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ABSTRACT

Anxiety disorders are the most common mental disorders in the U.S. and rates
have been steadily increasing in young adults (18-25 years old). Anxiety sensitivity (AS)
Is a transdiagnostic risk factor that can be modified through intervention. Exercise has
been shown to be an effective treatment for AS, but how exercise leads to these changes
in AS remains unknown. Thus, the purpose of this study was to examine whether
cognitive reappraisal is a mechanism that explains exercise induced changes in AS. Using
a randomized within-subjects crossover design in a sample of 27 college-aged females
with elevated AS, measures of reappraisal and AS were assessed before and after 20-min
of either an acute bout of moderate intensity aerobic exercise or a cognitively engaging
control condition during two separate, counterbalanced sessions. A computer-based
electroencephalogram (EEG) reappraisal task was used to assess reappraisal, which was
indexed by the late-positive potential (LPP) amplitude. Contrary to expectations, results
showed a significant increase in LPP amplitude for reappraisal trials after the exercise
intervention compared to the control. Interestingly, however, results showed a significant
decrease in LPP amplitude while participants passively viewed anxiety-related images
following exercise compared to the control. No significant changes in AS were observed
in either group. Thus, the results confirm that an acute bout of aerobic exercise leads to
changes in purported mechanisms of action in AS — namely, increased cognitive
reappraisal and decreased emotional reactivity — despite the lack of immediate reductions

in self-reported AS symptom.
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Introduction

Anxiety disorders affect 19.1% of the population yearly, making them the most
common psychiatric disorders (National Alliance on Mental Illness, n.d.). Anxiety has
been steadily increasing in all U.S. adults, with a particularly rapid increase occurring in
the young adult population (ages 18-25; Goodwin et al., 2020). Anxiety sensitivity (AS),
defined as the fear of experiencing arousal related body sensations based on catastrophic
beliefs that these sensations could be dangerous (Reiss et al., 1986), has been identified
as a key transdiagnostic risk and maintenance factor for anxiety pathology (Schmidt et
al., 2010; Boswell et al., 2013; Blakey et al., 2017; Baek et al., 2019; Ojalehto et al.,
2021; Warren et al., 2021). Importantly, AS is malleable and thus has been a focus of
treatment research in recent years. In particular, several studies have examined the effects
of exercise interventions on AS, showing positive effects with just brief, acute bouts of
aerobic exercise (Broman-Fulks et al., 2015; LeBouthillier & Asmundson, 2015; Mason
& Asmundson, 2018). However, little research has explored the mechanisms involved in
exercise’s salutary effects on AS. The current study investigates whether cognitive
reappraisal might be a mechanism whereby exercise improves AS, using a combined self-
report and EEG approach.

Several biological and psychological theories have been proposed to explain the
mechanisms involved in exercise’s effects on anxiety. One theory that has gained
continuous support is that exercise promotes cognitive reappraisal, or the ability to
change the salience and meaning of a stimulus, through interoceptive exposure.
Interoceptive exposure involves exposing an individual to their fears (e.g., increased heart

rate) to induce anxiety and challenge catastrophic beliefs (increased heart rate = heart



attack) in a safe situation where they can learn that anxiety symptoms naturally decrease
and feared outcomes do not occur (e.g., increased heart rate # heart attack). Catastrophic
or threat appraisals of physiological sensations (e.g., increased heart rate = heart attack)
are a core aspect of AS, and research has shown that modifying these appraisals is critical
to reducing AS (Kashdan et al., 2008; Hilchey & Clark, 2014). Interoceptive exposure is
a common evidence-based technique for modifying appraisals of physiological sensations
and is a recommended therapeutic treatment technique for AS (Taylor, 2019).

Exercise is a unique method to reduce AS because unlike other exposure-based
techniques for anxiety (e.g., breathing through a straw (induces shortness of breath) or
spinning in a chair (induced dizziness)), exercise can induce several physiological
sensations simultaneously (e.g., sweating, shortness of breathing, increased heart rate,
etc.). Several studies have demonstrated exercise’s efficacy as an interoceptive exposure.
Important to the aims of the current project, research has shown that exercise, both
chronic and acute bouts, can reduce AS (Stathopoulou et al., 2006; Smits et al., 2008;
LeBouthillier & Asmundson, 2015; Sabourin et al., 2016; Mason & Asmundson, 2018;
Plag et al., 2019; O’Neill & Dogra, 2020), presumably because it may function as an
interoceptive exposure that induces feared physiological sensations (e.g., increased heart
rate, sweating, etc.; Sabourin et al., 2015; Bischoff et al., 2018). Further, exercise is
recommended as a naturalistic exposure for individuals with high AS, which refers to
exposure to daily tasks or activities that have been avoided or endured with dread because
of the associated sensations (Craske & Barlow, 1993). Thus, exercise and related
interoceptive exposures can induce a learning process whereby physiologic sensations are

reappraised as less threatening in individuals with high AS.



