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Abstract

Background: Sedentary behaviour among stroke inpatients may be due to high rates of depressive symptoms after
stroke. Thus, efforts to address depressive symptoms among stroke inpatients are warranted to in turn lessen seden-
tary behaviour. Despite evidence that virtual reality (VR) is emerging as a method to help with depression, the use
of VR to improve depression among inpatient stroke survivors has yet to be studied. In this paper, we report on the
protocol investigating the feasibility of a VR entertainment system at improving depressive symptoms among stroke
survivors receiving inpatient rehabilitation.

Methods: In this single-blind randomized controlled trial, 30 inpatient stroke survivors from the rehabilitation unit

at Kelowna General Hospital will be randomized to either (1) intervention: 3 times per week of VR entertainment for
duration of inpatient rehabilitation or (2) control: usual care. Individuals will be included if they have a confirmed
diagnosis of stroke, are 19 years of age or older, able to provide informed consent, have physician clearance to partici-
pate in the study (medically stable or fit), or are able to understand English. Outcome measures to address depressive
symptoms (primary outcome), sedentary behaviour, motivation, anxiety, stress, and happiness (secondary outcome)
will be administered at two timepoints: (1) baseline (T1) and (2) post-intervention (T2). Study analyses will consider
study feasibility indicators and clinical (statistical) outcomes. Means and standard deviations (for continuous variables)
and frequencies and proportions (for categorical variables) will be used to summarize the variables. Feasibility indica-
tors will be dichotomized into either ‘success'if they meet the a priori criteria, or revise’if they do not meet the criteria.
Intervention effects post-intervention (T2) for the primary and secondary clinical outcomes will be estimated using
linear regression including baseline (T1) controlling for age and sex.

Discussion: The results of this trial will add to our understanding of depression and sedentary behaviour among
individuals receiving inpatient stroke rehabilitation as well as the feasibility of a VR entertainment program to improve
depressive symptoms, which will in turn may lessen sedentary behaviour in inpatient stroke survivors.
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Trial registration: ClinicalTrials.gov Identifier: NCT04011202. First posted July 8, 2019 (study postponed from March

2020 to July 2021 due to COVID-19).

Keywords: Post-stroke depression (PSD), Depressive symptoms, Sedentary behaviour, Virtual reality (VR)

Background

Stroke is a leading cause of morbidity and neurological
disability worldwide [1]. After stroke, it is common for
many individuals to experience ongoing functional, phys-
ical, and cognitive impairments, issues with the quality
of social functioning, and deficits in sensory function,
communication, and cognition [2]. Stroke sequelae in
turn contribute to high levels and severity of post-stroke
depression (PSD) and sedentarybehaviours [3, 4].

Depression and depressive symptoms after stroke are
recurring occurrences with as many as 28% experienc-
ing depressive disorders or symptoms one-month post-
stroke, and 36% between 2 and 5 months [5]. During the
first year after stroke, PSD occurs in approximately 33%
of stroke survivors [6, 7]. Depressive symptoms among
individuals receiving inpatient stroke rehabilitation are
especially prevalent, with research showing rates as high
as 78.3% in women and 65.2% in men [8].

Issues associated with depressive symptoms during
inpatient rehabilitation are serious. Inpatient rehabili-
tation after stroke is a critical time for stroke survivors
to optimize their recovery, regain independence and
improve their quality of life [9-15]. Evidence indicates
that people with PSD do not recover as well as those
without PSD [16—20]. In a study assessing stroke survi-
vors 3 and 15 months post-stroke, Pohjasvaara et al. [20]
observed depression, especially major depression, as
an independent predictor of poor long-term functional
outcome of stroke. Furthermore, Schottke et al. [16]
reported that post-stroke depression during the acute
phase after stroke is an important risk factor for long-
term functional impairment and long-term depression.

Previous research has demonstrated a positive asso-
ciation between depressive symptoms and sedentary
behaviour [21-23]. Excessive amounts of sedentary
time are reported among stroke survivors, beginning
in inpatient rehabilitation, and continuing post-dis-
charge. The relationship between depressive symp-
toms and increased sedentary time is prominent, thus
reducing depressive symptoms may enable increased
activity [16]. Several studies have estimated that more
than 75% of waking hours as an inpatient are sedentary
[24-27], with estimates as high as 88% [26]. Further-
more, despite calls for highly intensive stroke rehabilita-
tion, research indicates that the actual hours per week
of therapy sessions is substantially lower than the 15 h
per week recommended in best practice guidelines [28].

