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Abstract

Background: Virtual reality (VR) is increasingly considered a valuable therapeutic tool for people with dementia. However,
rigorous studies are still needed to evaluate its impact on behavioral and psychological symptoms of dementia (BPSDs) and
quality of life (QoL) across care settings.

Objective: The primary aim of this study was to evaluate the impact of VR therapy on managing BPSDs, falls, length of stay,
and QoL in inpatients with dementia admitted to an acute care hospital. The secondary aim was to evaluate the intervention’s
feasibility in terms of acceptability, safety, and patient experience.

Methods: A prospective, open-label, mixed methods, randomized controlled clinical trial was conducted between April 2019
and March 2020. A total of 69 participants (aged ≥65 years with a diagnosis of dementia and who did not meet the exclusion
criteria) were randomly assigned to either the control (n=35, 51%) or VR (n=34, 49%) arm. Participants in the experimental (VR)
arm were visited by a researcher and watched 360° VR films on a head-mounted display for up to 20 minutes every 1 to 3 days,
whereas individuals in the control arm received standard of care. Instances of daily BPSDs and falls were collected from nurses’
daily notes. QoL was measured through semistructured interviews and the Quality of Life in Late-Stage Dementia scale. Structured
observations and semistructured interviews were used to measure treatment feasibility. The primary outcomes were analyzed at
a 95% significance level based on the intention-to-treat method.

Results: VR therapy had a statistically significant effect on reducing aggressiveness (ie, physical aggression and loud vociferation;
P=.01). Substantial impact of VR therapy was not found for other BPSDs (eg, apathy), falls, length of stay, or QoL as measured
using the Quality of Life in Late-Stage Dementia scale. The average VR therapy session lasted 6.8 (SD 6.6; range 0-20) minutes,
and the intervention was overall an acceptable and enjoyable experience for participants. No adverse events occurred as a result
of VR therapy.

Conclusions: Immersive VR therapy appears to have an effect on aggressive behaviors in patients with dementia in acute care.
Although the randomized controlled trial was stopped before reaching the intended sample size owing to COVID-19 restrictions,
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trends in the results are promising. We suggest conducting future trials with larger samples and, in some cases, more sensitive
data collection instruments.

Trial Registration: ClinicalTrials.gov NCT03941119; https://clinicaltrials.gov/study/NCT03941119

International Registered Report Identifier (IRRID): RR2-10.2196/22406

(J Med Internet Res 2024;26:e51758) doi: 10.2196/51758
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Introduction

Managing Behavioral and Psychological Symptoms of
Dementia in Acute Care
Behavioral and psychological symptoms of dementia (BPSDs)
constitute a heterogeneous cluster of signs and symptoms [1,2]
that are present in up to 90% of people with dementia [3] and
are difficult to manage [4]. In acute care settings, approximately
75% of inpatients with dementia display BPSDs during their
stay [5] as stress and hyperstimulation from being in a hospital
environment are known exacerbating factors [6].

BPSDs are linked to key acute care outcomes, including falls
[7] and longer length of stay (LoS) [8-10], fueling a cycle of
decline. Longer stays can result in negative consequences such
as declines in cognition and function [11], which in turn are
associated with a significantly higher risk of hospitalization and
institutionalization [12-19] and increased health care spending
[8,20,21]. Moreover, aggression and agitation, the most
frequently displayed BPSDs in this setting [9], mediate
symptoms of caregiver burden and decrease quality of life (QoL)
and well-being in people with dementia and caregivers alike
[8,21].

The current means to manage BPSDs in acute care are
insufficient and, at times, pose ethical challenges.
Pharmacological therapy, often in the form of atypical
antipsychotics, remains the most common treatment for BPSDs
[22]. Even with newer drugs in this class, clinical outcomes are
poor, and undesired side effects such as cognitive worsening,
confusion [22], and extrapyramidal symptoms are prevalent
[23]. Other common alternatives for managing BPSDs include
using physical barriers such as wrist or ankle restraints, alarms,
locks, Buxton chairs, and tethers. Unfortunately, these
approaches have a wide range of negative consequences for
psychological and physical functioning in people with dementia
(ie, lethargy, cognitive decline, anxiety, distress, aggression,
increased risk of falls, and pressure sores) [24,25].

For some time, guidelines for managing BPSDs have
recommended using person-centered [26-28] psychosocial
nonpharmacological interventions as a first-line approach
[29,30], and qualitative studies exploring the in-hospital
experiences of people with dementia have echoed the need for
improved ward-based activity services [31,32]. Some examples
considered to be gold standards include the use of physical
presence and therapeutic touch, recreational or social activities,
behavioral interventions, individual and group psychological

or psychosocial interventions, environmental interventions,
daily routines, music-based therapies [33,34], or combinations
of these [35,36]. Notably, a recent review concluded that
nonpharmacological interventions are a safer alternative to
pharmacological interventions and can effectively reduce certain
BPSDs [37]. Exposure to natural stimuli (eg, views of trees,
flowers, or outdoor environments) is a nonpharmacological
intervention that has been consistently shown to (1) enhance
well-being and QoL; (2) reduce depression, anxiety, agitation
or aggression, and the use of analgesics; and (3) decrease
hospital LoS for inpatients [38-41]. A landmark study by Ulrich
[38] showed that patients who had a window with a view of
nature rather than a brick wall had reduced use of analgesics
and a shortened LoS in hospital. Since then, several studies have
shown that exposure to nature reduces agitation or aggression
and promotes feelings of joy and relaxation in people with
dementia [39-41]. Even the presence of an ornamental plant in
the hospital room has significant positive effects on stress,
anxiety, fatigue, and systolic blood pressure in patients
recovering from surgery [42].

However, providing people with dementia with exposure to
nature is challenging in acute care settings. A key difficulty is
that, when individuals with dementia are admitted to hospital,
they leave their beds infrequently because of existing mobility
challenges [43] or hospital-acquired complications [44].
Although assistance with ambulation is both beneficial for
maintaining preadmission functional status [44] and perceived
by staff as important for safety [31,45], patients’ basic needs
often go unmet because of staff workload [31].

Virtual Reality Interventions
One way in which people who are unable to engage directly
with a natural environment can still be exposed to nature is by
using virtual reality (VR) technology. VR uses a head-mounted
display (HMD) to generate simulated immersive experiences
that create a sense of presence. The sensation of being present
in a different physical place is achieved by simultaneously
stimulating multiple senses (typically vision and hearing),
obscuring the real environment and replacing it with an artificial
“virtual” environment [46].

There has been a recent increase in interest in the therapeutic
use of VR with older adults in general [47-50], with most of
the studies investigating the impact of VR therapy on well-being
and BPSDs in people with dementia published since 2018 [51].
VR interventions for people with dementia constitute a
cost-effective, noninvasive, and ethically acceptable alternative
for managing BPSDs by redirecting the patient’s attention within
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a physically safe environment [52,53]. To date, these
interventions have typically used music and sensory and mental
stimulation with the aim of improving cognitive functions
(attention, executive function, and visual and verbal memory),
psychological symptoms (agitation, depression, anxiety, and
apathy) [46,50,54], and the retrieval of autobiographical
memories [51,52,55]. It has been suggested that VR therapy
can be deployed in place of pharmacological therapy to improve
well-being and QoL [56]; however, further research is necessary
to establish its effectiveness for this purpose [51].

Our prior work has shown that it is feasible for frail older adults
with varying degrees of physical mobility and cognitive
impairment to wear a VR HMD and engage with natural VR
environments in a community care setting [52,57]. These
findings are consistent with those of other research showing
that exposure to a VR forest resulted in increased feelings of
pleasure and greater levels of alertness in people with dementia
[58]. A growing number of studies have also shown significant
positive results in using VR to manage acute pain in hospitalized
patients without cognitive impairment [59]. To summarize,
although VR offers an apparent solution for providing access
to natural scenery to inpatients with limited mobility, its use
with inpatients with dementia remains largely unexplored.

The methodology and aims of this randomized controlled trial
(RCT) were directly informed by our previous studies: (1) a
multisite feasibility study in 2 rehabilitation facilities (a
long-term care facility and a dementia day program center) and
(2) a pilot study conducted in the hospitalist medicine
department of Michael Garron Hospital (MGH). The feasibility
study recruited 66 outpatients with cognitive, sensory, and
mobility impairments and demonstrated that it is safe and
feasible to administer VR therapy in this population using an
HMD [57]. The pilot study recruited 10 inpatients with dementia
to validate the proposed RCT study protocol (processes,
methods, recruitment strategy, resource requirements, and
timelines) [52,53]. In both studies, participants reported on
average more positive than negative feelings after experiencing
nature scenarios, tolerated the VR hardware, and were able to
physically explore the 360° virtual environments by turning
their heads.

Aims and Hypothesis
To the best of our knowledge, an in-depth analysis of VR’s
impact on people with dementia has not yet been carried out in
this setting. The main objectives of this RCT were to evaluate
the impact of VR therapy on BPSDs and associated patient
outcomes during the hospital stay. Our secondary objectives
were to report on the acceptability, safety, experience, and
satisfaction with VR therapy among inpatients with dementia.
Specifically, we predicted that, for older adults with dementia
admitted to an acute care hospital, (1) VR therapy would help
manage BPSDs (ie, decrease anxiety, aggression, depression,
violent behaviors, and incidents of wandering) and may decrease
the number of incidents that require restraints, LoS, and the
number of falls; (2) VR therapy would improve QoL
(operationalized through validated instruments that measure
QoL for people with dementia); and (3) VR therapy is safe and

feasible (in terms of acceptability and patient experience) to
administer.

Methods

Study Population
Inpatients aged >65 years with a documented diagnosis of
dementia were recruited from MGH in the hospitalist or internal
medicine ward. Data collection occurred between April 29,
2019, and March 13, 2020. The study was temporarily stopped
under an MGH Research Ethics Board directive on March 26,
2020, when the first wave of COVID-19 peaked in Canada.
Subsequently, recruitment was permanently ceased owing to
the ongoing pandemic and restrictions on research, specifically
with this vulnerable population.

Study Design
This study was an open-label RCT conducted at MGH, a
community teaching hospital located in Toronto, Ontario, in
collaboration with OpenLab, an innovation center at the
University Health Network. The clinical trial protocol was
registered at ClinicalTrials.gov (NCT03941119).

Individuals were randomly assigned to either the VR arm or the
control arm. During their hospital stay, both groups received a
visit from the research coordinator (RC) every 24 to 72 hours
to complete a QoL assessment. Patients in the VR arm then
participated in a VR therapy session for up to 20 minutes. This
dosage regimen was informed by previous studies in which VR
was used to promote well-being and manage BPSDs in people
with dementia [60], as well as by other nonpharmacological
interventions in acute care [51]. Those in the control arm were
not exposed to VR therapy and otherwise followed the standard
of care (ie, medical treatment for the presenting issue and
management of any psychological and behavioral symptoms
based on standard guidelines for hospitals in Ontario).

Ethical Considerations
Approval for research involving human participants was
received from the MGH Research Ethics Board
(782-1812-Mis-332) on January 14, 2019.

The consent process followed Ontario’s legislation [61], and
the hospital provided a brochure [62] to help patients and
families understand the different roles involved in
decision-making. Any previously documented capacity
assessments were respected. For potential participants with no
record of capacity assessment, the capacity to provide informed
consent was obtained as per the study site protocol. If the patient
had a documented capacity assessment determining that they
were able to provide informed consent, the RC approached them
in person to ask about their interest in the study. In cases in
which a capacity assessment was required or a capacity
assessment determined that the patient was unable to provide
informed consent, the substitute decision-maker (SDM) was
contacted as early into the patient’s stay as possible. To ensure
patient assent in all cases possible, informed SDM consent was
provided with the patient present. The RC provided a copy of
the informed consent or assent form and an informational study
brochure (Multimedia Appendices 1-3) for review to all
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interested participants and their SDMs. For participants in the
VR arm, the RC obtained verbal or physical assent (body
language indicating that the person agreed with the procedure
or activity) from the participant immediately preceding any VR
therapy session.

Data were anonymized and deidentified at the time of collection
(ie, linked only to the study ID). Participants were not offered
an honorarium or any form of compensation for taking part in
the study. The patients provided written informed consent to
allow their image to be published.

Procedures

Screening
All new patient admissions to the hospitalist or internal medicine
department at MGH were screened daily, excluding weekends
and statutory holidays, using the hospital’s electronic medical
record (EMR) system. Inclusion criteria required that
participants be aged ≥65 years, have a documented diagnosis
of dementia, and be admitted as inpatients at MGH. Patients
were excluded if they had open facial wounds (sutured
lacerations exempted), a history of seizures or epilepsy, a
pacemaker, head trauma or stroke leading to their current
admission, cervical conditions that would make use of a VR
headset unsafe, or alcohol-related dementia or
Wernicke-Korsakoff syndrome or were admitted to the intensive
care unit or adult mental health inpatient service. Patients were
also excluded if they had participated in the current RCT during
a previous hospitalization or were readmitted <30 days after
discharge. Finally, patients with no contactable SDM or who
had a Public Guardian and Trustee as SDM were also excluded.
Before recruitment, potential participants were unknown to the
RC who administered the experimental treatment.