While research has investigated the efficacy of exercise for reducing anxiety and
transdiagnostic factors, such as AS, studies directly testing whether reappraisal might
serve as a mechanism in reducing AS are lacking. One way to evaluate mechanisms of
interventions like exercise is through event-related potentials (ERPS), signals derived
from human EEG that assess how people react to specific stimuli with millisecond
precision. One ERP used to assess appraisals of threatening stimuli is the late positive
potential (LPP), an ERP component that is associated with emotional reactivity and
arousal (Hajcak & Foti, 2020; Hajcak et al., 2010; MacNamara et al., 2022). The LPP has
been used in prior studies of anxiety and reappraisal processes. For example, Allan et al.
(2019) found that the LPP to AS-related images was larger in females who reported
greater AS symptoms. Moreover, the amplitude of the LPP is sensitive to the appraisal of
emotional stimuli such that more threatening appraisals are associated with larger LPPs
and less threatening appraisals are associated with smaller LPPs (for a review see
MacNamara et al., 2022). Specifically, when people are instructed to view negative
images from a more immersed or personal perspective, the LPP amplitude is increased
(Moser et al., 2009) whereas when people are instructed to view images from a more
distanced or impersonal perspective the LPP amplitude is decreased (Qi et al., 2017).
Further, habitual reappraisal is associated with reduced LPP amplitude to negative images
(Moser et al., 2014), even in the absence of explicit emotion regulation instructions
(Harrison & Chassy, 2017). Thus, the LPP is an ideal index to use to examine the effects
of exercise on appraisal processes in AS.

Therefore, the primary aim of this study was to examine cognitive reappraisal as a

mechanism of change following exercise for people with elevated AS. This study utilized



an acute bout of exercise paradigm to directly test whether exercise leads to increased
reappraisal of anxiety-related stimuli in individuals with elevated AS. Importantly, the
use of ERP data, specifically the LPP, allows for the direct testing of the reappraisal
mechanism, a mechanism that has yet to be examined in the exercise and AS literature.
We hypothesized that exercise is a form of interoceptive exposure that will lead
individuals with elevated AS to reappraise threatening stimuli more effectively.
Successful reappraisal will be operationalized as a decrease in LPP amplitude to anxiety-
related images during reappraisal trials. We predicted there would be a decrease in this
reappraisal modulated LPP amplitude from pre-intervention to post-intervention
timepoints in the exercise condition, but not the control condition. Second, we predicted
significant reductions in self-report scores of AS in the exercise group but not the control
condition. As an exploratory aim, we predicted that reappraisal success, as measured by

the LPP, would mediate the positive effect of exercise on AS.



Method
Participants

Analyses were conducted on a sample of 27 college-aged females (mean age: 19.59
+ 1.60, 27 female) from Michigan State University. Participants were recruited via flyer
advertisements posted in the community and on social media platforms (Facebook and
Snapchat) as well as Michigan State University’s Psychology research participant pool.
The screening battery consisted of 1) the Physical Activity Readiness Questionnaire
(Thomas et al., 2007) to assess physical health and ensure it was safe for each individual
to participate in exercise, 2) the Anxiety Sensitivity Index-3 (Taylor et al., 2007) to assess
levels of anxiety sensitivity, and 3) the Godin Leisure-Time Physical Activity
Questionnaire (GLTPAQ: Godin, 2011) to assess self-reported activity levels of each
prospective participant. To be enrolled in the study, participants had to score a 23 or
greater on the Anxiety Sensitivity Index-3. The cut-off score of 23 was selected based on
recent research that individuals with scores at or above 23 on the ASI-3 are classified as
having elevated anxiety sensitivity (Allan et al., 2014a, 2014b). Moreover, participants
were included if they denied all items on the PAR-Q, indicating they were healthy to
engage in exercise. Finally, the GLTPAQ was used to determine self-reported physical
activity. Those with a score of 85 or lower, indicating they did not engage in significant
exercise, were included in the study. An original sample of 49 participants were recruited
and completed both sessions at the time of analyses. However, only individuals who had
enough EEG data for all 4 time points were included in the study. Timepoints were
excluded if: 1) they had too many electrodes removed during pre-processing to be able to
run proper analyses, and 2) if 5 or more reappraise negative or view negative trials were

removed during pre-processing during any of the 4 time points. All experimental



protocols were approved by the Institution Review Board at Michigan State University
and all methods were carried out in accordance with those protocols and relevant
guidelines and regulations regarding the use of human subjects. Demographic data is
provided in Table 1.
Measures

