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Longitudinal studies support
the safety and ethics of virtual
reality suicide as a research method

Xieyining Huang'*, Kensie M. Funsch?, Esther C. Park?, Paul Conway?, Joseph C. Franklin' &
Jessica D. Ribeiro?

Many have expressed concerns about the safety and ethics of conducting suicide research, especially
intense suicide research methods that expose participants to graphic depictions of suicidality. We
conducted two studies to evaluate the effects of one such method called virtual reality (VR) suicide.
Study 1 tested the effects of VR suicide exposure over the course of one month in participants with
(n=56) and without a history of suicidality (n=50). Study 2 exposed some participants to VR suicide
scenarios (n=79) and others to control scenarios (n=80). Participants were invited to complete a
follow-up assessment after an average of 2 years. For both studies, the presence of suicidality post
exposure was the primary outcome, with closely related constructs (e.g., capability for suicide,
agitation) as secondary outcomes. Study 1 found no pre-post increases in suicidality or related
variables, but revealed several significant decreases associated with small to medium effect sizes in
suicide-related constructs. In Study 2, VR suicide exposure did not cause any significant increases in
suicidality or related variables. Together with prior research, these findings suggest that methods
involving intense suicide stimuli appear safe and consistent with utilitarian ethics.

Suicide is an increasingly prevalent public health problem, with a 33% increase in suicide rate in the United
States from 1999 to 2017". Given the great urgency to reverse this trend, many national institutions have made
repeated calls to understand, predict, and prevent suicide. Despite the push for more research on suicide, there is
also resistance to suicide research from some institutions, members of the public, and even researchers*. Many
have expressed concerns that through exposure to suicide-related questions, stimuli, and immersive scenarios,
suicide research could potentially cause suicidality. This belief has led some to conclude that certain forms of
suicide research—particularly those that involve graphic stimuli—may be unethical. We share these concerns.
For us and many other suicide researchers, this prompts a difficult question: How can we ethically conduct studies
to advance knowledge about suicidality? To address this issue, this paper will consider how ethics relate to suicide
research and will present two studies that evaluate the ethics of a particularly intense method of suicide research
called virtual reality (VR) suicide.

In many discussions about ethics of suicide research methods, discussants neglect to articulate what they
mean by “ethical” Such articulations are important because ethics is not a monolithic entity. Broadly speaking,
there are three main approaches to the study of ethics”®. Virtue ethics focus on the moral character of decision-
makers across the lifespan’®, which is unhelpful in determining whether a particular research program is ethical
and will not be considered further here. Deontological ethics describe ethicality in terms of universal absolute
rights and duties, such as the duty to never lie or cause harm'. According to deontological ethics, suicide research
is unethical if it causes any harm regardless of the outcomes it produces. Considering that addressing deonto-
logical ethical concerns would require proving a negative (i.e., the absolute absence of any harm), which can be
difficult to achieve through scientific inquiries, deontological ethics will not be further discussed here. Utilitar-
ian (or more broadly, consequentialist) ethics describe the ethicality of actions in terms of outcomes. Actions
that result in a net benefit to humanity are deemed morally good even if they involve lying or directly causing
a lesser degree of harm than they prevent. Utilitarian ethical systems are commonly adopted by institutional
review boards (IRBs) that follow the three broad ethical principles in the Belmont Report: respect for persons,
justice, and beneficence!!. Utilitarian ethics are most evident in the description of beneficence, where it is stated
that “benefits and risks must be ‘balanced’ and shown to be ‘in a favorable ratio” (p. 5).
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Following guidelines such as the Belmont Report!!, we reason that the ethics of suicide research should be
evaluated primarily in terms of utilitarian ethics. From this perspective, the potential benefits of suicide research
ought to be maximized. Many intensive laboratory-based methods are particularly promising in this domain as
they can shed light on processes that self-report assessments alone cannot. Notably, such studies often include
procedures such as graphic depictions of suicidality, recollections of suicidal thoughts, negative mood inductions,
and physical pain'>'. From the utilitarian perspective, it is also important to minimize the potential harms of
suicide research. Given the nature of their procedures, laboratory-based methods raise particular concern on
this front. To be ethical in a utilitarian sense, a reasonable case must be made that the potential benefits of a given
suicide research study outweigh its potential harms.

There are many potential benefits of suicide research, but it is perhaps easiest to evaluate its potential harms.
The sum of the evidence indicates that the potential harms of suicide research appear to be indistinguishable
from minimal risk (i.e., the risk of harm that one might expect in the course of everyday events). A recent meta-
analysis found no significant impact of a range of study procedures on suicide ideation and psychological distress
after suicidality assessment'. Another meta-analysis found that exposure to suicide-related content resulted
in a significant though small reduction in suicide ideation and likelihood of engaging in suicidal behaviors'.
Echoing these findings, Bender and colleagues'” showed that higher-risk individuals actually exhibited lower
implicit suicidality after suicidality assessment. Many other studies have detected similar patterns'*'®!*. In terms
of utilitarian ethics, evidence indicates that suicide research is ethical because its potential harms appear to
be consistent with minimal risk and may be outweighed by its potential benefits (e.g., advancing knowledge,
reducing suicidality).

