire-
version 2 (BREQ-2); Mindfulness was measured by the Mindful Attention Awareness Scale
(MAAS). Standardized beta coefficients are reported.

Next, we examined the impact of dispositional mindfulness on more distal changes in
self-reported weekly minutes of vigorous and moderate physical activity and walking. In three
hierarchical regression models, self-reported vigorous activity, moderate activity, and walking at
T1 were separately entered as a covariate at Step 1, and mindfulness was entered as a predictor at
Step 2. Self-reported vigorous activity, moderate activity, and walking at T3 was entered as an
outcome. Mindfulness predicted increases in self-reported vigorous activity, Rgepr=.118,

R sijusiea = -083, AR*=.095, =314, #(50)=2.322, p=.024, 95% CI [29.620, 409.566]. However,
additional regression analyses revealed a non-significant effect of mindfulness on changes in
self-reported moderate activity (p=.680) and walking minutes (p=.777). In addition, changes in
exercise motivation were positively correlated with self-reported vigorous physical activity
(=337, p=.013), suggesting that motivation was relevant to at least one important behavioral
outcome. Our measure of exercise motivation, however, was not associated with moderate
activity or walking (ps>.40). None of the subdomains of self-reported physical activity were
associated with feelings of shame following exposure to the health messages (ps>.10).

Lastly, we examined the impact of dispositional mindfulness on changes in daily physical
activity as measured by accelerometers. A hierarchical regression analysis with T1-T2 baseline
activity entered as a covariate at Step 1, mindfulness as a predictor at Step 2, and T2-T3 activity
as outcome variable revealed no significant association between mindfulness and changes in
daily physical activity, R*sepa=.572, R agjusted=-552, AR’=.004, p=.064, (42)=0.631, p=.531, 95%

CI [-24.108, 46.039]. In addition, changes in daily physical activity was not associated with
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exercise motivation (p=.584), subcategories of self-reported physical activity (ps>.20), or
feelings of shame after exposure to the health messages (p=.436).
Mediation Tests: Mindfulness, Negative Affect and Shame, and Exercise Motivation

Given our theoretical framework and positive results linking mindfulness, negative affect
and exercise motivation, we followed the analyses above with formal tests of mediation. Two
hierarchical regression models included T1 exercise motivation at Step 1, mindfulness at Step 2,
and negative affect and shame, separately for each model, at Step 3, with T3 exercise motivation
as an outcome variable. Supportive of mediation, mindfulness no longer significantly predicted
increased exercise motivation when accounting for negative affect recorded after the health
message, f=.152, #(54)=1.920, p=.060, 95% CI [-0.046, 2.138] while negative affect did, f=-
190, 1(54)=-2.203, p=.032, 95% CI [-4.842, -0.228], with lower negative affect predicting
greater increases in motivation, R2step3=.724, Rzadjusted:.709, ARZStep ».3=.025. Results from a
formal bootstrap test of mediation (Figure 2a) supported our prediction: The indirect effect from
greater mindfulness to lower negative affect to increased exercise motivation was significant
(bias corrected confidence intervals: 0.0196 to 1.1628, which does not contain 0).

Specifically, among the negative affect items, the mediating effect was driven by lower
feelings of shame among highly mindful people (Figure 2b). The effect of mindfulness on
exercise motivation at T3 disappeared, f=.116, #(53)=1.528, p=.133, 95% CI [-0.253, 1.868]
when shame, mindfulness, and exercise motivation at T1 were considered as predictor variables,
while effect of shame on exercise motivation at T3 remained significant, f=-.216, #53)=-2.652,
p=.011, 95% CI [-3.322, -0.461], with lower shame predicting increased motivation, sttep3=.740,
R adjusted=-725, AR siep 2.3=.035. Results from a bootstrap test of mediation revealed that decreased

feelings of shame fully mediated the effect of mindfulness on increased motivation to exercise
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(bias corrected confidence intervals: 0.0049 to 1.4982, which does not contain 0). No other
positive or negative discrete affect items mediated the indirect effect of mindfulness on exercise
motivation.