Randomization
After obtaining informed consent, the participants were
randomized at a 1:1 allocation ratio to either the VR arm or the
control arm. Random allocation to 1 of the 2 study arms was
achieved using a digital tool performing
Maximally-Tolerated-Imbalance randomization, a method
designed to mitigate selection biases, simultaneously lowering
allocation predictability and protecting against chronological
bias [63]. After randomization, the participants, caregivers, and
research personnel were not blind to treatment allocation given

the nature of the intervention. The ward staff were blinded to
treatment allocation to the greatest extent possible. Participants
and caregivers were asked not to discuss their arm allocation
with the ward staff. The sessions were scheduled to
accommodate the daily activities of patients and their care teams
with respect to their acute care needs and were facilitated by a
research team member who was trained in dementia care.

Sample Size
With no previous experiments from which to obtain expected
significant differences or sample SDs, we calculated our sample
size based on our feasibility study [57], which collected
pretest-posttest changes in emotional state using a modified
version of the State-Trait Anxiety Inventory tool. Our feasibility
study captured pretest-posttest State-Trait Anxiety Inventory
results by category (called “Emotional Modality”). We
computed pooled sample SDs using the aggregated results to
obtain the required sample sizes for a significance level of 95%
and a power of 80%. The results for the categories considered
“positive” (eg, calm, relaxed, and content) had a mean estimated
sample size of 181. Thus, at an assumed attrition rate of 20%,
it was determined that 225 participants would need to be
recruited to obtain a final sample of 180 patients.

Intervention

Hardware
The Oculus Go (Meta Reality Labs), a stand-alone mobile VR
HMD system (discontinued on June 23, 2020), was selected
based on its relative affordability and portability [64] and
reduced likelihood of inducing simulator sickness owing to its
low motion latency. This HMD requires no external hardware
(ie, sensors to track head movement). It has built-in headphones,
eliminating a number of difficulties raised by using external
headphones (ie, cumbersome to mount and fit during VR therapy
and increased time fulfilling hospital infection prevention and
control requirements). External headphones (Sennheiser HD
221) were available for use if participants chose to use them or
if the RC determined that they would be particularly helpful in
certain situations (ie, when a participant was very hard of
hearing or in a noisy environment). Figure 1 depicts an older
patient wearing a VR HMD without external headphones
(informed consent was provided by the patient for the
publication of this photograph).
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Figure 1. Photo of a patient wearing a virtual reality head-mounted display (without external headphones).

Software
A library of short 360° films was assembled based on previous
studies and expert consultation. The VR films were intentionally
chosen to be calming in distinctive ways as supported by the
literature on nature visualization and well-being. By varying
the (1) length of the films (1-, 3-, or 5-min clips), (2) types of
natural elements (greenery, sky, and water), (3) distance of view
(close-ups and vistas), (4) motion (flowing water and wind in
trees), (5) sounds (leaves rustling and music from a live band),
and (6) presence of different elements (eg, people in social
settings, remote nature scenery, and urban sites), the content

provided a wide range of features that could be collaboratively
selected by the participant, caregiver, or health care provider
for each individual in the VR arm. The scenes were designed
specifically for people with dementia. First-person movement
was limited to reduce the potential for simulator sickness, as
was the use of excessive sound, light, or movement to avoid
overstimulation. Figure 2 displays a 2D screen capture of 2 of
the 7 VR scenes shown during the study (scene 2, “Open Field
with Foliage,” and scene 5, “Aquamarine Beach”). The films
were accessed during the study sessions by the researcher from
the VR HMD’s internal storage.

Figure 2. 2D screen capture of nature scenes from 2 of the 360° films shown to patients.

Session Protocol
This study used a mixed methods design. Measures included
baseline demographics (diagnoses, cognitive impairment,
delirium, and comorbidities) and factors related to the
participants’ hospital care experience (falls with or without
injury, LoS, and nurse documentation of daily BPSDs) collected
from the hospital’s EMR. During their hospital stay, recruited
patients were visited by the RC every 24 to 72 hours (1-3 days),
who documented findings using a validated QoL scale, a

standardized observational tool, semistructured interviews with
participants and their caregivers, and qualitative observations.
Any episodes of adverse events (such as vertigo, dizziness,
nausea, neck pain, and headaches) were documented. Table 1
provides a comprehensive list of the outcomes of interest, their
evaluation methods, and the frequency of collection.

Before any study session, depending on participant allocation
(VR or control arm), the RC consulted ward staff to ensure that
the participant was in a stable condition for VR therapy and had
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no scheduled treatment or tests in the following hour (see
Multimedia Appendix 4 for the presession checklist). As per
the study geriatrician’s recommendations, if the participant was
asleep upon arrival, the RC attempted to gently wake up the
patient by saying their name a few times or returned later in the
day if the patient remained asleep. If able and willing to sit, the
participant was then encouraged to sit upright. Otherwise, they
participated in the session lying down with the bed tilted to an
upright position. If a participant required assistance to move to
an appropriate position, the RC contacted a nurse for assistance.

During the first visit, the RC conducted a baseline demographic
survey with the participant and their informed caregiver (if
present). At the beginning of each study session, the RC engaged
the participant in at least 5 minutes of unstructured conversation
followed by a brief semistructured interview regarding their
well-being during their hospital stay and then completed the
modified Quality of Life in Late-Stage Dementia (QUALID)

scale (Multimedia Appendix 5). Participants in the control arm
then continued per the current standard of care (ie, the study
visit was complete at this juncture, with no exposure to VR
therapy). For VR participants, the RC placed the VR headset
on the participant’s head, assisted with adjusting the straps for
a comfortable fit, and then observed while they watched 360°
VR films for up to 20 minutes. During the intervention, the RC
recorded observational notes pertaining to facial expressions,
body language, and verbal feedback based on a standardized
VR observational tool that the research team designed and used
in previous VR studies (Multimedia Appendix 6; this tool has
since been further refined [65]). After the VR therapy
intervention, the RC conducted a semistructured interview with
the participant and informal caregiver (if present) to gather their
feedback on their experience and aspects related to the
acceptability of VR therapy and confirmed the participant’s
willingness to take part in additional sessions during their
hospital stay.
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Table 1. Evaluation tools and methods by outcome of interest.

Method or data collection toolOutcomes measured

Primary objectives: VRa and control arms

Gender, age, primary language, highest level of education, current living state,
relationship status, major visual and auditory conditions, use of glasses and
hearing aids, head mobility, body mobility, mobility aids, dementia diagnosis,

delirium severity, Charlson Comorbidity Index, MMSEc, and MoCAd

Baseline demo-

graphicsb
1. EMRe

2. Baseline demographic survey with par-
ticipant and caregiver (if present)

NPI-10h cluster (delusions, hallucinations, agitation, depression, anxiety, apathy,
irritability, euphoria, disinhibition, and aberrant motor behavior), aggression
cluster (aggression, screaming or loud vocalization, restraints applied, security
intervened, and bedside sitter), and wandering cluster

Changes in BPS-

Dsf,g
1. Key terms from daily notes in the EMR

on patient symptoms were categorized
into 3 clusters for analysis:

1. NPI-10–like
2. Violence
3. Wandering

Fall precautions, falls with injury, and falls without injuryFallsg 1. EMR

Length of stay (in min)Length of stayi 1. EMR

Interacts with others, smiles, appears sad, cries, demonstrates or verbalizes
discomfort, enjoys touching or being touched, appears emotionally calm and
comfortable, appears physically uncomfortable, enjoys eating, and sleeps well

Quality of lifej 1. In-Hospital Quality of Life Observation-

al Scale—adapted from the QUALIDk

scale (includes semistructured interview)

Secondary objectives: VR group only

Length of time viewing VR; pain, weight of device, comfort, and ability to
wear glasses with device; and quality of visuals and sound

VR acceptabilityl 1. Structured observations
2. Semistructured interview

Nervous or anxious, confused or disoriented, nauseous, medical device inter-
action (eg, glasses and hearing aids), and adverse events

VR safetyl 1. Structured observations
2. Semistructured interview

Enjoyment, relaxation, vocalizations, engagement, and reminiscence; opinions
or preferences regarding content; and willingness to try VR again and recom-
mend VR to a friend

VR experiencel 1. Standardized VR observation tool
2. Semistructured interview

aVR: virtual reality.
bCollected during first study session.
cMMSE: Mini-Mental State Examination.
dMoCA: Montreal Cognitive Assessment.
eEMR: electronic medical record.
fBPSD: behavioral and psychological symptom of dementia.
gReported daily (data set extracted once at discharge).
hNPI-10: Neuropsychiatric Inventory.
iReported once at discharge.
jConducted or assessed at each study session.
kQUALID: Quality of Life in Late-Stage Dementia.
lConducted or assessed at each VR therapy session.

Analysis

Overview
Statistical analyses were conducted using the Minitab statistical
package (Minitab, LLC) [66]. The Anderson-Darling test of
normality was run for all variables to determine whether to use
statistical regression or a nonparametric test. Linear regression
was used for outcomes with normally distributed values
(Anderson-Darling P>.05), with arm assignment (VR vs control)
as the main factor. To determine whether differences could be
attributed to the treatment effect rather than to individual
characteristics, other factors included in the regression analyses

were whether the participant had had VR therapy sessions, age
group, gender, cognitive level, and dementia type (see
Multimedia Appendix 7 for a complete description of the
participants’ baseline characteristics). Only data from the
QUALID showed a normal distribution. All other measures
were found to not be normally distributed (Anderson-Darling
P<.05). The nonparametric Mood median test was chosen to
measure differences in the distribution of the outcomes between
the control and VR arms for these variables.
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Primary Outcome Measures

Overview

The primary outcomes in this study pertained to the effects of
VR therapy on BPSDs and other critical acute care outcomes.
Data were analyzed at a 95% significance level based on the
intention-to-treat (ITT) and per-protocol analysis methods
[67-69]. Outcomes that were collected regularly throughout the
study (BPSDs, falls, and QoL) were measured as the difference
(“after” minus “before”) between the means of outcomes after
and before the treatment, whereby we defined these as follows:

1. Before: the mean number of events or mean score up to
(and including) the first session with the RC

2. After: the mean number of events or mean score after the
first session with the RC, up to (and including) the last
interaction with the RC or discharge

BPSD Outcome Measure

Data on BPSDs were collected from nurses’ notes in the EMR
that reported daily patient symptoms. Key terms from the nurses’
notes were then categorized and analyzed based on the following
predetermined clusters: (1) the Neuropsychiatric Inventory
(NPI-10)–like cluster [70,71] (delusions, hallucinations,
agitation, depression, anxiety, apathy, irritability, euphoria,
disinhibition, and aberrant motor behavior), (2) the aggression
cluster (aggression, screaming or loud vocalization, restraints
applied, security intervened, and bedside sitter), and (3) the
wandering cluster. Each cluster was analyzed separately. The
categorization and analysis were completed by 2 coders and
reviewed by a third, all of whom were blinded to arm
assignment. It should be noted that, for the NPI-10–like cluster,
the scale itself was not administered. In practice, the NPI-10 is
typically conducted as a periodic measurement at wide time
intervals. Thus, the possibility of administering the instrument
was deemed impractical in the pilot study that informed this
research [53]. Instead, the measurements were taken daily by
focusing on keywords in the nurses’ notes that corresponded to
items described by the NPI-10 instrument.

Falls

Outcomes concerning falls were operationalized as the frequency
of additional fall precautions applied, falls with injury, and falls
without injury during the hospital stay as recorded in the EMR.

LoS Outcome Measure

The length of acute hospital stays was calculated as the
difference in minutes between the discharge date/time and
admission date/time as recorded in the EMR.

QoL Outcome Measure

QoL was measured using an adapted version of the QUALID
scale [72]. This adapted scale (Multimedia Appendix 5) was
administered by the RC at the beginning of each study session.
The QUALID contains 11 items with total scores ranging from
−22 to 22, with a higher score indicating a better in-hospital
QoL. The scale was modified to include a brief semistructured
interview in which participants were asked open-ended questions
related to their in-hospital QoL and well-being. A 5-point visual
scale was used to assist participants in answering the

semistructured interview question (“How are you feeling
today?”).

RC notes detailing participants’ responses to the semistructured
interview questions were manually coded for overall sentiment
(ie, indicating positive, negative, or neutral QoL or well-being
at that moment) by 2 independent coders (SL-F and JA) who
were blinded to arm assignment. Any discrepancies in coding
were discussed by the 2 raters until an agreement was reached.
Responses that were judged to be positive (eg, “Not bad.
Everyone was pretty nice today”), neutral (eg, “So-so,”), and
negative (eg, “Not too well.... Tough night, improving
marginally”) were scored as 1, 0, and −1, respectively. Unrelated
and off-topic responses in which the participant’s overall
sentiment could not be clearly discerned (eg, “Yes” and “Is
there someone there?”) were excluded from the analysis.

