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A B S T R A C T

Suicide remains a public health concern with suicide rates showing a consistent increase over the last 20 years.
Recent studies have found a relationship between anxiety sensitivity (i.e., the fear of anxiety related symptoms)
and suicidality. Specifically, a relationship has been found between anxiety sensitivity cognitive concerns
(ASCC) and suicidality. The knowledge around this relationship, however, has relied mostly on self-report
measures. This study seeks to expand on the current literature by exploring the association between ASCC and
suicidality, through the use of head-mounted display perceptual illusion challenges (e.g., using tactile sensations
and mannequins to create illusions that the participant has switched bodies). A head-mounted display was used
to elicit symptoms (e.g., depersonalization, derealization) related to ASCC in a sample of undergraduate students
(N=54). Suicidality and depression were measured by the Inventory of Depression and Anxiety Symptoms-2
(IDAS-II), anxiety sensitivity cognitive concerns by the Anxiety Sensitivity Index-3 (ASI-3), and distress by the
Subjective Units of Distress Scale (SUDS). Findings indicated that suicidality was associated with self-reported
ASCC as well as the fear generated from the challenges. Furthermore, our results found that challenge-induced
fear predicted suicidality scores above and beyond the traditional self-report measures of ASCC. The small
sample size and low suicide risk of the current sample limits generalizations to more severe populations.

1. Introduction

Suicide remains a major public health concern, as the tenth leading
cause of death in the United States (US; CDC, 2015). Approximately 113
people die by suicide each day in the US (CDC, 2015). Despite con-
certed multidisciplinary efforts towards suicide prevention, suicide
rates have been increasing over the last twenty years (Curtin et al.,
2016). One of the difficulties in studying suicide and suicide-related
phenomena is that most assessments have been limited to recall-based
self-report measurement (e.g., Beck Scale for Suicide Ideation;
Beck et al., 1979) in which participants are asked to recall their ex-
perience of and reaction to symptoms that have occurred in the past.
Though this method is useful in many ways, it relies on an individual's
memory which could be biased or inaccurate. Current suicide research
relies heavily on recall-based self-report measures to identify in-
dividuals at risk for suicide (Nock et al., 2010). Such measures, how-
ever, are limited in their ability to accurately gather information as
many individuals have motivations to conceal suicide-related thoughts
and behaviors (Busch et al., 2003) and are often unaware of their own

mental processes (Wilson, 2009).
Developing alternatives to existing recall-based self-report measures

could allow researchers to better understand the nature of suicide more
generally. One example of these alternatives are laboratory-based
challenges from the anxiety literature, such as hyperventilation
(Holloway and McNally, 1987), high doses of caffeine (Telch et al.,
1996) or inhalations of high concentrations of carbon dioxide
(Schmidt, 1999). Such challenges, in comparison to recall-based self-
report, eliminate memory bias and can provide a more immediate
evaluation of relevant fears. In this study, we explore the use of per-
ceptual illusion challenges to better understand anxiety and suicidal
ideation.

Several studies have identified a relationship between anxiety sen-
sitivity (AS) and suicide (Capron et al., 2012b, 2012c; Norr et al.,
2016b; Oglesby et al., 2015; Osman et al., 2010; Valentiner et al.,
2002). AS, refers to a fear of fear, and is divided into three dimensions:
fears of physical, social, and cognitive aspects of anxiety (Reiss et al.,
1986; Taylor et al., 2007). AS physical concerns refer to a fear of
physical catastrophe, such as the fear that an elevated heart rate will
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cause a heart attack. AS social concerns refer to a fear of negative social
repercussions related to anxiety (e.g., that someone will notice anxiety
symptoms). AS cognitive concerns (ASCC) refer to fears of mental ruin,
such as losing control over one's cognitive abilities.

