
Observational cohort study of a
group-based VR program to
improve mental health and
wellbeing in people with
life-threatening illnesses

Hannes Kettner1,2, David R. Glowacki3,4, Justin Wall3,4,5,
Robin L. Carhart-Harris1,6, Leor Roseman2,7 and
Joseph L. Hardy3,5*
1Department of Neurology, Neuroscape, University of California San Francisco, San Francisco, CA,
United States, 2Centre for Psychedelic Research, Department of Brain Sciences, Faculty of Medicine,
Imperial College London, London, United Kingdom, 3aNUma, Inc., San Rafael, CA, United States,
4Intangible Realities Laboratory, Centro Singular de Investigación en Tecnoloxías Intelixentes da USC,
Universidade de Santiago de Compostela, Santiago de Compostela, Spain, 5Numadelic Labs, El Cerrito,
CA, United States, 6Departments of Physiology and Psychiatry, University of California San Francisco, San
Francisco, CA, United States, 7Department of Psychology, University of Exeter, Exeter, United Kingdom

Introduction: Being diagnosed with a life-threatening illness (LTI) is often
accompanied by feelings of fear, uncertainty, and loneliness that can severely
impact mental health. Relatively few interventions are available to address the
existential concerns of individuals facing LTI, while treatment of the underlying
physical ailment typically remains the priority of the healthcare system. Research
has shown that psychedelic-assisted psychotherapy (PAT) holds promise for
supporting mental health in people with LTIs. However, PAT’s potential in this
population remains curtailed by several limitations, including regulatory and
accessibility issues. Novel approaches that could provide some of the benefits
of psychedelic experiences, while avoiding associated challenges, would
therefore be highly desirable for supporting the mental wellbeing of people
with LTIs. Among such interventions, virtual reality (VR)-based experiences have
been suggested as a promising candidate. We here evaluate a program that
includes weakly representational, multi-user VR experiences based on a design
aesthetic previously described as “numadelic,” which has been demonstrated to
elicit self-transcendent experiences comparable to psychedelics.

Methods: A prospective cohort study design was used to assess the effects of
“Clear Light” (CL), a group-based, 6-sessionmultimedia program that included VR
experiences, video calls, and text chats spanning 3 weeks. Participants were
individuals suffering from LTIs that self-selected to participate in the CL program.
A total of N = 15 participants were evaluated based on assessments 1 week before
and after the program, using self-report measures of anxiety, depression,
wellbeing, and secondary psychological outcomes.

Results: The intervention was well-tolerated among participants. Significant
improvements with moderate effect sizes were observed on self-reported
measures of anxiety, depression, and wellbeing. Secondary measures
assessing demoralization, connectedness, and spiritual wellbeing also showed
significant improvements.
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Discussion: This observational study demonstrated the feasibility and potential
benefits of a group-based VR program that can be delivered at-home to people
suffering from LTIs. While conclusions are presently limited by the lack of
randomization or a comparison group, our findings strongly suggest further
research is warranted, including randomized controlled trials.
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Introduction

Modern medicine has produced a wide range of approaches to
treating the physical body of patients with life-threatening illnesses
(LTIs), up to the moment of death. However, fewer resources are
available to support patients in managing the fear, uncertainty, and
loneliness that often accompany LTI diagnoses (Pitman et al., 2018;
Ho et al., 2023). LTIs can exact a substantial psychosocial burden
due to fear of death, reduced physical mobility and fatigue induced
by illness or medications, increased time spent on procuring medical
services, and associated social isolation (Rokach, 2003). Although up
to 40% of cancer patients meet the criteria for mood disorders
(Mitchell et al., 2011), evidence-based treatments for supporting
mental health and wellbeing in patients with LTIs are limited and
often difficult to access. Current treatments primarily include talk
therapy and medications such as serotonin-selective reuptake
inhibitors (SSRIs) or benzodiazepines (Grassi and Riba, 2014),
which are however limited in their effectiveness for people with
LTIs. For example, pharmacological depression treatments have
been found to be less effective in the LTI population compared
to adults suffering from non-LTI related depression (Ostuzzi et al.,
2018). The development of novel and innovative treatment
modalities to support mental health of people with LTIs is thus
highly desirable, and there has been recent increased interest in
developing new technologies, including VR experiences, to support
this population (Carmont and McIlfatrick, 2022; Martin et al., 2022;
Mo et al., 2022; Woo et al., 2024).