Secondary Outcome Measures

Overview

Through the secondary outcomes, we sought to investigate the
safety, acceptability, and feasibility of administering VR therapy
to inpatients with dementia in an acute care setting. The
secondary outcomes were analyzed by session and only for
patients in the VR arm who received VR therapy. Quantitative
data such as session length, observational tool scores, and
responses to closed-ended interview questions were analyzed
using descriptive statistics. Inferential methods were not used
to examine secondary outcomes because of the small sample
size. Observational data from the first sessions versus any
subsequent sessions were compared manually to determine
whether there were any clear trends that would warrant analysis
by participant versus by session. Descriptive statistics revealed
no clear patterns of differences that would warrant separate
analysis by participant as opposed to by session.

Responses to open-ended semistructured interview questions,
RC observations, and participant and caregiver comments during
the session were analyzed thematically using the NVivo
qualitative data analysis computer software package (Lumivero)
by EK, SL-F, and LA [73]. The constant comparative method
[74,75] was used to systematically explore the qualitative data
and corroborate and expand upon the results from quantitative
measures. This method involved using an open coding process
over several iterations, with the authors meeting at each stage
to discuss and compare emerging themes and contradictions
within different sections of the data until core categories
emerged [75].

Acceptability of VR Therapy

Acceptability was operationalized through the total time spent
viewing VR, reported and observed aspects of comfort, and
adequacy of the stimuli. Participants in the VR arm were asked
whether the VR HMD was painful, too heavy, or otherwise
uncomfortable and whether the visual and auditory stimuli were
sufficiently provided (ie, good resolution and good sound).
Structured observations of acceptability were recorded during
sessions by the RC, including reasons for stopping sessions
early.
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Safety of VR Therapy

Safety was operationalized as any adverse events reported in
the EMR as well as any feelings of nervousness or anxiety,
confusion or disorientation, or medical device interaction (ie,
buzzing from hearing aids). Data were collected from the EMR
and through RC observations of VR therapy sessions and
postsession semistructured interviews with the participants.

Participant Experience During VR Therapy

Participants’ experiences during and immediately after VR
therapy were assessed at each study session and operationalized
through observations of their level of enjoyment, relaxation,
engagement, and vocalizations, as well as the presence of
reminiscence. The RC observed and rated participants’ reactions
to VR therapy using the standardized VR observation tool
(Multimedia Appendix 6) during VR therapy and recorded any
other behavior suggesting a pleasant or unpleasant experience.
A semistructured interview immediately after VR therapy was
conducted that included open-ended questions on experience
as described previously as well as willingness to try VR therapy
again, willingness to recommend VR to a friend, and interest
in purchasing a VR device. Opinions and preferences regarding
the themes or content of the VR films were also collected.

Results

Demographics
Of the 3514 new admissions to acute care during the study
period, 300 (8.54%) met the inclusion criteria. After contacting
the SDMs of eligible participants and excluding patients who
met the exclusion criteria (ie, discharged or deceased) or refused
to use the VR equipment, a total of 77 patients with dementia
were consented and enrolled in the study. Participants were
randomized to the control arm with no VR therapy exposure
(39/77, 51%) and the intervention arm receiving VR therapy
once every 1 to 3 days (38/77, 49%).

From each of the 2 arms, 4 participants were excluded (4/39,
10% from the control arm and 4/38, 11% from the intervention
arm) as there was no encounter with the participants to allow
for meaningful comparison (ie, the only interaction occurred
on the last day of the hospital stay), leaving 69 participants in
total, with 35 (51%) in the control arm and 34 (49%) in the
experimental VR therapy arm. In the VR arm, 85% (29/34) of
the participants completed at least one session of VR therapy,
whereas 15% (5/34) refused the VR and completed no VR
therapy sessions. Figure 3 shows a CONSORT (Consolidated
Standards of Reporting Trials) diagram of patient flow based
on ITT.
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Figure 3. CONSORT (Consolidated Standards of Reporting Trials) diagram. Patient flow based on intention-to-treat method. VR: virtual reality.

Multimedia Appendix 7 describes the baseline demographics
of all study participants (n=69) as reported in clinical
documentation based on 3 groups: the control arm and 2 VR
arms, “VRx arm: With VRx-therapy” and “VRx arm: No
VRx-therapy.” Across arms, 65% (45/69) of the participants
were female and belonged to the following age groups: 28%
(19/69) were aged 65 to 79 years, 33% (23/69) were aged 80 to
89 years, and 39% (27/69) were aged 90 to 100 years. Over half
of the participants had either a moderate (23/69, 33%) or severe
(11/69, 16%) level of cognitive impairment, and nearly half
either required assistance (7/69, 10%) or were unable (22/69,

32%) to sit. Vision and hearing aids were used by 62% (43/69)
and 23% (16/69) of the participants, respectively.

To determine the possibility of a priori bias in the random
assignment, a chi-square test for association was run on the
pairwise categorical variables (arm assignment, whether the
participant had had VR therapy, age group, gender, dementia
diagnosis, and cognitive level). There was no statistically
significant association found between any pairs in any
distribution method (P>.05). Owing to the small sample of
available data for dementia diagnosis, the test was also run with
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a consolidated list (Alzheimer dementia vs other types of
dementia), and no association was found (P>.05).

Results from the primary outcomes are described based on the
ITT analysis method (n=69 total participants; 34/69, 49% in the
VR arm and 35/69, 51% in the control arm). This more
conservative method was chosen to minimize bias and provide
a closer representation of the effectiveness of VR therapy in
clinical practice [68]. The secondary outcomes were evaluated
only for patients in the VR arm who received the intervention
(29/34, 85%) and are reported per session (n=47 sessions) unless
otherwise indicated.

Primary Outcome Measures

BPSD Outcome Measure
Arm assignment was found to have a statistically significant
effect on the aggression cluster of BPSDs (Mood median test
P=.01). Specifically, when comparing the before and after
differences (overall median difference=0), participants in the
VR arm had a significant decrease in physically aggressive
behaviors and loud vocalizations compared with participants
in the control arm (Mood median test P=.01; Table 2). The
Mood median test revealed no statistically significant differences
in the NPI-10–like cluster (P=.28), wandering cluster (P=.70),
number of disruptions (P=.66), or number of medications
refused (P=.54).

Table 2. Distribution of difference scores (mean number of aggressive events recorded in the electronic medical record after minus before treatment).

Control arm (n=35), n (%)VRb arm (n=34), n (%)Differencea in the mean number of aggressive events

13 (37)4 (12)More than overall medianc

17 (49)19 (56)Equal to the overall median

5 (14)11 (32)Less than the overall medianc

aDifference=after minus before treatment. Difference scores of less than the overall median indicate a relative decrease in aggressive events after virtual
reality (VR) therapy. The VR arm had significantly fewer aggressive behaviors after treatment compared with the control arm (mood median test P=.01).
bVR: virtual reality.
cOverall median difference score=0.

Falls
Falls were found to have no significant dependence on arm
assignment or any other associated factors (Mood median test
P=.59).

Length of Hospital Stay
A Box-Cox logarithmic transformation was conducted on LoS
to allow for regression requirements, and a linear regression
was run for logarithmic LoS. The model satisfied the linearity
independence, equal variance, and normality condition and the
low variance inflation factor condition. The regression model
showed an overall low explanation for the variance (adjusted

R2=11.5%). LoS showed no statistically significant dependence
on arm assignment (P=.94).

QoL Outcome Measure
Regression analysis found no statistically significant dependence
of arm assignment on QoL scores (QUALID instrument) or on

any other factor. The regression model satisfied the linearity
independence, equal variance, and normality condition and the
low variance inflation factor condition but showed no

explanation for the variance (adjusted R2=0%).

Responses from 61% (42/69) of the participants (22/34, 65%
from the VR arm and 20/35, 57% from the control arm) were
included in the sentiment analysis of the semistructured QoL
interview after excluding records in which insufficient data were
collected to calculate a difference score (ie, cases with missing
data because of excluded responses or in which the
semistructured interview was not completed at least once in the
before and after periods). When comparing the difference scores
for the VR and control arms, the results from the Mood median
test approached statistical significance (P=.07). Overall,
participants in the VR arm had higher difference scores, meaning
that, after treatment, they expressed relatively more positive
and less negative sentiments when asked questions related to
their current well-being and QoL (Table 3).
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Table 3. Change in overall sentiment during quality of life (QoL) interview after minus before treatment—distribution of difference scores.

Control arm (n=35), n (%)VRb arm (n=34), n (%)Difference in sentiment scorea

3 (9)8 (24)Positive

5 (14)8 (24)No change

12 (34)6 (18)Negative

15 (43)12 (35)Unable to assess

aDifference=after minus before treatment, where overall positive, neutral, and negative sentiment during the QoL interview were scored as 1, 0, and
–1, respectively. Positive difference scores indicate an increase in positive sentiment after treatment.
bVR: virtual reality. The VR arm was overall more positive and less negative in their responses compared with the control arm, though this difference
was not found to be statistically significant (mood median test P=.07).

Secondary Outcome Measures
Participants completed a mean of 1.6 sessions (SD 0.8) during
their stay. Over half (17/29, 59%) of the participants completed
1 session, whereas approximately one-fifth completed 2 (6/29,
21%) and 3 (6/29, 21%) VR therapy sessions.

Acceptability of VR
Participants spent an average of 6.8 (SD 6.6; range 0-20)
minutes viewing VR films during the sessions. Approximately
half (15/29, 52%) of the participants took part in at least one
VR session that lasted >5 minutes, whereas 38% (11/29)
completed only shorter sessions lasting 1 to 5 minutes. A
minority of the participants (3/29, 10%) took part in only a very
short VR session or sessions lasting <1 minute, including one
individual who opted to listen to music through headphones for
20 minutes instead of using VR because of blindness. For
participants who completed more than one session (12/29, 41%),
the mean duration of the first VR therapy session was 6.4 (SD
6.0; range 0-20) minutes, and the mean duration of subsequent
sessions was 6.3 (SD 6.8; range 0-20) minutes. For participants
who completed multiple sessions, the mean difference between

the patients’ shortest and longest session was 4.9 (SD 5.7; range
0-16) minutes.

Sessions that ended early were most often because of the
participant’s choice (ie, the patient removed the headset with
no distress). The reasons for stopping treatment before the end
of each 20-minute session are summarized in Table 4.

In some sessions (5/47, 11%), participants showed reluctance
or apprehension or anxiety regarding trying VR. For example,
one participant initially pushed the headset away, and another
one held the HMD throughout the session and appeared reluctant
to let go. When present in these cases, informal caregivers
(family members) appeared to be helpful in encouraging
participation. Additional measures of acceptability (audio and
visual stimulus quality, VR HMD comfort, and issues
encountered during the sessions) are presented in Table 5.
Although most participants indicated that the stimulus quality
and headset comfort were adequate, the concern most commonly
reported by them was discomfort with the weight of the headset.
Observed session issues were most often because of delays
related to the acute care setting and unrelated to the VR device
(eg, nurses completing a stability check).

Table 4. Reasons for stopping virtual reality (VR) therapy sessions (29 participants; n=47 sessions).

VR sessions, n (%)

8 (17)Full VR therapy session (20 min)

39 (83)Stopped early (<20 min)

31 (66)Participant’s choice (no distress)

3 (6)Participant appeared scared, confused, or dizzy (no distress)

2 (4)Headset fit related

1 (2)Participant choice (low interest)

1 (2)Participant experiencing side effects (eye discomfort)

1 (2)Participant had a test or treatment
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Table 5. Acceptability of virtual reality (VR) therapy (29 participants; n=47 sessions).

VR sessions, n (%)

Participant responses to postsession questions

Stimulus quality

35 (74)Sound was clear

33 (70)Image was in focus

The VR HMDa

35 (74)Was comfortable

11 (23)Was heavy

6 (13)Caused feelings of pressure on the nose or face

2 (4)Felt tight

2 (4)Was uncomfortable

2 (4)Caused eye discomfort (too bright or watery eyes)

Observed session issues

5 (11)Challenges with HMD fit (difficulty adjusting the straps, following instructions [language barrier], and fitting glasses
under the HMD)

2 (4)Hardware or software technical difficulties (video on pause or headset and controller out of sync)

8 (17)Delays unrelated to VR device (locating a nurse for a clinical stability check, patient leaving to use the washroom, patient

eating lunch, needing to set up a language line call, confirming assent or dissent procedures, or patient anxious upon RCb

arrival)

aHMD: head-mounted display.
bRC: research coordinator.

Safety
No serious side effects or adverse events related to having
received VR therapy were observed or reported during the trial.
Patients who experienced a serious adverse event during their
hospital stay were withdrawn from the study. In the VR arm,
adverse events (n=2) that occurred after the first encounter with
the participant included stroke (n=1) and death (n=1). These
events were determined to be unrelated to having received VR
therapy. In the control arm, adverse events (n=5) that occurred

after the first encounter with the participant included transfer
to the intensive care unit (n=1), seizures (n=2), and death (n=2).

