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Background: Anxiety sensitivity cognitive concerns (ASCC),
or fear of cognitive dyscontrol sensations, confers risk for
anxiety and mood psychopathology. Recent work demon-
strated that novel perceptual challenges generated by a head
mounted display can elicit fear among those with elevated
ASCC. This suggests that interoceptive exposure to percep-
tual challenges may offer a means to mitigate ASCC. This
study was designed to evaluate whether repeated exposure
to novel perceptual challenges can reduce ASCC, and if these
effects are stronger among those experiencing greater
negative emotionality as a proxy for individuals likely to
present for treatment.
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Methods: Participants with elevated ASCC (N = 57) were
randomized to one of three experimental conditions utilizing
a head-mounted display. In the rotations condition (7 = 20),
participants viewed themselves spinning in a circle. In the
opposite directions condition (r = 20), participants turned
their head while the camera moved in the opposite direction
creating dissonance in their visual field. In the control
condition (1 = 17), participants completed a series of simple
arithmetic problems.

Results: Participants in the rotation condition, relative to
control, reported significant reductions in ASCC from pre-
to post-exposure and these effects were strongest for those
with elevated negative affect. The main effect of the opposite
directions exposure on post-treatment ASCC was non-
significant, but follow-up analyses revealed that reductions
in ASCC were observed among those with elevated negative
affectivity.

Discussion: Perceptual illusion challenges appear to have
utility for reducing ASCC through repeated exposure. There
was evidence for the perceptual illusion exercises, particu-
larly the rotations condition, specifically reducing ASCC,
making this challenge the first we are aware of that
specifically targets ASCC-related concerns.

Limitations: As a proof-of-concept study, the present
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sample was not recruited for clinically-significant psycho-
pathology, and only a brief follow-up was utilized. Future
research should utilize a longer follow-up and test if these
exposures mitigate ASCC-relevant psychopathology among
clinical samples.

Keywords: Anxiety Sensitivity Cognitive Concerns; Exposure
Therapy; Perceptual Illusions

ANXIETY SENSITIVITY (AS) is one of the most well-
researched risk factors for anxiety- and mood-
related psychopathology (Schmidt, Lerew, & Jack-
son, 1997; Schmidt, Zvolensky, & Maner, 2006).
AS is a traitlike construct characterized by the belief
that anxiety- and mood-related bodily sensations
have deleterious cognitive (e.g., “going crazy”),
physical (e.g., having a heart attack), or social (e.g.,
embarrassment) consequences (e.g., cognitive dys-
control; Reiss, Peterson, Gursky, & McNally,
1986) and is believed to contribute to anxiety and
mood psychopathology via a positive feedback
loop in which existing symptomology is amplified
by fears of such symptoms. Although early research
on this construct focused on panic and other
anxiety disorders (e.g., Reiss et al., 1986; Schmidt
et al., 1997; Schmidt, Lerew, & Jackson, 1999),
growing research has also linked AS with posttrau-
matic stress disorder (Taylor, Koch, & McNally,
1992) and major depressive disorder (Olatunji &
Wolitzky-Taylor, 2009). Due to the prominent role
AS plays in numerous disorders, the DSM-S5 officially
recognized AS as a significant transdiagnostic risk
factor in the development of anxiety and mood
disorders (American Psychiatric Association, 2013).

AS cognitive concerns (ASCC), a subfactor of the
broader AS construct, is characterized by the fear of
mental catastrophe associated with sensations like
derealization, depersonalization, racing thoughts,
and one’s mind going blank. An emerging literature
has shown associations between ASCC and suicide-
related thoughts and behaviors (Capron, Allan,
Talongo, Leen-Feldner, & Schmidt, 2015; Capron,
Cougle, Ribeiro, Joiner, & Schmidt, 2012; Capron,
Fitch, et al., 2012; Capron, Kotov, & Schmidt,
2013; Capron, Norr, Macatee, & Schmidt, 2013;
Capron, Norr, Zvolensky, & Schmidt, 2014;
Oglesby, Capron, Raines, & Schmidt, 2015) as well
as mood and trauma-related disorders (Mitchell,
Capron, Raines, & Schmidt, 2014; Olthuis, Watt,
& Stewart, 2014). More recent factor analytic work
has demonstrated that ASCC is specifically linked
with distress and mood-related disorders (e.g.,
major depressive disorder, PTSD) while AS physical
concerns (i.e., fears of physical bodily sensations
like a racing heart) relate to fear-based disorders

(Allan, Albanese, Short, Raines, & Schmidt, 2015;
Allan, Capron, Raines, & Schmidt, 2014; Allan,
Norr, et al., 2015). Moreover, reductions in ASCC
via psychoeducation-based interventions has been
linked with reductions in anxiety, depression, and
suicidal ideation (Schmidt, Capron, Raines, &
Allan, 2014). The unique relations among ASCC
and distress and mood-related pathology, relative
to other AS subfactors (Allan, Albanese, et al.,
2015; Allan et al., 2014; Allan, Norr, et al., 2015),
and the demonstrated benefits of reducing ASCC
(Schmidt et al., 2014) further underscore the utility
of developing interventions specifically targeting
ASCC.