Figure 2. Heuristic models of the predicted relationships between dispositional mindfulness and
(a) general negative affect and (b) shame on exercise motivation at T3. Formal tests of mediation
(bootstrapping; Preacher & Hayes, 2008) provided evidence that both general negative affect and
shame mediated the effect of mindfulness on increased motivation to exercise one month after
the health message presentation (bias corrected confidence intervals=0.0196 to 1.1628 and
0.0049 to 1.4982 for negative affect and shame, respectively).

Note: *p<.05, **p<.01.

a. Mediation by negative affect

[ Negative Affect

B =-.419%*

B =.219%*
B =.152 (ns)

[ Trait Mindfulness } >{ Exercise Motivation }

b. Mediation by shame

[ Shame

B =.219%*
B =.116 (ns)

B =-378**

[ Trait Mindfulness } >{ Exercise Motivation J
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Covariates: Baseline exercise minutes, BMI, and Depression

Next, we examined baseline exercise minutes, BMI, and depression as covariates, and
obtained parallel results when controlling for each one of them. Baseline exercise minutes and
BMLI, respectively, were not associated with mindfulness (p=.667, p=.136), negative affect
(p=.743, p=.676), shame (p=.675, 693), or changes in exercise motivation (p=.743, .815), and did
not interact with mindfulness in predicting exercise motivation (p=.358, .726).

Replicating previous findings (Argus & Thompson, 2008; Christopher & Gilbert, 2010;
Paul et al., 2013), depression was negatively correlated to mindfulness (=-.480, p<.001) and
positively correlated with negative affect (r=.525, p<.001) and shame (»=.404, p=.001) post
message intervention. However, depression was not associated with the changes in exercise
motivation (p=.256) and did not interact with mindfulness in predicting exercise motivation
(p=.663), suggesting that effects of negative affect and shame on exercise motivation are not
merely an effect of more negative affect at baseline.

Discussion

Adaptive affective responses to health messages may contribute to successful health
communication. The current study tests the effect of dispositional mindfulness on affective
responses to health messages and subsequent health-relevant outcomes. Dispositional
mindfulness predicted greater increases in self-reported motivation to exercise a month after the
exposure to potentially threatening health messages, as well as increased self-reports of vigorous
physical activity a month after the health message intervention with modest effect size.
Furthermore, the effect of mindfulness on exercise motivation was fully mediated by decreased

self-reported general negative affect and shame in response to health messages among those with
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higher vs. lower dispositional mindfulness. These effects were not explained by baseline exercise
or BMI, suggesting that mindfulness may be important across groups.

The present findings suggest that shame-inducing messages can elicit defensive reactivity
and negative health outcomes. Furthermore, no other specific negative affect items mediated the
effect of mindfulness, suggesting the specificity of shame as a detrimental affective state,
associated with decreased exercise motivation in response to health communication.

In considering the mechanisms through which mindfulness might reduce deleterious
affective reactivity that hinders positive health outcomes, at least two conceptually distinct paths
may exist and relate to negative affective responses: affect induced by messages, or general
affective states after the message intervention that are incidental to the message. That is,
individuals with greater dispositional mindfulness might experience less negative affect in
response to potentially threatening health messages, and/or highly mindful individuals might
experience lower negative affect regardless of the message intervention. The current data suggest
greater support for the former given that depression scores at baseline did not predict changes in
exercise motivation on their own or in interaction with mindfulness, and all reported results held
when controlling for baseline depression. We thus suggest that negative affect was likely induced
by the messages and that mindfulness may buffer the tendency to experience negative affect, and
shame specifically, in response to such messages. State affect was not collected prior to health
messages to avoid bias in processing. However, additional research that collects state affect at
multiple time points would add to our understanding of the temporal relationships among these
variables.