One important caveat to this conclusion, however, is that the procedures employed in most existing labora-
tory studies of suicidality were of a low-to-moderate intensity. It is possible that more immersive or intense
stimuli might cause suicidality or related harms. A recently validated suicide research method called VR suicide
exposes participants to particularly vivid and intense suicide-related stimuli?®. Participants in these studies were
placed in realistic, three-dimensional, first-person VR scenarios and given the opportunity to engage in a virtual
suicidal behavior (e.g., jumping from a virtual building, virtually shooting oneself). Participants’ virtual suicidal
behavior was used as an outcome approximating actual suicide. Initial evidence supports the validity of this, albeit
imperfect, approximation®. Across three studies with close to 500 undergraduate students as participants, VR
suicide scenarios were regarded as realistic and relevant to suicide; VR suicide rates were on par with those of
actual suicidal behaviors in the sample (~ 5%); reported reasons for not engaging in VR suicide (e.g., “I am just
not the kind of person who would ever choose the virtual suicide option,” “the virtual suicide option was just
too scary, “because of moral/religious reasons”) were akin to those for not engaging in actual suicidal behavior;
and the predictors of VR suicide resembled predictors of actual suicide (e.g., suicidal desire, agitation, male sex,
a history of suicidal thoughts and behaviors).

This new method has major potential benefits as it is one of the few methods that can shed light on the causes
of suicidal behavior, and such causal information is crucial for developing better suicide prevention techniques.
For example, a recent experiment adopting this method found that experienced stress alone did not cause an
increase in VR suicide, but the anticipation that VR suicide would help avoid stress resulted in an increase in
VR suicide?!. The findings of this study have broad implications for suicide prevention efforts: they suggest that
targeting how individuals conceptualize the consequence of suicide may reduce suicide risk. Despite its poten-
tial to advance suicide knowledge, the highly vivid and realistic nature of this method raises questions about its
potential harms, such as increasing capability for suicide or “triggering” suicidality.

Initial work on the VR suicide method evaluated the immediate impact of multiple VR suicide scenario
exposures among a low-risk sample of undergraduate students who were not specifically recruited for mental
health symptoms or suicidal thoughts and behaviors?. Consistent with the broader literature on the effects on
suicide stimuli exposure'®, there was no immediate (i.e., within-session) effect of VR suicide scenario exposure
on suicide ideation or related cognitions, implicit associations with suicide, implicit/explicit affect toward suicide,
fearlessness about death, distress, or clinician-rated suicide risk. These findings are encouraging, but they cannot
speak to potential effects of VR suicide exposure among people with suicidality or the medium- and long-term
effects of VR suicide exposure. This latter limitation dovetails with a major limitation of the broader literature
on the effects of suicide stimuli exposure: nearly all studies investigate the impact of exposure in the immediate
term (i.e., end of the study session) or short-term (i.e., a few days or a week). Although these timeframes are
well-suited to detect effects that are strongest immediately post exposure, such as habituation, sensitization, and
priming effects, such timeframes may not be sufficient to detect effects on suicidal behavior, which may only be
evidenced several weeks or even years after exposure.

The present investigation aims to address these limitations. Specifically, Study 1 adopted a quasi-experimental
approach and tested the medium-term effects of VR suicide exposure over the course of one month. Study 1
also addressed whether VR suicide exposure may be particularly harmful for higher-risk individuals (i.e., with a
history of suicidality). Study 2 adopted a randomized experimental design and tested the long-term effects of VR
suicide exposure over the course of two years among a low-risk sample. Consistent with the broader literature
and Franklin et al.?, we hypothesized that both studies would support the safety of VR suicide exposure. That
is, we expected that VR suicide exposure would not increase any form of suicidality. Support for the safety of
this method would indicate that, even with intense suicide-related study procedures, suicide research is ethical
because it carries a low risk for potential harms.
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Figure 1. Flow Charts of Study Procedures. Note. VR =virtual reality.

Study 1

The pri);nary goals of Study 1 were to examine (1) whether exposure to VR suicide scenarios significantly increases
suicidality and related harms over a one-month period; and (2) whether VR suicide exposure may be par-
ticularly harmful for individuals with a history of suicidality compared with individuals without a history of
suicidality. To achieve these two goals, we adopted a pretest—posttest design where we measured suicidality and
related constructs among both the control group without a history of suicidality and the group with a history
of suicidality before VR suicide exposure and one month after exposure. Consistent with prior evidence'®'7, we
hypothesized that exposure to immersive and intense VR suicide scenarios would not increase suicidality in
the medium term. We also hypothesized that VR suicide scenarios would not be more harmful for individuals
with a history of suicidality. Instead, it is possible that small reduction in suicidality or related constructs may
manifest among at-risk individuals.

Methods

Participants. Participants were recruited from a pool of undergraduate university students enrolled in
psychology courses who completed a mass screening survey for research participation credit. To address our
research questions, we intentionally recruited a control group without a history of suicide ideation or attempt
(n=56) and a group with prior suicide ideation or attempt (STB group: n=62). That is, we oversampled for
participants with a history of suicidality such that sample sizes would be roughly equivalent between groups.
Control group participants were identified by negative responses on two screening items: “Have you ever had
thoughts of killing yourself?” and “Have you ever made an actual attempt to kill yourself in which you had at
least some intent to die?” Participants who responded negatively to both items were invited to participate in
the study as the control group, and those who responded positively to either of the two items were invited to
participate as the STB group. Based on participants’ mass screening survey responses, 11 (17.74%) of the 62 par-
ticipants in the STB group have attempted suicide in their lifetime, and 51 (82.26%) of them have thought about
suicide but have not attempted. Participants were young (M =19.56, SD=1.95) and primarily female (79.66%).
More than half of the participants self-identified as White/Caucasian (63.56%), with the rest identifying as His-
panic/Latino (16.10%), Black/African-American (13.56%), Asian/Pacific Islander (5.08%), and Mixed or Other
Race/Ethnicities (1.69%). The control group and STB group did not differ in terms of demographics.

Procedure. The IRB at Florida State University approved all study procedures.

