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Purpose: Depressive symptoms constitute an important group of mental problems that alter the course of post-stroke rehabilitation by 
reducing quality of life, physical activity, social functioning, and interpersonal relationships. Although several studies have shown the 
efficacy of virtual reality (VR) in the motor treatment of poststroke patients, there is a lack of studies that would also evaluate the 
impact of VR on psychological aspects. Thus, we investigated the effectiveness of immersive VR therapy on both functional activity 
and depressive symptoms in stroke survivors.
Patients and Methods: We conducted a single blind, randomized controlled trial comparing VR therapy with Schultz’s Autogenic 
Training (SAT). Patients randomized to the VR group received treatment in an immersive VR therapeutic garden with elements of 
psychotherapy and physical activity of the upper extremities, whereas patients in the control group received SAT. Additionally, patients 
in both groups received standard neurological rehabilitation. The full research cycle lasted six weeks. We used Geriatric Depression 
Scale, Generalized Self-Efficacy Scale, Acceptance of Illness Scale, Visual Analogue Scale of pain, Hospital Anxiety and Depression 
Scale, Barthel Index, Lawton Instrumental Activities of Daily Living Scale and Rivermead Motor Assessment for outcome assessment. 
This trial was registered with ClinicalTrials.gov (NCT03830372).
Results: We assessed 60 patients and randomly assigned to the VR or control group. The VR group showed a significant reduction in 
depressive symptoms (ηp2 = 0.13, p < 0.01) compared to SAT. The applied VR therapy significantly increased the sense of self- 
efficacy and the level of acceptance of the illness; however, this effect was similar to that obtained with the standard intervention. We 
did not observe statistically significant changes in the functional parameters of post-stroke patients.
Conclusion: The use of VR therapy combined with neurological rehabilitation had a positive effect on improving mood and reducing 
depressive symptoms in post-stroke patients.
Keywords: stroke, depressive symptoms, virtual reality, mental health, neurorehabilitation

Introduction
One out of six stroke patients (ie, about five million people a year worldwide) suffer from permanent disability and up to 
75% of them require assistance from others in daily activities.1,2 For this reason, post-stroke rehabilitation focuses mainly 
on motor improvement, not necessarily focusing on activities related to treating psychological aspects and behavioural 
disorders. It should be emphasized that stroke survivors must overcome difficulties related not only to their physical but 
also to their cognitive, behavioural, or psychological impairment. Therefore, an important aspect that can improve the 
health conditions of stroke patients is their level of psychological well-being. Post-stroke depression (PSD) is recognized 
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as the most common neuropsychiatric complication following stroke. Its symptoms develop within three to six months 
after a stroke event and affect 20–65% of stroke patients.3 Depression adversely affects quality of life and daily activity, 
but more importantly it is also associated with increased mortality in this patient group.4 Furthermore, a high level of 
depression is a predictor of worse effects of rehabilitation.5 Participants with post-stroke depression have less indepen-
dence in activities of daily living and motivation for rehabilitation.6–8 Furthermore, depression is associated with a worse 
functional outcome.9 To date, PSD has typically been treated with pharmacological and psychotherapeutic therapies. On 
the one hand, antidepressants generate side effects that can ultimately limit the patient’s ability to take them.10 On the 
other hand, access to psychotherapy can be limited.

In the meta-analysis by Hackett et al comprising 61 studies, the authors observed the incidence of depression in 33% 
of patients one year post stroke, decreasing to 25% within one to five years’ post stroke and to 23% five years after 
a stroke event.11 People with PSD have over three times the risk of death within ten years after stroke compared to those 
who did not suffer from depression after stroke.12 Other researchers have also highlighted the impact of mood disorders, 
as key factors, on the quality of life of people with disabilities.13 Recent studies confirm the link between depression and 
a significantly increased risk of death, lower post-stroke physical activity and a higher level of disability in stroke 
survivors.12,14,15 However, epidemiological studies of PSD are discrepant, and the lack of consistency may be due to 
certain methodological issues related to diagnosis, time of assessment and patient attitude.

Consequently, the last decade has seen an increase in the number of studies on the use of virtual reality (VR) therapy 
and the assessment of its efficacy in the rehabilitation of stroke survivors. The development of technology has 
contributed to the adoption of modern tools, including virtual reality, which improves opportunities for comprehensive 
rehabilitation of stroke patients. The various areas in which this technology has found useful application include 
reduction of anxiety;16 treatment of post-traumatic stress disorder, depression and paranoid delusions;17,18 reduction of 
discomfort in cancer patients undergoing chemotherapy;19,20 reduction of acute pain during wound treatment and 
physical therapy in patients with burn injuries;21 functional ability training and motor rehabilitation in patients with 
central nervous system dysfunctions (including stroke patients);22 and rehabilitation of cognitive and linguistic 
functions.23–25 The authors of the above-cited studies emphasize the lack of VR-based technological solutions that, in 
addition to the physical rehabilitation of stroke patients, would offer therapeutic tools that could alleviate mental 
disorders and improve the mood and motivation of patients.26

Therefore, the aim of this study was to assess the effectiveness of added immersive VR intervention to conventional 
rehabilitation on functional activity and mental state of stroke survivors. Thus, we evaluated the effect of VR therapy on 
the severity of post-stroke depressive symptoms, acceptance of illness and the sense of self-efficacy. We also analysed the 
efficacy of VR rehabilitation on the patient’s functional state, activities of daily living and motor functions.