Another possible mechanism through which mindful awareness can reduce the

detrimental effects of self-defensiveness is by reconfiguring the sense of self that no longer needs
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to be defended. Mindfulness in several forms has previously been associated with decreased
attachment to the idea of a stable and unchanging sense of self (e.g., Holzel et al., 2011; Langer,
1989). Therefore, mindfulness may augment the effects of other interventions designed to shape
the sense of self in a desirable way. Future studies may further examine mechanisms through
which mindfulness predicts adaptive health message processing by transforming self-concepts.
For example, lovingkindness meditation and compassion meditation explicitly aim to cultivate
self-transcending compassionate attitudes toward all beings (e.g., Kang, Gray, Dovidio, 2014),
and thus may relate to lower perceived need to defend oneself (Kang et al., 2013).

Given the mounting evidence on the benefits of mindfulness and mindfulness practice, it
is worth noting that mindfulness was not associated with positive affect in this study. In the
domain of affect, this result is consistent with previous findings in which mindfulness was
associated with decreased overall affective reactivity to all positive, negative, and neutral stimuli,
indexed by generalized decreases in activity within the right amygdala (Desbordes et al., 2012).
Mindfulness may be associated with measures of more eudaimonic wellbeing that relate to self-
transcendent flourishing, rather than self-enhancing hedonic pleasure (Taylor et al., 2014). We
encourage future studies to test this potential divergence. Experiments that manipulate
mindfulness beyond assessing dispositional mindfulness would be particularly informative.

Another conceptualization of mindfulness refers to openness to new information and
awareness of multiple perspectives by creating new categories (Langer, 1989). This
conceptualization of mindfulness has been implicated in a wide range of positive health
outcomes, such that simple manipulations to induce open and flexible attitudes to incoming
information have been associated with decreased mortality (Rodin & Langer, 1977) and other

indices related to health such as BMI (Crum & Langer, 2007). Although this conceptualization of
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mindfulness has overlapping qualities with the form of mindful attention that is the focus of the
current investigation, major differences between two conceptualizations are proposed (Kang,
Gruber, & Grey, 2014), which may lead to distinctive downstream consequences. Future work
may explicitly compare these two types of mindfulness in order to test potentially unique and/or
shared mechanisms through which they may promote openness to health messages and
subsequent positive health effects. In addition, future studies may also utilize multiple
mindfulness scales that capture multidimensional qualities of distinctive conceptualizations of
mindfulness to test convergence or divergence of the current findings.

Findings from the present study should be interpreted in the context of the study’s
strengths and limitations, which suggest opportunities for future research. Taken together, our
data demonstrate novel predictors of health communication effects on exercise motivation.
However, several potential boundary conditions would be of interest to address. First,
dispositional mindfulness may be qualitatively different from meditation-oriented mindfulness, a
quality developed through meditation practice (Desbordes & Negi, 2013). Future studies that use
meditation intervention programs to directly test the potentially divergent effects of dispositional
vs. learned mindfulness in the context of health communications are warranted. Second, although
numerous previous studies report that dispositional mindfulness (e.g., MAAS) has strong and
lasting influence on various outcomes (e.g., Barnes et al., 2007; Brown & Ryan, 2003; Jordan et
al., 2014; Murphy et al, 2012; Way et al., 2010), the present longitudinal data may only suggest
predictive validity of the current findings. Therefore, experimental studies are needed to test
whether increasing mindfulness through meditation practice can prospectively reduce the
harmful effect of negative affect and shame. Third, although the current analyses included and

controlled for three potential covariates (baseline exercise minutes, BMI, and depression were
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examined based on their potential associations to mindfulness, affective reactivity, and/or
exercise motivations), other potential covariates that have both been associated with mindfulness
and health outcomes such as trait anxiety (Miller, Fletcher, & Kabat-Zinn, 1995) or stress
(Grossman, Niemann, Schmidt, & Walach, 2004) should be assessed and controlled for in future
studies. In addition, future studies may use objectively measured (vs. self-reported) BMI scores.
Fourth, several types of messages were presented, including those highlighting the risk of
sedentary behavior, benefits of an active lifestyle, and strategies to become more active and less
sedentary. To reduce the possibility that the reported effect is conditional on having multiple
types of messages from the same source, future studies may concentrate on a focal construct in
presenting threat messages. Fifth, daily health messages were delivered to participants via SMS,
but responses were not required. Future studies may elicit SMS feedback from participants to
confirm their receipt and track the changes in exercise outcomes. In addition, self-reported
physical activity was assessed only at T1 and T3, but not T2. Future studies may obtain self-
reported physical activity data more continuously and potentially integrate them with the
accelerometer data. Finally, perceived threat in response to the health messages was not assessed.
Measures of threat perception can be included in future studies to strengthen our understanding
and interpretation of the shown effect.