Anxiety Sensitivity Index-3 (ASI-3; Taylor et al., 2007) is a validated 18-item
measure that is used in both athlete and non-athlete populations to assess levels of anxiety
sensitivity. There are 3 subscales: Physical Concerns, Cognitive Concerns, and Social
Concerns. Each subscale has 6 questions that correspond to each scale. The Physical
Concerns subscale includes questions that assess somatic sensations such as “When my
stomach is upset, I worry that I might be seriously ilI” and “It scares me when my heart
beats rapidly.” The Cognitive Concerns subscale includes questions that assess one’s
beliefs about cognitive related experiences, such as “When I feel ‘spacey’ or spaced out I
worry that I may be mentally ill”” and “When I have trouble thinking clearly, | worry that
there is something wrong with me.” The Social Concerns subscale assesses one’s beliefs
about social situations and includes items such as “When I begin to sweat in a social
situation, I fear people will think negatively of me” and “When I tremble in the presence
of others, I fear what people might think of me.” Total scores range from 0 to 72 with
each question having 5 answer options that range in value from 0 (Very Little) to 4 (Very
Much). Scores are calculated by summing all 18 items with higher scores indicating
higher anxiety sensitivity. This measure has been shown to be reliable and valid in adult

populations (Taylor et al., 2007; Kemper et al., 2011; Jardin et al., 2018).



Stimuli

Neutral images were taken from the International Affective Picture System
(IAPS; Center for the Study of Emotion and Attention, 1999; pictures used: 5510, 6150,
7002,7003, 7004, 7009, 7017, 7021, 7025, 7026, 7035, 7041, 7052, 7055, 7056, 7059,
7080, 7100, 7150, 7160, 7211, 7235,7700, 7950). The neutral images consisted of
everyday household items. AS-related images included images that related to one of the
three AS subscales and were taken directly from Allan et al., (2019). Images relating to
the physical concerns subscale included scenes of individuals experiencing physical
symptoms of anxiety (i.e., man with his hand on his chest as if he were having a heart
attack). Images related to the social concerns subscale included scenes of individuals with
observable symptoms of anxiety (i.e., man sweating in public in the absence of exercise).
Images relating to the cognitive concerns subscale included scene of individuals who
appeared to be unable to control their thoughts or experiencing cognitive dyscontrol (i.e.,
woman yelling while holding her head in her hands). Participants viewed 24 AS-related
images and 24 neutral images.
Reappraisal Task

For the reappraisal task, participants viewed AS-related images and neutral
images and were prompted to either passively view the images or reappraise the images
(see Moser et al., 2014 for similar methods). For the passive viewing conditions,
participants saw the prompt “View Negative” for AS-related images or “View Neutral”
for neutral images. During these trials, participants were instructed to simply view the
images and allow any emotions to arise without trying to change them. Neutral stimuli

were primarily included so as to reduce habituation to the AS-related images, as well as



provide a break from the AS-related content. For the reappraisal trials (AS-related
images only), participants saw the prompt “Reappraise Negative” and were instructed to
view the image acknowledging that the reactions they were having would pass and that
they would be alright. These instructions explicitly told the participants that they were not
instructed what to feel, but rather provide instructions on how to think about the images.
Further, participants were instructed to minimize their movement and to put their full
attention on the screen for the duration of each trial. There were no reappraisal trials for
neutral stimuli as is typical for reappraisal research (e.g., Moser et al., 2014) because
changing reactions to stimuli that evoke no emotion is generally considered confusing or
irrelevant. Full reappraisal task instructions can be found in Appendix A.
ERP Recording

EEG activity was recorded from 64 electrode sites (Fpz, Fz, FCz, Cz, CPz, Pz, POz,
Oz, Fpl/2, F7/5/3/1/2/4/6/8, FT7/8, FC3/1/2/4, T7/8, C5/3/1/2/4/6, M1/2, TP7/8, CB1/2,
P7/5/3/1/2/4/6/8, O1/2) arranged in an extended montage based on the International 10-
10 system (Chatrian et al., 1985) using a Neuroscan Quik-Cap (Compumedics, Inc.,
Charlotte, NC). Recordings were referenced to averaged mastoids (M1, M2), with AFz
serving as the ground electrode. Additional electrodes were placed above and below the
left orbit and on the outer canthus of both eyes to monitor electrooculographic (EOG)
activity with a bipolar recording. Continuous data were digitized at a sampling rate of
1000 Hz and amplified 500 times with a DC to 70 Hz filter using a Neuroscan SynAmps
RT Amplifier. The EEG data was then imported into EEGLAB (Delorme & Makeig,
2004) and prepared for temporal ICA decomposition. Data more than 2 s prior to the first

event marker and 2 s after the final event marker were removed to restrict computation of