Compounding the lack of therapy is the amount of sed-
entary time during such sessions, with reports that 62%
of physical therapy and 77% of occupational therapy are
spent doing sedentary activities [24].

Following discharge from rehabilitation, rates of seden-
tary behaviour appear to mirror those reported as inpa-
tients. Research suggests that stroke survivors living in
the community spend approximately three quarters of
their waking hours in sedentary behaviours, and engage
in minimal walking following rehabilitation [3]. In fact,
in a recent case—control study, it was shown that stroke
survivors spend approximately 11 h per day sedentary,
compared to 8 h per day for their age- and sex-matched
counterparts [29]. High levels of moderate-intensity
activity (60—75 min/day) may lower the increased risk of
mortality associated with sedentary behaviours (>8 h/
day) [30]. However, achieving this level of activity may
be difficult to reach among community-living stroke sur-
vivors due to environmental and health circumstances.
Thus, interventions to reduce sedentary time as inpa-
tients may be a promising therapeutic intervention [22]
to improve longer-term health outcomes of stroke sur-
vivors, especially when considering evidence that seden-
tary behaviours are amenable to change [31, 32].

Due to a reciprocal relationship between mood and
sedentary behaviour [33], the causal relationship is
unclear. Nevertheless, early antidepressant treatment
of depressive symptoms after stroke appears to enhance
physical recovery from stroke [34], showing that the
alleviation of depressive symptoms may lead to less sed-
entary behaviour. It is therefore plausible that efforts to
address depressive symptoms among stroke inpatients
may in turn decrease sedentary behaviour. Existing strat-
egies to treat depressive disorders include medication,
cognitive behavioural therapy, meditation, and improv-
ing health behaviours such as exercise [35, 36]. The use
of technology, such as virtual reality (VR), however, to
address depressive symptoms is just beginning to receive
research and clinical attention.

Virtual reality is defined as a computer-generated digi-
tal environment, which the user is immersed in through
a head-mounted display (HMD), that can be interacted
with as if that environment were real [37]. Presence in
VR using a HMD is perceived as higher than in 3D or
2D programs [38]. Virtual reality has garnered substan-
tial attention as a cost-effective treatment approach in
stroke rehabilitation [39-41], particularly as a means
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to supplement existing therapy [42]. For example, VR-
based rehabilitation among people with stroke has led to
improvements in physical and functional rehabilitation
outcomes, including walking speed, balance, and mobil-
ity [42, 43], as well as upper limb function [39].

More recently, study results have shown that immer-
sion might be an important aspect of VR to improve
mood, especially when no therapeutic elements are
incorporated in the program [44]. In fact, immersive
HMD VR interventions have been shown to successfully
and significantly improve mood among hospital inpa-
tients [45]. Despite evidence that VR is emerging as a
method to address the issue with depression [46, 47], the
use of VR to improve depressive symptoms among inpa-
tient stroke survivors has yet to be studied. The objec-
tive of this paper is to report on the study protocol that
is being used to evaluate the feasibility (e.g., recruitment
and retention, administrative and participant burden)
of a VR entertainment program to improve depressive
symptoms in inpatient stroke survivors; and develop
an understanding of the influence of VR on depressive
symptoms and sedentary behaviour among inpatient
stroke survivors.

Our primary hypothesis is that the study protocol will
demonstrate sufficient feasibility to support a subse-
quent larger randomized controlled trial (RCT). We will
also examine the effect of the VR program on our pri-
mary clinical outcome of depressive symptoms, as well
as on secondary outcomes of sedentary behaviour, anxi-
ety, stress, happiness, and motivation to engage in reha-
bilitation among stroke survivors receiving inpatient
rehabilitation.

Methods

The reporting of this protocol follows the Standard Pro-
tocol Items: Recommendations for Intervention Trials
guidelines [48]. The description of the intervention fol-
lows the CONSORT extension for randomized pilot and
feasibility trials [49, 50].

Trial design

This pilot study will use a parallel group, single-blinded
(tester), randomized controlled trial study design. Fig-
ure 1 presents an overview of trial procedures.