Of the AS subcomponents, ASCC appears to be the facet accounting
for the relationship between AS and suicidal ideation (Capron et al.,
2012a, 2012c; Norr et al., 2016b; Oglesby et al., 2015). It could be that
individuals with fears such as “going crazy” or losing control during
stressful situations may find solace in the thought of permanently ter-
minating these fears through death. Whereas the exact thoughts and
desires occurring during suicidal crises are unknown, several studies
support the association between ASCC and suicide-related thoughts and
behaviors. For example, Oglesby et al. (2015) found that ASCC suc-
cessfully differentiated between individuals with high and low risk for
suicide whereas AS physical concerns and AS social concerns failed to
make such cross-sectional predictions. Moreover, Capron et al. (2012b)
found that elevations in ASCC prospectively predicted greater suicidal
ideation among military cadets undergoing basic training (N=1081).
Similarly, other studies have found that reducing ASCC led to decreased
suicidal ideation (Schmidt et al., 2014; Schmidt et al., 2017). Thus,
ASCC meets established criteria as a causal risk factor for suicidal
ideation because elevated ASCC is correlated with suicidal ideation
(e.g., Capron et al., 2012a, 2013a), precedes suicidal ideation
(Capron et al., 2012a), and reductions in ASCC reduce suicidal ideation
(Schmidt et al., 2014,2017). Given the well-documented link between
ASCC and suicide-related thoughts and behaviors, and limitations to
recall-based self-report methods, alternative or complementary chal-
lenge-based measures of ASCC could be beneficial in efforts to better
understand suicide and suicidal crises.

Despite the clear link between ASCC and suicide, this literature has
relied exclusively on recall-only self-report measurements, which could
impede our ability to comprehensively understand or accurately detect
risk for suicide-related thoughts and behaviors. For example, an in-
dividual with low insight into their mental processes may not accu-
rately recall their reactions to sensations of cognitive dyscontrol, which
could unduly influence their ratings of items on recall-based measures
of ASCC, thereby obfuscating the measurement of an important risk
factor for suicide. Therefore, creating and utilizing novel methods (e.g.,
head-mounted display perceptual illusion challenges) for assessing such
risk factors as ASCC could help improve measurement of this important
construct.

Past studies have found that using head-mounted display tech-
nology is effective in significantly arousing different types of anxiety,
and has even been found to be effective in reducing symptoms of many
anxiety disorders as an alternative to in vivo exposure exercises (see
Morina et al., 2015 or Fodor et al., 2018 for a review). Previous findings
show that laboratory-based experimental psychopathology challenges
(e.g., head-mounted display perceptual illusion challenges) can be used
to specifically elicit fear reactivity to feelings of cognitive dyscontrol
(i.e., derealization, depersonalization) and potentially serve as a viable
correlate of ASCC (Capron et al., 2017a; Petkova and Ehrsson, 2008).
The connection between the fear elicited from these perceptual illusion
challenges and suicidality, however, remains untested. The aim of this
study is to further understand how using head-mounted display per-
ceptual illusion challenges to induce fear may allow for an alternate
measure of ASCC, and help further our understanding of the relation-
ship between ASCC and suicide. We hypothesized that the fear induced
by the perceptual illusion challenges would be associated with self-re-
ported ASCC. In addition, we hypothesized that increased fear from the
challenges would predict increased self-reported suicidality. Finally, we
hypothesized that the fear induced from these challenges would in-
crementally predict suicidality above and beyond self-reported ASCC.

2. Methods

2.1. Participants

Participants (N=54) were undergraduate students recruited
through a psychology department participant pool at a large
Southeastern university. Participants were mostly female (n= 38;
69.1%) and Caucasian (n=49; 89.1%), with an average age of 19.04
(SD=1.71). Participants were eligible to further participate in the
study if their ASI-3 cognitive scores were at least 1.5 standard devia-
tions above or below the mean of the total participant pool and were
provided course credit for participation. This study was approved by
the university's Institutional Review Board.

2.2. Self-report measures

2.2.1. Anxiety Sensitivity Index-3 (ASI-3)
The ASI-3 (Taylor et al., 2007) is a commonly used self-report

measure to assess the fear of anxiety-related symptoms. The ASI-3 was
derived from the original ASI (Reiss et al., 1986) to more accurately
measure the three anxiety sensitivity subfactors: cognitive, physical,
and social concerns. This study used the ASI-3 cognitive subscale (6
items) to determine participant eligibility and anxiety sensitivity group
assignment, which asked participants to agree or disagree with a
statement (e.g., “It scares me when I am unable to keep my mind on a
task”) on a five-point Likert-type item scale. ASI-3 has demonstrated
strong psychometric properties (Albanese et al., 2017a, 2017b, 2017c;
Chavarria et al., 2015; Taylor et al., 2007), and the cognitive subscale
displayed very good internal consistency in the current study
(α=0.89). The ASI-3 was administered prior to the challenges.