The side effects reported and observed during the VR therapy
sessions were mild. During the postsession interview,
participants reported feeling at least “a bit” nervous or anxious
in 4% (2/47) of the sessions, at least “a bit” confused or
disoriented in 4% (2/47) of the sessions, and at least “a bit”
nauseous in 2% (1/47) of the sessions (Figure 4). The presence
of buzzing sounds from hearing aids could not be evaluated as
no participant was wearing a hearing aid during the VR sessions.
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Figure 4. Patient report—virtual reality (VR) acceptability, safety, and experience evaluated from structured postsession feedback interviews (n=47
sessions).

Participant Experience and Satisfaction With VR
Therapy

Overview

Structured RC session observations and postsession
semistructured interviews with participants indicated that most

participants had a positive experience and were satisfied with
the VR therapy. Figure 4 summarizes the results of the
semistructured interviews. Figure 5 summarizes the results of
structured observations using the standardized VR observation
tool (vocalizations, enjoyment, relaxation, engagement, and
reminiscence; Multimedia Appendix 6).
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Figure 5. Standardized virtual reality (VR) observation tool results—observed reactions to VR therapy (n=47 sessions; *n=46 sessions).

Engagement and Vocalizations

In most sessions, participants demonstrated some or substantial
engagement (eg, commenting on or reacting to aspects of the
scene) and agreed that the virtual world seemed very real to
them. Participants who were more highly engaged interacted
with the VR therapy with behaviors such as looking in all
directions, pointing at objects or waving at people in the scene,
and reacting to changes in scenes with vocalizations such as
“Ooh” and “Ah” and moving along with the music. Many
participants commented on or described aspects of the scene;
for example, “Big trees stretching their hands...near me there
is greenery again.” Others who appeared less engaged benefited
from prompting and encouragement by the RC or a family
caregiver to look around within the scene.

Some participants were more engaged when their caregiver was
present, and many appeared happy while chatting with family
members present during sessions, often initiating conversations
based on content observed in the VR (eg, “Look at this!”).
Notably, one participant was observed calling his daughter a
pet name that she reported that she had not heard in years.

Enjoyment and Reminiscence

Consistent with the RC observations, in most sessions,
participants reported that they had fun watching the VR films.
Participants who appeared to enjoy their experience were
observed laughing and smiling. One participant exclaimed the
following while watching the VR:

Wow, I am in the sky! I bless the nurses, they put me
in the sky! I have a story to tell when I go home!

One participant began reminiscing about his home country,
Tanzania, when he saw water scenes; another described their
experience as “Like how we used to watch the water edge [in
Sri Lanka].” Another participant said the following:

It’s like in the plane to Jamaica looking down
[clapping hands].

Sadness was observed in relatively few sessions (3/47, 6%) and
was related to reminiscence in 2 cases.

In the postsession interviews, when asked, “How did you like
that,” participants in most of the sessions (32/47, 68%)
responded positively and described their experience using words
such as “very good,” “very nice,” “lovely,” “beautiful,” and
“really enjoyed.” One participant noted that they felt that VR
was “good for here in the hospital,” and one described their
experience as “Fair enough, a free trip!” Participants in some
sessions (6/47, 13%) were more neutral toward their experience
or unable to respond to the question (6/47, 13%). Participants
in relatively fewer sessions (3/47, 6%) were more negative when
describing their experience and cited the weight of the HMD,
discomfort, or having a bad day (eg, feeling shaky).

Relaxation

Also consistent with RC observations, in over half (28/47, 60%)
of the sessions, participants reported that VR therapy helped
them relax. In 6% (3/47) of the sessions, participants appeared
notably calmer during VR therapy compared with before (ie,
stopped restless behaviors such as leg movements or humming
and grunting sounds), including one participant who was initially
hesitant to try VR.
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Interest in Trying VR Again

In approximately half (23/47, 49%) of the sessions, participants
reported that they would like to own a VR headset, would
recommend VR to a friend, and would like to try VR therapy
again. Notably, in 13% (6/47) of the sessions, the participants
or their caregivers spontaneously mentioned purchasing a VR
headset to use at home. For example, one participant said that
“I want you to buy for me, Costco maybe,” and another said
that “I have to get one of these machines.” In total, 3 caregivers
inquired about funding, affordable options, or lighter options
for their loved ones with dementia to have access to VR at home.

VR Therapy Film Content Preferences

In most cases (37/47, 79%), participants chose to watch multiple
mixed scenes during their VR sessions. Participants frequently
commented on or reacted to aspects of water or nature scenes
(eg, one participant said, “Ah-ha!” each time a water scene came
on) or animals and interacted with the music in the videos. Some
participants were also observed to fix their gaze in the direction
of people in the videos (eg, musicians on a stage and children
throwing rocks).

When asked what they wanted to see more of in the VR films,
their responses varied. The most frequent suggestions included
cultural topics (14/50, 28% of suggestions; eg, art exhibits,
varied movie genres, scenic tourist locations, and films with
religious locations or themes) and nature scenery (11/50, 22%
of suggestions). Films with various animals and types of music
were also suggested, as were films incorporating people or
personally relevant topics (eg, a participant’s dog). One
individual suggested making VR a shared experience (ie, having
2 people involved with 2 HMDs).

Discussion

Principal Findings
The aims of this study were to investigate the effects of VR
therapy on BPSDs and other related outcomes in people with
dementia admitted to an acute care hospital. On the basis of
encouraging evidence from recent studies [57], we hypothesized
that, by administering VR therapy with natural virtual
environments to people with dementia admitted to an acute care
hospital, we could help manage BPSDs and improve other
process measures, including falls, QoL, and LoS.

In line with our predictions, we found that VR therapy
significantly reduced aggressive or violent behavior and loud
vocalizations. This is a particularly promising finding as the
effective management of aggression has been identified as one
of the highest priorities in dementia care [76]. Agitation and its
sequelae are common, persistent, and distressing symptoms
among people with moderate and severe dementia. In particular,
patients with agitation and aggression have difficulty spending
time in the hospital [77-79]. Conversely, we found no significant
differences between the intervention and control groups for the
other BPSDs measured, including the NPI-10–like cluster and
wandering. Similarly, we found no significant differences
between groups in terms of falls, LoS, or QoL as measured
using the QUALID tool.

One possible explanation as to why we observed a positive
impact on aggressive behaviors and not on other outcomes
relates to VR’s capability to modify known environmental
triggers. In this case, patients may have been experiencing pain
from acute medical illness; a lack of meaningful stimulation
from being in a hospital room; or, similarly, hyperstimulation
related to sensory stimuli in the hospital environment. Indeed,
VR environments allow individuals to experience a sense of
presence and immersion, offering an escape from painful or
irritating stimuli [76]. Agitation and aggression are known to
respond to environmental interventions that address individuals’
underlying needs, for example, by providing social contact,
offering stimulating and relaxing activities, reducing stressful
stimuli [80-82], or providing a sense of freedom from
confinement [83]. In line with this explanation, we might expect
that the short-term effects of VR therapy would be more
noticeable for symptoms of agitation provoked by environmental
triggers. In contrast, agitation provoked by nonenvironmental
factors such as delusional, depressive, and trait anxiety
symptoms may require other, more targeted, or extended
cognitive and behavioral interventions.

Nevertheless, a critical hindrance to our study and the possible
reason for not reaching statistically significant outcomes was
the need to cease participant recruitment before reaching the
target sample size during the COVID-19 pandemic. Thus, it
remains unclear whether this result was due to a lack of
statistical power, limited effectiveness of the treatment, or other
factors. It is certainly possible that the short intervention period
during a typical acute care hospital stay (average LoS in our
sample=10.4 days) or number of therapy sessions (mean 1.6
sessions) may have proved insufficient to affect these outcomes
in a measurable way. Furthermore, as ours was the first RCT
looking at VR therapy for individuals with dementia admitted
to an acute care hospital, we were unable to directly compare
our findings with those of other similar studies. Nevertheless,
we did not observe any clear negative impacts of VR therapy,
and we were able to describe factors related to our methodology
that may have contributed to the insignificant results.

For measuring BPSDs, analyzing nurses’notes was determined
by the research team to be more feasible than administering the
NPI-10 instrument during the pilot that informed this trial [57].
However, it is possible that our positive result for aggression
and not for other BPSDs was because aggressive behaviors are
more overt and more readily captured in nurses’ notes. Unlike
aggressive behaviors, which are externalized, readily visible,
and known to respond to environmental interventions within a
short period [84], NPI-10–like BPSDs related to trait anxious
and depressive symptoms are characterized by internalized
features (eg, feelings of dysphoria, euphoria, and delusional
beliefs). It is also important to point out that some of these
BPSDs, such as anxiety and depression, can be a trigger for
aggressive behavior [84,85] and, thus, any improvement may
have been captured as a reduction in aggression in our study.

When considering the acceptability, safety, and patient
experience with VR therapy, our observational results are overall
promising. No serious adverse events occurred that were related
to the intervention. Participants reported that audio and visual
stimuli were clear in most sessions, and the few reported
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challenges were due to apprehension or anxiety or mild side
effects or discomfort from the HMD. The headset weight was
the most commonly reported source of discomfort, which is
important to consider given that Oculus Go remains relatively
lighter than many HMDs on the market [86]. To reduce
discomfort, especially for the frail older population, we
recommend considering the HMD weight and adding supports
that make the device’s weight distribution more balanced.

Most participants were willing to try VR and were able to
tolerate at least a brief session. The average length of exposure
was approximately 7 minutes, which is substantially shorter
than the median length of treatment protocol of 20 minutes
described in other studies using VR to manage BPSDs and
promote QoL in people with dementia [65]. This shorter average
session time is likely due to participants being acutely ill,
although it is unclear whether this constitutes a potential
limitation to VR’s effectiveness in people with dementia in
acute care as the optimal dosage has not yet been established
[65]. Although traditional technologies such as television or
music may be easier to administer and better entertain and
distract people with dementia in acute care for longer periods,
short VR exposures may still be beneficial and arguably easier
to administer when compared with longer VR sessions. VR’s
unique immersive capabilities make it a particularly powerful
tool for eliciting strong positive emotions, including awe, joy,
and excitement [87], and brief (6-min) exposure to 360° VR
nature videos has been shown to have comparable benefits with
those of exposure to the outdoors [88]. Nevertheless, a
substantial minority of participants in our study (8/34, 24%)
either refused VR or stopped their sessions after <1 minute. We
also observed variability in session length within participants;
as one participant described, “Today [is] not a good day. Maybe
I’d enjoy tomorrow. Just a bit shaky now.” These findings
suggest a fluctuating ability to participate and the importance
of providing multiple opportunities for patients to try the
intervention—and allocating adequate resources to do so, which
may pose a challenge in acute care [89,90]. This challenge
would not necessarily be unique to VR therapy; although their
effectiveness is supported by long-standing clinical experience,
nonpharmacological interventions are seldom implemented in
practice because of a lack of time and resources [33,91,92] as
well as attitudinal barriers [93-96].

In terms of the impact on QoL or well-being, people with
dementia in the VR arm consistently provided more positive
responses when asked conversational questions about how they
were doing, whereas those in the control arm became more
negative in their responses after the first study session. Some
caregivers also reported a positive impact of VR therapy on
their loved ones’ QoL and well-being in general. For example,
one caregiver noted the “positive effect” of VR on her mother,
and another described VR as “Something to look forward to
trying...it explains why he goes out to look at the trees at night.”
The primary nurse of one patient observed part of a session and
reported that she was impressed with the participant’s positive
reaction as he had been frequently irritable. Most participants
exposed to VR therapy described positive feelings and
satisfaction with their experience, with many demonstrating
engagement, reminiscence, and relaxation during the sessions.

As engaging in relaxation therapy in a natural context may be
less practical for this population, especially when in an acute
care hospital, we align with other studies in support of providing
virtual natural environments to promote well-being and positive
experiences [97,98].

In this study, participants were offered the opportunity to choose
from a variety of video options and provide feedback on the
types of VR content that they would like to see more of.
Preferences were varied, and the most frequent suggestions for
VR content were cultural topics, followed by nature, animals,
and music. Although much remains unknown about the impact
of VR content on BPSDs and QoL in people with dementia
[51], our findings align with those of other studies that have
highlighted the importance of customization of VR contexts in
enhancing engagement and allowing for a state of relaxation
[99].

Limitations and Future Directions
This study was subject to several limitations with potential
impact on our ability to answer the research questions as well
as on the ability to generalize the findings. The first and most
critical limitation was the early termination of the study because
of the COVID-19 pandemic, with a final recruitment of less
than half of the target sample size. Follow-up studies with the
sufficient sample size required for statistical power will be
necessary to determine whether VR therapy has a significant
effect on LoS, falls, QoL, and BPSDs and further establish its
effectiveness in reducing aggressive behaviors.