In recent years, there has been renewed interest in the use of
psychedelic drugs, such as psilocybin, for people facing LTI (Grob
et al., 2011; Griffiths et al., 2016; Ross et al., 2016; Anderson et al.,
2020; Yu et al., 2021). Results indicate that these individuals can
experience rapid and sustained reduction in symptoms of anxiety
and depression following psychedelic-assisted psychotherapy (PAT)
(Ross et al., 2016). While the mechanisms of action driving the
benefits of PAT are a matter of continued research, there appears to
be a strong relationship between the occurrence of psychedelic-
induced self-transcendent experiences (STEs) and the mental health
benefits reported by people with LTIs (Griffiths et al., 2016). This is
consistent with research suggesting that the efficacy of psychedelics
in therapeutic settings depends on the acute subjective experience
during the session (Roseman et al., 2018; Roseman et al., 2019). One
study has found similarities between the experience elicited by the
psychedelic N,N-Dimethyltryptamine (DMT) and near-death
experience (NDE) reports (Timmermann et al., 2018), which
could be another explanation for the efficacy of psychedelics in
LTI populations, considering that NDEs can lead to drastic
reductions in fear of death (Pehlivanova et al., 2023).
Unfortunately, PAT is challenging to implement on a broad scale
in the LTI population, owing to legal restrictions, high cost of
delivery, and side effects (Muttoni et al., 2019). Even as
psychedelics become more widely available and socially
acceptable, limitations to access will remain for many people
with LTIs, including frailty or use of medications that render
psychedelics contraindicated. Finally, many individuals may not
feel comfortable taking psychedelics, considering their intense
subjective effects and stigma surrounding their use. Thus,
solutions that deliver some of the benefits of PAT in people with
LTIs, without its limitations, would be highly desirable.

Recently, Glowacki and colleagues (2020, 2022) described the
design of multi-user VR experiences using a so-called “numadelic
aesthetic,” (from Greek pneuma: “breath,” “spirit,” or “soul,” and
delein: “to reveal” or “to manifest”), a weakly representational visual
approach inspired by near-death phenomenology (Glowacki, 2024).
Whereas most VR applications aim for photorealistic fidelity,
numadelic representations are intentionally abstract, dissolving
conventional spatiotemporal distinctions between self and other
to achieve a sense of connectedness and unity. Compared to typical
metaverse avatars, which represent bodies as highly detailed, the
numadelic aesthetic represents participants as luminous energetic
essences with diffuse boundaries, as illustrated in Figures 2, 3 below.
“Isness,” a guided multi-person VR experience designed within this
numadelic aesthetic, was found to elicit self-transcendent
experiences (STEs) comparable to those following a moderate
dose of psilocybin (Glowacki et al., 2022), using a range of

TABLE 1 Results from the prospective outcomemeasures. Mean scores (N =
15) measured 1 week before (Pre) and after (Post) participation in the Clear
Light VR program are shown including standard error (SE). DAP-R: Death
Attitude Profile-Revised; DS-II: Demoralization Scale II; FACIT-SP:
Functional Assessment of Chronic Illness Therapy–Spiritual Well-Being;
HADS-A/-D: Hospital Anxiety and Depression Scale, Anxiety and
Depression Subscales; sWEMWBS: Short Warwick-Edinburgh Mental Well-
Being Scale; WCS: Watts Connectedness Scale.

Outcome Pre (SE) Post (SE) p Hedge’s g

HADS-A 8.73 (0.97) 7.13 (1.05) .030 0.40

HADS-D 5.33 (0.64) 3.8 (0.58) .015 0.63

sWEMWBS 24.33 (0.91) 26.53 (0.99) .002 0.58

DS-II 9.47 (1.29) 7 (1.48) .028 0.45

WCS 66.62 (4.59) 76.17 (4.03) .001 0.56

FACIT-SP 26.2 (1.99) 29.93 (1.88) .001 0.48

DAP-R 31.33 (3.49) 29 (2.86) .313 0.18
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psychometric measures, including the Mystical Experiences
Questionnaire (MEQ-30) (Griffiths et al., 2006; MacLean et al.,
2012), Inclusion of Other in Self (IOS) Scale, Ego Dissolution
Inventory (EDI) (Nour et al., 2016), and Communitas scale
(Kettner et al., 2021).