Multiple laboratory challenges have been used to
better understand and treat AS, though these
challenges have focused primarily on producing
sensations related to AS physical concerns (e.g.,
racing heart rate; Lickel, Nelson, Lickel, & Deacon,
2008) while most ASCC-relevant symptoms (e.g.,
dissociation, depersonalization, racing thoughts)
are likely secondary (McNally & Eke, 1996). For
example, hyperventilation (in which participants
are asked to breathe more rapidly and deeply than
normal), breathing through a narrow straw, and
inhaling carbon-dioxide-enriched air are often used
to evoke sensations that mimic symptoms of panic
(e.g., elevated heart rate, shortness of breath;
Schmidt & Trakowski, 2004; Zvolensky, Feldner,
Eifert, & Stewart, 2001). As a result of research
demonstrating reactivity to these laboratory chal-
lenges among those with high AS (e.g., Holloway &
McNally, 1987; Schmidt, 1999), many of these
have been used to reduce global AS via repeated
interoceptive exposure exercises (Craske & Barlow,
2006; Schmidt & Trakowski, 2004). However, to
our knowledge, there is not currently evidence that
these exposures are effective for reducing ASCC.
Rather, these challenges appear to be most useful
for reducing global AS-related concerns and may be
limited in their utility for reducing ASCC given the
predominance of symptoms related to AS physical
concerns that traditional interoceptive exposures
elicit, as was reported by Schmidt and Trakowski.

Another approach would be to develop chal-
lenges that elicit symptoms that are specific to
ASCC (i.e., cognitive dyscontrol) that may hold
promise for reducing ASCC via repeated exposure.
Laboratory challenges that elicit symptoms specific
to ASCC may have several benefits. For instance,
utilizing challenges that primarily target physical
anxiety symptoms, such as hyperventilation, may
obfuscate any secondary symptoms that are rele-
vant to ASCC (e.g., cognitive dyscontrol), thereby
potentially limiting the efficacy of hyperventilation
for the reduction of ASCC. Furthermore, ASCC,
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specifically, has been linked with a host of negative
outcomes (Olatunji & Wolitzky-Taylor, 2009).
Therefore, identifying novel ways to reduce
ASCC, without sacrificing the potency via the
elicitation of predominant physical symptoms,
could have utility for ameliorating PTSD and
mood-related pathology (Allan, Short, Albanese,
Keough, & Schmidt, 2015; Schmidt et al., 2014;
Schmidt, Norr, Allan, Raines, & Capron, 2017;
Short et al., 2017).

The current study sought to build upon previous
research of Capron, Norr, Albanese, and Schmidt
(2017) by utilizing the most anxiogenic challenges
from that study (i.e., Rotation and Opposite
Directions) and testing whether repeated exposure
to these challenges reduces ASCC relative to
repeated exposure to a matched control. In line
with evidence suggesting that repeated exposure to
the feared stimulus is an effective means for
reducing such fears (e.g., Craske et al., 2008) and
initial data demonstrating that the perceptual
illusions elicit fears relevant to ASCC (Capron et
al., 2017), we hypothesized that (a) both the
rotation and opposite directions conditions would
predict greater dissociative symptoms relative to the
control group and (b) both the rotation and
opposite directions conditions would yield post-
treatment ASCC reductions, relative to control.
Lastly, existing literature asserts that ASCC is
specifically linked with dysphoria and other
distress-related phenomena (Allan, Albanese, et
al., 2015; Allan et al., 2014; Allan, Norr, et al.,
2015; Olatunji & Wolitzky-Taylor, 2009; Schmidt,
Lerew, & Joiner, 1998). Therefore, dysphoric
mood severity was included as a moderator to
provide a preliminary test of whether the reductions
in ASCC following repeated exposure to the
perceptual illusion challenges are observed among
those experiencing relevant psychopathology.
Given that repeated exposures may be most helpful
for individuals who more closely resemble a clinical
population (i.e., elevated dysphoria), we hypothe-
sized that individuals with greater dysphoric
symptoms would exhibit the greatest reductions in
ASCC following the exposures.

Method

PARTICIPANTS

Participants (N = 57) were recruited based on their
endorsement of ASI-3 cognitive concerns scores
greater than 1.5 SDs above the community mean
(Taylor et al., 2007) on an initial screening through
the psychology department participant pool. All
participants were provided course credit for their
participation. Two participants (Control = 1;
Rotations = 1) were removed due to missing post-

exposure data, yielding a final sample of 55 subjects
(n = 16 control; n = 19 rotations; # = 20 opposite
directions). Consistent with the demographics of
Tallahassee, FL, the sample was primarily female
(72.7%; n = 40) and Caucasian (92.7%; n = 51)
followed by African American (3.6%; n = 2) and
Asian/Pacific Islander (3.6%; n = 2). Age ranged
from 18-25 (M = 18.87, SD = 1.52). The study was
approved by Florida State University’s Institutional
Review Board.