Second, as less than half (12/29, 41%) of the participants
completed more than one VR therapy session, it is difficult to
draw conclusions regarding treatment effectiveness. Although
this limitation is common among similar studies involving VR
therapy in people with dementia, it made it more difficult to
evaluate the outcomes in general, and it was not possible to
measure the impact of treatment dosage or whether there is a
wash-out period after repeated VR exposures. As it is not yet
understood how the number, frequency, and length of VR
therapy sessions correlate with effectiveness [51], it will be
important to design future studies that are able to evaluate dose
regimens.

Third, we encountered a number of challenges that could be
considered inherent to conducting nonpharmacological
intervention trials with this population and in this setting.
Although the ward and research staff were blinded where
possible, neither patients and caregivers nor the RC who
administered the VR therapy and collected QoL measures were
blinded to treatment allocation, introducing potential for bias.
In addition, during recruitment, nearly half (137/300, 45.7%)
of the eligible patients screened were unable to participate
because they were discharged or deceased by the time their
SDM was reached for informed consent. Given this challenge,
and considering a typical length of acute care stay of
approximately 1 week [100], we recommend using measures
that are more sensitive to short-term changes in this setting,
particularly for outcomes for which it may take longer to detect
any changes as a result of the intervention, such as QoL.
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Furthermore, collecting accurate self-report (and proxy-report)
data was a challenge, which may have led to insignificant results
within our primary outcomes. Through analysis of nurses’notes,
we were able to measure changes in aggression but may have
missed capturing less overt outcomes with internalized features
(ie, other BPSDs and QoL). Unfortunately, existing self-report
measures are difficult to use or inadequate for gathering
information from people with dementia [90], and this limited
our ability to gather information directly from participants. In
our sample up to one-fifth of participants (6/47, 13% to 10/47,
21%) were unable to provide any verbal feedback on their
well-being or experience across the various outcome measures
that relied on self-report (for which we used supportive
communication strategies such as short questions and visual
aids). As we anticipated this challenge, we incorporated a
standardized VR observation tool to triangulate the self-report
findings for the secondary outcomes. Nevertheless, we
acknowledge that this methodology presents the possibility of
researcher bias, which we took measures to lessen by carefully
designing and structuring the tool and providing special training
to the researchers involved in data collection. As a future
research direction, we recommend designing and validating
alternative structured methods that allow for better accessibility
for people with dementia [91].

Given these challenges, we suggest focusing on future trials in
other care settings (eg, at home, day treatment, or long-term
care) to measure effectiveness and continue to refine the
intervention with individuals who are less acutely ill. In these
cases, changes can be measured over longer periods in a setting
in which the individual’s environment is more constant, with
more reliable access to family caregivers to help administer VR
and provide proxy reports. We are in the process of applying
findings from this trial to studies that explore the impact of
technological properties on outcomes for both people with

dementia and their family caregivers at home [101,102]. Finally,
it is worth emphasizing that geriatricians repeatedly report
reluctantly administering drugs as they are left with no effective
alternatives when dealing with responsive behaviors. An
important direction for future studies to explore is whether
managing BPSDs using VR therapy might reduce the need for
applying restraints or using sedative (antipsychotic and
benzodiazepine) medications.

Conclusions
To the best of our knowledge, this is the first RCT to investigate
the impact of VR therapy on BPSDs and well-being in people
with dementia in an acute care setting. Although the necessary
sample size to observe significance at the desired confidence
level was not reached owing to COVID-19 restrictions, we
found that immersive VR therapy was effective in reducing
aggressive behaviors. In addition, our results suggest
nonsignificant but promising trends in terms of VR therapy
promoting QoL and add to emerging evidence of VR therapy
being a safe and acceptable treatment option for people with
dementia. In particular, this is one of the first trials to
demonstrate that individuals with moderate to severe dementia
and complex medical issues requiring hospitalization can tolerate
and enjoy VR for brief periods.

Considering the importance of introducing ethically acceptable
and effective techniques to care for people with dementia,
rigorous follow-up studies with carefully designed measures
are warranted to understand VR therapy’s impact on BPSDs
and related outcomes. Given the challenges we encountered in
acute care, we recommend first establishing effectiveness and
further tailoring the intervention to this population in care
settings where individuals are less acutely ill and changes may
be more easily detected.

Acknowledgments
This study was funded by the Centre for Aging + Brain Health Innovation. The funding bodies had no role in the design of the
study; collection, analysis, and interpretation of the data; or writing of the manuscript. The authors would like to thank Zain Pasat,
Suad Ali, and Bryce Chen for their support with data collection. They are grateful to Codrin Talaba and Vlad Luchnikov for
working with the authors’ research team to film, edit, and provide the virtual reality experiences for this study.

Data Availability
The data sets supporting the conclusions of this study are included within the paper and its additional files; for example, primary
outcome data and secondary outcome data can be found in Multimedia Appendices 8 and 9, respectively.

Authors' Contributions
LA, EA, EK, CS, and JR contributed to the conception and design of the study. CS and JR organized the on-site data collection.
LA, EA, EK, JA, and SL-F contributed to the design of statistical methodology and qualitative coding structure. JA, EK, and
SL-F conducted data cleaning and qualitative coding. JA conducted the statistical analysis. LA, SL-F, EK, and SP wrote the first
draft of the manuscript. All authors have read and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Assent form.

J Med Internet Res 2024 | vol. 26 | e51758 | p. 18https://www.jmir.org/2024/1/e51758
(page number not for citation purposes)

Appel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


[PDF File (Adobe PDF File), 319 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Informed consent form.
[PDF File (Adobe PDF File), 447 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Informational study brochure.
[PDF File (Adobe PDF File), 877 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Presession checklist.
[PDF File (Adobe PDF File), 163 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Modified Quality of Life in Late-Stage Dementia scale.
[PDF File (Adobe PDF File), 200 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Standardized virtual reality observation tool.
[PDF File (Adobe PDF File), 94 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Baseline demographics table.
[DOCX File , 21 KB-Multimedia Appendix 7]

Multimedia Appendix 8
Primary outcome data.
[XLSX File (Microsoft Excel File), 558 KB-Multimedia Appendix 8]

Multimedia Appendix 9
Secondary outcome data.
[XLSX File (Microsoft Excel File), 68 KB-Multimedia Appendix 9]

Multimedia Appendix 10
CONSORT-EHEALTH (Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist [103].
[PDF File (Adobe PDF File), 2665 KB-Multimedia Appendix 10]

References

1. Pérez Romero A, González Garrido S. The importance of behavioural and pyschological symptoms in Alzheimer's disease.
Neurologia (Engl Ed). Apr 26, 2016;33(6):30011-1. [FREE Full text] [doi: 10.1016/j.nrl.2016.02.024] [Medline: 27130309]

2. Savaskan E, Bopp-Kistler I, Buerge M, Fischlin R, Georgescu D, Giardini U, et al. [Recommendations for diagnosis and
therapy of behavioral and psychological symptoms in dementia (BPSD)]. Praxis (Bern 1994). Jan 29, 2014;103(3):135-148.
[doi: 10.1024/1661-8157/a001547] [Medline: 24468453]

3. Devshi R, Shaw S, Elliott-King J, Hogervorst E, Hiremath A, Velayudhan L, et al. Prevalence of behavioural and
psychological symptoms of dementia in individuals with learning disabilities. Diagnostics (Basel). Dec 02, 2015;5(4):564-576.
[FREE Full text] [doi: 10.3390/diagnostics5040564] [Medline: 26854171]

4. Tible OP, Riese F, Savaskan E, von Gunten A. Best practice in the management of behavioural and psychological symptoms
of dementia. Ther Adv Neurol Disord. Aug 2017;10(8):297-309. [FREE Full text] [doi: 10.1177/1756285617712979]
[Medline: 28781611]

J Med Internet Res 2024 | vol. 26 | e51758 | p. 19https://www.jmir.org/2024/1/e51758
(page number not for citation purposes)

Appel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app1.pdf&filename=77ce5150ee3d523e588572ba00618ef7.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app1.pdf&filename=77ce5150ee3d523e588572ba00618ef7.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app2.pdf&filename=960348ea2a5fa430b11f020d20b4dc48.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app2.pdf&filename=960348ea2a5fa430b11f020d20b4dc48.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app3.pdf&filename=84fb364cbb32637a63c07d7d5fec0f86.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app3.pdf&filename=84fb364cbb32637a63c07d7d5fec0f86.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app4.pdf&filename=f8467523f73d93fc06e2b81ef6044c0d.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app4.pdf&filename=f8467523f73d93fc06e2b81ef6044c0d.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app5.pdf&filename=f593f2206c63a5301e5a98816b92f3c9.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app5.pdf&filename=f593f2206c63a5301e5a98816b92f3c9.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app6.pdf&filename=a74aa6404ea140baf632dc17117bc03c.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app6.pdf&filename=a74aa6404ea140baf632dc17117bc03c.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app7.docx&filename=1eec9372e6ab564e05f7637165a3010a.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app7.docx&filename=1eec9372e6ab564e05f7637165a3010a.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app8.xlsx&filename=f916c62646cb1cfedd5100fac0185c7e.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app8.xlsx&filename=f916c62646cb1cfedd5100fac0185c7e.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app9.xlsx&filename=a74e1f99cb8c38741efa419217a70af5.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app9.xlsx&filename=a74e1f99cb8c38741efa419217a70af5.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app10.pdf&filename=2f8c40b2f0af493eef7d60cd784c8fbc.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e51758_app10.pdf&filename=2f8c40b2f0af493eef7d60cd784c8fbc.pdf
http://www.elsevier.es/en/linksolver/ft/pii/S0213-4853(16)30011-1
http://dx.doi.org/10.1016/j.nrl.2016.02.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27130309&dopt=Abstract
http://dx.doi.org/10.1024/1661-8157/a001547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24468453&dopt=Abstract
https://www.mdpi.com/resolver?pii=diagnostics5040564
http://dx.doi.org/10.3390/diagnostics5040564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26854171&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1756285617712979?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1756285617712979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28781611&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Sampson EL, White N, Leurent B, Scott S, Lord K, Round J, et al. Behavioural and psychiatric symptoms in people with
dementia admitted to the acute hospital: prospective cohort study. Br J Psychiatry. Sep 02, 2014;205(3):189-196. [FREE
Full text] [doi: 10.1192/bjp.bp.113.130948] [Medline: 25061120]

6. Feast A, Orrell M, Russell I, Charlesworth G, Moniz-Cook E. The contribution of caregiver psychosocial factors to distress
associated with behavioural and psychological symptoms in dementia. Int J Geriatr Psychiatry. Jan 18, 2017;32(1):76-85.
[doi: 10.1002/gps.4447] [Medline: 26891463]

7. Härlein J, Dassen T, Halfens RJ, Heinze C. Fall risk factors in older people with dementia or cognitive impairment: a
systematic review. J Adv Nurs. May 2009;65(5):922-933. [doi: 10.1111/j.1365-2648.2008.04950.x] [Medline: 19291191]

8. Feast A, Moniz-Cook E, Stoner C, Charlesworth G, Orrell M. A systematic review of the relationship between behavioral
and psychological symptoms (BPSD) and caregiver well-being. Int Psychogeriatr. Nov 2016;28(11):1761-1774. [doi:
10.1017/S1041610216000922] [Medline: 27345942]

9. Bhagat G, Raj R, Sidhu BS, Sidhu AK. A cross-sectional study on behavioural and psychological symptoms of dementia
in elderly and its impact on quality of life in a tertiary care hospital. Int J Adv Med. May 22, 2018;5(3):614. [doi:
10.18203/2349-3933.ijam20182112]

10. Kang Y, Hur Y. Nurses' experience of nursing workload-related issues during caring patients with dementia: a qualitative
meta-synthesis. Int J Environ Res Public Health. Oct 04, 2021;18(19):10448. [FREE Full text] [doi: 10.3390/ijerph181910448]
[Medline: 34639748]

11. George J, Long S, Vincent C. How can we keep patients with dementia safe in our acute hospitals? A review of challenges
and solutions. J R Soc Med. Sep 2013;106(9):355-361. [FREE Full text] [doi: 10.1177/0141076813476497] [Medline:
23759885]

12. Canevelli M, Adali N, Cantet C, Andrieu S, Bruno G, Cesari M, et al. Impact of behavioral subsyndromes on cognitive
decline in Alzheimer's disease: data from the ICTUS study. J Neurol. Jul 17, 2013;260(7):1859-1865. [doi:
10.1007/s00415-013-6893-3] [Medline: 23504051]

13. Nourhashémi F, Andrieu S, Sastres N, Ducassé JL, Lauque D, Sinclair AJ, et al. Descriptive analysis of emergency hospital
admissions of patients with Alzheimer disease. Alzheimer Dis Assoc Disord. 2001;15(1):21-25. [doi:
10.1097/00002093-200101000-00003] [Medline: 11236821]

14. Toot S, Swinson T, Devine M, Challis D, Orrell M. Causes of nursing home placement for older people with dementia: a
systematic review and meta-analysis. Int Psychogeriatr. Feb 2017;29(2):195-208. [doi: 10.1017/S1041610216001654]
[Medline: 27806743]

15. Yaffe K, Fox P, Newcomer R, Sands L, Lindquist K, Dane K, et al. Patient and caregiver characteristics and nursing home
placement in patients with dementia. JAMA. Apr 24, 2002;287(16):2090-2097. [doi: 10.1001/jama.287.16.2090] [Medline:
11966383]

16. Currie L. Fall and injury prevention. In: Hughes RG, editor. Patient Safety and Quality: An Evidence-Based Handbook for
Nurses. Rockville, MD. Agency for Healthcare Research and Quality (US); 2008.