Baseline. 'We adopted the procedures used by Franklin et al.?° (see Study 2) for participants’ first study visit
(Fig. 1). Due to space limitation, we provide a brief description here and a more detailed description in Sup-
plements 1 & 2. Briefly, participants read and signed an informed consent form upon arrival. Participants then
completed a series of baseline questionnaires. Afterward, they were oriented to the instruction structure for the
upcoming virtual reality scenarios and practiced following instructions in a VR orientation scenario. All par-
ticipants underwent two VR suicide scenarios, the order of which was counterbalanced. In each VR scenario,
participants were offered an explicit choice to engage in virtual suicide or a safe alternative. The order of the
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presentation of the two choices was counterbalanced as well. Lastly, participants experienced a VR scenario as a
positive mood induction. All participants were assessed for suicide risk by trained staft based on the framework
proposed by Joiner et al.”>?; corresponding steps were taken to mitigate risk (see Supplement 1 for details). Par-

ticipants were then debriefed and compensated for this study visit. The baseline visit lasted approximately 1.5 h.

Follow-up assessment. Approximately one month (M=28.39 days, SD=4.03) after the initial study visit, par-
ticipants returned to the laboratory to complete the follow-up assessment. Participants filled out the same series
of questionnaires from baseline, but they were instructed to base their responses on experiences since the last
study visit. The follow-up assessment lasted approximately 30 min. Afterward, participants were interviewed by
trained staff to complete a suicide risk assessment**?. Corresponding steps were taken to mitigate risk based on
their risk level. All participants were then debriefed and compensated with a $50 electronic gift card.

Measures. Demographics. Participants responded to items regarding their sex, age, and race/ethnicity at
baseline.

Primary outcome measures. Given that we were mainly interested in examining whether intense suicide research
stimuli might increase suicidality among participants, the primary outcomes were the presence or absence of
suicidal thoughts and behaviors. At baseline, participants answered true/false to the following items, which
were designed to assess any experience of suicidal thoughts and behaviors: “I have seriously considered suicide
before;” “I have planned a suicide attempt before;” and “I have attempted suicide (i.e., purposefully injured
myself with some intent to die) before” At follow-up, participants answered the same items again, except that
the items were modified to inquire about their suicidal thoughts and behaviors since their last study visit (e.g., “I
have seriously considered suicide since my last study visit in this lab”). Participants’ clinician-rated suicide risk
levels®>** were also examined to investigate whether exposure to VR suicide would lead to clinically meaningful
changes that necessitate changes in risk mitigation strategies (see Supplement 1 for detailed procedures).

Secondary outcome measures. In addition to investigating whether exposure to intense suicide stimuli increases
suicidal thoughts and behaviors, we examined whether such exposure might lead to harm in closely related
areas. As hundreds and thousands of risk factors have been found to be significantly yet weakly predictive of
future suicidality*, we were unable to include all relevant measures. Because the presence of capability for sui-
cide, perceived burdensomeness, and thwarted belongingness is posited to cause suicide according to one of the
most popular theories in the field*>?, we elected to include these constructs. We also assessed for agitation as it
is routinely listed as a suicide warning sign by multiple leading suicide prevention organizations®”-**. Emotion
dysregulation and self-criticism were also assessed given their theoretical relevance to suicidality®-32.

Acquired capability for suicide scale—fearlessness about death. We adopted one of the gold standard measures in
the field, the Acquired Capability for Suicide Scale—Fearlessness about Death (ACSS-FAD), to assess capability
for suicide®. The ACSS-FAD involves seven items assessing for acquired capability for suicide, a construct pos-
ited to increase risk for suicidal behaviors?>?. Participants responded to the items, such as “the pain involved in
dying frightens me,” by rating on a Likert scale from 0 (not at all like me) to 4 (very much like me). The internal
consistency was good at baseline (a=0.84) and at follow-up (x=0.84).

Interpersonal needs questionnaire (INQ-15). 'The INQ-15 was adopted to assess perceived burdensomeness and
thwarted belongingness®, two constructs that have been proposed to lead to suicidal desire?*. The perceived
burdensomeness subscale includes six items, and the thwarted belongingness subscale includes nine items. Each
item (e.g., “these days, I think I am a burden on society”) was rated on a scale of 1 (not at all true for me) to 7
(very true for me). The questionnaire has shown good psychometric properties, such as good reliability, and
convergent and divergent validity. Both subscales demonstrated good internal consistency across two timepoints
(as=0.87—0.92).

Brief agitation measure (BAM). 'The BAM is a three-item measure that assesses current agitation levels®. Each
item was rated on a scale of 0 (strongly disagree) to 6 (strongly agree). Cronbach’s alpha ranged from 0.86 at
baseline to 0.90 at follow-up.

Difficulties in emotion regulation Scale (DERS). ' The DERS is a 36-item scale assessing emotional dysregulation®®.
Participants rated each item (e.g., “I am clear about my feelings”) on a scale of 1 (almost never) to 5 (almost
always). The DERS has demonstrated good test-retest reliability®, high internal consistency®’~*, as well as good
construct and predictive validity*®*!. The internal consistency within this study was good at both timepoints
(baseline: a=0.95; follow-up: a=0.96).

Self-rating scale (SRS). Participants completed the SRS* to assess their self-critical beliefs. Participants rated
each of the eight items such as “I am deserving of pain and punishment” on a Likert scale ranging from 1
(strongly disagree) to 7 (strongly agree). The SRS has demonstrated strong internal reliability*>**. Within the
study, Cronbach’s alpha ranged from 0.89 at baseline to 0.93 at follow-up.

Data analytic plan. All data analyses were performed using base R version 4.0.0*. Given that the sample
size of participants with a history of suicide attempt was small (n=11), we analyzed data from participants with
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a history of suicide ideation and suicide attempt together (i.e., the STB group). We also conducted analyses based
on three distinct groups (i.e., control group, suicide ideation group, suicide attempt group); results were largely
consistent with the exception that power substantially decreased among the suicide attempt group. As such, we
reported analytic results from comparing the control group with the STB group in the main text and included
analytic results from comparing the three groups in Supplement 3.