SELF-REPORT MEASURES

Anxiety Sensitivity Index-3 (ASI-3)

The ASI-3 (Taylor et al., 2007) is based on the
original AST (Reiss et al., 1986) and is a widely used
measure of the fear of anxiety-related symptoms.
The ASI-3 was developed to provide a more stable
assessment of the three AS subfactors: cognitive,
physical, and social concerns. The ASI-3 has
established strong psychometric properties (Taylor
etal., 2007) and in the current study total score (« =
.92-.91), cognitive concerns (o = .91-.94), physical
concerns (a = .87-.90), and social concerns (o = .81-
.83) scales demonstrated good to excellent internal
consistencies at baseline and post-exposure.

Acute Dissociation Inventory—Cognitive (ADI-C)
The ADI-C (Capron et al., 2017) is a revision of a
measure dissociative symptoms during lab-based
biological challenges (ADI; Leonard, Telch, &
Harrington, 1999; Leonard, Telch, & Owen,
2000). The ADI-C was created to be more
amenable to repeated assessments and more fo-
cused on the cognitive symptoms of dissociation
(e.g., Was there any time during the challenge that
you were not aware of what you were doing? Did
you feel as if you were disconnected from all or part
of your body? Did you feel as if you were watching/
experiencing yourself from a distance?). The ADI-C
was administered at baseline, immediately follow-
ing the first exposure, immediately following the
sixth exposure, and immediately following the final
exposure. One participant (assigned to the opposite
directions condition) was not administered the
ADI-C following the first exposure but completed
all other surveys. This participant was not included
in analyses utilizing the ADI-C (n = 54) but was
retained for all other analyses. Internal consistency
of this measure was good at baseline (« = .88) and
following the first exposure (a = .90).

Inventory of Depression and Anxiety Symptoms
(IDAS)

The IDAS (Watson et al., 2007) is a 64-item
questionnaire designed to assess an individual’s
current experience of depressive and anxiety
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symptoms on 10 specific symptom scales. Respon-
dents are asked to rate the degree to which each
statement describes their feelings and experiences
during the past 2 weeks using a 5-point Likert scale
ranging from 1 (not at all) to 5 (extremely).
Research has demonstrated that the IDAS subscales
demonstrate very good internal consistency
(Watson et al., 2007). Among the symptom
dimensions included are the IDAS General Depres-
sion and the IDAS dysphoria subscale. While the
IDAS dysphoria subscale includes only items per-
taining to negative affect, the IDAS General Depres-
sion subscale contains items from several other
scales, including lassitude, insomnia, suicidality, and
appetite loss. Because ASCC is an affective risk
factor (Reiss et al., 1986), the focus of the dysphoria
subscale on negative affect is a more appropriate
variable to test treatment moderation effects. There-
fore, the current study used the dysphoria (e.g., I felt
depressed, 1 had little interest in my usual hobbies or
activities) subscale as a covariate to account for
individual differences in depressive symptoms. The
IDAS dysphoria subscale demonstrated excellent
internal consistency (o = .88).

GENERAL PROCEDURE

Participants were invited for the experiment ap-
pointment via the psychology department’s secure
research participant registration website. Upon
entering the lab, participants provided informed
consent and then completed baseline question-
naires. Participants were then randomized to one
of the three conditions described below. Full
descriptions of each condition can be found in
Capron et al. (2017).

In each active condition, participants completed
twelve 2-minute exposures. To match this, partici-
pants in the control condition also completed twelve
2-minute exercises (see below). Following each
exposure, participants removed the head-mounted
display and rested for 2 minutes. At the conclusion of
the 12" and final exposure, participants were given a
5-minute break to ensure a return to baseline
functioning and then completed the ASI-3.

HEAD-MOUNTED DISPLAY

A head-mounted display (HMD; nVisor ST50, NVIS,
Inc., Reston, VA) was placed on the participant’s head
in order to create each perceptual illusion. The HMD
included a screen that was focused for each partic-
ipant, on which a real-time feed from an accompany-
ing universal serial bus (USB) camera was projected. A
high-definition multimedia interface (HDMI) cord
was used to connect the USB camera feed to the HMD
projection screen.

DESCRIPTION OF PERCEPTUAL ILLUSION LA-
BORATORY CHALLENGES

Opposite Directions

During this task, the experimenter stands next to
the participant with a camera, which was connected
to the HMD. The camera is placed on a tripod to
provide smooth panning and is positioned to mimic
the participant’s natural field of vision. Participants
were instructed to slowly turn their head to the left,
right, up (towards the ceiling), and down (towards
the ground). As the participant moved their head,
the camera was moved in the opposite direction in
attempt to give a sensation of discord between the
movement of the participant’s head and that of
their visual field.