17. Falls. World Health Organization. Apr 26, 2021. URL: https://www.who.int/en/news-room/fact-sheets/detail/falls [accessed
2022-06-15]

18. Centers for Disease Control and Prevention (CDC). Fatalities and injuries from falls among older adults--United States,
1993-2003 and 2001-2005. MMWR Morb Mortal Wkly Rep. Nov 17, 2006;55(45):1221-1224. [FREE Full text] [Medline:
17108890]

19. Assessment and management of behaviours and psychological symptoms associated with dementia (BPSD). The Royal
Australian and New Zealand College of Psychiatrists. URL: https://www.ranzcp.org/files/resources/reports/
a-handbook-for-nsw-health-clinicians-bpsd_june13_w.aspx [accessed 2022-07-27]

20. Cerejeira J, Lagarto L, Mukaetova-Ladinska EB. Behavioral and psychological symptoms of dementia. Front Neurol. May
7, 2012;3:73. [FREE Full text] [doi: 10.3389/fneur.2012.00073] [Medline: 22586419]

21. Zhu CW, Scarmeas N, Ornstein K, Albert M, Brandt J, Blacker D, et al. Health-care use and cost in dementia caregivers:
longitudinal results from the Predictors Caregiver Study. Alzheimers Dement. Apr 2015;11(4):444-454. [FREE Full text]
[doi: 10.1016/j.jalz.2013.12.018] [Medline: 24637299]

22. Ballard CG, Gauthier S, Cummings JL, Brodaty H, Grossberg GT, Robert P, et al. Management of agitation and aggression
associated with Alzheimer disease. Nat Rev Neurol. May 2009;5(5):245-255. [doi: 10.1038/nrneurol.2009.39] [Medline:
19488082]

23. Ohno Y, Kunisawa N, Shimizu S. Antipsychotic treatment of behavioral and psychological symptoms of dementia (BPSD):
management of extrapyramidal side effects. Front Pharmacol. Sep 17, 2019;10:1045. [FREE Full text] [doi:
10.3389/fphar.2019.01045] [Medline: 31607910]

24. White PC, Wyatt J, Chalfont G, Bland JM, Neale C, Trepel D, et al. Exposure to nature gardens has time-dependent
associations with mood improvements for people with mid- and late-stage dementia: innovative practice. Dementia (London).
Jul 2018;17(5):627-634. [FREE Full text] [doi: 10.1177/1471301217723772] [Medline: 28835119]

25. Braun A, Trivedi DP, Dickinson A, Hamilton L, Goodman C, Gage H, et al. Managing behavioural and psychological
symptoms in community dwelling older people with dementia: 2. A systematic review of qualitative studies. Dementia
(London). 2019;18(7-8):2950-2970. [FREE Full text] [doi: 10.1177/1471301218762856] [Medline: 29557193]

J Med Internet Res 2024 | vol. 26 | e51758 | p. 20https://www.jmir.org/2024/1/e51758
(page number not for citation purposes)

Appel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/25061120
https://europepmc.org/abstract/MED/25061120
http://dx.doi.org/10.1192/bjp.bp.113.130948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25061120&dopt=Abstract
http://dx.doi.org/10.1002/gps.4447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26891463&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2008.04950.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19291191&dopt=Abstract
http://dx.doi.org/10.1017/S1041610216000922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27345942&dopt=Abstract
http://dx.doi.org/10.18203/2349-3933.ijam20182112
https://www.mdpi.com/resolver?pii=ijerph181910448
http://dx.doi.org/10.3390/ijerph181910448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34639748&dopt=Abstract
https://europepmc.org/abstract/MED/23759885
http://dx.doi.org/10.1177/0141076813476497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23759885&dopt=Abstract
http://dx.doi.org/10.1007/s00415-013-6893-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23504051&dopt=Abstract
http://dx.doi.org/10.1097/00002093-200101000-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11236821&dopt=Abstract
http://dx.doi.org/10.1017/S1041610216001654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27806743&dopt=Abstract
http://dx.doi.org/10.1001/jama.287.16.2090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11966383&dopt=Abstract
https://www.who.int/en/news-room/fact-sheets/detail/falls
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5545a1.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17108890&dopt=Abstract
https://www.ranzcp.org/files/resources/reports/a-handbook-for-nsw-health-clinicians-bpsd_june13_w.aspx
https://www.ranzcp.org/files/resources/reports/a-handbook-for-nsw-health-clinicians-bpsd_june13_w.aspx
https://europepmc.org/abstract/MED/22586419
http://dx.doi.org/10.3389/fneur.2012.00073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22586419&dopt=Abstract
https://europepmc.org/abstract/MED/24637299
http://dx.doi.org/10.1016/j.jalz.2013.12.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24637299&dopt=Abstract
http://dx.doi.org/10.1038/nrneurol.2009.39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19488082&dopt=Abstract
https://europepmc.org/abstract/MED/31607910
http://dx.doi.org/10.3389/fphar.2019.01045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31607910&dopt=Abstract
https://eprints.whiterose.ac.uk/122013/
http://dx.doi.org/10.1177/1471301217723772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28835119&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1471301218762856?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1471301218762856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29557193&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Chenoweth L, King MT, Jeon YH, Brodaty H, Stein-Parbury J, Norman R, et al. Caring for aged dementia care resident
study (CADRES) of person-centred care, dementia-care mapping, and usual care in dementia: a cluster-randomised trial.
Lancet Neurol. Apr 2009;8(4):317-325. [doi: 10.1016/S1474-4422(09)70045-6] [Medline: 19282246]

27. Sloane PD, Hoeffer B, Mitchell CM, McKenzie DA, Barrick AL, Rader J, et al. Effect of person-centered showering and
the towel bath on bathing-associated aggression, agitation, and discomfort in nursing home residents with dementia: a
randomized, controlled trial. J Am Geriatr Soc. Nov 2004;52(11):1795-1804. [FREE Full text] [doi:
10.1111/j.1532-5415.2004.52501.x] [Medline: 15507054]

28. Fossey J, Ballard C, Juszczak E, James I, Alder N, Jacoby R, et al. Effect of enhanced psychosocial care on antipsychotic
use in nursing home residents with severe dementia: cluster randomised trial. BMJ. Apr 01, 2006;332(7544):756-761.
[FREE Full text] [doi: 10.1136/bmj.38782.575868.7C] [Medline: 16543297]

29. Savaskan E, Bopp-Kistler I, Buerge M, Fischlin R, Georgescu D, Giardini U, et al. [Recommendations for diagnosis and
therapy of behavioral and psychological symptoms in dementia (BPSD)]. Praxis (Bern 1994). Jan 29, 2014;103(3):135-148.
[FREE Full text] [doi: 10.1024/1661-8157/a001547] [Medline: 24468453]

30. Akrour R, Courret-Gilgen C, Perrenoud B. Prevention and management of behavioural and psychological symptoms in
patients with dementia in acute care: a best practice implementation project. JBI Evid Implement. Dec 01, 2022;20(4):289-300.
[FREE Full text] [doi: 10.1097/XEB.0000000000000329] [Medline: 36375022]

31. Scerri A, Scerri C, Innes A. The perceived and observed needs of patients with dementia admitted to acute medical wards.
Dementia (London). Aug 27, 2020;19(6):1997-2017. [doi: 10.1177/1471301218814383] [Medline: 30482091]

32. Prato L, Lindley L, Boyles M, Robinson L, Abley C. Empowerment, environment and person-centred care: a qualitative
study exploring the hospital experience for adults with cognitive impairment. Dementia (London). Feb 07,
2019;18(7-8):2710-2730. [doi: 10.1177/1471301218755878] [Medline: 29411662]

33. Dementia guide. National Health Service. URL: https://www.nhs.uk/conditions/dementia/ [accessed 2022-07-27]
34. Lin FR, Metter EJ, O'Brien RJ, Resnick SM, Zonderman AB, Ferrucci L. Hearing loss and incident dementia. Arch Neurol.

Feb 14, 2011;68(2):214-220. [FREE Full text] [doi: 10.1001/archneurol.2010.362] [Medline: 21320988]
35. Cohen-Mansfield J, Marx MS, Dakheel-Ali M, Regier NG, Thein K, Freedman L. Can agitated behavior of nursing home

residents with dementia be prevented with the use of standardized stimuli? J Am Geriatr Soc. Aug 2010;58(8):1459-1464.
[FREE Full text] [doi: 10.1111/j.1532-5415.2010.02951.x] [Medline: 20579167]

36. Cohen-Mansfield J, Dakheel-Ali M, Marx MS, Thein K, Regier NG. Which unmet needs contribute to behavior problems
in persons with advanced dementia? Psychiatry Res. Jul 30, 2015;228(1):59-64. [FREE Full text] [doi:
10.1016/j.psychres.2015.03.043] [Medline: 25933478]

37. de Oliveira AM, Radanovic M, de Mello PC, Buchain PC, Vizzotto AD, Celestino DL, et al. Nonpharmacological
interventions to reduce behavioral and psychological symptoms of dementia: a systematic review. Biomed Res Int.
2015;2015:218980. [FREE Full text] [doi: 10.1155/2015/218980] [Medline: 26693477]

38. Ulrich RS. View through a window may influence recovery from surgery. Science. Apr 27, 1984;224(4647):420-421. [doi:
10.1126/science.6143402] [Medline: 6143402]

39. Detweiler MB, Warf C. Dementia wander garden aids post cerebrovascular stroke restorative therapy: a case study. Altern
Ther Health Med. 2005;11(4):54-58. [Medline: 16053122]

40. Li HC, Wang HH, Lu CY, Chen TB, Lin YH, Lee I. The effect of music therapy on reducing depression in people with
dementia: a systematic review and meta-analysis. Geriatr Nurs. 2019;40(5):510-516. [FREE Full text] [doi:
10.1016/j.gerinurse.2019.03.017] [Medline: 31056209]

41. Mooney P, Nicell PL. The importance of exterior environment for Alzheimer residents: effective care and risk management.
Healthc Manage Forum. 1992;5(2):23-29. [doi: 10.1016/S0840-4704(10)61202-1] [Medline: 10171068]

42. Park SH, Mattson RH. Therapeutic influences of plants in hospital rooms on surgical recovery. HortScience. Feb
2009;44(1):102-105. [FREE Full text] [doi: 10.21273/hortsci.44.1.102]

43. Hersh M, Nazarian MA. Palliative care can help reduce incidence of medicare's never-events for dementia patients. J Hosp
Palliat Nurs. Jul 2010;12(4):247-254. [doi: 10.1097/njh.0b013e3181df5fc5]

44. Zonsius MC, Cothran FA, Miller JM. CE: acute care for patients with dementia. Am J Nurs. Apr 2020;120(4):34-42. [doi:
10.1097/01.NAJ.0000660024.45260.1a] [Medline: 32218045]

45. Lee DC, Meyer C, Burton E, Kitchen S, Williams C, Hunter SW, et al. A survey of nurses, physiotherapists and occupational
therapists in mobility care and gait aid use for hospital patients with dementia. Geriatr Nurs. Mar 2022;44:221-228. [doi:
10.1016/j.gerinurse.2022.02.017] [Medline: 35240401]

46. D'Cunha NM, Nguyen D, Naumovski N, McKune AJ, Kellett J, Georgousopoulou EN, et al. A mini-review of virtual
reality-based interventions to promote well-being for people living with dementia and mild cognitive impairment. Gerontology.
2019;65(4):430-440. [FREE Full text] [doi: 10.1159/000500040] [Medline: 31108489]

47. Dermody G, Whitehead L, Wilson G, Glass C. The role of virtual reality in improving health outcomes for
community-dwelling older adults: systematic review. J Med Internet Res. Jun 01, 2020;22(6):e17331. [FREE Full text]
[doi: 10.2196/17331] [Medline: 32478662]

48. Hughes S, Warren-Norton K, Spadafora P, Tsotsos LE. Supporting optimal aging through the innovative use of virtual
reality technology. Multimodal Technol Interact. Sep 28, 2017;1(4):23. [doi: 10.3390/mti1040023]

J Med Internet Res 2024 | vol. 26 | e51758 | p. 21https://www.jmir.org/2024/1/e51758
(page number not for citation purposes)