Considering that our research goals were to study (1) potential medium-term harm post VR suicide exposure
and (2) potential exacerbation in harm for individuals with a history of suicidality, our main analyses involved (1)
examining pre-post effects of experiencing VR suicide scenarios within each group and (2) testing for interaction
effects between exposure to VR suicide scenarios and group membership (i.e., time [pre, post] x group [control,
STB] interaction). That is, we examined whether the pre-post effects of exposure to VR suicide scenarios were
different depending on the group (e.g., whether the STB group might experience much larger negative conse-
quences after exposure than the control group). Given that it is possible that iatrogenic effects might only be
present for individuals who engaged in virtual suicide, we additionally compared the follow-up measure scores
of participants who engaged in virtual suicide with those who did not engage in virtual suicide. Independent
samples and paired t-tests were adopted to investigate the effects of exposure to VR suicide scenarios on con-
tinuous measures. Chi-squared analyses and Fisher’s exact tests were adopted for categorical outcomes. Of note,
we compared between-group differences at each timepoint. As these analyses were less essential than our main
analyses given our research aims, the results were reported in Supplement 4.

Multiple strategies were used to address missing data and the associated potential of biases. We first con-
ducted analyses based on complete cases. We then adopted multiple imputation using the r package mice version
3.9.0%. Five imputed datasets were created, and results were averaged. As findings were consistent across the two
approaches, we reported results from complete cases in the main text and results from multiple imputations in
Supplement 5. Considering the longitudinal nature of the study, participants who dropped out might significantly
differ from those completing the follow-up assessment. To control for potential differences, regression analyses
were conducted to obtain adjusted effects of exposure to VR suicide scenarios. For each regression analysis
examining pre-post differences within each group, the dependent variable was the outcome of interest (e.g.,
agitation), and the independent variable was the outcome of interest assessed at baseline. Differences between
the retained sample and participants lost to follow-up were entered into the regression model as covariates. A
regression coefficient of one for the outcome of interest assessed at baseline indicates no change in the outcome
of interest from baseline to follow-up, with coefficients significantly smaller or larger than one indicating signifi-
cant increases or decreases from baseline. For regression analyses examining differences in pre-post changes by
group, the change in scores was considered the dependent variable with group membership as the independent
variable. For binary outcomes (e.g., suicide attempt), logistic regression analyses were employed.

Results

Retention & missing data. Twelve participants, six in each group, were lost to follow-up, resulting in
an overall retention rate of 89.83%. The control group and STB group did not differ in terms of retention rates
(control: 89.29%; STB: 90.32%, x> < 0.001, p=0.99). Participants lost to follow-up were significantly younger (lost
to follow-up: M=18.83, SD=0.83; retained: M=19.64, SD=2.03; t=— 2.60, p=0.01), and scored significantly
higher on the DERS (lost to follow-up: M =98.00, SD=24.27; retained: M =81.88, SD=23.67; t=2.19, p=0.047).
Participants lost to follow-up did not differ from those who completed the assessment on any other demographic
characteristics or baseline measures, including suicide risk. Post-hoc power analyses indicated that there was
sufficient power (i.e., 0.80) with the retained sample to detect small effects for continuous outcomes (i.e., Cohen’s
d~0.2) and medium effects for binary outcomes (i.e., Cohen’s & ~0.5). For baseline, only one participant’s data
were missing on the DERS items. For follow-up, no additional data were missing other than those lost to follow-

up.

Pre-post changes. Neither the control group nor the STB group experienced any worsening in suicidality
as measured by self-reported serious suicide ideation, plan, and attempt as well as clinician-rated risk catego-
ries (Table 1). Similarly, neither group experienced any increase on related clinical measures (Table 1). Nota-
bly, multiple decreases in scores were observed. Both groups reported significantly lower levels of agitation
(ps<0.001), emotion dysregulation (ps=0.04), and self-criticism (control: p=0.02; STB: p=0.01). The control
group scored significantly lower on capability for suicide (p<0.001), and the STB group reported lower levels
of thwarted belongingness (p <0.001) at follow-up (Table 1). These decreases were considered medium to large
(ds= — 0.73, — 0.54, respectively). After adjusting for differences between those who dropped out and those
who did not (i.e., age and DERS at baseline), both groups continued to show significant decreases in agitation
(control: B=0.47, SE=0.10, p<0.001; STB: B=0.54, SE=0.15, p<0.001) and self-criticism (control: B=0.78,
SE=0.12, p=0.04; STB: B=0.66, SE=0.12, p=0.004). The decreases in emotion dysregulation in the control
group (B=0.74, SE=0.08, p=0.001) and thwarted belongingness in the STB group (B=0.57, SE=0.12, p<0.001)
remained significant after considering the covariates.

Between-group differences. The control and STB groups’ pre-post changes on clinical measures signifi-
cantly differed on two measures (Table 1). That is, interaction effects between VR suicide exposure and sample
severity were detected. First, the control group’s capability for suicide significantly decreased since baseline,
whereas the STB group’s capability for suicide remained consistent since baseline (p =0.004). Second, the STB
group reported significantly lower levels of thwarted belongingness since baseline but the control group reported
similar levels since baseline (p=0.009). These effects were considered small to medium (ds=-0.28, —0.51,
respectively). After adjusting for baseline differences between participants who completed follow-up and those
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Control Group STB Group Between-
(Baseline: N=56) (Baseline: N=62) Group
(Follow-up: N =50) (Follow-up: N=56) Differences
of Pre-Post