Rotation

The rotation task involves positioning the HMD
camera on the tripod approximately four feet from
the participant. The camera is positioned to capture
the participant from the neck down, so that what
the participant views the video feed of their own
body from the perspective of someone facing them
from a few feet away, thereby providing an “out-of-
body” perspective. Participants were then
instructed to slowly spin in a 3% circle, and then
rotate the other direction. The 3 spins were
implemented to prevent participants from tripping
over HMD cord or becoming too dizzy.

Control

Individuals randomized to the control condition
completed a series of simple arithmetic problems to
account for any potential effects of fatigue on self-
reported symptoms and AS scores. The math
problems were presented on a series of printed
pages, and participants were instructed to complete
as many problems within the 2-minute time-frame as
possible without rushing. To minimize performance
fears, participants were also instructed that their math
problems would not be scored or examined at by the
experimenter. Further, to avoid potentially confound-
ing the control condition through inadvertently
inducing symptoms of depersonalization while wear-
ing the HMD, and because the present study
represents a preliminary investigation, we elected to
utilize a simple arithmetic-based control condition.

DATA ANALYTIC PLAN

First, group differences in baseline ASI-3 total and
subscale scores were examined using a series of
independent samples #-tests. Next, a manipulation
check was performed to ensure that the perceptual
illusion challenges elicited the sensations of cognitive
dyscontrol (e.g., dissociation, depersonalization,
derealization) as intended. A mixed design analysis
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Table 1
Descriptive Statistics and Correlations Among Study Variables

M SD 1 2 3 4 5 6 7 8 9 10 11
1. Rotation — — — — — — — — — — — — _
2. Opposite Directions — — — — — — — — — — - -
3. BL IDAS Dysphoria  24.60 8.21 0.38* 0.31 — — — — — — — - —
4. BL ASI-3 Total 2598 1538 0.12 0.10 0.54* — — — — — — I
5. BL ASI-3 Cognitive 854 6.86 0.15 0.18 0.56* 0.89** — — — — — -
6. BL ASI-3 Physical 6.96 578 -0.01 0.04 0.34* 0.82** 063" — — — — - =
7. BL ASI-3 Social 1047 578 0.15 0.02 045 0.79* 0.55* 043~ — — — R —
8. Post ASI-3 Total 2153 13.83 -0.03 0.04 0.52** 0.89** 0.82** 0.76* 0.66™ — — — -
9. Post ASI-3 Cognitive  6.95 6.54 -0.02 0.08 0.51** 0.77** 0.90** 0.58** 0.41** 0.88" — - -
10. Post ASI-3 Physical 5.20 5.32 -0.09 -0.01 0.29* 0.74* 0.65** 0.88** 0.34** 0.84** 0.69* — —
11. Post ASI-3 Social 9.38 527 0.05 0.02 045" 0.64** 0.39** 0.38** 0.87** 0.68** 0.36** 0.35*

Note. N = 55. Rotation and Opposite Directions Intervention conditions are relative to Control. IDAS = Inventory of Depression and Anxiety
Scale, Dysphoria Subscale. ASI-3 = Anxiety Sensitivity Index — 3, Total and Cognitive, Physical, and Social Subscales.

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

of covariance (ANCOVA) was used to evaluate
differences between the control and each active
condition in self-reported dissociative symptoms
(i.e., ADI-C) at baseline, after the first exposure,
after the sixth exposure, and after the final exposure.

Following this, a series of linear multiple
regressions were used to test the effects of treatment
condition (rotation vs. control) on changes in AS
total and AS subscale scores following the expo-
sures. AS total and subscale scores were measured
prior to the start of the exposures as well as 2
minutes following the final exposure. The depen-
dent variable in each of the linear multiple
regressions was the respective AS score (total or
subscale) following the 12 exposures to the assigned
condition. Each model included a dummy-coded
condition variable (0 = Control; 1 = Active
Treatment). The respective baseline AS total or AS
subscale score was entered as a covariate to account
for pre-intervention AS, thus creating an auto-
regressive change score. IDAS dysphoria was also
entered as a covariate to account for baseline
differences in dysphoric affectivity.

Lastly, because a clinical sample was not utilized
for the present study, moderation analyses were
conducted to evaluate if repeated exposure to the
active conditions resulted in greater reductions of
ASCC among those with elevated baseline sympto-
mology, as a proxy for how these exposures may
perform in a clinical sample. The PROCESS macro
for SPSS (Hayes, 2012) with 5,000 bootstrapped
samples was used to conduct two separate moder-
ation models (for the rotation and opposite
directions conditions, respectively) in which base-
line dysphoric mood was entered as a moderator of
the relationship between condition (active vs.
control) and posttreatment AS total and subscale
scores when accounting for baseline AS scores.