Appel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/S1474-4422(09)70045-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19282246&dopt=Abstract
https://doi.org/10.1111/j.1532-5415.2004.52501.x
http://dx.doi.org/10.1111/j.1532-5415.2004.52501.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15507054&dopt=Abstract
https://europepmc.org/abstract/MED/16543297
http://dx.doi.org/10.1136/bmj.38782.575868.7C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16543297&dopt=Abstract
https://doi.org/10.1024/1661-8157/a001547
http://dx.doi.org/10.1024/1661-8157/a001547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24468453&dopt=Abstract
https://europepmc.org/abstract/MED/36375022
http://dx.doi.org/10.1097/XEB.0000000000000329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36375022&dopt=Abstract
http://dx.doi.org/10.1177/1471301218814383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30482091&dopt=Abstract
http://dx.doi.org/10.1177/1471301218755878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29411662&dopt=Abstract
https://www.nhs.uk/conditions/dementia/
https://europepmc.org/abstract/MED/21320988
http://dx.doi.org/10.1001/archneurol.2010.362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21320988&dopt=Abstract
https://europepmc.org/abstract/MED/20579167
http://dx.doi.org/10.1111/j.1532-5415.2010.02951.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20579167&dopt=Abstract
https://europepmc.org/abstract/MED/25933478
http://dx.doi.org/10.1016/j.psychres.2015.03.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25933478&dopt=Abstract
https://doi.org/10.1155/2015/218980
http://dx.doi.org/10.1155/2015/218980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26693477&dopt=Abstract
http://dx.doi.org/10.1126/science.6143402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6143402&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16053122&dopt=Abstract
https://doi.org/10.1016/j.gerinurse.2019.03.017
http://dx.doi.org/10.1016/j.gerinurse.2019.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31056209&dopt=Abstract
http://dx.doi.org/10.1016/S0840-4704(10)61202-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10171068&dopt=Abstract
https://doi.org/10.21273/HORTSCI.44.1.102
http://dx.doi.org/10.21273/hortsci.44.1.102
http://dx.doi.org/10.1097/njh.0b013e3181df5fc5
http://dx.doi.org/10.1097/01.NAJ.0000660024.45260.1a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32218045&dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2022.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35240401&dopt=Abstract
https://doi.org/10.1159/000500040
http://dx.doi.org/10.1159/000500040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31108489&dopt=Abstract
https://www.jmir.org/2020/6/e17331/
http://dx.doi.org/10.2196/17331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32478662&dopt=Abstract
http://dx.doi.org/10.3390/mti1040023
http://www.w3.org/Style/XSL
http://www.renderx.com/


49. Montana JI, Matamala-Gomez M, Maisto M, Mavrodiev PA, Cavalera CM, Diana B, et al. The benefits of emotion regulation
interventions in virtual reality for the improvement of wellbeing in adults and older adults: a systematic review. J Clin Med.
Feb 12, 2020;9(2):500. [FREE Full text] [doi: 10.3390/jcm9020500] [Medline: 32059514]

50. Strong J. Immersive virtual reality and persons with dementia: a literature review. J Gerontol Soc Work. Apr 24,
2020;63(3):209-226. [doi: 10.1080/01634372.2020.1733726] [Medline: 32091323]

51. Appel L, Ali S, Narag T, Mozeson K, Pasat Z, Orchanian-Cheff A, et al. Virtual reality to promote wellbeing in persons
with dementia: a scoping review. J Rehabil Assist Technol Eng. Dec 21, 2021;8:20556683211053952. [FREE Full text]
[doi: 10.1177/20556683211053952] [Medline: 35024166]

52. Appel L, Kisonas E, Appel E, Klein J, Bartlett D, Rosenberg J, et al. Administering virtual reality therapy to manage
behavioral and psychological symptoms in patients with dementia admitted to an acute care hospital: results of a pilot study.
JMIR Form Res. Feb 03, 2021;5(2):e22406. [FREE Full text] [doi: 10.2196/22406] [Medline: 33533720]

53. Appel L, Kisonas E, Appel E, Klein J, Bartlett D, Rosenberg J, et al. Introducing virtual reality therapy for inpatients with
dementia admitted to an acute care hospital: learnings from a pilot to pave the way to a randomized controlled trial. Pilot
Feasibility Stud. Oct 31, 2020;6(1):166. [FREE Full text] [doi: 10.1186/s40814-020-00708-9] [Medline: 33292729]

54. Parsons TD, McPherson S, Interrante V. Enhancing neurocognitive assessment using immersive virtual reality. In: Proceedings
of the 1st Workshop on Virtual and Augmented Assistive Technology (VAAT). Presented at: 1st Workshop on Virtual and
Augmented Assistive Technology (VAAT); March 17, 2013, 2013; Lake Buena Vista, FL. [doi: 10.1109/vaat.2013.6786190]

55. Cutler C, Hicks B, Innes A. Does digital gaming enable healthy aging for community-dwelling people with dementia?
Games and Culture. Aug 30, 2015;11(1-2):104-129. [FREE Full text] [doi: 10.1177/1555412015600580]

56. Benoit M, Guerchouche R, Petit PD, Chapoulie E, Manera V, Chaurasia G, et al. Is it possible to use highly realistic virtual
reality in the elderly? A feasibility study with image-based rendering. Neuropsychiatr Dis Treat. Mar 3, 2015;11:557-563.
[FREE Full text] [doi: 10.2147/NDT.S73179] [Medline: 25834437]

57. Appel L, Appel E, Bogler O, Wiseman M, Cohen L, Ein N, et al. Older adults with cognitive and/or physical impairments
can benefit from immersive virtual reality experiences: a feasibility study. Front Med (Lausanne). Jan 15, 2019;6:329.
[FREE Full text] [doi: 10.3389/fmed.2019.00329] [Medline: 32010701]

58. Moyle W, Jones C, Dwan T, Petrovich T. Effectiveness of a virtual reality forest on people with dementia: a mixed methods
pilot study. Gerontologist. May 08, 2018;58(3):478-487. [doi: 10.1093/geront/gnw270] [Medline: 28329867]

59. Smith V, Warty RR, Sursas JA, Payne O, Nair A, Krishnan S, et al. The effectiveness of virtual reality in managing acute
pain and anxiety for medical inpatients: systematic review. J Med Internet Res. Nov 02, 2020;22(11):e17980. [FREE Full
text] [doi: 10.2196/17980] [Medline: 33136055]

60. Carr C, Odell-Miller H, Priebe S. A systematic review of music therapy practice and outcomes with acute adult psychiatric
in-patients. PLoS One. Aug 2, 2013;8(8):e70252. [FREE Full text] [doi: 10.1371/journal.pone.0070252] [Medline: 23936399]

61. Health Care Consent Act, 1996 S.O. 1996, Chapter 2 Schedule A. Ontario Government. URL: https://www.ontario.ca/laws/
statute/96h02 [accessed 2020-08-08]

62. My Substitute DecisionMaker (SDM). Michael Garron Hospital. Feb 2016. URL: https://www.tehn.ca/sites/default/files/
file-browser/sdm_brochure_mgh_final_feb_2016.pdf [accessed 2022-07-27]

63. Learn about randomization. National Institutes of Health National Cancer Institute. URL: https://ctrandomization.cancer.gov/
about/ [accessed 2023-08-08]

64. Health and safety warnings. Meta. URL: https://www.oculus.com/legal/health-and-safety-warnings/ [accessed 2020-02-27]
65. Appel L, Kisonas E, Appel E. The development of ObsRVR: an observational instrument to measure reactions of people

with dementia experiencing virtual reality. In: Proceedings of the 14th Conference Clinical Trials on Alzheimer’s Disease.
Presented at: 14th Conference Clinical Trials on Alzheimer’s Disease; November 9-12, 2021, 2021; Boston, MA. URL:
https://www.ctad-alzheimer.com/files/files/CTAD21%20Posters.pdf

66. Minitab homepage. Minitab. URL: https://www.minitab.com [accessed 2023-12-30]
67. McCoy CE. Understanding the intention-to-treat principle in randomized controlled trials. West J Emerg Med. Oct 18,

2017;18(6):1075-1078. [FREE Full text] [doi: 10.5811/westjem.2017.8.35985] [Medline: 29085540]
68. Shah PB. Intention-to-treat and per-protocol analysis. CMAJ. Apr 05, 2011;183(6):696; author reply 696. [FREE Full text]

[doi: 10.1503/cmaj.111-2033] [Medline: 21464181]
69. Ranganathan P, Pramesh CS, Aggarwal R. Common pitfalls in statistical analysis: intention-to-treat versus per-protocol

analysis. Perspect Clin Res. 2016;7(3):144-146. [FREE Full text] [doi: 10.4103/2229-3485.184823] [Medline: 27453832]
70. Cummings JL. The neuropsychiatric inventory: assessing psychopathology in dementia patients. Neurology. May 1997;48(5

Suppl 6):S10-S16. [FREE Full text] [doi: 10.1212/wnl.48.5_suppl_6.10s] [Medline: 9153155]
71. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The neuropsychiatric inventory:

comprehensive assessment of psychopathology in dementia. Neurology. Dec 1994;44(12):2308-2314. [FREE Full text]
[doi: 10.1212/wnl.44.12.2308] [Medline: 7991117]

72. Weiner MF, Martin-Cook K, Svetlik DA, Saine K, Foster B, Fontaine CS. The quality of life in late-stage dementia
(QUALID) scale. J Am Med Dir Assoc. 2000;1(3):114-116. [Medline: 12818023]

73. Jackson K, Bazeley P. Qualitative Data Analysis with NVivo. 3rd Edition. Thousand Oaks, CA. SAGE Publications; May
2019.

J Med Internet Res 2024 | vol. 26 | e51758 | p. 22https://www.jmir.org/2024/1/e51758
(page number not for citation purposes)

Appel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=jcm9020500
http://dx.doi.org/10.3390/jcm9020500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32059514&dopt=Abstract
http://dx.doi.org/10.1080/01634372.2020.1733726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32091323&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/20556683211053952?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20556683211053952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35024166&dopt=Abstract
https://formative.jmir.org/2021/2/e22406/
http://dx.doi.org/10.2196/22406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33533720&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-020-00708-9
http://dx.doi.org/10.1186/s40814-020-00708-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33292729&dopt=Abstract
http://dx.doi.org/10.1109/vaat.2013.6786190
https://doi.org/10.1177/1555412015600580
http://dx.doi.org/10.1177/1555412015600580
https://europepmc.org/abstract/MED/25834437
http://dx.doi.org/10.2147/NDT.S73179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25834437&dopt=Abstract
https://europepmc.org/abstract/MED/32010701
http://dx.doi.org/10.3389/fmed.2019.00329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32010701&dopt=Abstract
http://dx.doi.org/10.1093/geront/gnw270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28329867&dopt=Abstract
https://www.jmir.org/2020/11/e17980/
https://www.jmir.org/2020/11/e17980/
http://dx.doi.org/10.2196/17980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33136055&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0070252
http://dx.doi.org/10.1371/journal.pone.0070252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23936399&dopt=Abstract
https://www.ontario.ca/laws/statute/96h02
https://www.ontario.ca/laws/statute/96h02
https://www.tehn.ca/sites/default/files/file-browser/sdm_brochure_mgh_final_feb_2016.pdf
https://www.tehn.ca/sites/default/files/file-browser/sdm_brochure_mgh_final_feb_2016.pdf
https://ctrandomization.cancer.gov/about/
https://ctrandomization.cancer.gov/about/
https://www.oculus.com/legal/health-and-safety-warnings/
https://www.ctad-alzheimer.com/files/files/CTAD21%20Posters.pdf
https://www.minitab.com
https://europepmc.org/abstract/MED/29085540
http://dx.doi.org/10.5811/westjem.2017.8.35985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29085540&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=21464181
http://dx.doi.org/10.1503/cmaj.111-2033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21464181&dopt=Abstract
http://www.picronline.org/article.asp?issn=2229-3485;year=2016;volume=7;issue=3;spage=144;epage=146;aulast=Ranganathan
http://dx.doi.org/10.4103/2229-3485.184823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27453832&dopt=Abstract
https://doi.org/10.1212/WNL.48.5_Suppl_6.10S
http://dx.doi.org/10.1212/wnl.48.5_suppl_6.10s
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9153155&dopt=Abstract
https://doi.org/10.1212/WNL.44.12.2308
http://dx.doi.org/10.1212/wnl.44.12.2308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7991117&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12818023&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


74. Hallberg LR. The “core category” of grounded theory: making constant comparisons. Int J Qual Stud Health Well-being.
Jul 12, 2009;1(3):141-148. [FREE Full text] [doi: 10.1080/17482620600858399]

75. Fram SM. The constant comparative analysis method outside of grounded theory. Qual Report. Jan 14, 2015;18(1):1-25.
[FREE Full text] [doi: 10.46743/2160-3715/2013.1569]

76. Baird CL, Murawski MM, Wu J. Efficacy of guided imagery with relaxation for osteoarthritis symptoms and medication
intake. Pain Manag Nurs. Mar 2010;11(1):56-65. [doi: 10.1016/j.pmn.2009.04.002] [Medline: 20207328]

77. Carrarini C, Russo M, Dono F, Barbone F, Rispoli MG, Ferri L, et al. Agitation and dementia: prevention and treatment
strategies in acute and chronic conditions. Front Neurol. Apr 16, 2021;12:644317. [FREE Full text] [doi:
10.3389/fneur.2021.644317] [Medline: 33935943]