Patient population and sample size

A total of 30 volunteer participants who are receiving
inpatient stroke rehabilitation with an expected length
of stay of at least 14 days in the rehabilitation unit at
Kelowna General Hospital will be recruited. A sample
size of 30 is recommended for robust feasibility data used
to inform larger trials [51]. Individuals will be included
in the study if they have a diagnosis of stroke confirmed
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by CT scan or MRI; 19 years of age or older; able to pro-
vide informed consent; physician clearance to participate
in the study (including consideration of cognitive ability,
mood (e.g., clinical depression), and functional ability);
able to understand English. Individuals will be excluded
if they have a visual or hearing impairment that limits
engagement in the VR entertainment program; planned
surgical procedure, not medically stable, severe aphasia,
or have significant musculoskeletal or other neurological
conditions.

Enrolled participants will meet with a trained and
blinded study assessor who will administer each of the
outcome measures, at two timepoints: (i) baseline (T1)
and (ii) post-intervention (T2). Each participant will
meet with the same study assessor at both time points
to ensure consistency in the administration of outcome
measures.

Baseline evaluation (T1)

At baseline, a demographic information questionnaire
will be administered. As well, data on medication (e.g.,
anti-depressives) will be collected, and stroke severity
and comorbid conditions will be assessed using the mod-
ified Rankin Scale and Functional Comorbidity Index,
respectively [52, 53].

Feasibility indicators

Data on process, resources, management, and scientific
parameters will be collected throughout the study [54].
Process indicators will include recruitment (number of
subjects/week) and retention rates (percentage of sub-
jects retained), and perceived benefit of the program.
Resource indicators will include treatment fidelity (num-
ber of sessions participated in) and adherence to the VR
entertainment program, participant, and tester burden
(time to complete assessments), as well as trainer burden
(time to administer VR entertainment program). Man-
agement indicators include equipment challenges (VR
downtime due to technical difficulties), and processing
time (time from initial contact to enrolment). Scientific
indicators will include reporting of adverse events due
to the VR entertainment program, as well as statistical
analysis (see below) of the treatment response on clinical
outcomes.

Primary clinical outcome

Depressive symptoms will be assessed using the depres-
sion subscale from the Hospital Anxiety and Depression
Scale (HADS) [55]. Items on the 7-item depression sub-
scale are rated on a four-point (0—3) response scale with
higher scores indicating more depressive symptoms [55].
The depression subscale has established excellent inter-
nal consistency [56, 57].
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Inclusion criteria:
Diagnosis of stroke confirmed by CT scan or MRI.
> 19 years of age.
Able to provide informed consent.
Physician clearance to participate in the study.
Able to understand English.

Exclusion criteria:
Visual or hearing impairment that limits engagement in
the VR program.

R e Planned surgical procedure.
Participants (n=30) o Not medically stable.
e Severe aphasia.
¢ o Significant musculoskeletal or other neurological
conditions.

Baseline Assessment (0 weeks)

Randomize
VR Program (n = 15) Hospital Activities (n = 15)
Hospital Activities in addition to VR Hospital Activities for the duration of
Entertainment Program: inpatient rehabilitation
3 VR sessions per week (30-45 min) for
the duration of inpatient rehabilitation
\

N

Post-intervention Assessment (at discharge)

VR Entertainment Program: Outcomes:
¢ Implemented by a student-clinician o Depressive Symptoms
e Oculus Go system o Sedentary behaviour
e Games/programs in areas related to e Motivation
relaxation; leisure sport and activities; o Anxiety
or action/adventure o Stress

e Happiness

o Feasibility indictors on process,
resources, management, and scientific
parameters

Fig. 1 Overview of trial procedures
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Secondary clinical outcomes

Sedentary behaviour will be assessed using the patient-
reported Measure of Older Adults’ Sedentary Time, with
seven sedentary items for patients to report hours and
minutes on [58]. The seven sedentary items are watching
television or videos/DVDs; using the computer/Internet;
reading; socializing with friends or family; driving or rid-
ing in a car, or time on public transport; doing hobbies,
e.g., craft, crosswords; and doing any other activities.

Motivation to engage in rehabilitation will be assessed
using the Situational Motivational Scale (SIMS). The
SIMS has been previously used in stroke survivors and
consists of 16 items, 4 items per 4 subscales (intrinsic
motivation, identified regulation, external; regulation,
amotivation), which are scored on a 7-point Likert scale
(1 — not at all in agreement to 7 — completely in agree-
ment). Total scores range from 16 to 112 with higher
scores indicating greater motivation [59, 60].