Effect sizes were presented at varying levels (i.e.,
based on percentile score relative to the mean scores

of the two conditions being compared) of dysphoric
mood, as defined by the PROCESS macro.

Results

PRELIMINARY RESULTS

Descriptive statistics and correlations can be found in
Table 1. Independent samples #tests revealed nonsig-
nificant baseline differences in AS total and all
subscales when comparing the control condition to
the rotations (p’s >.393) and opposite directions (p’s >
274).

MANIPULATION CHECK: GROUP DIFFERENCES IN
DISSOCIATION SYMPTOMS
A 3 x 4 mixed ANCOVA testing group (control,
rotations, opposite directions) differences in dissocia-
tive symptoms across time (baseline, first exposure,
sixth exposure, and final exposure) was conducted to
evaluate the elicitation of dissociative symptoms in
each condition. Due to sphericity [Mauchly’s test of
sphericity: x *(5) = 109.53, p < .001] Greenhouse-
Geisser-corrected values were utilized. A significant
within-subjects effect emerged for Time x Condition
[F(2.85, 71.20) = 3.15, p = .032] but not Time x
Dysphoria [F(1.42, 71.20) = 0.85, p = .40]. Within-
subject contrasts indicated a significant Time x
Condition interaction predicting dissociative symp-
toms from baseline to the first exposure [F(2, 50) =
4.03, p = .024] but not from the first exposure to
sixth exposure [F(2, 50) = 0.49, p = .619] or sixth
exposure to final exposure [F(2, 50) = 0.42, p = .657].
Significant between-subjects effects emerged for Time
x Condition [F(2, 50) = 10.87, p <.001] and Time x
Dysphoria [F(1, 50) = 6.49, p = .014].

Pairwise comparisons indicated that the control
group did not differ from rotations (Myiference =
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Results of Four Separate Regressions Evaluating the Effects of Exposure to the Rotation Challenge on Predicting Anxiety

Sensitivity Post-Intervention

A. Post ASI-3 Total

B
Condition -4.31
BL ASI-3 Total 0.75
BL IDAS Dysphoria 0.22
B. Post ASI-3 Cognitive Concerns

B
Condition -2.18
BL ASI-3 Cognitive Concerns 0.80
BL IDAS Dysphoria 0.10
C. Post ASI-3 Physical Concerns

B
Condition -1.17
BL ASI-3 Physical Concerns 0.82
BL IDAS Dysphoria 0.00
D. Post ASI-3 Social Concerns

B
Condition -0.81
BL ASI-3 Social Concerns 0.74
BL IDAS Dysphoria 0.07

SE B t P

2.13 -0.16 -2.02 0.052
0.08 0.84 9.70 <0.001
0.15 0.14 1.47 0.152
SE B t p

1.02 -0.17 -2.15 0.040
0.09 0.84 9.35 <0.001
0.07 0.14 1.44 0.161
SE B t p

0.80 -0.11 -1.46 0.154
0.07 0.91 11.92 <0.001
0.05 0.00 0.05 0.963
SE B t P

0.99 -0.08 -0.82 0.420
0.09 0.82 8.45 <0.001
0.06 0.11 1.10 0.281

Note. Rotation challenge is relative to control. IDAS = Inventory of Depression and Anxiety Scale, Dysphoria Subscale. ASI-3 = Anxiety
Sensitivity Index — 3, Total and Cognitive, Physical, and Social Subscales.

-53.98, p =.207) or opposite directions (Myjference =
-33.56,p = .422) at baseline. Likewise, the rotations
and opposite directions conditions did not differ in
baseline dissociative symptoms (reference group =
rotations; Miterence = 20.43, p = .600).

The rotations condition elicited significantly
greater dissociative symptoms than the control
group following the first exposure (Muiference =
198.49, p < .001), sixth exposure (Mgiference =
189.97, p <.001), and final exposure (Mgtrence =
208.03, p = .001). The rotations condition also
elicited significantly greater dissociative symptoms
than the opposite directions condition following the
first exposure (M gifference =163.88, p = .001), sixth
exposure (Myifference = 186.64, p <.001), and final
exposure (Myifrence = 197.58, p = .001).

The opposite directions did not differ from the
control group in dissociative symptoms following
the first exposure (Myiference = 34.61, p = .504),
sixth exposure (Myjference = 3.33, p = .946), or final
exposure (Mgigerence = 10.45, p = .861).

CHANGES IN ASCC FROM PRE- TO POST-EXPOSURE
Rotation

Relative to control, the rotation condition predicted
marginally significant reductions in AS total score
(p = -16, t = -2.02, p = .052) and significant
reductions in ASCC (p = -.17, ¢ = -2.15, p = .040).
Exposure condition did not predict changes in AS
physical concerns (p =-.11, ¢t =-1.46, p = .154) and

AS social concerns (p =-.08,7=-0.82, p = .420; see
Table 2 and Fig. 1).