2.2.2. Subjective Units of Distress Scale (SUDS)
The SUDS (Wolpe and Lang, 1964) is a self-report measure used to

assess participant's current experience of fear on a scale of 0–100.
Participants reported their current level of distress by answering the
question, “What was the maximum amount of fear you experienced
during the challenge?” The SUDS was administered at baseline and
after each challenge.

2.2.3. Inventory of Depression and Anxiety Symptoms II (IDAS-II)
The IDAS-II (Watson et al., 2012) is a self-report measure assessing

specific depression and anxiety symptoms. In the current study, two
subscales were used: General depression (20 items) and suicidality (6
items). Scores were collected prior to the challenges. Participants were
presented with a list of feelings, sensations, problems, and experiences
and asked to rate how well each item describes their recent feelings and
experiences during the past two weeks from 1 (“not at all”) to 5 (“ex-
tremely”). For general depression, items included questions such as “I
did not have much of an appetite” and “I felt depressed.” For suicid-
ality, items included questions such as “I had thoughts of suicide,” “I
hurt myself purposefully,” and “I have cut or burned myself on pur-
pose.” The IDAS suicidality subscale has been used previously in this
literature to measure suicidal thoughts and behavior (Capron et al.,
2012a; Capron et al., 2013a). The IDAS-II has evidenced strong psy-
chometric properties (Watson et al., 2012). In the current study, the
suicidality subscale (α=0.56) had poor internal consistency and gen-
eral depression subscale had excellent internal consistency (Chron-
bach's α=0.91).

2.3. Perceptual illusion laboratory challenges

2.3.1. Mannequin
This challenge was similar to the perceptual illusion exercise cre-

ated by Petkova and Ehrsson (2008) and was designed to elicit feelings
of swapping bodies with a mannequin. In the current study, a manne-
quin with gender neutral clothing (polo-shirt, blue jeans) was used
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versus a bare mannequin. A mannequin was used, rather than another
person's body, to exclude mismatches between small involuntary
movements (e.g., breathing). Participants were told, “In this task you
will be wearing a virtual reality headset that is connected to a camera
worn by this mannequin. I will be using this brush to simultaneously
stroke your abdomen as well as the abdomen of the mannequin.” An
experimenter stroked the participant's abdomen with the brush while
simultaneously brushing the mannequin's abdomen for two minutes.
This challenge has successfully created the illusion that participants
have switched bodies with the mannequin (Petkova and
Ehrsson, 2008).

2.3.2. Handshake
The handshake challenge was identical to the perceptual illusion

exercise created by Petkova and Ehrsson (2008) designed to elicit the
feeling of shaking hands with one's self. An experimenter held a camera
(connected to the head mounted display; HMD) in a way that presented
the viewpoint of the experimenter. Participants stood directly opposite
of the experimenter, wearing the HMD, which was connected to the
camera on the experimenter's head. Thus, participants were facing the
camera. Participants were then asked to stretch out their right arm and
take hold of the experimenter's right hand, as if to shake it. This pro-
cedure allowed participants to see their physical bodies from the
shoulders to slightly above the knees. Hence, they could recognize
themselves and distinguish between their own arm and the arm of the
experimenter. During the task, the participant and the experimenter
repeatedly squeezed each other's hands, in a synchronous manner, for
two minutes. This challenge has successfully created the illusion that
participants are shaking hands with him/herself (Petkova and
Ehrsson, 2008).