Anxiety, stress, and happiness will be assessed using the
7-item anxiety subscale in the HADS, Perceived Stress
Scale, and Subjective Happiness Scale [55], respectively.
Each item on the anxiety subscale is assessed on a four-
point scale. The answer options vary based on the ques-
tion (e.g., 0=not at all/only occasionally to 3=most of
the time/a great deal of the time). Total scores range from
0 to 21 with higher scores indicating abnormal anxiety
symptoms [55]. The Perceived Stress Scale is answered
with 10 questions on a five-point scale (0=never,
1=almost never, 2=sometimes, 3 =fairly often, 4=very
often). Total scores are obtained by reversing responses
(e.g., 0=4) to four out of ten positive formulated items
and summing up all 10 item responses. Higher scores
indicate higher stress [61]. The Subjective Happiness
Scale has 4 items and is scored on a seven-point scale
ranging from O=not a very happy person to 7=a very
happy person. To receive the total score, the last item is
reversed coded (e.g., 7=1) and the mean obtained from
the 4-item responses. Higher scores indicate that they
consider themselves a very happy person [62].

Randomization and interventions

After baseline evaluation, participants will be randomly
assigned (1:1) to either: the usual care control group, or
the VR experimental group. A statistician not involved
with the research study will generate the randomization
algorithm and provide the research team with sealed
envelopes containing the group allocation for sequen-
tial participants. An unblinded research coordinator will
open the envelope and advise the participants of which
group they have been randomized to and advise them of
the next steps.
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Control group

This group will receive usual care hospital activities pro-
vided by the health care practitioners, including physi-
cal and occupational therapy, as well as speech language
services.

Experimental group

This group will receive usual care hospital activities, in
addition to access and use of the VR entertainment pro-
gram. Participants in the VR program will receive (1) a
20-min introductory orientation session to the VR pro-
gram and (2) three 30-min sessions of VR per week for
the duration of their inpatient rehabilitation. The VR
program will be implemented one-on-one, face-to-face
by a member of the research team using the commer-
cially available Oculus Go system developed by Facebook
Technologies.

At the time of VR sessions, a hospital staff employee
will take the participant to the room where the VR will be
administered. At this time, participants will select games/
programs in areas related to relaxation (e.g., meditation,
travel, and tourism, exploring underwater ocean life);
leisure sport and activities (e.g., painting, fishing, mini
golf); or action/adventure (e.g., table tennis, duck hunt,
racing game). The menu of games/programs was selected
by the research team comprised of hospital clinicians
(i.e., nurse, social worker, physical therapists), and based
on their experiences providing care to stroke survivors
and learning about their interests and activities.

After participants select a game/program, the interven-
tionalist will explain the program, including putting on
the VR goggles; how to control the game using the hand-
held remote, as well as game/program instruction. Par-
ticipants will be instructed that they may stop using the
VR at any time and select another game/program or take
a break. The participants will never be left alone while
playing a game. As well, they will be informed that they
may invite friends/family to watch while they are using
the VR entertainment program.

We have developed a cleaning and sanitization proto-
col with the hospital’s Department of Infection Preven-
tion and Control, as follows. Over the course of the study,
each participant will have a dedicated Oculus Go system.
That is, there will be no sharing of the same system to
multiple participants at the same time. After each use,
the systems will be cleaned and sanitized, as per the man-
ufacturer’s instructions. Once the patient has completed
their participation in the study, the system will be cleaned
and sanitized and then placed into a new clean sealable
plastic bag. The bag will be sealed and dated. No other
participant will be assigned that system for 1 week.



Rash et al. Pilot and Feasibility Studies (2022) 8:230 Page 6 of 8
Table 1 Feasibility indicators

Feasibility Indicator Criteria for success

Process

Recruitment rate # of subjects/week recruited

Retention rate % of subjects with retention data
Perceived benefit Satisfaction survey
Resources

Treatment fidelity and adherence Participate in all VR sessions
Subject and tester burden Assessments

Trainer burden

Management
Equipment Downtime due to technical issues of VR equipment
Processing time Time from initial contact to enrolment

Scientific
Safety Adverse events from the program activities/advice, or

assessments
Treatment response

Treatment effect
size calculations

Time spent administering the program

ANCOVA comparison between groups
Estimate of effect size and variance for future sample

Mean 1 subject/week
Complete retention >80% of subjects
>85% will be agree or strongly agree

>85% of subjects
>85% of subjects complete in <60 min
Mean VR session is 30 min

>85% of subjects without any downtime
Mean time is <5 days

No major injuries or adverse events reported

Significant group difference in primary clinical outcome
Data on all relevant variables

Follow-up evaluation (T2)

One week prior to the anticipated discharge, the par-
ticipants will be scheduled for the post intervention (T2)
evaluation. All the primary and secondary outcomes col-
lected at T1 will be collected at T2. Participants in the VR
group will complete an exit survey at T2 to evaluate their
experiences with the VR entertainment program.