Opposite Directions

Results indicated nonsignificant changes in AS total
score (B =-.09,2=-1.12, p = .272), ASCC (p = -.10,
t=-1.34, p =.190), AS physical concerns (p = -.06,
t=-0.66,p =.511) and AS social concerns ( = -.04,
t =-0.55, p = .588; see Table 3 and Fig. 1).

MODERATION OF EXPOSURES EFFECTS ON
ASCC BY DYSPHORIC MOOD

Rotation

Results indicated a significant interaction of IDAS
dysphoria and condition predicting reductions in
ASCC (B = -0.26, SE = 0.11, ¢ = -2.30, p = .029)
such that the rotation condition, relative to control,
predicted reductions in ASCC for individuals in the
75% (B=-4.17,SE =1.29, t=-3.24, p = .003) and
90" (B = -5.46, SE = 1.71, t = -3.18, p = .003)
percentiles of dysphoria but not for individuals in
the 10™ (B = 0.22, SE = 1.41, ¢ = 0.15, p = .880),
25% (B =-0.30, SE = 1.26, ¢ = -0.24, p =.813), or
50™ (B = -1.33, SE = 1.02, t = -1.30, p = .202)
percentiles of dysphoria. Unexpectedly, results also
indicated a significant interaction of IDAS dyspho-
ria and condition predicting reductions in AS social
concerns (B =-0.29, SE =0.11,t=-2.72,p = .011)
such that the rotation condition, relative to control,
predicted reductions in AS social concerns for
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B) Residualized Change in ASCC from Pre- to Post-
Perceptual Illusions Exposure

1.5
1

0.5 Opposi

- . pposite
Control Rotations Directions
0
-0.5
<1
-1.5 *

ASCC = Anxiety Sensitivity Cognitive Concerns, as measured by the Anxiety Sensitivity Index-3. Panel A:

Raw ASCC scores at pre- and post-exposure to the perceptual illusion challenges or control. Importantly, baseline
group differences in ASCC were non-significant. Panel B: Residualized change scores (post-exposure ASCC regressed
onto pre-exposure ASCC) representing changes in ASCC from pre- to post-exposure to each condition. Results
indicate statistically significant reductions in ASCC among those in the rotation condition, relative to control. No
significant differences in the directions condition, relative to control, were observed.

individuals in the 75™ (B = -3.11, SE = 1.24, ¢
-2.52,p =.018) and 90t (B=-4.58,SE =1.65,¢
-2.77, p = .010) percentiles of dysphoria but not for
individuals in the 10™ (B =0.1.89, SE = 1.34, £ = 1.41,
p=.169),25" (B=1.30,SE=1.19,£=1.09, p = .283),
or 0™ (B = 12, SE = 0.96, £ = 0.13, p = .898. IDAS
dysphoria did not moderate the effects of condition on
changes in AS physical concerns (p = .498; see Table 4).

Opposite Directions

Results indicated a significant interaction of IDAS
dysphoria and condition (B = -0.14, SE = 0.06, ¢ =
-2.37, p = .024) such that the directions condition,
relative to control, predicted reductions in ASCC
for individuals in the 75™ (B = -1.54, SE = 0.59, =
-2.58,p =.015) and 90h (B=-2.11,SE=0.77,t =
-2.75, p = .010) percentiles of dysphoria but not for
individuals in the 10" (B = 0.72, SE = 0.76, t =
0.94, p = .347),25™ (B = 0.02, SE = 0.56, £ = 0.03,
p =.978), or SO (B = -0.69, SE = 0.47, ¢ = -1.46,
p = .154) percentiles of dysphoria. IDAS dysphoria
did not moderate the effects of condition on
changes in AS physical concerns (p = .590) or AS
social concerns (p = .218; see Table 4).

Discussion

The present study provided support for the use of
perceptual illusion exposures to reduce ASCC.

Consistent with prior work (Capron et al., 2017),
the rotation condition elicited greater dissociative
symptoms compared to the control condition. The
directions condition also appeared to elicit some
symptomology, though a larger sample may be
needed to detect these effects. These results served
as a manipulation check, and support the assertion
that the active conditions, particularly the rotations
exercise, elicited the proposed sensations of disso-
ciation, depersonalization, and cognitive dyscon-
trol. As hypothesized, repeated exposure to the
rotation condition reduced ASCC post-exposure,
with stronger intervention effects observed among
those with elevated dysphoric mood. In partial
support of hypotheses, the directions condition also
reduced ASCC post-exposure but only among those
with high dysphoria. Taken together, this pattern of
results demonstrates the utility of repeated expo-
sure to the proposed perceptual illusion challenges
to reduce ASCC. The reduction of ASCC following
repeated exposure to feared symptoms (e.g., deper-
sonalization, dissociation, cognitive dyscontrol) is
consistent with foundational models of cognitive
behavior therapy (e.g., Craske et al., 2008; Foa &
Kozak, 1986; McNally, 1990) and addresses an
important gap in AS intervention literature by
providing an effective and targeted approach for

reducing ASCC.
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Results of Four Separate Regressions Evaluating the Effects of Exposure to the Opposite Directions Challenge on Predicting