Building on this work, we here test the feasibility and potential
benefits of a multi-session, multimedia, group-based intervention of
numadelic VR experiences, video calls, and group text chats, called
“Clear Light” (CL), for reducing the psychosocial symptom burden
in people with LTIs. Given the connection between the numadelic
aesthetic and NDEs and STEs, we hypothesized that facilitated,
group experiences designed to address existential concerns related to
mortality presented in such an environment would be particularly
well suited for individuals facing LTIs.

Group-based VR interventions have been shown to offer unique
potential in addressing issues of loneliness and isolation in patient
populations with limited mobility or ability to participate in social
life, including individuals in residential care (Gaspar et al., 2018;
Brimelow et al., 2022), aphasic stroke patients (Marshall et al., 2020),
and those suffering from social anxiety (Anderson et al., 2013; Ngai
et al., 2015; Anderson et al., 2017) or social phobia (Salehi et al.,
2020). The need for novel interventions that include social support
for people facing LTIs is further exacerbated by the fact that
loneliness and social isolation do not only increase symptom
burden (Abedini et al., 2020) and reduce quality of life (Hyland
et al., 2019; Dahill et al., 2020), but are also associated with increased
mortality following a diagnosis (Drageset et al., 2013). Although
extended, interactive, group-based VR interventions therefore hold
a unique potential for patients with restricted mobility, studies on
the use of VR for the LTI population have thus far mostly employed
solo experiences involving photorealistic or 3D content viewed in a
single session (Carmont and McIlfatrick, 2022; Martin et al., 2022).
The CL program presented here aims to overcome several of these
limitations, as will be shown below.

Using an open-label, observational cohort design, the present
study prospectively assessed the effects of the CL program on a range
of clinically relevant self-report measures, including depression,
anxiety, and psychological wellbeing in LTI patients. It was
hypothesized that participation in the CL program would lead to
statistically significant reductions in symptoms of anxiety and
depression, while improving mental wellbeing. Additionally,
measures of demoralization, connectedness, spiritual wellbeing,
and death acceptance were included as exploratory
secondary outcomes.

Methods

Participants

Ethical approval for this study was granted by the Imperial
College Joint Research Compliance Office (JRCO) and the Imperial
College Research Ethics Committee. CL program organizers sent out
a link to the study website to program participants. CL itself was
advertised by word of mouth and via a website (https://anuma.
com/clearlight). Additionally, several participants heard about
CL from a podcast (Wyatt, 2023). Criteria for participating in the
CL program included 1) self-reporting a LTI diagnosis; 2)

speaking fluent English; 3) residing in the US, Canada, or UK;
4) being physically able to engage with the VR activities (e.g.,
being able to sit upright for approximately 1 hour and tolerating
VR sufficiently well with no significant VR sickness); and, 5)
being cognitively able to engage with the program activities (e.g.,
not suffering dementia).

A total of 58 individuals filled out a web form indicating interest
in participating in CL (Figure 1). Of those individuals, 13 were
excluded due to not fulfilling one of the above criteria, 17 chose not
to participate and 10 participated in pre-trial cohorts whose
feedback was used to improve the CL experience. Of the
17 participants who were categorized as “Chose not to
participate,” 6 indicated that none of the available times offered
for sessions would work within their schedules. Seven participants
stopped responding to communications (i.e., lost contact) prior to
the consenting process. Four participants indicated they did not
wish to participate for other personal reasons.

A total of 18 participants screened into the CL program gave
consent to participate in the present observational study. Two
participants were excluded from the analysis because they had
dropped out prior to completing the program following
hospitalization due to their illnesses. A third participant was
excluded from the analysis because they reported a mental health
emergency related to a psychedelic experience unrelated to the CL
program or the present study, resulting in a total of 15 fully evaluable
participants. Participants were divided into 3 cohorts of 6
participants, run sequentially between July and October 2023.
There were 6, 5, and 4 fully evaluable participants in the first,
second, and third cohorts, respectively.

The Clear Light experience

All cohorts were facilitated by the same facilitators, onemale and
one female. The CL program was composed of four distributed VR
sessions, bookended by two video conference calls (Zoom Video
Communications, Inc.) with asynchronous, encrypted group text
chats (WhatsApp, Meta Platforms, Inc.) interspersed throughout.
The CL environment was developed using the aNUmaXR
experience creation platform (aNUma, Inc.) and delivered on
Meta Quest 2 VR devices (Meta Platforms, Inc.). Primary
funding for this study was provided by aNUma, the for-profit,
public benefit corporation that provides CL (See Discussion and
Conflict of Interest statement).