2.3.3. Opposite directions
This task was created by Capron et al. (2017a) to produce sensations

of cognitive dyscontrol. In this challenge, the experimenter stood next
to the participant with a camera (connected to the HMD) on a tripod (to
provide smooth panning). The camera was positioned to imitate the
participant's natural field of vision. Participants were told “During this
task, I will be instructing you to turn your head in the following di-
rections: right, left, up, and down. I will also say ‘center’ which means
look straight ahead. Move your head in a slow, fluid motion. I will
count out loud to four so try to make each motion last four seconds.” As
the participant turned their head, the experimenter turned the tripod
with the camera slowly in the opposite direction in a synchronous
manner. This task was repeated for two minutes. The participant ex-
perienced a disconnect between their motor movements in one direc-
tion and their sight of the room moving at equal speed in the opposite
direction. This challenge has successfully created feelings of cognitive
dyscontrol and fear reactions (Capron et al., 2017a).

2.3.4. Rotation
This task was created by Capron et al. (2017b) to create sensations

of depersonalization (i.e., out-of-body-experiences). The experimenter
positioned the camera (connected to the HMD) on the tripod four feet
from the participant. The camera was positioned to capture participants
from the neck down, so as to see themselves spin from an “out of body”
perspective. The participant was then given the following instructions:
“During this task, please spin very, very slowly in a circle. To prevent
you from tipping over the headset's cord, I will tell you when to start
turning in the opposite direction. Please continue until I tell you to stop.
Please spin slowly enough that you do not become dizzy.” Participants
spun slowly for two minutes. This task was designed to create a dis-
connect between the expected first-person view one has while turning
slowly and the “third-person” or “out of body” view they had during the
task. This challenge has been successful in eliciting feelings of de-
personalization and fear reactions (Capron et al., 2017a).

2.4. Procedure

Participants were invited for the experiment appointment via the
psychology department's secure research participant registration web-
site. Participants provided informed consent upon entering the lab, and
then completed baseline questionnaires. Participants then completed
the four challenges in a small private experiment room in the order
presented above. Challenges were not counterbalanced due to logistical
issues relating to rearrangement and recalibration of the equipment.
Participants removed the HMD and completed SUDS after each task.
They were instructed to only answer based on their feelings during the
preceding task. This break between challenges without wearing the
HMD allowed participants to return to baseline levels of dissociation
before starting the next challenge. After all challenges were completed,
participants completed post-experiment measures (extensive self-report
measurements were collected as part of a much larger study, but most
do not pertain to this current study), were thanked for their time, and
given course credit.

3. Results

3.1. Descriptive statistics and correlations

Descriptive statistics and correlations between all variables can be
found in Table 1. Due to negatively skewed data within the suicidality
variable, Blom's transformation was used for the primary analyses to
better approximate normality (Anestis et al., 2015; Blom, 1958).
However, the suicidality variable was left untransformed in the de-
scriptives table for ease of interpretation.

Table 1
Intercorrelations between study variables.

Variable 1 2 3 4 5 6 7 8

1. IDAS-II Suicidality Subscale –
2. Mannequin Challenge SUDS 0.51⁎⁎ –
3. Opposite Direction Challenge SUDS 0.39⁎⁎ 0.64⁎⁎ –
4. Rotation Challenge SUDS 0.19 0.73⁎⁎ 0.74⁎⁎ –
5. Handshake Challenge SUDS 0.16 0.51⁎⁎ 0.63⁎⁎ 0.77⁎⁎ –
6. Baseline SUDS 0.28* 0.55⁎⁎ 0.35⁎⁎ 0.58⁎⁎ 0.78⁎⁎ –
7. ASI-3 (Cognitive) 0.34* 0.40⁎⁎ 0.51⁎⁎ 0.44⁎⁎ 0.39⁎⁎ 0.29* –
8. Depression 0.54⁎⁎ 0.52⁎⁎ 0.41⁎⁎ 0.44⁎⁎ 0.31* 0.30 0.51⁎⁎ –
Mean 6.42 8.57 9.46 1.38 8.04 15.18 9.04 41.77
SD 0.81 13.81 17.31 3.32 14.82 23.12 4.02 14.47
Range 4.00 60.00 80.00 2.00 60.00 90.00 16.00 57.00

Note:
⁎ p<0.05.
⁎⁎ p<0.01. SUDS= Subjective Units of Distress Scale. ASI=Anxiety Sensitivity Index.
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3.2. Primary analyses