Mean | SD Pre-Post Mean | SD Pre-Post Changes

Measures n % t P n % tix> |p t P

Primary Outcomes

Serious Suicide Ideation

Pre 0 0% 38 61.29%

One Month Post Exposure 0 0% - - 2 3.57% 26.28 <.001

Suicide Plan

Pre 0 0% 14 22.58%

One Month Post Exposure 0 0% - - 0 0% 11.08 | .001

Suicide Attempt

Pre 0 0% 11 17.74%

One Month Post Exposure 0 0% - - 0 0% 8.10 .004

Suicide Risk Category

Immediately Post Exposure

Low 56 100% 51 82.25%

Low-Moderate 0 0% 11 17.74%

One Month Post Exposure

Low 50 100% 49 87.50%

Low-Moderate 0 0% - - 7 12.50% | 2.25 13

Secondary Outcomes

ACSS-FAD

Pre 11.09 |6.07 11.00 |6.23

One Month Post Exposure 9.34 6.70 -3.57 | <.001 |11.21 |6.34 0.72 47 2.94 .004*

BAM

Pre 4.27 4.39 8.15 4.74

ne Month Post Exposure 2.20 304 |-371 | <.001 |577 5.23 -379 |<.001 |-095 |.35

DERS

Pre 71.70 |20.31 94.39 |22.30

One Month Post Exposure 6576 |17.26 | -2.06 |.04 89.09 | 24.49 -2.08 |.04 -0.40 |.69

INQ—Perceived Burdensomeness

Pre 7.07 233 11.13 | 5.39

One Month Post Exposure 6.68 1.46 -0.84 |.40 10.16 | 5.28 -181 |.08 -181 |.19

INQ—Thwarted Belongingness

Pre 18.68 |8.68 26.58 |8.18

One Month Post Exposure 1720 | 846 |-128 |.21 2221 |83 -4.37 | <.001 |-2.65 |.009

SRS

Pre 18.46 |9.35 28.58 | 10.64

One Month Post Exposure 1534 |9.2 -2.32 |.02 25.09 |11.81 -2.68 |.01 -0.79 |.43

Table 1. Study 1 results. *Remained significant after controlling for baseline differences between participants
who completed follow-up assessment and those lost to follow-up. *Fisher’s exact test; ACSS-FAD = Acquired
Capability for Suicide Scale—Fearlessness about Death; BAM = Brief Agitation Measure; DERS = Difficulties
in Emotion Regulation Scale; INQ = Interpersonal Needs Questionnaire; PB = Perceived Burdensomeness;
TB =Thwarted Belongingness; SRS = Self-Rating Scale; STB = suicidal thoughts and behaviors.

who did not, the between-group differences of pre-post changes on capability for suicide (B=2.47, SE=0.82,
p=0.003) remained significant, but not thwarted belongingness (B=- 2.81, SE=1.51, p=0.07).

Effects of engaging in VR suicide. Regardless of whether one engaged in VR suicide, no worsening in
suicidality or clinical symptoms after exposure was observed (Supplement 6). In fact, individuals who did not
engage in VR suicide experienced significant decreases on the BAM, DERS, INQ-Thwarted Belongingness, and
SRS; the effects were consistent after adjusting for age and DERS at baseline (Supplement 6).

Study 1 discussion

Consistent with our hypothesis and previous research evidence, exposure to VR suicide scenarios did not
appear to cause suicidality or related harms among healthy individuals or individuals with a history of suicidal-
ity. Instead, both groups experienced small to medium reduction in certain symptoms. Analyses comparing
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participants who engaged in VR suicide with those who did not also failed to reveal any significant negative
consequences. Given that the retained sample size was sufficiently powered to detect medium effects (Cohen’s
h~0.50) for binary outcomes (e.g., suicide ideation), the current findings do not provide evidence for medium
or large iatrogenic effects of VR suicide on suicidality in the medium term, even among higher-risk individuals.
However, this study leaves open the question of longer-term effects. Moreover, due to the nature of the pre-
test—posttest study design, further evidence is needed to shed light on the potential harm and benefits caused
by this intense suicide research method.

Study 2

Study 2 aims to test whether exposure to VR suicide might cause long-term increase in suicidality and related
harm. To achieve this aim and to overcome one limitation of Study 1 (i.e., inability to infer cause), we adopted
an experimental design where participants were randomly assigned to either experience suicide or neutral VR
scenarios. Based on broader evidence'>* and results from Study 1, we hypothesized that the results would not
provide evidence for harm associated with experiencing VR suicide scenarios.

Methods

Participants. The 287 participants who took part in the initial VR suicide validation study in 2017 (see
Study 1 in Franklin et al.”) were retrospectively contacted to complete a follow-up assessment approximately
two years later (M =1.75 years; SD=>57.78 days). More than half of the participants (n=159; 55.40%) completed
the assessment. Among those who participated in the follow-up study, 64.15% were female. Most participants
identified their race as White/Caucasian (69.18%), followed by Hispanic/Latino (17.61%), Black/African-Amer-
ican (6.29%), Asian/Asian American (5.66%), Native American (0.63%), and Mixed Race/Ethnicities (0.63%). At
the time of follow-up, the average age was 20.41 (SD=1.67). Of note, participants in Study 2 were independent
from participants in Study 1.

Procedure. The IRB at Florida State University approved all study procedures of the follow-up study, includ-
ing the procedure to contact participants who participated in the initial VR suicide validation study in 2017 and
the procedure to compensate participants for the follow-up study.