Future research using multiple methods for assessing physical activity may also help
reconcile selective effects of mindfulness on self-reports of vigorous physical activity.
Dispositional mindfulness did not significantly predict changes in self-reported moderate activity
or daily physical activity as measured by accelerometer. It is possible that the wrist-worn
accelerometers employed in this study may not have been sensitive enough to capture certain

vigorous activities such as bicycling. Indeed, self-reported vigorous recreational activity which
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included bicycling was significantly associated with mindfulness (p=.024), but this may have not
been reflected in the accelerometer data. It is also possible that mindfulness was associated with
participants’ perceptions of their physical activity, but less to measurable, physical changes.
Another possibility is that our primary, proximal theoretical outcome (exercise motivation) may
relate to behavior change beyond the one-month timescale that we measured. In addition, given
the modest effect size of mindfulness predicting exercise outcomes, future studies may use
longer-term longitudinal designs and incorporate more comprehensive measures of physical
activity to further examine the magnitude and duration of effects. Nevertheless, the current
research offers evidence that dispositional mindfulness should be carefully considered in future
health intervention strategies, with different approaches potentially exerting more powerful

effects for those beginning at different levels of mindfulness.

Supplemental Material Captions

Supplemental Material 1. A complete list of health messages used in the health message
intervention

Supplemental Material 2. A complete list of survey measures used in the current study
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Supplemental Material 1. Stimuli from the Health Messages Task

Sedentary Why

1. Imagine what you'd fill your time with if you watched less TV.
People get more checked off their to-do lists when they don't watch TV
- imagine how good that would feel.

2. The more you sit, the more damage it does to your body.
When you sit for long periods of time, your body can't handle sugar and fat
- this can mean higher risk for disease.

3. Sitting for a long time can make you sore and tired.
After you've sat for an hour, notice how your body feels - then, stand up and
notice any changes you feel.

4. You might inspire others by moving more and sitting less.
It might be hard at first - to turn off the TV or to stand during meetings
- but after a while, others will thank you.

5. The more you get off your seat, the better your chances of having a healthier
body for longer. Having a healthier body means less worry, pills, and doctor's
appointments, and more time and energy to enjoy life.

6. A lack of activity can be linked to a shorter life.
By sitting less, you can help make sure you live longer
- to enjoy the things that mean the most to you in life.
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7. People who sit less are at lower risk for certain diseases.
People who sit less are less likely to have diabetes, and heart disease than
people who are more active.

8. People who sit less have an easier time controlling their weight.
You don't need to turn into an athlete or join a gym - even sitting less
throughout the day can make a difference.
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9. Sitting less can mean you have more energy to get you through your day. aw’, e

Getting off your seat helps get oxygen to your heart, lungs, and veins
- your body feels better when it works better.
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10. Sitting less over time might mean fewer pills.
When you sit less your body is better at lowering bad cholesterol,
blood pressure, and blood sugar.
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Supplemental Material 1. Stimuli from the Health Messages Task

Sedentary How

1.

10.

When you've sat for an hour, try going for a 5 minute walk.

Take a walk around the block, go upstairs and come back down, or walk the halls.

After an hour of sitting, try standing for 5 minutes.
Stand up while you read, watch TV, talk on the phone, fold laundry,
or write an email.

When you go to the bathroom or get a drink, take the long way.
Walk to a bathroom that's farther away - for example, on a different floor.

After you've been still for a while, try to stand up and stretch.
Stretch everything you can think of - arms, legs, neck, shoulders, back,
and ankles.

Go talk to someone instead of emailing or calling.
Instead of calling within your office, walk to where they are and talk to them

Think of activities you can do while you're on the phone.
While you're chatting on the phone, walk around, twist, stretch, or do
deep knee bends.