The content of each of the six sessions is presented below and
in Figure 2.

1. Orientation (video conference, ~90 min). The first session
allowed participants to get to know each other and to meet
the facilitators. Participants shared information about
themselves, including how they were relating to their LTI,
as well as their attitudes towards mortality. The facilitators
explained the logistics and purpose of the program, and
participants had an opportunity to ask any questions they
had at that time.

2. Preparation (VR, 20–40 min). This session was a one-on-one
session between each participant and a facilitator or other
study staff in which participants were introduced to the VR
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hardware, including connecting the VR Head Mounted
Display to WiFi, setting up a VR boundary, and starting the
VR app (aNUmaXR). Once the participant launched the
aNUmaXR app, they were met in the virtual environment
by the facilitator or study staff. Participants then completed a
short experience that included a guided meditation technique
later used in the group sessions.

3. Life (VR, ~60 min). The focus of the first group VR session was
the life review, an evidence-based practice described first by
Butler (1963), augmented by a VR visualization. Visualizations
included a sequence in which the participants observed an
abstracted version of themselves (“energetic reflection”) grow
through life stages from infancy into adulthood, supported by
an audio narrative.

4. Boundless (VR, ~60 min). The fourth session was centered on
an out-of-body experience in which participants’ points of view
were moved from first person to a third person perspective,
meaning they could observe themselves and their movements
in real-time from further back and above. This was
accompanied by a narrative that explored the relationship
between consciousness and the corporeal body. Participants
were told they would go on a short journey where they would
extend their field of awareness beyond the boundary of their
bodies. As their perspective shifted out of their avatars, they
were asked how it feels to observe their body from afar and to
imagine their conscious awareness merging into a broader field
of awareness.

5. Offering (VR, ~60 min). In the final group VR session,
participants went through a series of sharing rounds that
was more extended than in previous sessions. First, each
participant described something that they would like to let
go of and simultaneously “deposited” energy from their body
into a central element. Later, each participant reentered the
central element and “received” energy back into their avatar

while sharing something that they felt they needed more of in
their lives at that moment.

6. Integration (video conference, ~90 min). The final session was
a facilitated group conversation where participants could
reflect on the experiences that they had together throughout
the program. It was also an opportunity to discuss how to take
what was learned and gained through the program into
everyday life going forward.

In each VR session, participants appeared as diffuse and
dynamic clouds of color (see Figures 2, 3), intending to substitute
the physicality of embodiment with the impression of the body as
energy. Participants’ hands were similarly figured as concentrated
energetic luminosity, and simple environmental objects populated
the space at various times. Each VR session included a curated
soundtrack of ambient recorded music that was intended to match
with the ongoing visual experience.

Each session also included guidedmeditations by facilitators and
elements of embodiment practice. Most sessions included rounds of
sharing in which participants respond to prompts (e.g., “What does
‘letting go’mean to you?;” “How would you describe your process of
releasing attachments or surrendering control?”). During sharing
rounds, participants discussed how they were feeling regarding their
LTI and were encouraged to engage in active listening with
one another.

In addition to video calls and VR sessions, participants were
able to communicate with other members of the cohort and
facilitators asynchronously via WhatsApp. Facilitators provided
prompts to generate contemplation and discussion within the
group, which were designed to prepare participants for the
upcoming sessions. For example, prior to the “Boundless”
session, participants were prompted with the questions: “What
negative thought, pattern, habit or tendency are you ready to
release?” and “What qualities do you want to invite and cultivate

FIGURE 1
CONSORT-style participant flow diagram.
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more of?” These questions related to the activities of letting go
and receiving that take place during that session. In response to
these prompts, participants responded with answers about
aspects of their mental life that they wanted to release, such as
“guilt” or “shame” and aspects that they wanted to cultivate such
as “love” or “forgiveness.” These asynchronous communications
often built on themselves as participants reacted to what others in
the group were saying.

Outcome measures

Participants were assessed within 1 week prior to the start of the
program and again 1 week after it ended, a total of 5 weeks apart.
Participants completed surveys on their personal computers or
smartphones through a secure, encrypted interface (Alchemer, LLC).