3.2.1. Hierarchical multiple linear regression exploring associations between
challenges and suicidality

A multiple linear regression was used to explore which of the
challenges were most associated with suicidality. A significant multiple
regression model F(4,54)= 7.85, p<0.001, R2= 0.39] revealed that
self-reported SUDs following the opposite directions [β=0.36, t
(54)= 2.11, p=0.04], handshake [β=−6.23, t(55)=−2.71,
p<0.01], and mannequin challenges [β=0.71, t(54)= 4.21,
p<0.001] were all significantly associated with suicidality; however,
the rotation challenge was not [β=0.05, t(54)= 0.30, p=0.77].
Unexpectedly, SUDs following the handshake challenge was negatively
associated with suicidality. The opposite directions and mannequin
challenges were retained for the models going forward.

3.2.2. Hierarchical multiple linear regression examining associations
between self-reported ASCC and fear from perceptual challenges

A multiple linear regression was performed to understand how
ASCC (ASI-3 cognitive scores) contributes to suicide-related thoughts
and behaviors. As expected, a significant linear regression model F
(1,53)= 7.38, p=0.01, R2= 0.12] revealed that baseline ASI-3 cog-
nitive scores were a significant predictor of IDAS-II suicidality subscores
[β=0.35, t(53)= 2.72, p=0.01]. To understand if the perceptual
challenges accounted for more of the variance for suicidality than ASI-3
cognitive scores, a multiple regression analysis was performed by re-
gressing IDAS-II suicidality scores on the combined total SUDs scores
for the perceptual challenges and ASI-3 cognitive concerns. The overall
model was significant F(1,52)= 7.92, p=0.001, R2= 0.23] and found
that total SUDs scores were associated with IDAS-II suicidality scores
[β=0.39 t(52)= 2.75, p=0.008] even when accounting for self-re-
ported ASI-3 cognitive concerns [β=0.15, t(52)= 1.03, p=0.31],
indicating that reactivity to the perceptual illusion challenges ac-
counted for significantly more variance (p=0.008) in IDAS-II suicid-
ality scores than the self-reported ASI-3 cognitive concerns (+0.11 R2).
In addition, the higher standardized beta value for the SUDS scores
indicates that the fear elicited by the perceptual illusion challenges may
be a more precise correlate of suicidality than ASI-3 cognitive scores.

3.2.3. Hierarchical multiple linear regression examining associations
between self-reported ASCC and fear from perceptual challenges with
added covariates

Baseline SUDS and IDAS-II depression scores were put into the
model for step one with IDAS-II suicidality scores being the outcome
variable. These variables were chosen as covariates due to their rela-
tions with suicidality. The model was significant [F(2, 52)= 11.03,
p<0.001, R2= 0.30] with IDAS-II depression scores significantly
predicting IDAS-II suicidality scores [β=0.47, t(52)= 3.58,
p=0.001]; however, baseline SUDS [β=0.15, t(52)= 1.12, p=0.27]
was not significant.

In the second step, IDAS-II suicidality was then regressed on base-
line SUDS, IDAS-II depression, and ASI-3 cognitive scores. The model
was significant [F(3,51)= 7.23, p<0.001, R2= 0.30], but did not
increase the variance accounted for, p=0.85. Only IDAS-II depression
was a significant predictor of suicidality [β=0.45, t(51)= 3.13,
p=0.003].

In the third step, the self-reported SUDS scores were added to the
model to reflect the fear elicited by the perceptual challenges (Table 2).
The overall model was significant [F(4,50)= 7.37, p<0.001,
R2= 0.37], and had a significant change in the variance accounted for
by this addition to the model, p=0.02. SUDS scores from the percep-
tual challenges [β=0.69, t(50)= 2.40, p=0.02], and IDAS-II de-
pression scores [β=0.40, t(50)= 2.78, p=0.008] were all significant
predictors of suicidality; however, ASI-3 cognitive concern scores and
baseline SUDS were not. These results suggest that self-reported ASCC is
a significant predictor without depression and baseline SUDS as

covariates. SUDS from the perceptual illusion challenges, however,
predicts IDAS-II suicidality above and beyond self-reported ASCC when
these covariates are added to the model.