ICA components to task-related activity. The continuous data was filtered using a 0.05
Hz high-pass 2" order Butterworth IR filter to remove slow drifts (Pontifex, Gwizdala,
et al., 2017), and the mastoids electrodes were removed prior to ICA decomposition. ICA
decomposition was performed using the extended infomax algorithm to extract sub-
Gaussian components using the default settings called in the MATLAB implementation
of this function in EEGLAB with the block size heuristic (floor[sgrt(EEG.pnts/3)]) drawn
from MNE-Python (Gramfort et al., 2013). Following the ICA decomposition, the
eyeblink artifact components were identified using the icablinkmetrics function (Pontifex,
Miskovic, et al., 2017) and the EEG data was reconstructed without the eyeblink artifact.
Following removal of the eye blink components, stimulus-locked epochs were
created from —3,000 to 6,000 ms around the image, baseline corrected using the -500 to 0
ms pre-stimulus period and filtered using a zero phase shift low-pass filter at 30 Hz.
Trials with artifact exceeding £100 uV were rejected. To ensure the integrity of the
signal, stimulus-locked epochs were visually inspected blind to the experimental
condition and time point prior to computing mean waveforms. Following visual
inspection, the mean number of trials included in the waveforms was 23.9 + 0.3 trials for
view-neutral trials, 12.0 + 1.0 trials for view-negative trials, and 12.0 + 1.0 trials for
reappraise-negative trials. Given the well-established nature of the LPP elicited in
response to this task, a nine-channel region-of-interest centering around the topographic
maxima of the LPP (i.e., the CP1/Z/2, P1/Z/2, PO3/Z/4 electrodes) was created. LPP
amplitude was evaluated from these regions of interest on view-neutral, view-negative,
and reappraise-negative trials as the mean amplitude within a 400 to 700 ms, 700 to 1000

ms, and 1000 to 6000 ms window following the onset of the image.



Procedure

Using a within-participants design, participants came to the Health Behaviors and
Cognition Laboratory at Michigan State University on two separate days to complete
their sessions. On the first day, participants complete the informed consent and put on a
Bluetooth heart rate sensor (Mio Link®, Mio Global, Canada). While their EEG cap was
being fitted and prepped, participants completed a demographics questionnaire and a pre-
intervention battery that included the ASI-3 and State-Trait Anxiety Inventory-State
(STAI-S).

After completing the questionnaires and fitting the EEG cap, the participants
completed the reappraisal task. Then, participants were randomly assigned to one of two
session orders (day 1: sitting, day 2: exercise; or day 1: exercise, day 2: sitting) with each
intervention (exercise/sitting) lasting 20 minutes. During each session, participants
watched 20 minutes of a neutral video to reduce their attention to non-exercise related
stimuli. Heart rate was recorded every two minutes during the exercise session using a
Bluetooth heart rate sensor along with OMNI ratings of perceived exertion (RPE; 0 = no
exertion — 10 = maximal exertion) (Robertson et al., 2000) and ratings of affect (-5 =
Awful — 5 = Great). After the session, participants completed the reappraisal task and
completed a post-intervention survey that consisted of the ASI-3 and STAI-S. (See
Figure 1).

Statistical Analysis
All data analyses were performed in R Version 4 (R Core Team, 2019) utilizing a
familywise alpha level of p = 0.05. To assess the effects of exercise on reappraisal, the

difference in LPP amplitude between reappraise-negative and view-negative trials was
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examined using a 2 (Mode: control, exercise) x 2 (Time: pretest, posttest) x 3 (Window:
400, 700, 1000) univariate repeated measures multi-level model including the random
intercept for Partid. A similar analysis was then conducted to assess the effects of
exercise on emotional reactivity using the difference in LPP amplitude between view-
negative and view-neutral trials. Analyses were conducted using the Ime4 (Bates et al.,
2023), ImerTest (Kuznetsova et al., 2020), MuMIn (Barton, 2023), emmeans (Lenth et
al., 2024), and Rmimic (Pontifex, 2024) packages in R version 4.3.2.