The following primary outcomes were included:

• Hospital Anxiety and Depression Scale (HADS), assessing
symptoms of anxiety and depression (Snaith, 2003). There
are 7 questions each related to anxiety and depression. The
minimum possible score is 0 (least anxious or depressed) and
the maximum possible score is 21 (most anxious or depressed)
for each subscale. Improvements correspond to lower scores.

• Short Warwick-Edinburgh Mental Well-Being Scale
(sWEMWBS), a 7-item measure of psychological wellbeing

(Shah et al., 2018). The minimum score is 7 (lowest mental
wellbeing) and maximum score is 35 (highest mental
wellbeing). Improvements correspond to higher scores.

Several measures were included as exploratory
secondary outcomes:

• Demoralization Scale (DS-II) assessing hopelessness,
helplessness and their impact on an individual’s overall
wellbeing in the context of a serious illness (Kissane et al.,
2004). Due to an oversight setting up the survey, 1 of the
16 items on the scale was never presented to participants. The
minimum score is 0 (least demoralized) and the maximum
score is 30 (most demoralized). Improvements correspond to
lower scores.

• Watts Connectedness Scale (WCS). This scale was
developed in the context of psychedelic research and
measures an individual’s sense of connectedness to self,
others, and the world (Watts et al., 2022). The minimum
score is 0 (least connected) and the maximum score is 100
(most connected). Improvements correspond to
higher scores.

• Functional Assessment of Chronic Illness Therapy -
Spiritual Well-Being (FACIT-SP), assessing spiritual
wellbeing in the context of chronic illness (Peterman
et al., 2002). Due to a technical issue with the survey

FIGURE 2
Structure of the Clear Light program.
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tool, only the first 10 items (of 12 total) were reliably
delivered to participants. The sum of those 10 items
were analyzed. The total scores range from a minimum
of 0 (lowest spiritual wellbeing) to a maximum of 40
(highest spiritual wellbeing). Improvements correspond
to higher scores.

• Death Attitude Profile-Revised (DAP-R), of which the
Fear of Death and Death Avoidance subscales were used
(Wong et al., 1994). The minimum score is 12 (least
negative attitude), and the maximum is 84 (most
negative attitude). Improvements correspond to
lower scores.

As part of the post-program survey, participants were asked
to rate on a scale of 0–10 whether they would recommend the
experience to other individuals facing a LTI, referred to as Net
Promoter Score (NPS) (Reichheld, 2003). Scores on the NPS

range from −100 (all detractors) to +100 (all promoters). This
measure served as an indicator of the acceptability of
the program.

Statistical analysis

We performed a Repeated Measures Multivariate Analysis of
Variance (RM MANOVA) to test pre- to post-intervention changes
across the 7 dependent variables. Multivariate significance is
reported via the Wald-type statistic (WTS) (Randall et al., 1997)
and modified ANOVA test statistic (MATS) (Friedrich and Pauly,
2018) which is robust against deviations from symmetry and
heteroscedasticity. Levene’s test statistic was calculated for each
outcome measure. To then examine univariate changes at the
level of individual outcome measures, we ran two-tailed within-
subjects t-tests as follow-up. For each outcome variable, Hedges g

FIGURE 3
Schematic representation of the group “numadelic” VR setup. The top section of each panel represents individuals in physical space, seated with VR
headsets and holding controllers. The lower section shows participants’ energy body avatars as purple clouds in the virtual environment. The large white
light in the center of each avatar is located at and represents the avatar’s heart, while the two smaller lights follow the participant’s handmovements. Panel
(A) represents the general setup, in this case showing four participants and one facilitator, with their hands in resting position. Panel (B) shows a
schematic from Session #3 “Life” in which participants interact with their “energetic reflections” represented as maroon energy bodies. Panel (C)
represents an exercise from Session #4 “Boundless” in which participants can share their heart lights into the center of the circle by spreading their arms.
Panel (D) illustrates an exercise from Session #5 “Offering,” during which participants enter one-by-one into a large blue light sphere in the center of the
circle in two distinct rounds. In the first round, they discuss something they would like to let go of and simultaneously “leave behind” the light energy from
their body. Later, each participant reenters the light and “receives” energy back into their avatar while sharing something they feel they need more of in
their lives now.
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effect size was calculated and interpreted along the empirical
guideline for social psychology of 0.15, 0.40 and 0.70 for small,
medium, and large effects respectively (Lovakov and Agadullina,
2021). While uncorrected p-values are reported for follow-up tests,
we report when secondary outcome measures would not survive
Bonferroni correction.