Baseline. A full description of the procedures at baseline may be found in Franklin et al.?% we hereby provide a
brief description in the main text (Fig. 1) and more detailed description in Supplements 1 & 2. A total of 287 par-
ticipants were recruited from undergraduate psychology courses. After presenting in the laboratory, participants
read and signed an informed consent form. They received an orientation to the VR equipment and experienced
an orientation VR scenario. Participants were then randomized to experience either two neutral VR scenarios
(n=139) or two VR suicide scenarios (n=148). The order of the scenarios was counterbalanced. Participants
rated their experiences in each scenario immediately afterward. At the end, all participants underwent a positive
mood induction, a full suicide risk assessment?**, and were debriefed and compensated with course credits. Of
note, unlike Study 1 where participants were given the choice of either engaging in suicide or a safe alternative
in the suicide scenarios, participants in Study 2 were not provided with a safe alternative. However, they were
reminded throughout the study that they could stop participation at any time (see Supplement 2 for detailed
experimenter instructions). Because of this difference, approximately 77.70% of the participants randomized to
the VR suicide condition engaged in virtual suicide in at least one of the scenarios, with 50% engaging in virtual
suicide in both scenarios.

Follow-up assessment. Participants were invited to complete a follow-up study via email, which included an
electronic link to the survey and their unique ID number from the initial study. The survey lasted approximately
10 min. Because participants were unaware at their initial study visit that a follow-up study would be conducted,
a $20 Amazon gift card was sent to participants within 24 h of completion with the goal to increase retention
rates. To ensure participants’ safety, participants were required to submit a contact phone number so that, in the
event they reported a suicide-related event since participation, they could be contacted by trained researchers to
conduct a full suicide risk assessment and take steps to mitigate risk. The same risk assessment procedure was
adopted as Study 1?%%. Participants who reported any suicide ideation, plan, and attempt since the initial study
were contacted by the research staff by phone within 24 h of survey completion. For participants that we were
unable to reach upon first attempt, voice messages were left requesting them to call back as soon as possible.
Two additional contact attempts were made within 24 h of the first phone message. Due to the voluntary nature
of this assessment, we were unable to reach two participants from the control group and five participants from
the virtual reality suicide group who needed an assessment; the rates did not differ based on condition. Of note,
all participants were provided with mental health resources on the survey website regardless of whether they
needed or completed a risk assessment.

Measures. Similar to Study 1, we were primarily interested in the effects of exposure to VR suicide on sui-
cide ideation, plan, attempt, and risk level since their participation in the initial study. Closely related theoreti-
cal constructs such as capability for suicide, thwarted belongingness, and perceived burdensomeness were also
examined. The following measures were identical to those administered in Study 1: demographics, ACSS-FAD?*®
(¢=0.87), INQ* (thwarted belongingness subscale: a=0.89; perceived burdensomeness subscale «=0.92), and
items assessing for the presence of suicide ideation, plan, and attempt since the last study visit. To complement
the secondary outcome measures in Study 1, we elected to include a measure on broad psychological symptoms
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(see below). Again, effects immediately post exposure were previously reported® and therefore not a focus of
the present study.

Brief symptom inventory 18 (BSI). The BSI is a self-report rating questionnaire with 18 items designed to assess
for psychological symptoms*. Participants were instructed to rate how much they had been distressed by each
symptom (e.g., faintness or dizziness, feeling lonely) since their participation in the initial study in 2017 on a
scale of 1 (not at all) to 5 (extremely). The BSI yields three subscale scores (i.e., depression, anxiety, and somatiza-
tion) as well as a total score. Higher scores indicate more severe symptoms. The BSI has been shown to demon-
strate good psychometric properties?’. The internal consistency was good (a=0.95).

Data analytic plan.  All data analyses were performed using base R version 4.0.0*. First, we examined the
unadjusted causal effects of experiencing VR suicide scenarios. Chi-squared analyses and Fisher’s exact tests
were employed to examine whether experiencing VR suicide scenarios causes an increase in suicide ideation,
plan, attempt, and risk. Independent samples t-tests were adopted to investigate the effects of VR suicide sce-
narios on psychological symptoms, fearlessness of death, perceived burdensomeness, and thwarted belonging-
ness. Second, we examined the adjusted causal effects of experiencing VR suicide scenarios through regression
analyses controlling for any potential differences between participants who completed follow-up assessment and
those lost to follow-up. The regression models were built in a similar fashion as in Study 1. Lastly, we examined
the unadjusted and adjusted effects of engaging in virtual suicide (as opposed to simply experiencing VR suicide
scenarios without engaging in virtual suicide). Of note, because the baseline study (i.e., Study 1 in Franklin
et al.?’) was originally designed to evaluate the validity and feasibility of the VR suicide approach, measures on
suicidality and related clinical measures were not administered prior to exposure to VR scenarios. Therefore,
we were unable compare participants’ scores on measures at the follow-up to their pre-exposure scores. Missing
data were addressed in the same way as Study 1. Results based on complete cases were reported in the main text,
and results based on multiple imputation were reported in Supplement 5 as they were highly consistent.

Results

Retention & missing data. Approximately 57.55% of the participants in the control condition and 53.38%
in the suicide VR condition completed the follow-up assessment. The retention rates were not significantly dif-
ferent by condition (y*=0.35, p=0.55). Among participants assigned to the suicide VR condition, retention
rates did not differ between those who engaged in virtual suicide and those who did not (3*=0.12, p=0.73).
Participants lost to follow-up did not differ from those retained at follow-up on suicide risk assessed at the
end of the initial study visit (Fisher’s exact test: p=0.99). However, a significantly smaller proportion of Black/
African-American participants was retained for follow-up (33.33%; *=5.56, p=0.02); and a significantly higher
proportion of Asian/Asian American participants was retained (100%; Fisher’s exact test: p=0.005). No other
demographic differences were detected. Post-hoc power analyses indicated that the retained sample size would
allow for sufficient power (i.e., 0.80) to detect small effects for continuous outcomes (i.e., Cohens d~0.2) and
medium effects for binary outcomes (i.e., Cohen’s h~0.5). Other than participants who were lost of follow-up,
missing data were only present for one participant on ACSS-FAD and INQ items.