The multi-level model analyses were performed using the Rmimic (Pontifex, 2020)
package which provides a standardized implementation wrapper and automated post-hoc
decompositions utilizing the Ime4 (Bates et al., 2015), ImerTest (Kuznetsova et al.,
2017), and emmeans (Lenth et al., 2017) packages in R with Kenward-Roger degrees of
freedom approximations and Benjamini-Hochberg false discovery rate control = 0.05 for
post-hoc decompositions. Cohen’s f2 and d with 95% confidence intervals were
computed as standardized measures of effect size, using appropriate variance corrections
for within-subject (drm) comparisons (Lakens, 2013).

Given a sample size of 27 participants and beta of 0.20 (i.e., 80% power), the present
research design theoretically had sufficient sensitivity to detect conventional t-test
differences exceeding d = .49 (with a two-sided alpha) as computed using G*Power 3.1.2

(Faul et al., 2007).
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Results

The racial and ethnic distribution of the sample was: 0 (0%) American Indian or
Alaska Native, 1 (3.70%) Asian, 1 (3.70%) Black or African American, 1 (3.70%)
Hispanic or Latino (Non-White), 0 (0%) Native Hawaiian or Other Pacific Islander, 23
(85.20%) White or Caucasian, 1 (3.70%) biracial or of other ethnicities.

LPP Data
Exercise on Reappraisal LPP

Analyses revealed an interaction of Mode x Time, F(1, 285) = 9.0, p = 0.003, f*=
0.64 [95% Cl: 0.17 to 1.71].

Post-hoc decomposition of the Mode x Time interaction was conducted by
examining the effect of Time within each Mode. In line with our hypothesis, no
significant differences were observed between Posttest (0.2 + 3.2) and Pretest (0.7 + 2.4);
t(285) = 0.9, p = 0.38, d., = 0.25 [95% CI: -0.31 to 0.81] LPP amplitudes in the control
condition. Contrary to our hypothesis, a significant increase, rather than decrease, in LPP
amplitude was observed between Posttest (1.8 = 7.6) and Pretest (-0.5 £+ 3.3) in the
exercise condition; t(285) = 3.4, p < 0.001, d.,, = 0.98 [95% CI: 0.40 to 1.56]. (See Figure
3).

Secondary post-hoc decomposition of the Mode x Time interaction was conducted
by examining the effect of Mode within each Time. For Pretest: No significant
differences were observed between Control (0.7 + 2.4) and Exercise (-0.5 * 3.3); t(285) =
1.8, p=0.071, d,., = 0.58 [95% CI: -0.05 to 1.22]. For Posttest: The difference between
Control (0.2 + 3.2) and Exercise (1.8 + 7.6) was statistically significant; t(285) =2.4,p =

0.016, d., = 0.56 [95% CI: 0.11 to 1.01].
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Exploratory Analysis: Exercise on Emotional Reactivity LPP

There was an interaction of Mode x Time, F(1, 285) = 9.6, p = 0.002, /2= 0.21
[95% CI: 0.0 to 0.64]. Post-hoc decomposition of the Mode x Time interaction was
conducted by examining the effect of Time within each Mode. For Control: No
significant differences were observed between Posttest (1.8 + 3.0) and Pretest (2.4 = 2.5);
t(285) = 1.2, p=0.24, d.,, = 0.20 [95% CI: -0.13 to 0.53]. For Exercise: The difference
between Posttest (-0.5 = 6.1) and Pretest (2.4 + 2.8) was statistically significant; t(285) =
5.6, p <0.001, d.,, = 1.45 [95% CI: 0.93 to 1.98]. Secondary post-hoc decomposition of
the Mode x Time interaction was conducted by examining the effect of Mode within each
Time. For Pretest: No significant differences were observed between Control (2.4 £ 2.5)
and Exercise (2.4 £ 2.8); t(285) = 0.1, p=0.9, d.., = 0.02 [95% CI: -0.38 to 0.42]. For
Posttest: The difference between Control (1.8 + 3.0) and Exercise (-0.5 + 6.1) was
statistically significant; t(285) = 4.3, p <0.001, d,,, = 0.97 [95% CI: 0.52 to 1.42]. (See
Figure 3).
Mediation Analysis

Mediation analyses were conducted using the mediation (Tingley et al., 2014) and
Rmimic (Pontifex, 2024) packages in R version 4.3.2. (See Figure 2 for the full mediation
model).