Results

The mean age of the 15 fully evaluable participants was 66.7
(± 8.8 s.d.). All indicated their ethnicity as “White.” Thirteen
participants were female and two were male. Thirteen of the
participants were from the US, 1 was from the UK, and 1 was
from Canada. Participants self-reported their diagnoses. All
15 participants indicated they had life-threatening illnesses.
Diagnoses included advanced cases of cancer (n = 12), heart
disease (n = 2), and lung disease (n = 1).

Levene’s test showed no deviations from homoscedasticity in
any of the 7 analyzed outcome measures. RM MANOVA revealed
significant multivariate differences between pre- and post-
intervention scores (F (1, 28) = 13.16, p < 0 .001, WTS =
30.5, MATS = 13.2).

Follow-up t-tests showed that all three primary outcome
measures were significantly improved at the post-intervention
time point (Figure 4, Table 1). At baseline, considerable levels of
anxiety and depression symptoms were reported by 60% (9/15) and
20% (3/15) of participants, respectively, based on the HADS (cutoff
score >7, see Table 1). The mean pre-program HADS-A score was
8.73 (±0.97) and the post-program mean was 7.13 (±1.05), which
was significantly lower (t (14) = 2.4, p = 0.030) with amoderate effect
size (g = 0.40). The pre-program mean depression score (HADS-D)
was 5.33 (±0.64), which fell to 3.80 (±0.58) post-program. This
difference was significant (t (14) = 2.8, p = 0.015) at a medium-large
effect size (g = 0.63). Wellbeing (sWEMWBS) scores increased from
24.33 (±0.91) to 26.53 (±0.99) post-program, which was also
significant at a moderate effect size (t (14) = −3.8, p =
0.002, g = 0.58).

Among the secondary outcomes, significant improvements were
detected among all measures except for death attitudes (DAP-R, t
(14) = −1, p = 0.31). The greatest improvements were observed for
connectedness (WCS), which significantly increased from 66.62
(±4.59) to 76.17 (±4.03) post-program (t (14) = −4.1, p = 0.001,
g = 0.56). Demoralization (DS-II) was found to be reduced from 9.47
(±1.29) to 7.00 (±1.48), (t (14) = 2.5, p = 0.028, g = 0.45), although
this effect would not have been significant at 7-fold Bonferroni-
correction. Spiritual wellbeing (FACIT-SP) was increased from
26.20 (±1.99) to 29.93 (±1.88, t (14) = −4.0, p = 0.001, g = 0.48).

The mean score on the Net Promoter question was 8.93 (±0.27)
out of a possible 10. The Net Promoter Score (NPS) was 60
(Reichheld, 2003), with six participants indicating a score of 10,
and the lowest score being 7.

Discussion

This observational cohort study followed individuals facing a
LTI from before to after their participation in a group-based

multimedia (VR, video and text chat) program. We demonstrated
the feasibility and potential benefits of the program, showing
significant improvements in psychological and spiritual wellbeing,
connectedness, anxiety, depression, and demoralization. A primary
concern of this article is the feasibility of the CL program. Feasibility
in this context includes interest in the program (will participants
wish to participate?), successful delivery of the remote, multimedia
intervention, compliance with and tolerance of the experience, and
acceptability of the intervention. We conclude that the intervention
is feasible. Fifty-eight participants expressed interest. It was
successfully delivered to 15 fully evaluable participants in 3
different countries, with each participant connecting to the VR
and Zoom sessions from home with equipment that was shipped
to them. Participants found the intervention tolerable (i.e., were able
to complete the sessions without significant complaints about VR
sickness), and participants indicated that it was acceptable in that
they would recommend the program to others with a similar
condition (average rating of 8.93 out of 10). The present findings
thereby add to the limited body of literature demonstrating the
feasibility and beneficial effects of VR interventions for wellbeing
(McGhee et al., 2024) and other secondary symptoms (Ioannou
et al., 2020) in palliative care patients, while to our knowledge
representing the first ever use of a group-based VR experience in
LTI patients.