Move more while you watch TV or watch less.
Exchange a portion of your TV watching for something more active
- like going for a walk.

You might be able to make inactive hobbies more active.
Try standing, moving around, or sitting on a yoga ball while you do your hobbies
or watch TV.

Make the time you spend with family more active.
Instead of sitting while you catch up with family, go for a walk while you chat.

Depending on how you do it, yard work can get you moving.
Instead of using a leaf blower, raking your leaves the old fashioned way to
move around more.
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LB LG I



Supplemental Material 1. Stimuli from the Health Messages Task

Active Why

1.

10.

Being more active can help with back pain.
More active people are stronger and have better posture, which helps
manage and prevent back pain.

Being more active gives you a chance to learn how to do new things.
It takes about 3 weeks for your brain to get used to new physical skills
- but after that, it's a lot easier.

Activity can help you feel more alert, positive, and energetic.
Physical activity helps your brain make chemicals that relax you, even
after you're done working out.

You can feel proud when you reach your goals.
Being active feels good, gives you more energy, and makes you feel
better about yourself.

Getting more activity can help you sleep better at night.
People who are active have an easier time falling asleep and staying asleep
- they feel more rested in the morning.

Physical activity can sometimes help people's sex lives.
People who are active can get aroused more easily and may be able to stay
aroused for longer periods of time.

If you find something you like, exercise can be fun.
Being active can help you connect with other people in fun, social
settings - like a class, a team, or with friends.

Being more active helps build muscle.
Being stronger makes it easier to do everyday things and might help you
feel more powerful in life.

Physical activity helps you live better as you grow older.
Staying active will help you reach, bend, carry, and move more easily,
so you can continue doing things you like to do.

Exercise can help you deal with stress.
Being active can give you a mental break from what's troubling you,
take a step back and make time for yourself.
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Active How

1.

10.

The best parking spots are the ones that are farther away.
Choose the last row of a parking lot or the top floor so you have farther
to walk.

Stairs are a great way to get more active.
Take the stairs instead of the elevator whenever you can.

Think of ways to squeeze in a little bit more walking or biking.
Think about the places you go often and see if they're close enough
to walk or bike.

You can add some more steps by choosing different bus stops.
Get off the bus a stop or two earlier and walk the rest of the way.

Taking longer to do certain things can help you become more active.
Carry laundry in small armfuls or groceries one bag at a time, so you
take more steps

Dancing is a great activity, even if you don't know how.
Pick your favorite music, and just start dancing - it doesn't have to
look good as long as you're moving.

Some types of entertainment are more active than others.
Bowling, roller skating, swimming, and ice skating are good things to
do from time to time.

You might be able to include more activity into your weekends.
Visit places where you walk a lot - like the store, the mall, a park, or
museum.

Yard work can be good exercise.
Get active in the yard- shoveling, raking, gardening, or mowing can
help you get more exercise.

Doing work around your house can get you moving.
Put on some music while you tidy, do dishes, or dust, and dance
around while you're working.
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Control Why (relevant only to fMRI analysis)

1. Balance your checkbook and check your bank account for errors.
Keeping track of your checkbook helps you find errors or spot people
misusing your account.

2. Using email folders will help you work more efficiently.
Sorting messages reduces search time and helps you track conversations.

3. It'sillegal and dangerous not to wear your seatbelt.
Wearing your seatbelt sets a good example and might save you from
getting a ticket.

4. Taking short breaks can improve your work efficiency.
Leaving work behind for a few minutes will help you focus better when
you are at work.

5. Sun screen protects your skin from serious damage.
Skin which is often exposed to the sun ages more quickly and looks
wrinkled and damaged.

s

6. Eating at home saves money and can be healthier.
Cooking at home is a lot cheaper than eating out - even if you're making a
fancy meal for a special event.

7. Reading the newspaper makes you better informed and able to engage in
conversation.
Reading the newspaper helps you stay up to date on what's going on in the
world - whether in your area or far away.

8. Be mindful in everything you do, both at work and at home.
Being mindful at work could make work more interesting. It can also help
you find things about your work to enjoy.