3.3. Exploratory analyses

3.3.1. Hierarchical multiple linear regression examining associations
between self-reported ASCC and suicidality with added covariates

To better elucidate causality of how these variables interact, we ran
the second regression using the model using baseline SUDS, ASI-3
cognitive scores, and IDAS-II suicidality subscale scores as predictor
variables, and SUDS from the challenges as the outcome variable
(Table 3). Baseline SUDS and SUDS from the challenges were put into
the model for step one with SUDS from the challenges being the out-
come variable. The model was significant [F(2, 52)= 14.83, p<0.001,
R2= 0.36] with both IDAS-II depression scores [β=0.36, t(52)= 3.06,
p=0.01] and baseline SUDS significantly predicting IDAS-II suicidality
scores [β=0.38, t(52)= 3.18, p=0.01].

In the second step, SUDS from the challenges were then regressed on
baseline SUDS, IDAS-II depression, and ASI-3 cognitive scores. The
model was significant [F(3,51)= 12.78, p<0.001, R2= 0.43], and
significantly increased the variance accounted for by 5.7% (p= 0.02).
Baseline SUDS [β=0.34, t(51)= 3.00, p=0.01] and ASI-3 cognitive
scores [β=0.31, t(51)= 2.43, p=0.02] were both significant pre-
dictors of SUDS from the perceptual illusion challenges.

In the third step, IDAS-II suicidality subscores were added to the
model. The overall model was significant [F(4,50)= 11.29, p<0.001,
R2= 0.48], and had a significant change in the variance (3.6%) ac-
counted for by this addition to the model, p=0.04. IDAS-II suicidality
subscores [β=0.26, t(50)= 2.08, p=0.04], baseline SUDS [β=0.32,
t(50)= 2.86, p=0.01], and ASI-3 cognitive concern scores were sig-
nificant [β=0.30, t(50)= 2.41, p=0.02]; however, and IDAS-II de-
pression scores were not (p=0.59). This model suggests that IDAS-II
suicidality subscores predicts SUDS from the perceptual illusion chal-
lenges above depression, self-reported ASCC, and baseline SUDS.

Table 2
Hierarchical regression between covariates, ASCC, and SUDS from challenges with
IDAS-II suicidality subscores as outcome variable.

Variable B SE p 95% CI for B F R2

Step 1 11.025⁎⁎ 0.298
Depression 0.392 0.008 0.008 0.006–0.038⁎⁎

Baseline SUDS −0.458 0.003 0.110 −0.012–0.001
Step 2 7.225⁎⁎ 0.298
ASI-3 (cog) 0.007 0.026 0.960 −0.050–0.053
Step 3 7.372⁎⁎ 0.371
Challenge SUDS 0.691 0.007 0.020 0.003–0.032⁎⁎

Note.
⁎⁎ p<0.001. ASI-3 (cog)=Anxiety Sensitivity Index Cognitive Concerns

Subscale Score; SUDS= Subjective Units of Distress Scale.

Table 3
Hierarchical regression between covariates, ASCC, and suicidality regressed with
SUDS from challenges as outcome variable.

Variable B SE p 95% CI for B F R2

Step 1 14.831⁎⁎ 0.363
Depression 0.077 0.310 0.586 −0.453– 0.793
Baseline SUDS 0.316 2.220 0.006 1.872–10.790⁎⁎⁎

Step 2 12.784⁎⁎ 0.396
ASI-3 (cog) 0.299 0.864 0.020 0.343– 3.815*
Step 3 11.291⁎⁎ 0.475
IDAS- II Suicidality

Subscale
0.255 4.277 0.043 0.003–0.032*

Note. ⁎p<0.05. ⁎⁎p<0.01. ⁎⁎⁎p<0.001. ASI-3 (cog)=Anxiety Sensitivity
Index Cognitive Concerns Subscale Score. SUDS= Subjective Units of Distress
Scale.
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3.3.2. Hierarchical multiple linear regression examining associations
between self-reported ASCC, baseline SUDS, suicidality, SUDS from
challenges, and depression as the outcome variable

For our last exploratory model, we regressed ASI-3 cognitive scores,
baseline SUDS, IDAS-II suicidality subscores, and SUDS from the per-
ceptual illusion challenges on depression to better discern if stress re-
activity to the perceptual illusion challenges was specific only in pre-
dicting suicidality, or depression as well (Table 4). As shown in Table 4,
in the fourth step of the model, SUDS from the perceptual illusion
challenges was not a significant predictor of depression (p<0.59), nor
was baseline SUDS ratings (p<0.39). Only IDAS-II suicidality sub-
scores and ASI-3 cognitive scores were significant predictors.