Statistical analyses

Study analyses will consider study feasibility indicators
and clinical (statistical) outcomes. Means and standard
deviations (for continuous variables) and frequencies
and proportions (for categorical variables) will be used to
summarize the variables.

Feasibility outcomes

Study-specific feasibility criteria have been developed
related to process, resources, management, and scientific
assessment (Table 1). Feasibility indicators will be dichot-
omized into either ‘success’ if they meet the a priori cri-
teria, or ‘revise’ if they do not meet the criteria. ‘Success’
will indicate that the protocol is sufficient to move for-
ward with a larger RCT with only small or no adaptation
required, and ‘revise’ indicate a need for changes before
proceeding.

Clinical outcomes

Intervention effects post-intervention (T2) for the
primary and secondary clinical outcomes will be
estimated using linear regression including baseline
(T1) controlling for age and sex. All analyses will be
intention-to-treat. Missing data will be assessed and

analysed as appropriate. Analyses will be performed
using R software (R Foundation, Vienna) with a signifi-
cance at 0.05.

Discussion

The results of this study will increase our understand-
ing about VR, depressive symptoms and sedentary
behaviour among individuals receiving inpatient stroke
rehabilitation. The information gathered may be used
to benefit future patients. Furthermore, if the results
are as hypothesized, the protocol will demonstrate suf-
ficient feasibility to support a subsequent larger RCT to
examine the effect of VR on depressive symptoms and
sedentary behaviour among inpatient stroke survivors.
Also, this study will provide insight into how decreased
sedentary behaviour during inpatient rehabilitation will
affect stroke patient’s sedentary behaviour post inpa-
tient rehabilitation. With depression being a promi-
nent issue in stroke survivors, VR could potentially
provide another method to increase activity for stroke
survivors.

Abbreviations
PSD: Post-stroke depression; VR: Virtual reality; HMD: Head-mounted display;
RCT: Randomized controlled trial.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540814-022-01189-8.

[ Additional file 1. CONSORT 2010 Flow Diagram. }



https://doi.org/10.1186/s40814-022-01189-8
https://doi.org/10.1186/s40814-022-01189-8

Rash et al. Pilot and Feasibility Studies (2022) 8:230

Acknowledgements
Not applicable.

Authors’ contributions

IR, MH, DJ, LM, and BMS contributed to the design of all aspects of the study.
MH, DJ, LM, and BMS contributed to the selection of measures. BMS designed
the proposed data analysis. IR and BMS drafted the manuscript. The manu-
script has been read and approved by all authors.

Funding

Michael Smith Foundation for Health Research Scholar Awards to BMS. The
funder had no input on the design of the protocol and will have no input on
the analysis or interpretation of the results, or the publication of the trial.

Availability of data and materials
Data and study materials will be made available upon reasonable request to
the corresponding author.

Declarations

Ethics approval and consent to participate

This protocol has been approved by The University of British Columbia Clinical
Research Ethics Board (#H19-01406). Study participants complete an informed
written consent process in person, prior to participation in research activities.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!Graduate Program in Rehabilitation Sciences, The University of British Columbia,
Vancouver, Canada. ?Centre for Chronic Disease Prevention and Management,
Southern Medical Program, The University of British Columbia Okanagan, 1088
Discovery Avenue, Kelowna, BC V1V 1V7, Canada. ®Interior Health Authority,
Kelowna, Canada. *“Department of Occupational Science and Occupational
Therapy, The University of British Columbia, Vancouver, Canada.

Received: 25 March 2022 Accepted: 14 October 2022
Published online: 22 October 2022

References

1. WHO. Global Health Estimates. World Health Organization. Available
from: https://www.who.int/healthinfo/global_burden_disease/en/
[Cited 16 Feb 2022].

2. Lawrence ES, Coshall C, Dundas R, Stewart J, Rudd AG, Howard R, Wolfe
CD. Estimates of the prevalence of acute stroke impairments and dis-
ability in a multiethnic population. Stroke. 2001;32(6):1279-84.

3. Ezeugwu VE, Manns PJ. Sleep duration, sedentary behavior, physical
activity, and quality of life after inpatient stroke rehabilitation. J Stroke
Cerebrovasc Dis. 2017;26(9):2004-12.