9. Candle light produces a relaxed and cozy atmosphere in your home.
Lighting candles can make your house or room feel special - whether it's
for special events or for special people.

10. Turn off the lights when you leave a room.
Turning off lights when you leave a room saves money on your bills and is
better for the earth.
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Supplemental Material 1. Stimuli from the Health Messages Task

Control How (relevant only to fMRI analysis)

1.

10.

Try making your bed every day.
Put less stuff on your bed - the less you have to deal with, the more likely
you'll be to make it each day.

Try keeping your desk or counter less cluttered.
Spend 5 minutes at the start and end of the day sorting through the items
on your desk or counter.

Let calls go to voicemail during family time.
Turn off your phone and leave it in another room before you sit down for
dinner with your family.

Recycle everything your community will allow.
Get a recycling bin that's easy to store and use it in your kitchen.

Use more coupons when you shop.
Sign up for email lists from your favorite stores - that way, coupons will be
sent to you.

Try to turn off lights when you leave a room.
As you leave a room stop and look back to see if the lights are still on, and
if they are, flip the switch.

Write letters to someone you love.
Have paper and envelopes on hand. Try drawing doodles that you think
the person will like.

Grow a vegetable garden.
You can buy seeds, or actual plants from the farmer's markets - or you can
save seeds from vegetables and plant them.

Set an example by never littering.
When you have trash on the go, wait until you find a bin to toss it, and
encourage others to do the same.

Keep special photos where you can see them.
Put photos of fun events and people you love in places you can see often.
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Supplemental Material 1. Stimuli from the Health Messages Task

Risk Messages

1.

10.

11.

12.

13.

14.

15.

16.

Doctors have called physical inactivity "the biggest public health problem of the 21st
century."

According to the American Heart Association, people at your level of physical inactivity
are at much higher risk for developing heart disease.

A sedentary lifestyle increases the risk of developing diabetes, hypertension, colon
cancer, depression and anxiety, obesity, and weak muscles and bones.

Being inactive puts you at risk for health problems related to lack of exercise.
On average, physically active people outlive those who are inactive.
Physical inactivity affects at least 20 of the most deadly chronic disorders.

Sitting for extended periods of time without breaks to move around does significant
damage to your health.

Each hour spent sitting watching TV is linked to an 18% increase in the risk of dying
from cardiovascular disease.

Sitting for several hours each day is bad for you, like smoking is bad for you, regardless
of whether you do healthful activities, too.

The less you move, the less blood sugar your body uses, which causes health problems.

Research shows that for every two hours spent on your backside per day, your chance
of getting diabetes goes up by 14%.

People who don't do regular physical activity are more likely to become depressed.

Bones, like muscles, require regular exercise to maintain their mineral content and
strength.

Bone loss progresses much faster in people who are physically inactive.
People die from physical inactivity.

Sedentary lifestyles are one of the ten leading causes of death and disability in the
world.



Supplemental Material 2. Measures

1. Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961).
2. Behavioral Inhibition System/Behavioral Activation System (BIS/BAS; Carver & White,
1994)

3. Behavioural Regulation Exercise Questionnaire-version 2 (BREQ-2)

4. Demographic Information Questionnaire

5. Health Attitudes Questionnaire (modified from Fishbein, Triandis, Kanfer, Becker, &
Middlestadt, 2001)

6. International Physical Activity Questionnaire (IPAQ); Craig et al., 2003)

7. Interpersonal Reactivity Index (IRI; Davis, 1983))

8. Mindful Attention Awareness Scale (MAAS; Brown & Ryan, 2003)

9. Positive and Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 1988)

10. RAND-36: Measure of Health Related Quality of Life (Hays & Morales, 2001)

11. Self-Efficacy for diet & exercise (Sallis; Sallis et al., 1988)

12. Social Connectedness and Social Assurance Scale

13. Social Support Survey

14. Treatment Self Regulation Questionnaire (TSRQ)

15. Socioeconomic Status (SES) Ladder

16. The Barratt Impulsiveness Scale (BIS-11; Patton et al., 1995)