Unstandardized indirect effects were computed using 1000 quasi-Bayesian
approximation-based samples. The relationship between Condition and ASI-3 was not
mediated by reappraisal (Proportion Mediated = 1.7% [95% CI: -250.7% to 201.5%];
Average Causal Mediation Effect =-0.08 [95% CI: -0.99 to 0.77], p = 0.9; Average

Direct Effect =-0.82 [95% CI: -3.49 to 1.83], p = 0.53).Thus, the results do not support
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our hypothesis that reappraisal would mediate the relationship between exercise and
changes in AS.
Self-Report Measures

ANOVA and t-tests were conducted using IBM SPSS Statistics (Version 28). Full
descriptives for the self-report repeated measures variables can be found in Table 2.
Anxiety Sensitivity

To examine changes in AS based on Mode, a 2(Time: Pretest vs. Posttest) x 2(Mode:
Exercise vs. Control) repeated measures ANOV A was conducted using IBM SPSS
Statistics (Version 28). A significant main effect of Mode was observed F(1, 26) = 7.677,
p =.010, np 2 = .228 on self-reported scores of AS (ASI-3). ASI-3 scores were lower in
the exercise group irrespective of time-point. There was not a significant main effect of
time F(1, 26) = .274, p = .605, #p 2 = .010 or a condition by time interaction F(1, 26) =
441, p =.512,np 2 =.017. Thus, our hypothesis that significant reductions in AS scores
would be observed in the exercise group but not the control group was not supported.
Manipulation checks

To confirm that we achieved a moderate intensity workout with our exercise
intervention, two independent samples t-tests were conducted using IBM SPSS Statistics
(Version 28) examining ratings of perceived exertion (RPE) and heart rate (HR). There
were significant differences in HR t(52) = -16.13, p <.001, d =-4.39, [95% CI: -5.38 t0 -
1.38] and RPE t(52) = -5.51, p <.001, d = 1.44, [95% CI: -2.95 to -1.38] between the
exercise and control groups. This demonstrates that the exercise group provided
participants with higher physiological activation and required greater physical exertion

than the control group. No differences in self-report ratings of affect were observed
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between groups t(52) = -.264, p =.793, d = -.072, [95% CI: -.605 to .462]. See Table 3

for full descriptives.
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Discussion

The primary aim of this study was to directly examine whether reappraisal is a
mechanism of change for exercise induced changes in AS in individuals with elevated
AS. Reappraisal success was determined by changes in LPP amplitude on reappraise
negative trials compared to view negative trials. Contrary to our hypothesis, mean
differences in LPP amplitudes to negative stimuli on reappraise trials were larger in the
exercise condition than in the control condition. Thus, these results do not support our
second hypothesis that exercise would lead to greater reductions in AS scores than the
control. Further, reappraisal did not mediate the relationship between exercise and
changes in AS scores. In an exploratory analysis, we did find that the LPP to negative
versus neutral images during passive viewing was reduced following exercise compared
to the control session.

Our first hypothesis that exercise is a form of interoceptive exposure that will lead
individuals with elevated AS to reappraise threatening stimuli more effectively resulting
in reduced LPP was not supported. Unexpectedly, the reappraisal LPP (i.e., reappraise
negative — view negative) increased following exercise compared to the control session.
Despite being unexpected, this finding is in line with other studies of anxiety that have
shown an enlargement of the LPP following a successful course of cognitive behavioral
therapy (Leutgeb et al., 2009; 2012; Moser et al., 2014). The authors attribute this
potentiation of the LPP to an increase in engagement with the stimuli —i.e., reduced
avoidance — which is undergirded by research demonstrating that the LPP is a measure of
engagement with emotionally relevant stimuli (Hajcak & Foti, 2020). That is, it may be

that following exercise, participants high in AS are better able to think differently about
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the stimuli in a less threatening way because they engage more strongly with the stimuli,
allowing for greater reappraisal. Interestingly, we also found that the LPP to view
negative trials decreases following exercise compared to the control condition. This
finding is consistent with prior research that found that exercise can reduce emotional
reactivity to negative stimuli as measured by LPP amplitude (Tartar et al., 2018).
Together with the reappraisal LPP results, our data point to the possibility that exercise
both increases cognitive engagement with emotional stimuli to facilitate reappraisal and
decreases natural emotional reactivity.

Another explanation for the increased LPP on reappraise trials may involve
exercise’s effects on cognition. There is extensive support in the literature for a positive
effect of acute exercise on cognition (for reviews see Basso & Suzuki, 2017; Pontifex,
2019), including in individuals with anxiety (Pontifex et al., 2021). Specifically, acute
moderate-intensity aerobic exercise has been shown to free up cognitive resources and
improve working memory (Pontifex et al., 2009; Quelhas Martins et al., 2013). Thus, the
enhanced LPP in the exercise condition may be due to the fact that exercise improved
working memory, which allowed participants to engage more strongly with the stimuli.
This proposed explanation is supported by research demonstrating that exercise can
promote stimulus engagement (Brush et al., 2020; Gomez-Pinilla & Hillman, 2014).