78. Ryu SH, Katona C, Rive B, Livingston G. Persistence of and changes in neuropsychiatric symptoms in Alzheimer disease
over 6 months. Am J Geriatr Psychiatry. Nov 2005;13(11):976-983. [doi: 10.1097/00019442-200511000-00008]

79. Livingston G, Johnston K, Katona C, Paton J, Lyketsos CG, Old Age Task Force of the World Federation of Biological
Psychiatry. Systematic review of psychological approaches to the management of neuropsychiatric symptoms of dementia.
Am J Psychiatry. Nov 2005;162(11):1996-2021. [FREE Full text] [doi: 10.1176/appi.ajp.162.11.1996] [Medline: 16263837]

80. Camp CJ, Cohen-Mansfield J, Capezuti EA. Use of nonpharmacologic interventions among nursing home residents with
dementia. Psychiatr Serv. Nov 2002;53(11):1397-1401. [FREE Full text] [doi: 10.1176/appi.ps.53.11.1397] [Medline:
12407266]

81. Cohen-Mansfield J. Nonpharmacologic interventions for inappropriate behaviors in dementia: a review, summary, and
critique. Am J Geriatr Psychiatry. 2001;9(4):361-381. [Medline: 11739063]

82. Namazi K, Johnson B. Pertinent autonomy for residents with dementias: modification of the physical environment to
enhance independence. Am J Alzheimer's Care Relate Disord Res. Sep 04, 2016;7(1):16-21. [FREE Full text] [doi:
10.1177/153331759200700105]

83. McMinn BG, Hinton L. Confined to barracks: the effects of indoor confinement on aggressive behavior among inpatients
of an acute psychogeriatric unit. Am J Alzheimers Dis. Sep 04, 2016;15(1):36-41. [FREE Full text] [doi:
10.1177/153331750001500106]

84. Kunik ME, Snow AL, Davila JA, Steele AB, Balasubramanyam V, Doody RS, et al. Causes of aggressive behavior in
patients with dementia. J Clin Psychiatry. Mar 09, 2010;71(09):1145-1152. [doi: 10.4088/jcp.08m04703oli]

85. Cipriani G, Vedovello M, Nuti A, Di Fiorino M. Aggressive behavior in patients with dementia: correlates and management.
Geriatr Gerontol Int. Oct 2011;11(4):408-413. [FREE Full text] [doi: 10.1111/j.1447-0594.2011.00730.x] [Medline:
21843201]

86. Alsop T. Comparison of virtual reality (VR) headsets worldwide in 2023, by weight. Statista. 2023. URL: https://www.
statista.com/statistics/1337114/vr-headset-comparison-by-weight/ [accessed 2023-08-09]

87. Chirico A, Yaden DB, Riva G, Gaggioli A. The potential of virtual reality for the investigation of awe. Front Psychol. Nov
09, 2016;7:1766. [FREE Full text] [doi: 10.3389/fpsyg.2016.01766] [Medline: 27881970]

88. Browning M, Mimnaugh KJ, van Riper CJ, Laurent HK, LaValle SM. Can simulated nature support mental health?
Comparing short, single-doses of 360-degree nature videos in virtual reality with the outdoors. Front Psychol. 2019;10:2667.
[FREE Full text] [doi: 10.3389/fpsyg.2019.02667] [Medline: 32010003]

89. Zucchella C, Sinforiani E, Tamburin S, Federico A, Mantovani E, Bernini S, et al. The multidisciplinary approach to
Alzheimer's disease and dementia. A narrative review of non-pharmacological treatment. Front Neurol. Dec 13, 2018;9:1058.
[FREE Full text] [doi: 10.3389/fneur.2018.01058] [Medline: 30619031]

90. Cohen-Mansfield J, Thein K, Marx MS, Dakheel-Ali M. What are the barriers to performing nonpharmacological interventions
for behavioral symptoms in the nursing home? J Am Med Dir Assoc. May 2012;13(4):400-405. [FREE Full text] [doi:
10.1016/j.jamda.2011.07.006] [Medline: 21872537]

91. Røsvik J, Rokstad AM. What are the needs of people with dementia in acute hospital settings, and what interventions are
made to meet these needs? A systematic integrative review of the literature. BMC Health Serv Res. Aug 07, 2020;20(1):723.
[FREE Full text] [doi: 10.1186/s12913-020-05618-3] [Medline: 32767987]

92. Yous ML, Ploeg J, Kaasalainen S, Martin LS. Nurses' experiences in caring for older adults with responsive behaviors of
dementia in acute care. SAGE Open Nurs. Apr 24, 2019;5:2377960819834127. [FREE Full text] [doi:
10.1177/2377960819834127] [Medline: 33415227]

93. Górska S, Forsyth K, Irvine L, Maciver D, Prior S, Whitehead J, et al. Service-related needs of older people with dementia:
perspectives of service users and their unpaid carers. Int Psychogeriatr. Mar 27, 2013;25(7):1107-1114. [FREE Full text]
[doi: 10.1017/s1041610213000343]

94. Oyebode JR, Bradley P, Allen JL. Relatives' experiences of frontal-variant frontotemporal dementia. Qual Health Res. Feb
2013;23(2):156-166. [FREE Full text] [doi: 10.1177/1049732312466294] [Medline: 23150527]

95. Phillipson L, Jones SC. Use of day centers for respite by help-seeking caregivers of individuals with dementia. J Gerontol
Nurs. Apr 2012;38(4):24-34. [FREE Full text] [doi: 10.3928/00989134-20120301-50]

96. Stokes LA, Combes H, Stokes G. Understanding the dementia diagnosis: the impact on the caregiving experience. Dementia
(London). Jan 2014;13(1):59-78. [FREE Full text] [doi: 10.1177/1471301212447157] [Medline: 24381039]

J Med Internet Res 2024 | vol. 26 | e51758 | p. 23https://www.jmir.org/2024/1/e51758
(page number not for citation purposes)

Appel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://doi.org/10.1080/1748262060085839
http://dx.doi.org/10.1080/17482620600858399
https://files.eric.ed.gov/fulltext/EJ1004995.pdf
http://dx.doi.org/10.46743/2160-3715/2013.1569
http://dx.doi.org/10.1016/j.pmn.2009.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20207328&dopt=Abstract
https://europepmc.org/abstract/MED/33935943
http://dx.doi.org/10.3389/fneur.2021.644317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33935943&dopt=Abstract
http://dx.doi.org/10.1097/00019442-200511000-00008
https://doi.org/10.1176/appi.ajp.162.11.1996
http://dx.doi.org/10.1176/appi.ajp.162.11.1996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16263837&dopt=Abstract
https://doi.org/10.1176/appi.ps.53.11.1397
http://dx.doi.org/10.1176/appi.ps.53.11.1397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12407266&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11739063&dopt=Abstract
https://doi.org/10.1177/153331759200700105
http://dx.doi.org/10.1177/153331759200700105
https://doi.org/10.1177/153331750001500106
http://dx.doi.org/10.1177/153331750001500106
http://dx.doi.org/10.4088/jcp.08m04703oli
https://doi.org/10.1111/j.1447-0594.2011.00730.x
http://dx.doi.org/10.1111/j.1447-0594.2011.00730.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21843201&dopt=Abstract
https://www.statista.com/statistics/1337114/vr-headset-comparison-by-weight/
https://www.statista.com/statistics/1337114/vr-headset-comparison-by-weight/
https://europepmc.org/abstract/MED/27881970
http://dx.doi.org/10.3389/fpsyg.2016.01766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27881970&dopt=Abstract
https://europepmc.org/abstract/MED/32010003
http://dx.doi.org/10.3389/fpsyg.2019.02667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32010003&dopt=Abstract
https://europepmc.org/abstract/MED/30619031
http://dx.doi.org/10.3389/fneur.2018.01058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30619031&dopt=Abstract
https://europepmc.org/abstract/MED/21872537
http://dx.doi.org/10.1016/j.jamda.2011.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21872537&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-020-05618-3
http://dx.doi.org/10.1186/s12913-020-05618-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32767987&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/2377960819834127?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2377960819834127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33415227&dopt=Abstract
https://doi.org/10.1017/S1041610213000343
http://dx.doi.org/10.1017/s1041610213000343
https://doi.org/10.1177/1049732312466294
http://dx.doi.org/10.1177/1049732312466294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23150527&dopt=Abstract
https://doi.org/10.3928/00989134-20120307-05
http://dx.doi.org/10.3928/00989134-20120301-50
https://doi.org/10.1177/1471301212447157
http://dx.doi.org/10.1177/1471301212447157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24381039&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


97. Torrisi M, De Cola MC, Marra A, De Luca R, Bramanti P, Calabrò RS. Neuropsychiatric symptoms in dementia may
predict caregiver burden: a Sicilian exploratory study. Psychogeriatrics. Mar 2017;17(2):103-107. [FREE Full text] [doi:
10.1111/psyg.12197] [Medline: 27411501]

98. Counting the cost: caring for people with dementia on hospital wards. Alzheimer’s Society. 2009. URL: https://www.
alzheimers.org.uk/sites/default/files/2018-05/Counting_the_cost_report.pdf [accessed 2023-12-11]

99. Pardini S, Gabrielli S, Dianti M, Novara C, Zucco GM, Mich O, et al. The role of personalization in the user experience,
preferences and engagement with virtual reality environments for relaxation. Int J Environ Res Public Health. Jun 13,
2022;19(12):7237. [FREE Full text] [doi: 10.3390/ijerph19127237] [Medline: 35742483]

100. Hospital stays in Canada. Canadian Institute for Health Information. Feb 23, 2023. URL: https://www.cihi.ca/en/
hospital-stays-in-canada [accessed 2023-07-30]

101. VRx@Home: study to evaluate VR-therapy for PwD living at home. Veeva Systems. URL: https://ctv.veeva.com/study/
vrx-home-study-to-evaluate-vr-therapy-for-pwd-living-at-home [accessed 2022-07-22]

102. Veeva Systems. URL: https://ctv.veeva.com/study/vr-r-providing-caregiver-respite-by-managing-bpsds-and-improving-qol-
in-people-with-dementia-using [accessed 2023-08-07]

103. Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of
Web-based and mobile health interventions. J Med Internet Res. Dec 31, 2011;13(4):e126. [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]

Abbreviations
BPSD: behavioral and psychological symptom of dementia
CONSORT: Consolidated Standards of Reporting Trials
EMR: electronic medical record
HMD: head-mounted display
ITT: intention to treat
LoS: length of stay
MGH: Michael Garron Hospital
NPI-10: Neuropsychiatric Inventory
QoL: quality of life
QUALID: Quality of Life in Late-Stage Dementia
RC: research coordinator
RCT: randomized controlled trial
SDM: substitute decision-maker
VR: virtual reality

Edited by T de Azevedo Cardoso; submitted 11.08.23; peer-reviewed by M Reber, S Isbel; comments to author 25.10.23; revised
version received 07.11.23; accepted 27.11.23; published 30.01.24

Please cite as:
Appel L, Appel E, Kisonas E, Lewis-Fung S, Pardini S, Rosenberg J, Appel J, Smith C
Evaluating the Impact of Virtual Reality on the Behavioral and Psychological Symptoms of Dementia and Quality of Life of Inpatients
With Dementia in Acute Care: Randomized Controlled Trial (VRCT)
J Med Internet Res 2024;26:e51758
URL: https://www.jmir.org/2024/1/e51758
doi: 10.2196/51758
PMID: 38289666

©Lora Appel, Eva Appel, Erika Kisonas, Samantha Lewis-Fung, Susanna Pardini, Jarred Rosenberg, Julian Appel, Christopher
Smith. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 30.01.2024. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication
on https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2024 | vol. 26 | e51758 | p. 24https://www.jmir.org/2024/1/e51758
(page number not for citation purposes)

Appel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://doi.org/101111/psyg.12197
http://dx.doi.org/10.1111/psyg.12197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27411501&dopt=Abstract
https://www.alzheimers.org.uk/sites/default/files/2018-05/Counting_the_cost_report.pdf
https://www.alzheimers.org.uk/sites/default/files/2018-05/Counting_the_cost_report.pdf
https://www.mdpi.com/resolver?pii=ijerph19127237
http://dx.doi.org/10.3390/ijerph19127237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35742483&dopt=Abstract
https://www.cihi.ca/en/hospital-stays-in-canada
https://www.cihi.ca/en/hospital-stays-in-canada
https://ctv.veeva.com/study/vrx-home-study-to-evaluate-vr-therapy-for-pwd-living-at-home
https://ctv.veeva.com/study/vrx-home-study-to-evaluate-vr-therapy-for-pwd-living-at-home
https://ctv.veeva.com/study/vr-r-providing-caregiver-respite-by-managing-bpsds-and-improving-qol-in-people-with-dementia-using
https://ctv.veeva.com/study/vr-r-providing-caregiver-respite-by-managing-bpsds-and-improving-qol-in-people-with-dementia-using
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
https://www.jmir.org/2024/1/e51758
http://dx.doi.org/10.2196/51758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38289666&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