Anxiety Sensitivity Post-Intervention

A. Post ASI-3 Total

B
Condition -1.25
BL ASI-3 Total 0.79
BL IDAS Dysphoria 0.25
B. Post ASI-3 Cognitive Concerns

B
Condition -0.68
BL ASI-3 Cognitive Concerns 0.86
BL IDAS Dysphoria 0.07
C. Post ASI-3 Physical Concerns

B
Condition -0.33
BL ASI-3 Physical Concerns 0.87
BL IDAS Dysphoria -0.02
D. Post ASI-3 Social Concerns

B
Condition -0.25
BL ASI-3 Social Concerns 0.76
BL IDAS Dysphoria 0.15

SE B t P
1.12 -0.08 -1.12 0.272
0.08 0.86 10.56 <0.001
0.17 0.13 1.48 0.149
SE B t p
0.51 -0.10 -1.34 0.190
0.08 0.89 11.14 <0.001
0.07 0.08 0.98 0.333
SE B t p
0.50 -0.06 -0.66 0.511
0.08 0.91 10.51 <0.001
0.07 -0.02 -0.26 0.799
SE B t P
0.45 -0.04 -0.55 0.588
0.08 0.80 9.42 <0.001
0.07 0.20 2.27 0.030

Note. Opposite directions challenge is relative to control. IDAS = Inventory of Depression and Anxiety Scale, Dysphoria Subscale. ASI-3 =
Anxiety Sensitivity Index — 3, Total and Cognitive, Physical, and Social Subscales.

The effects of both challenges were moderated by
current dysphoria such that greater reductions in
ASCC were observed among those experiencing
greater negative emotionality. There are several
plausible explanations for this. First, repeated
exposures to cognitive dyscontrol may have stronger
effects for reducing ASCC among those experiencing
some of these symptoms in their daily lives. The ASI-
3 does not specify the frequency with which
individuals experience the feared symptoms; rather,
it assesses the tendency to respond to fearfully if the
individual were to experience them. For an individ-
ual who is not currently experiencing some symp-
toms relevant to ASCC (e.g., cognitive control in the
context of negative emotionality), repeated exposure
to sensations approximating those symptoms may
not be as effective. Unexpectedly, a similar interac-
tion emerged indicating that AS social concerns
reduced in the rotations condition but only among
those with elevated dysphoric mood. The exposures
were conducted with a research assistant in the
room, thus individuals with greater dysphoric mood,
who may have found the exposures to be more
potent, may have also experienced some exposure to
experiencing anxiety symptoms in a pseudo-social
situation. Future research should investigate the
efficacy of these challenges in both clinical and
nonclinical samples to determine whether these
exposures has utility as both an intervention and
prevention strategy.

Though exposures for AS exist, most of these
elicit symptoms most relevant to AS physical
concerns. For example, hyperventilation and CO,
both elicit symptoms such as a racing heart and
difficulties breathing, and although an individual
may experience some light-headedness, there are no
specific cognitive symptoms, as were reported
particularly by the participants in the rotations
condition. Challenges that do claim to target ASCC
have had limited scientific support (e.g., dot staring,
mirror staring; Lickel et al., 2008). Thus, the
perceptual illusion challenges presented here appear
to be the first effective method for eliciting
symptoms relevant to ASCC and specifically
reducing ASCC following repeated exposure.
Other methods for reducing ASCC have focused
on the use of psychoeducation followed by expo-
sure to existing challenges such as hyperventilation
(e.g., Cognitive Anxiety Sensitivity Treatment
[CAST]; Schmidt et al., 2014; Schmidt et al.,
2017). Because these exposures are not specific to
ASCC (e.g., difficulty breathing is captured by AS
physical), the perceptual illusion challenges used in
the present study may better augment the psychoe-
ducation provided by CAST.

These findings are particularly interesting given the
growing focus of AS research on the cognitive concerns
subscale over the last decade, as research linking
ASCC, specifically, with anxiety and mood conditions
has flourished. For instance, a breadth of literature
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Table 4

Results Evaluating the Interactive Effects of Condition and Baseline Dysphoria on Post-Intervention Anxiety Sensitivity Subfactors

Rotations (relative to Control)
DV: Post ASI-3 Cognitive Concerns

B
Rotations (relative to Control) -2.34
BL ASI-3 Cognitive Concerns 0.81
BL IDAS Dysphoria 0.1
Rotation*IDAS Dysphoria -0.26
DV: Post ASI-3 Physical Concerns

B
Rotations (relative to Control) -1.22
BL ASI-3 Physical Concerns 0.81
BL IDAS Dysphoria 0.01
Rotation*IDAS Dysphoria -0.07
DV: Post ASI-3 Social Concerns