4. Discussion

Prior literature has consistently found a relationship between an-
xiety and suicide. Recent research has suggested that ASCC are asso-
ciated with suicide-related thoughts and behaviors, and could be one
important component in understanding the connection between anxiety
disorders and suicide-related thoughts and behaviors. Until recently,
however, measuring ASCC has been confined to recall-only self-report
measures. Our findings replicate previous studies showing that ASCC is
significantly associated with suicide-related thoughts and behaviors
(e.g., Capron et al., 2013a, 2013b), and extended this line of work by
showing that a previously validated perceptual illusion challenge
(Capron et al., 2017a) is also associated with suicidality. In addition,
fear associated with head-mounted display perceptual illusion chal-
lenges was more highly associated with IDAS suicidality scores than the
most commonly used ASCC self-report measure (i.e., ASI-3). These re-
sults further the line of research implicating ASCC in suicide-related
thoughts and behaviors by demonstrating these effects across multiple
measurement domains. Second, the observed findings provide some
initial evidence that the novel ASCC challenges presented in
Capron et al. (2017a) may have measurement utility as a correlate for
suicide-related thoughts and behaviors by providing a lab-based mea-
sure of ASCC that mitigates limitations associated with recall-based self-
report measures (e.g., insight, memory biases). These results could have
important implications not only for measurements of suicide risk cor-
relates, but for populations with elevated depersonalization/derealiza-
tion symptoms and suicide risk, such as individuals with PTSD-dis-
sociative subtype (Stein et al., 2013).

The exploratory analyses performed in this study point found that
suicidality and stress reactivity to the perceptual illusion challenges
were significantly associated after covarying for initial stress/mood
(baseline SUDS), depression, and ASCC, and were the only two vari-
ables to remain significantly related in both of these models. This is
important for supporting the relationship stability between these two
variables, and provides further evidence of stress reactivity from

perceptual illusion challenges to be a correlate of suicide-related
thoughts and behaviors. However, because both of these models were
both significant predictor variables as well as outcome variables to one
another, further research is needed to uncover the pathways of these
variables to understand how they conceptually relate to one another.
Lastly, we found that perceptual illusion challenges were a unique
predictor of suicidality as opposed to being correlated with both de-
pression and suicidality, suggesting that these perceptual challenges
may be associated with properties that are distinct to suicide-related
thoughts and behaviors.

The association between fear reactivity to the cognitive dyscontrol
challenges and suicidality may also have treatment implications.
Treatment manuals suggest utilizing exposure techniques that elicit
feelings of derealization and depersonalization (Craske and Barlow,
2006; Taylor, 2000), such as mirror staring and dot staring exercises.
However, these have been noted to be ineffective for many patients
(Licket et al., 2008). In addition, although research has found support
for challenges that evoke dissociative symptoms, these studies did not
directly examine the relationship between the challenges and ASCC or
fear reactivity (Leonard et al., 2000; Lickel et al., 2008), and these
challenges often showed overlap with other subcomponents (i.e., phy-
sical concerns) of AS. Currently, there is a noticeable lack of laboratory-
based challenges designed to evoke sensations specific to ASCC that can
be used for repeated exposures. In fact, the head-mounted display
challenges used in the current study appear to be the only effective
challenge in the literature for AS that specifically targets ASCC
(Capron et al., 2017a). Based on our results, future research should
further explore the direction of causality between suicidality and stress
reactivity to these ASCC challenges, and whether repeated exposures to
relevant perceptual illusion challenges (i.e., direction, abdomen) have
an effect on reducing ASCC and suicide-related thoughts and behaviors.