4. Robinson RG, Jorge RE. Post-stroke depression: a review. Am J Psychia-
try. 2016;173(3):221-31.

5. Towfighi A, Ovbiagele B, El Husseini N, Hackett ML, Jorge RE, Kissela
BM, Mitchell PH, Skolarus LE, Whooley MA, Williams LS. Poststroke
depression: a scientific statement for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke.
2017;48(2):e30-43.

6. Hackett ML, Yapa C, Parag V, Anderson CS. Frequency of depression
after stroke: a systematic review of observational studies. Stroke.
2005;36(6):1330-40.

7. Ayerbe L, Ayis S, Wolfe CD, Rudd AG. Natural history, predictors and out-
comes of depression after stroke: systematic review and meta-analysis. Br
J Psychiatry. 2013;202(1):14-21.

8. Poynter B, Hon MS, Diaz-Granados N, Kapral M, Grace SL, Stewart DE.
Sex differences in the prevalence of post-stroke depression: a systematic
review. Psychosomatics. 2009;50(6):563-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 7 of 8

Bushnell C. Depression and the risk of stroke in women: an identification
and treatment paradox. Stroke. 2011;42(10):2718-9.

Morris R, Jones J, Wilcox J, Cole S. Depression and anxiety screening after
stroke: adherence to guidelines and future directions. Disabil Rehabil.
2012;34(9):733-9.

. Ellis C, Zhao Y, Egede LE. Depression and increased risk of death in adults

with stroke. J Psychosom Res. 2010,68(6):545-51.

Altieri M, Maestrini |, Mercurio A, Troisi P, Sgarlata E, Rea V, Di Piero V,

Lenzi GL. Depression after minor stroke: prevalence and predictors. Eur J
Neurol. 2012;19(3):517-21.

Teasell R, Foley N, Salter K, Bhogal S, Jutai J, Speechley M. Evidence-based
review of stroke rehabilitation: executive summary. Top Stroke Rehabil.
2009;16(6):463-88.

El Husseini N, Goldstein LB, Peterson ED, Zhao X, Olson DM, Williams JW
Jr, Bushnell C, Laskowitz DT. Depression status is associated with func-
tional decline over 1-year following acute stroke. J Stroke Cerebrovasc
Dis. 2017;26(7):1393-9.

Hinojosa R, Haun J, Sberna Hinojosa M, Rittman M. Social isolation post-
stroke: relationship between race/ethnicity, depression, and functional
independence. Top Stroke Rehabil. 2011;18(1):79-86.

Schéttke H, Gerke L, Dusing R, Mélimann A. Post-stroke depression and
functional impairments-a 3-year prospective study. Compr Psychiatry.
2020;1(99):152171.

Sinyor DA, Amato PH, Kaloupek DG, Becker R, Goldenberg M, Cooper-
smith H. Post-stroke depression: relationships to functional impairment,
coping strategies, and rehabilitation outcome. Stroke. 1986;17(6):1102-7.
Chemerinski E, Robinson RG, Kosier JT. Improved recovery in activities of daily liv-
ing associated with remission of poststroke depression. Stroke. 2001;32(1):113-7.
Sturm JW, Donnan GA, Dewey HM, Macdonell RA, Gilligan AK, Srikanth

V, Thrift AG. Quality of life after stroke: the North East Melbourne stroke
incidence study (NEMESIS). Stroke. 2004;35(10):2340-5.

Pohjasvaara T, Vataja R, Leppavuori A, Kaste M, Erkinjuntti T. Depression is
an independent predictor of poor long-term functional outcome post-
stroke. Eur J Neurol. 2001:8(4):315-9.

O'donoghue G, Perchoux C, Mensah K, Lakerveld J, Van Der Ploeg H,
Bernaards C, Chastin SF, Simon C, O'gorman D, Nazare JA. A systematic
review of correlates of sedentary behaviour in adults aged 18-65 years: a
socio-ecological approach. BMC Public Health. 2016;16(1):1-25.

English C, Healy GN, Olds T, Parfitt G, Borkoles E, Coates A, Kramer S, Bern-
hardt J. Reducing sitting time after stroke: a phase Il safety and feasibility
randomized controlled trial. Arch Phys Med Rehabil. 2016;97(2):273-80.
Teychenne M, Ball K, Salmon J. Sedentary behavior and depression
among adults: a review. Int J Behav Med. 2010;17(4):246-54.