Although there was significant variability across the assessed
outcomes, the observed improvements were moderate for all
significant measures, being highest for depression, wellbeing, and
connectedness, followed by spiritual wellbeing, demoralization and
anxiety. With an average effect size of g = 0.52 for the statistically
significant effects, the results were comparable to other psychosocial
interventions for death anxiety (Menzies et al., 2018), following a
similar pattern as found following psychotherapy in palliative care,
insofar as depression and quality of life showed greater
improvements than anxiety (Fulton et al., 2018). The magnitude
of improvements was similar to those found for psilocybin treatment
for end of life, although the three published clinical trials showed a
great amount of variability in their effect sizes (Yu et al., 2021).
Notably, significant effects could be detected in the present sample
despite baseline depression and anxiety scores being on average
within or close to the healthy normal (<8) range. Further research
should thus examine the effects of the here-studied intervention in a
selectively recruited sample consisting of more severely depressed or
anxious patients.

While the present study was not aiming to explore the
mechanisms underlying the intervention presented here, we
hypothesize that a combination of intra- and inter-personal
processes generated the observed mental health improvements.
The numadelic representational aesthetic was designed to model
aspects of self-transcendent and near-death experiences (STEs and
NDEs, respectively), including an out-of-body sequence modelled
on that described by Glowacki (Glowacki, 2024), and a sequence
where each participant merged with a luminosity substantially larger
than themselves. NDEs are sometimes able to dramatically diminish
anxiety associated with death (Tassell-Matamua and Lindsay, 2016;
Bianco et al., 2019), with the extent of death anxiety reduction
seemingly correlated with NDE intensity (Greyson, 2015). Prior
studies have shown that VR can effectively be used to generate NDE-
like states (Barberia et al., 2018) and out of body experiences
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(Martial et al., 2023) which were able to attenuate fear of death in
healthy participants (Bourdin et al., 2017). The CL program assessed
in this study augmented similar STE and NDE-evoking elements
with narrative support techniques shown to be effective in
supporting the mental health and wellbeing of patients with LTIs
(Rosenfeld et al., 2018).

This study did not find statistically significant improvements on
the DAP-R (Fear of Death and Death Avoidance subscales). It is not
possible to draw strong conclusions about this null result from the
small sample observed in this study, and future research is warranted
to determine why the hypothesized improvement was not found. If
the failure to find such an effect is due to random variability in the
sample or relatively low sensitivity of the DAP-R, then a statistically
significant improvement may be observed in a larger sample. It is
also possible that participants did not experience reduced fear of
death or improvement in their death attitude. Such a conclusion
would raise the intriguing possibility that the benefits of the program
are mediated through a different (possibly more general)
psychological mechanism than changing attitude toward death.
Future research that utilizes larger sample sizes and additional
measures of death attitude could tease apart these possibilities.

The fact that the above-described experiences took place in a
group, rather than alone, with ample opportunity to discuss and
reflect in sharing rounds mediated by trained facilitators, was hoped
to further establish psychosocial resources known to greatly impact

the quality of life in people suffering from LTIs. Several meta-
analyses have shown the positive mental health effects of peer
support groups for people with LTIs (Meyer and Mark, 1999;
Rehse and Pukrop, 2003), including online-based support groups
(Rains and Young, 2009; Ihrig et al., 2020), although recent studies
have shown that face-to-face peer support is perceived as more
beneficial (Huber et al., 2018) and more desirable (Boyes et al., 2018)
than seeking support online. A VR experience similar to that used in
the present intervention has previously been shown to elicit
experiences of togetherness and shared humanity among
participants on par with real-life group sessions (Glowacki et al.,
2022). We therefore hope that this and similar VR interventions
have the potential to leverage some of the advantages of embodied
peer contact while remaining accessible to subjects with limited
mobility, who would not otherwise be able to easily partake in face-
to-face peer support.

Previous approaches using VR to support people with LTI differ
from the strategies used in the CL program described here in several
ways. Major differences include: 1) Previous studies typically involve
one VR session, whereas CL is comprised of a series of modules that
take place over several weeks. 2) Where previous studies have relied
on solo VR experiences (Mo et al., 2022), the group aspect of CL
allows participants to support and share with one another. 3) Most
previous approaches have implemented 360-video as a passive
viewing experience. Participants in the CL program can interact