The findings from this study did not support our second hypothesis that exercise
would lead to significant reductions in AS. These findings are inconsistent with prior
research that demonstrated exercise’s efficacy for reducing anxiety sensitivity
(Stathopoulou et al., 2006; Smits et al., 2008; LeBouthillier & Asmundson, 2015;

Sabourin et al., 2016; Mason & Asmundson, 2018; Plag et al., 2019; O’Neill & Dogra,
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2020). The failure to replicate these findings may be due to the fact that that this design
involved a single bout of exercise with no follow-up assessment of AS. Many of the
studies investigating the effects of exercise on AS incorporated repeated bouts of exercise
in their paradigms. However, results from LeBouthillier & Asmundson (2015)
demonstrated a slight reduction in AS following an acute bout of exercise — quite a bit
smaller than the effects of longer exercise programs (e.g., Smits et al., 2008). That said,
LeBouthillier & Asmundson (2015) did find a continued gradual decline in AS a week
out from the exercise session, suggesting that exercise has a delayed effect on AS such
that immediate changes in AS are modest, but long-term reductions occur. Thus, it may
be that if we followed our participants longer, we would observe a “sleeper” effect
several days or weeks later.

There are several limitations that are worth discussing. One limitation is that the
intervention consisted of a single bout of exercise, which means these results do not
generalize to interventions that utilize repeated bouts of exercise. It’s likely that long-
term exercise interventions would have different effects on the psychophysiological and
self-report data. Lastly, the study sample was 100% female and majority White (85.20%).
Thus, these results do not generalize to other sexes or other racial or ethnically
minoritized groups.

Future directions

One area for future research is to examine how exercise impacts the LPP in
individuals who are clinically anxious. The participants in this study had high levels of
AS according to the cutoffs developed by Allan and colleagues (2014a) but did not have

to be diagnosed with an anxiety disorder. Thus, future research should examine the
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effects of exercise interventions on the LPP in individuals with anxiety disorders.
Exercise has been shown to lead to positive changes in anxiety in individuals with
various anxiety disorders (Asmundson et al., 2013). However, there hasn’t been any
research that looks at how exercise may influence the LPP in individuals with these
disorders or changes in the LPP after exercise differ between anxiety disorders. This
research could help determine if the anxiolytic effect of exercise in individuals with these
disorders occurs via the same mechanism or via different mechanisms as those who score
high on anxiety without receiving a diagnosis. This could ultimately aid in the clinical
utility of exercise interventions by providing insight into how best to tailor exercise
interventions based what mechanisms of action should be utilized for a client’s presenting
concerns.

Future research should also look at how long-term exercise programs, rather than
single bouts, impact reappraisal responses using the LPP. A review by Asmundson and
colleagues (2013) recommended that exercise interventions should last at least 10 weeks
to provide meaningful changes in anxiety. Several studies have demonstrated that even
single bouts of exercise can lead to reductions in anxiety (LeBouthillier & Asmundson,
2015; Mason & Asmundson, 2018), but longer exercise interventions can provide greater
reductions (Asmundson et al., 2013). Thus, randomized controlled trials investigating
how exercise impacts the LPP in individuals with anxiety should include longer exercise
intervention paradigms.

Last, various exercise modalities and intensities should be examined when
creating studies that examine exercise’s effect on the LPP in anxious individuals. A large

research base has been established investigating how different intensities and modalities
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impact anxiety. Reviews by Asmundson and colleagues (2013) and Strickland and Smith
(2014) suggest that both aerobic and resistance training modalities, at various intensities,
can lead to reductions in state and trait anxiety. Though there is a substantial and growing
research base investigating exercise modalities and anxiety, there is no research
examining how these interventions influence the LPP in anxious individuals.
Understanding how different exercise modalities influence the LPP could give insights
into how these interventions influence reappraisal and emotional reactivity. Thus, more
research is needed using these exercise interventions, using various modalities and

intensities, and psychophysiological measures, like the LPP.
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Conclusion