Effects of exposure to VR suicide scenarios. Previous research has found no immediate (i.e., within-
session) effects on safety-related measures after exposure (see Study 1 in Franklin et al?°). As such, here we focus
on reporting the long-term effects. Overall, the control group participants and the VR suicide group participants
did not differ on any safety measures (all ps>0.40; Table 2). Individuals who engaged in VR suicide did not
differ on any measures compared with those who did not, with the exception that the former group reported
significantly lower levels of anxiety symptoms as measured by the BSI (p=0.046; Supplement 6). Regression
analyses adjusting for the effects of race found no significant effects of either exposure to VR suicide scenarios
or engaging in virtual suicide.

Study 2 discussion

Results suggest that the VR suicide method did not cause medium or large long-term negative consequences on
suicidality and did not cause small to large negative effects on related measures. The findings are consistent with
previous studies finding no immediate effects post exposure to VR suicide scenarios® and broader evidence on
the lack of iatrogenic effects of exposure to suicide-related content'>®.

General discussion
The present series of studies found no evidence of medium-to-large negative consequences on suicidality from
exposure to immersive and intense suicide-related stimuli in the medium term or long term. In addition to not
causing harm, the exposure was associated with small-to-medium reduction in certain symptoms for both healthy
and at-risk individuals. Given the highly immersive and intense nature of VR suicide scenarios, the results sug-
gest that similar or less intense suicide-related stimuli are unlikely to exert iatrogenic effects in the medium or
long term. Together, the findings indicate that—in terms of utilitarian ethics—suicide research adopting these
intense methods is ethical because it has the potential for many benefits and carries a low risk for potential harms.
The current findings may seem surprising to some as they contradict two popular—but unsupported—beliefs
about the causes of suicidality. The first belief is that suicide-related stimuli cause people to habituate to the pain/
fear involved in killing oneself, thereby increasing the capability for suicide (with capability being defined as fear-
lessness about death and the pain involved in dying®*?¢). From this perspective, one might hypothesize that VR
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Virtual reality
Control suicide
Racald et

N=139) N=148)

(Follow-Up: (Follow-Up:

N=80) N=79)

Mean | SD Mean | SD

n % n % t P
Baseline (post virtual reality scenarios)
Suicide Risk Category
No Assessment Needed 125 89.93% | 124 83.78%
Assessment Needed—Low Risk 12 8.63% 23 15.54%
Assessment Needed—Low-Moderate Risk | 2 1.44% 1 0.68% - .54°
Follow-Up
ACSS-FAD 20.30 | 7.33 19.59 |6.52 -0.64 |.52
BSI 25.20 |8.89 2471 |7.97 -0.36 |.72
Somatization 7.38 2.24 7.51 2.21 0.37 71
Depression 9.12 3.8 8.77 3.83 -0.57 |.57
Anxiety 8.66 3.44 8.56 343 -0.19 | .85
INQ—Perceived Burdensomeness 7.01 2.23 6.90 2.52 -0.28 |.78
INQ—Thwarted Belongingness 19.04 | 10.66 18.05 |9.47 -0.62 |.54
Suicide Ideation 2 2.50% |4 5.06% - 44
Suicide Plan 0 0.00% 0 0.00% - -
Suicide Attempt 0 0.00% |0 0.00% |- -
Suicide Risk Category
No Assessment Needed 75 93.75% | 72 91.14%
Assessment Needed—Low Risk 3 3.75% 2 2.53%
Assessment Needed—No Response 2 2.50% 5 6.33% - .59°

Table 2. Study 2 results. *Fisher’s exact test; ACSS-FAD = Acquired Capability for Suicide Scale—Fearlessness
about Death; BSI = Brief Symptom Inventory; INQ = Interpersonal Needs Questionnaire; PB = Perceived
Burdensomeness; TB =Thwarted Belongingness.

suicide would cause suicidality by increasing individuals’ capability for suicide. Although the construct of suicidal
capability is widespread in suicide research, it is not supported by empirical evidence: (a) capability for suicide
does not appear necessary for suicidal behaviors as it discriminates poorly between individuals with and without
suicide attempts cross-sectionally*** and prospectively*’; and (b) capability for suicide remains unchanged after
self-injury and suicide attempts®' and prolonged combat exposure®. That is, capability for suicide exerts weak
effects on suicidal behaviors, and actual suicidal behaviors and other painful and provocative events do not seem
to increase capability. As such, it is unlikely that virtual suicidal behaviors might significantly increase partici-
pants’ capability for suicide. Moreover, even if VR suicide exposure increased the construct of suicidal capability,
it would be unlikely to increase risk for suicidality because this construct is weakly associated with suicidality.
Consistent with these lines of evidence, no increase in capability for suicide or suicidal thoughts and behaviors
were observed immediately after exposure to VR suicide scenarios?, or at one-month and two-year follow-up.

The second commonly held belief is that exposure to suicide-related content might “trigger” suicidality.
Evidence does not support this belief. A plethora of studies have demonstrated that exposing participants to
suicide-related content does not cause negative impacts on self-injurious or suicidal urges'®, suicide risk", suicide
ideation'®??, or depressive symptoms**. Moreover, multiple studies have shown potential benefits of exposure to
suicide-related stimuli, such as reduction in distress, suicide ideation, and depressive symptoms!®!7*>. Broader
evidence outside the field of suicide research also does not support deleterious psychological consequences of
exposure to provocative content; in fact, warnings about such content potentially inducing negative reactions
may exert countertherapeutic effects®®”. In line with previous studies, the current findings indicate that exposure
to immersive and intense suicide-related content not only does not cause harm but might be associated with
symptom reductions in the medium and long term.