FIGURE 4
Statistically significant changes in primary and secondary outcomes. Mean scores measured 1 week before (Pre) and after (Post) participation in the
Clear Light VR program are shown including standard deviation (SD) and individual participant data (N = 15). Significance indicated based on pairwise
t-tests: *p <0 .05, **p <0 .01.
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within the virtual world through speech and movements, meant to
create a sense of embodied agency. 4) Most VR approaches rely on
near-photorealistic content (e.g., 3D images and videos of nature
scenes Niki et al., 2019; Ferguson et al., 2020; Johnson et al., 2020)
and photo-realistic avatars (Dang M. et al., 2021), which can create
an “uncanny valley” effect (Seyama and Nagayama, 2007). CL’s
numadelic aesthetic uses a weakly representational approach, in
which avatars appear as energy bodies with soft boundaries in a
visually sparse environment that does not appear like anything
encountered in the ‘real world.’ As such, CL attempts to
stimulate endogenous meaning-making, inviting participants to
project their own meaning into the visual content, comparable to
howmeaning is projected onto a Rorschach plot. 5) Finally, most VR
studies have focused on a single technique, such as relaxation (Baños
et al., 2013; Woo et al., 2024) or life review (Dang P. et al., 2021), in
contrast to the multimodal approach implemented within CL.

Limitations

The observational design employed in the current study imposes
several inherent limitations, including the lack of randomization, a
control condition, or the targeted recruitment of a more ethnically or
gender diverse, or more clinically defined study sample. In
particular, this study lacked gender (mostly female) or ethnic
(entirely “White”) diversity. Self-selection bias might have led to
the inclusion of participants that had a particularly high potential to
benefit from this intervention. Future study designs should
incorporate a thorough inventory of any medications or other
substances that participants are currently taking or plan to take.
For example, knowing the chemotherapy regimen of cancer patients
would be helpful for covariate analyses. These studies should also
assess and preemptively exclude individuals who intend to use
mind-altering substances that might interfere with the program
during the study period.

Additionally, the design does not allow us to draw strong
conclusions about the mechanisms of action of the intervention.
The extent to which the VR sessions, or interactions with
facilitators, or other participants during group calls may have
contributed to improved mental health outcomes remains unclear
based on the present results. In future studies, the specific impact
of the different stages of the CL protocol could be elucidated
through the inclusion of additional intermittent assessments and/
or measures assessing potentially mechanistic variables pertaining
to VR and group therapeutic experiences. For example, prior
studies investigating a single-session, group, numadelic VR
experience have demonstrated subjectively reported effects of
ego attenuation, connectedness, and mystical-type experiences
akin to psychedelic drug effects (Glowacki et al., 2020;
Glowacki et al., 2022). Analysis of follow-up assessments will be
required to draw any conclusions about sustained responses
beyond the here-reported endpoints at 1-week post-intervention.

Several of the authors of this manuscript (DRG, JW, JLH, RLC-
H) were affiliated with the for-profit, public benefit corporation that
provides CL, which is a potential source of bias (See Conflict of
Interest statement). In order to limit the potential for bias, CL was
assessed here through an observational study designed and
conducted in collaboration with authors not affiliated with the

company (HK, LR; see Author Contributions). However,
unintentional bias could still show up in a variety of ways, for
example, in study design, participant recruitment, and in the
interaction with participants. Set and setting are important
components of self-transcendent experiences (Gukasyan and
Nayak, 2022; Carhart-Harris et al., 2018). Therefore, the attitude
and intention of the study staff, who were employed or contracted by
the company, could have played an important role in participants’
experience. Further research where this intervention is applied by
staff without such financial interest is therefore warranted. It is
important to note that the success of such a programmay depend on
the intention and effort of the facilitators and other staff to provide a
good experience, so quality control will be an important component
of any future research.

Conclusion

The existential and psychological implications of mortality are
rarely discussed in secular modern societies (Hvidt and Assing
Hvidt, 2019), although research indicates that structured
engagement with one’s own mortality can improve quality of life
and psychological wellbeing at the end of life (LeMay and Wilson,
2008). People with LTIs often encounter additional challenges when
trying to access peer support, or any of the limited set of treatments
available to support their mental health and wellbeing.We presented
an observational cohort study of a novel group-based VR
intervention, demonstrating its feasibility and potential benefits
in improving symptoms of depression and anxiety in patients
with a LTI diagnosis, while enhancing psychological and spiritual
wellbeing and connectedness. These preliminary findings strongly
warrant future independent, randomized, controlled studies,
especially considering the scarcity of existing treatment options
that can provide psychosocially supportive experiences to
individuals who suffer from mobility-impairing serious illnesses.
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