B
Rotations (relative to Control) -1.08
BL ASI-3 Social Concerns 0.7
BL IDAS Dysphoria 0.09
Rotation*IDAS Dysphoria -0.29
Opposite Directions (relative to Control)
DV: Post ASI-3 Cognitive Concerns

B
Opposite Directions (relative to Control) -0.74
BL ASI-3 Cognitive Concerns 0.87
BL IDAS Dysphoria 0.06
Opposite Directions*IDAS Dysphoria -0.14
DV: Post ASI-3 Physical Concerns

B
Opposite Directions (relative to Control) -0.35
BL ASI-3 Physical Concerns 0.87
BL IDAS Dysphoria -0.02
Opposite Directions*IDAS Dysphoria -0.03
DV: Post ASI-3 Social Concerns

B
Opposite Directions (relative to Control) -0.28
BL ASI-3 Social Concerns 0.76
BL IDAS Dysphoria 0.14
Opposite Directions*IDAS Dysphoria -0.07

SE t p
0.95 -2.45 0.02
0.08 10.1 <0.001
0.07 1.55 0.131
0.11 -2.3 0.029

SE t p
0.81 -1.51 0.143
0.07 11.67 <0.001
0.05 0.11 0.916

0.1 -0.69 0.498

SE t p

0.9 -1.14 0.265
0.08 8.59 <0.001
0.06 1.53 0.136
0.1 -2.72 0.011

SE t p
0.48 -1.56 0.129
0.07 12.03 <0.001
0.07 0.88 0.384
0.06 -2.37 0.024

SE t p

0.5 -0.69 0.498
0.08 10.37 <0.001
0.07 -0.27 0.788
0.06 -0.54 0.590

SE t p
0.44 -0.62 0.538
0.08 9.47 <0.001
0.06 2.25 0.031
0.06 -1.26 0.218

Note. Rotation and directions challenges are relative to control. IDAS = Inventory of Depression and Anxiety Scale, Dysphoria Subscale.

ASI-3 = Anxiety Sensitivity Index — 3.

shows that elevated ASCC predicts greater PTSD
symptoms cross-sectionally (Albanese, Macatee,
Allan, et al., 2018; Norr, Albanese, Boffa, Short, &
Schmidt, 2016; Olatunji & Wolitzky-Taylor, 2009) as
well as prospectively (Boffa et al., 2016; Olatunji &
Fan, 2015). Moreover, ASCC has been linked with
traumatic brain injuries (TBI) dysfunction (Albanese,
Boffa, Macatee, & Schmidt, 2017) and a moderator of
the link between TBI history and PTSD (Albanese,
Macatee, Boffa, et al., 2018; Albanese, Macatee, et al.,
2017; Albanese, Macatee, Stentz, Schmidt, & Bryan,
2019). ASCC has also been linked with suicide risk
(Capron, Kotov, & Schmidt, 2013; Capron, Norr,

Albanese, & Schmidt, 2013; Capron et al., 2014;
Stanley et al., in press), further underscoring the urgent
need to develop effective interventions for ASCC. The
present study provides an initial step in this line of
work by demonstrating the ability to specifically
reduce ASCC via perceptual illusion exposures in a
nonclinical sample, particularly among individuals
experiencing greater dysphoric affect. Future research
should expand upon these findings by evaluating the
efficacy of these exposures in a clinical sample, and if
reductions of ASCC following these challenges yield
subsequent reductions in PTSD symptoms or suicid-

ality.
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There are several limitations to the present
study. First, the sample was relatively homoge-
neous and composed of undergraduate students
completing the study for course credit, and not
necessarily seeking treatment. Though this sample
was adequate to explore a novel intervention,
future research should test the efficacy of these
interventions in demographically diverse clinical
samples. Second, these results were tested only
immediately post-exposures; longer follow-ups are
needed to determine the durability of these effects.
Third, head-mounted displays may not be readily
available at all clinics, so the dissemination and
implementation of these techniques could face chal-
lenges. However, perceptual illusion devices are
becoming more readily available, and many smart-
phones can quickly be turned into an augmented or
virtual reality headset. Future research should seek to
test the proposed exposures using a smartphone or
other more common device, as this may facilitate
dissemination.

Despite these limitations, the present study
demonstrated that repeated exposures to perceptual
illusion challenges may be an effective means to
reduce ASCC, thereby providing an effective means
to specifically target ASCC via exposure. Given that
repeated exposure is among the most effective
interventions for anxiety-related conditions (e.g.,
Craske et al., 2008; Foa & Kozak, 1986; McNally,
1990), and the clinical import of ASCC (Olatunji &
Wolitzky-Taylor, 2009; Stanley et al., in press),
these findings open an exciting avenue for future
research on the use of repeated exposure to
perceptual illusion challenges to augment treat-
ments for suicidality, anxiety, mood, and trauma-
related psychopathology.
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