What do the current findings mean regarding the ethics of suicide research adopting these methods? In terms
of utilitarian ethics, VR suicide exposure appears to pose minimal risk while providing a potential avenue for sci-
entific advances. However, utilitarian judgments are never static—it is possible that one day evidence will emerge
indicating that the costs outweigh the benefits and/or that the cost-benefit ratio is favorable in some situations
but not others. For instance, it is possible that certain modifications to the paradigm may improve its construct
validity (e.g., incorporating haptic suits to mimic physical pain as participants engage in VR suicide). However,
modifications that more closely approximate actual suicidal behavior may increase risk of harm. Therefore, future
studies are needed to assess the validity and safety of any novel or updated methods.

Scientific Reports |

(2021) 11:9653 |

https://doi.org/10.1038/s41598-021-89152-0 nature portfolio



www.nature.com/scientificreports/

It is important to note that the current study findings do not mean that any kind of exposure to any suicide
content is safe and ethical. The current manuscript addresses using suicide-related content for research purpose.
In research settings, participants’ suicide risk is monitored, and procedures are in place to mitigate risk. A distinct
difference exists between exposure to suicide content in a controlled environment and exposure to any types
of suicide content in an uncontrolled environment. Correlational evidence suggests that exposure to certain
media portrayal of suicide may be harmful®. It is recommended that any portrayal of suicide should follow the
responsible reporting guidelines proposed by major health organizations®*°.

The study findings need to be considered in the context of its limitations. First, the two samples were overall
at low risk for suicide. Because the VR suicide method was originally developed as a translational approach to
shed light on basic causal processes present among low-risk populations (e.g., what causes a healthy participant
to engage in virtual suicide)?,, it was not designed with the ultimate goal to place individuals at high or immi-
nent risk for suicide in the virtual suicide scenarios®. Translational findings from low-risk samples will require
future studies (and likely other types of studies such as observational and longitudinal designs) to be translated
to the actual phenomena of interest (e.g., what causes a high-risk patient to die by suicide). If researchers wish
to implement the VR suicide method among higher-risk populations, such as individuals with multiple suicide
attempts, additional studies are needed to demonstrate its safety. Similarly, this method was initially validated in a
primarily young population, and empirical studies are needed to extend the application among older populations.

Second, it is possible that exposure to intense suicide stimuli increased suicide risk and resulted in related
harms, but the included measures were not sensitive enough to detect the changes. We reason, however, that this
may be implausible. We specifically selected measures that are considered standard and have been widely used
in the field with the intention that they may facilitate comparison of the current findings with previous research.
Within the present investigation, the measures did appear sensitive enough to reflect pre-post changes in one
month: significant decreases in capability for suicide, perceived burdensomeness, agitation, and self-criticism
were detected in at least one group in Study 1. Therefore, it is unlikely that the lack of observed changes two
years post exposure in Study 2 were due to insensitivity of the measures. Moreover, the mechanisms commonly
considered to lead to increased risk for suicide after exposure to suicide stimuli (e.g., habituation, sensitization,
and priming) typically exert the strongest influence immediately after exposure. Prior studies did not detect
increased suicide risk or related harms within session or within days of exposure!>!®. Given that it is possible
that effects on relatively rare phenomena such as suicide ideation and attempt may require a longer period to
evidence, the present study extends prior research by examining short- and long-term effects. Consistent with
previous studies with longer follow-ups!®, we found no evidence of exposure to intense suicide stimuli causing
suicide ideation, attempt, or related harms in one month and two years.

It is important to note that the current findings do not suggest that VR suicide exposure has no effects in
any domain. Rather, the evidence suggests that it does not appear to cause deleterious effects on suicide risk or
related constructs as currently understood in the literature. For instance, the exact timeframe needed for one to
develop capability for suicide (and relatedly, how much capability for suicide is dangerous) has yet to be clearly
delineated. Although capability for suicide was originally theorized to monotonically increase with exposure to
painful and provocative events?, studies have found contradicting patterns®*¢. This confusion is compounded
by the fact that there lacks research quantifying the sensitivity of measures widely used for these constructs.
As more clarity develops on these issues, future research is encouraged to design their studies and update their
measures accordingly. Risk and benefits should be re-evaluated as new evidence emerges.

Third, the retained sample sizes for both studies may be small. The retention rate for Study 2 was low despite
efforts to increase retention. On balance, the retained sample sizes at follow-up for both Study 1 and Study 2
still had sufficient power for small effects on continuous measures and medium effects on binary outcomes, and
Study 1 did detect significant decreases in constructs such as capability for suicide, perceived burdensomeness,
and self-criticism. Given that larger samples allow for more precise estimates, future studies are encouraged to
test the effects of exposure to intensive suicide-related stimuli with larger sample sizes.

Fourth, we were unaware of any adverse suicide-related outcomes (e.g., suicide death) reported either to us
or the IRB, but we were unable to ascertain whether participant dropout was due to suicide ideation, nonfatal
suicide attempt, or suicide death. On balance, retention rates were high in Study 1 and statistically equivalent
across groups in both Study 1 and Study 2. Additionally, participants retained at follow-up did not differ from
those lost to follow-up in terms of suicide risk at the initial study visit. Thus, the potential of this issue signifi-
cantly impacting findings is likely low. Nonetheless, future studies are encouraged to account for the possibility of
participant dropout due to suicidal thoughts and behaviors. Lastly, systematic differences in retained participants
were detected. Although analyses controlling for these differences (i.e., age and emotion dysregulation in Study
1, race in Study 2) showed consistent results, future studies are recommended to increase efforts in retaining
participants from underrepresented populations and participants who might be more emotionally dysregulated.

In sum, the present investigation did not detect iatrogenic effects of an intense suicide research method over
the course of one month, two years, or in higher risk populations. Under the utilitarian system adopted by most
scientific institutions, intense suicide research methods such as VR suicide appear to be safe and ethical. Future
work should apply such methods to advance knowledge about suicidality while continuing to evaluate the costs
and benefits of such research.
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