Barrett M, Snow JC, Kirkland MC, Kelly LP, Gehue M, Downer MB, McCa-
rthy J, Ploughman M. Excessive sedentary time during in-patient stroke
rehabilitation. Top Stroke Rehabil. 2018;25(5):366-74.

Askim T, Bernhardt J, Lege AD, Indredavik B. Stroke patients do not need
to be inactive in the first two-weeks after stroke: results from a stroke unit
focused on early rehabilitation. Int J Stroke. 2012;7(1):25-31.

Bernhardt J, Chitravas N, Meslo IL, Thrift AG, Indredavik B. Not all stroke
units are the same: a comparison of physical activity patterns in Mel-
bourne, Australia, and Trondheim. Norway Stroke. 2008;39(7):2059-65.
Sjéholm A, Skarin M, Churilov L, Nilsson M, Bernhardt J, Lindén T. Seden-
tary behaviour and physical activity of people with stroke in rehabilitation
hospitals. Stroke research and treatment. 2014;19:2014.

Hebert D, Lindsay MP, McIntyre A, Kirton A, Rumney PG, Bagg S, Bayley
M, Dowlatshahi D, Dukelow S, Garnhum M, Glasser E. Canadian stroke
best practice recommendations: stroke rehabilitation practice guidelines,
update 2015. Int J Stroke. 2016;11(4):459-84.

Morton S, Fitzsimons C, Hall J, Clarke D, Forster A, English C, Chastin S,
Birch KM, Mead G. Sedentary behavior after stroke: A new target for
therapeutic intervention. Int J Stroke. 2019;14(1):9-11.

Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell
KE, Bauman A, Lee IM, Series LP, Lancet Sedentary Behaviour Working Group.
Does physical activity attenuate, or even eliminate, the detrimental associa-
tion of sitting time with mortality? A harmonised meta-analysis of data from
more than 1 million men and women. Lancet. 2016;388(10051):1302-10.
Gardner B, Smith L, Lorencatto F, Hamer M, Biddle SJ. How to reduce
sitting time? A review of behaviour change strategies used in sedentary
behaviour reduction interventions among adults. Health Psychol Rev.
2016;10(1):89-112.


https://www.who.int/healthinfo/global_burden_disease/en/

Rash et al. Pilot and Feasibility Studies (2022) 8:230

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Martin A, Fitzsimons C, Jepson R, Saunders DH, van der Ploeg HP, Teixeira
PJ, Gray CM, Mutrie N. Interventions with potential to reduce sedentary
time in adults: systematic review and meta-analysis. Br J Sports Med.
2015;49(16):1056-63.

DeMello MM, Pinto BM, Dunsiger SI, Shook RP, Burgess S, Hand GA,

Blair SN. Reciprocal relationship between sedentary behavior and

mood in young adults over one-year duration. Ment Health Phys Act.
2018;1(14):157-62.

Robinson RG, Jorge RE. Post-stroke depression: a review. Am J Psychiatry.
2016;173(3):221-31.

Saeed SA, Cunningham K, Bloch RM. Depression and anxiety disor-

ders: benefits of exercise, yoga, and meditation. Am Fam Physician.
2019;99(10):620-7.

Paranthaman R, Baldwin RC. Treatment of psychiatric syndromes due to
cerebrovascular disease. Int Rev Psychiatry. 2006;18(5):453-70.

Jerald J. Chapter 1. The VR book: Human-centered design for virtual real-
ity. San Rafael: Morgan & Claypool; 2015.

Roettl J, Terlutter R. The same video game in 2D, 3D or virtual reality-How
does technology impact game evaluation and brand placements? PLoS
ONE. 2018;13(7):€0200724.

Laver KE, Lange B, George S, Deutsch JE, Saposnik G, Crotty M.

Virtual reality for stroke rehabilitation. Cochrane Database Syst Rev.
2017;11(11):CD008349.

Laver K, George S, Thomas S, Deutsch JE, Crotty M. Cochrane review:
virtual reality for stroke rehabilitation. Eur J Phys Rehabil Med.
2012;48(3):523-30.

Laver K, George S, Thomas S, Deutsch JE, Crotty M. Virtual reality for
stroke rehabilitation: an abridged version of a Cochrane review. Eur J Phys
Rehabil Med. 2015;51(4):497-506.

Corbetta D, Imeri F, Gatti R. Rehabilitation that incorporates virtual reality
is more effective than standard rehabilitation for improving walking
speed, balance and mobility after stroke: a systematic review. J Physi-
other. 2015,61(3):117-24.

de Rooij IJ, van de Port IG, Meijer JW. Effect of virtual reality training on
balance and gait ability in patients with stroke: systematic review and
meta-analysis. Phys Ther. 2016;96(12):1905-18.