Finally, it is plausible that repeated exposure to the ASCC challenges
may be particularly useful as a transdiagnostic treatment for individuals
with psychopathology marked by elevated ASCC and comorbid sui-
cidality. For example, ASCC has been consistently associated with PTSD
(Boffa et al., 2016; Norr et al., 2016a; Taylor, 2003) especially among
those with a history of traumatic brain injury (Albanese et al., 2017a,
2017b). Moreover, recent evidence suggests that ASCC may serve as a
mechanism linking PTSD and suicidality (Raines et al., 2017; Stanley
et al., 2017). This, combined with evidence showing that ASCC inter-
ventions reduce PTSD symptoms (Allan et al., 2015; Short et al., 2017)
and suicidality (Schmidt et al., 2014, 2017) suggests that the reduction
of ASCC may simultaneously ameliorate PTSD symptoms and suicid-
ality.

4.1. Limitations

There are several important limitations to this study. First, suicid-
ality was measured prior to the challenges, making interpretations
about changes to suicide risk as a result of the challenges impossible.
Suicidality was, however, assessed in the laboratory immediately before
the challenges were administered, which still allows for interpretations
regarding the associations between ASCC and suicide risk. Second, this
was a fairly low risk sample, with no students reporting previous self-
injurious behavior. Although, passive ideation (n= 10, 17.9%) and
serious thoughts of suicide (n=4, 7.2%) rates for this sample were
comparable to other studies with undergraduate samples (Drum et al.,
2009). Additionally, the reliability score for the suicidality subscale was
low (0.56), which has been found to occur in low sample size studies
with non-normal distributions (Sheng and Sheng, 2012). In the current
study, 40 participants (71.4%) did not endorse any suicidality symp-
toms. Larger sample sizes, particular those with increased ASCC and
suicide risk, are needed to make more generalizable claims about the
relationship between behavioral correlates of ASCC and suicide risk.
Further, a possible order effect could be a confounding factor in our
results, as we were unable to counterbalance the challenges due to

Table 4
Hierarchical Regression between ASCC, baseline SUDS, suicidality, and SUDS from
challenges with depression as outcome the variable.

Variable B SE p 95% CI for B F R2

Step 1 7.09* 0.10
Baseline SUDS 0.10 1.08 0.39 −1.24–3.10
Step 2 13.66⁎⁎⁎ 0.32⁎⁎⁎

ASI-3 (cog) 0.36 0.38 <0.01 0.37–1.91⁎⁎

Step 3 14.63⁎⁎⁎ 0.43⁎⁎

IDAS-II Suicidality
Subscale

0.35 1.87 <0.01 1.75–9.27⁎⁎

Step 4 10.90⁎⁎⁎ 0.42
SUDS from challenges 0.08 0.06 0.59 −0.09–0.16

Note.
⁎⁎⁎ p<0.001. ⁎⁎p<0.01. ⁎p< 0.05. ASI-3 (cog)=Anxiety Sensitivity Index

Cognitive Concerns Subscale Score. SUDS=Subjective Units of Distress Scale.
IDAS-II= Inventory of Depression and Anxiety Symptoms - Second Version.
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logistical issues (i.e., small testing space) and creating different com-
binations for the order of these challenges was deemed to be more
detrimental to the execution of this study. Lastly, fear reactivity was
measured via self-report measure. Although the current protocol most
likely allowed for a more accurate interpretation of the participants’
fear level than relying on recall of a previous ASCC, future studies
should implement a psychophysiological or behavioral measure con-
comitantly in order to optimize the accuracy of these interpretations.

4.2. Conclusion

Suicide remains a major public health concern, with recent data
evidencing that suicide rates have increased over the last twenty years
(CDC, 2015). Anxiety and suicide have been correlated across many
studies, with recent evidence suggesting that ASCC could play a role in
this connection. This relationship, however, has largely been based on
recall-based self-report assessment that is likely to reflect only a portion
of knowledge for the connection between anxiety, ASCC, and suicide.
The current study used a novel alternative measure of ASCC to more
precisely measure and predict the contribution of ASCC to suicidality.
Importantly, this study provides evidence for a method to induce ASCC-
relevant fear, which could allow for greater understanding regarding
how ASCC contributes to suicide risk.
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