The findings from this study demonstrate that acute aerobic exercise can reduce
emotional reactivity to symptom-relevant stimuli in individuals with elevated anxiety
sensitivity as evidenced by significant reductions in LPP amplitude from pre to post
timepoints in the exercise condition but not the control condition. Contrary to the
hypothesis, exercise led to increased LPP amplitude during reappraise trials after exercise
compared to the control. The brief bout of exercise was also insufficient to effect
measurable changes in AS symptoms. Together, the current findings demonstrate that a
brief bout of aerobic exercise induces immediate changes in cognitive and emotional
mechanisms relevant to AS, and in the absence of symptom reduction, point to the
possibility that exercise may act as a “sleeper” on AS through its initial effects on
emotional reactivity and regulation. Given the lack or research in this area, there are
exciting avenues for future studies to examine this possibility in repeated measures

longitudinal designs across a longer course of exercise sessions.
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APPENDIX A: REAPPRAISAL INSTRUCTIONS
View and Reappraisal Instructions

EEG Task Instructions:

“First I will provide you with instructions on how to look at these images.”

View Instructions:

“In this experiment, some images will be preceded by the phrase ‘View Neutral’ or ‘View
Negative’. This indicates you should let yourself respond naturally to the image. Do not
change your natural emotional response; just respond to the image as you naturally

would.

For example, if the image made you feel anxious, you would simply view the image and

allow yourself to experience the anxiety. Do you have any questions so far?
The cue “View Neutral” or “View Negative” will appear prior to certain images to
remind you to respond naturally and not to change your emotional response while

viewing each image.

Remember, the instructions do not tell you what emotions to feel about each image; they

only tell you to react naturally.”

[**Make sure subjects really understand that they are to simply look when given

“View” prompts and not try to control their feelings.**]
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Reappraisal Instructions:
“Some images will be preceded by the phrase “Reappraise Negative.” This indicates that
you should view the image acknowledging that the reactions you are having will pass and

that you will be alright.

For example, if the image made you feel anxious, you acknowledge that your anxiety will

pass and that your feelings will not harm you. Do you have any questions so far?

The cue “Reappraise Negative” will appear prior to some images to remind you to
acknowledge that your reactions will pass and that you will be alright as much as

possible when focusing on what you are feeling in response to viewing each image.

Remember, the instructions do not tell you what emotions to feel about each image; they

’

only tell you how to think about each image.’
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Figure 4.
Grand Average Difference Waveforms (Posttest — Pretest) by Trial Type
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APPENDIX C: TABLES

Table 1.
Sociodemographic Characteristics
M (SD) Range
Age 19.59 (1.60) 18-24
N %
Sex
Female 27 100
Male 0 0
Intersex 0 0
Prefer Not to Answer 0 0
Not Listed (please specify in the box
below) 0 0
Gender
Cisgender 26 96.30
Transgender Man 0 0
Transgender Woman 0 0
Non-Binary 1 3.70
Gender Fluid 0 0
Gender Questioning 0 0
Not Listed (please specify in the box
below) 0 0
Sexuality
Asexual 1 3.70
Bisexual 4 14.81
Lesbian 4 14.81
Heterosexual 14 51.86
Queer 4 14.81
Pansexual 0 0
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Table 1 (cont’d)
Race & Ethnicity

Table 1 (cont’d)

Socioeconomic
Status

African American or Black 1
American Indian or Alaska Native 0
Asian 1
Hispanic or Latino (Non-White) 1
Multiracial 1
Native Hawaiian or Other Pacific Islander 0
White or Caucasian 23
Prefer Not to Answer 0
Not Listed (please specify in the box below) 0
Routinely unable to purchase sufficient food or

other basic necessities 2
Occasionally unable to purchase sufficient food or other
basic necessities 1
Have enough money for the necessities 7
Have more than enough money for necessities and some
luxuries 17

3.70

3.70
3.70
3.70

85.2

741

3.70
25.93

62.96
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Table 2.
Descriptives of Repeated Measures Variables

Exercise Pre Exercise Post  Control Pre Control Post

M + SD M + SD M + SD M + SD
ASI-3 31.37 £12.728 29.71 +12.234 31.63 +14.333 30.57 + 13.843
STAI-S 42.35+8.182 40.08 +8.838 40.33 + 7.603 40.47 + 8.037

ERQ - Reappraisal 27.29 + 6.484 28.27 +8.346 28.20 + 7.743  28.29 + 7.877
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Table 3.
Manipulation Checks

Exercise Control

M + SD M + SD
Average Heart Rate 133.92 + 10.703 79.08 + 14.056
Avera}ge Ratings of Perceived 324 + 1.967 1.08 + 1.600
Exertion
Average Self-Reported 2.63 +1.073 2.55+1.094

Affect
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