Roche K, Liu'S, Siegel S. The effects of virtual reality on mental wellness: A.
Ment Health. 2019;14:811-8.

Mosadeghi S, Reid MW, Martinez B, Rosen BT, Spiegel BM. Feasibility of
an immersive virtual reality intervention for hospitalized patients: an
observational cohort study. JMIR mental health. 2016;3(2):e5801.

Fodor LA, Cotet CD, Cuijpers P, Szamoskozi S, David D, Cristea IA. The
effectiveness of virtual reality based interventions for symptoms of anxi-
ety and depression: A meta-analysis. Sci Rep. 2018;8(1):1-3.

Zeng N, Pope Z, Lee JE, Gao Z. Virtual reality exercise for anxiety and
depression: A preliminary review of current research in an emerging field.
J Clin Med. 2018;7(3):42.

Guidance for clinical trial protocols. Spirit. Available from: https://www.
spirit-statement.org/ [Cited 16 Feb 2022].

Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L,
Lancaster GA. CONSORT 2010 statement: extension to randomised pilot
and feasibility trials. BMJ. 2016,355:15239

Thabane L, Hopewell S, Lancaster GA, Bond CM, Coleman CL, Campbell
MJ, Eldridge SM. Methods and processes for development of a CONSORT
extension for reporting pilot randomized controlled trials. Pilot Feasibility
Stud. 2016;2(1):1-3.

Billingham SA, Whitehead AL, Julious SA. An audit of sample sizes for pilot
and feasibility trials being undertaken in the United Kingdom registered
in the United Kingdom Clinical Research Network database. BMC Med
Res Methodol. 2013;13(1):1-6.

Groll DL, To T, Bombardier C, Wright JG. The development of a comor-
bidity index with physical function as the outcome. J Clin Epidemiol.
2005;58(6):595-602.

Quinn TJ, Dawson J, Walters MR, Lees KR. Functional outcome measures
in contemporary stroke trials. Int J Stroke. 2009;4(3):200-5.

Billingham SA, Whitehead AL, Julious SA. An audit of sample sizes for pilot
and feasibility trials being undertaken in the United Kingdom registered
in the United Kingdom Clinical Research Network database. BMC Med
Res Methodol. 2013;13(1):1-6.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361-70.

Page 8 of 8

56. Aben |, Verhey F, Lousberg R, Lodder J, Honig A. Validity of the beck
depression inventory, hospital anxiety and depression scale, SCL-90, and
hamilton depression rating scale as screening instruments for depression
in stroke patients. Psychosomatics. 2002;43(5):386-93.

57. Johnston M, Pollard B, Hennessey P. Construct validation of the hospital
anxiety and depression scale with clinical populations. J Psychosom Res.
2000;48(6):579-84.

58. Gardiner PA, Clark BK, Healy GN, Eakin EG, Winkler EA, Owen N. Measuring
older adults’sedentary time: reliability, validity, and responsiveness. Med
Sci Sports Exerc. 2011;43(11):2127-33.

59. Guay F, Vallerand RJ, Blanchard C. On the assessment of situational
intrinsic and extrinsic motivation: The Situational Motivation Scale (SIMS).
Motiv Emot. 2000;24(3):175-213.

60. Tamayo-Serrano P, Garbaya S, Bouakaz S, Blazevic P. A game-based
rehabilitation therapy for post-stroke patients: An approach for improv-
ing patient motivation and engagement. IEEE Syst Man Cybern Mag.
2020,6(4):54-62.

61. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress.
J Health Soc Behav. 1983;1:385-96.

62. Lyubomirsky S, Lepper HS. A measure of subjective happiness: Prelimi-
nary reliability and construct validation. Soc Indic Res. 1999;46(2):137-55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.spirit-statement.org/
https://www.spirit-statement.org/

	The influence of a virtual reality entertainment program on depressive symptoms and sedentary behaviour in inpatient stroke survivors: a research protocol for a pilot randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methods
	Trial design
	Patient population and sample size
	Baseline evaluation (T1)
	Feasibility indicators
	Primary clinical outcome
	Secondary clinical outcomes

	Randomization and interventions
	Control group
	Experimental group

	Follow-up evaluation (T2)
	Statistical analyses
	Feasibility outcomes
	Clinical outcomes


	Discussion
	Acknowledgements
	References