Materials and Methods
Study Design
The study design was set as a randomized controlled trial with a blinded outcome assessor. The study was carried out in the 
Upper-Silesian Rehabilitation Centre (REPTY) at Tarnowskie Góry, Poland. The design followed recommendations for the 
third phase (VR3) of VR clinical trials in health care, focusing on the effectiveness of the proposed treatment modality with 
respect to the control group.27 This study was conducted ethically in accordance with the World Medical Association 
Declaration of Helsinki. The study protocol was reviewed and approved (Ref. No. 30/2017) by the Institutional Review 
Board of the University School of Physical Education in Wroclaw (Poland) and registered in the ClinicalTrials.gov repository 
(NCT03830372). All participants gave their informed written consent to participate in the study.

Participants
After an initial eligibility assessment, 60 participants were included in the study as shown in Figure 1. The inclusion 
criteria were 55–75 years of age, a history of ischaemic stroke and a 30-item Geriatric Depression Scale (GDS-30) score 
of ≥10. The age range was restricted due to differences in mental state of post-stroke survivors as it differs between 
young adults and the elderly. Young adults (25–54), on average, could have significantly higher scores of depressive 
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symptoms.28,29 On the other hand, older people, due to less exposure to new technologies, may have a different reaction 
to virtual reality. The exclusion criteria were epilepsy; vertigo; a Mini-Mental State Examination (MMSE) score of <24, 
aphasia and a serious loss of sight or hearing that made it impossible to assess cognitive functions based on the MMSE; 
refusal to participate; intellectual disabilities and disturbances of consciousness. All participants gave informed written 
consent to participate in the study.

Randomization
Participants were randomly assigned (1:1) into two groups using the block randomization method: 30 individuals were 
included in the experimental group (VR group) and 30 served as the control group. The randomization sequence was 
created using a computer software program. The allocation sequence was concealed from the principal investigator, 
enrolling patients in sequentially numbered, opaque, sealed envelopes. The researcher responsible for randomization was 
independent from the assessors, ensuring blindness to treatment allocation and randomization procedures. Due to the 
treatment modality, it was not possible to blind patients with respect to the treatment received.

Interventions
For each patient, the entire research cycle took six weeks as shown in Figure 2. The first 3 weeks represent the period in 
which the patient underwent functional rehabilitation combined with VR intervention (or Schultz’s Autogenic Training in 
the control group). This is the standard length of neurological rehabilitation in Polish hospitals. After this time, the 
outcome evaluation was performed (T1). Subsequently, an additional 3 weeks of rehabilitation were offered for a total of 
6 weeks that included only functional rehabilitation. Subsequently, the follow-up assessment was performed (T2). In both 
groups, upper and lower limb exercises were performed in the same manner to maintain comparable exercise content in 
both treatments. However, each training program was personalized to the individual patient’s motor capacity, with 
a progressive increase in complexity. The patients were treated to restore functionality of the upper and lower limbs. In 
depth, patients in both groups performed 30 min of aerobic training, 30 min of balance exercises and 60 min of individual 

Figure 1 Flow diagram of the study procedure.
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rehabilitation (according to NDT Bobath concept and proprioceptive neuromuscular facilitation). This protocol is the 
standard procedure for stroke rehabilitation at the Upper-Silesian Rehabilitation Center (REPTY).

Participants randomized to the VR group were treated for 20 min with the use of VR TierOne software, which 
represents a virtual therapeutic garden. VR TierOne consists of original software integrated with HTC VIVE PRO 
Goggles and a controller that allows for precise registration of the patient’s hand movements and is capable of haptic 
touch simulation. The controller was needed for the activity of colouring the mandala. If the upper limb mobility was not 
sufficient to complete movement task, the use of two hands was permitted to support the paretic upper limb. The 
therapeutic process used in the VR group, based on the assumptions of Erickson’s psychotherapy, relies mainly on 
metaphorical communication, and uses specific symbolism for this purpose hypnosis.30–32

It is assumed that the patient will see the high-walled garden of revival, which at the initial stage of therapy is 
weakened and colourless, as the symbol of the patient’s health, which at the beginning of therapy is weak and requires 
support as shown in Figure 3.

Due to the patient’s involvement in the garden cultivation, the virtual world begins to buzz with life and energy, 
symbolizing the treatment and rehabilitation process. The power of metaphorical communication lies in bypassing 
patient resistance, as therapy does not refer to the patient’s state of health or life situation directly, but shows an 
analogous process that unfolds before the eyes of the user. Engaging all the user’s senses and using hypnotic 
communication further increases the chances of success of VR therapy. During each session, in the central place of 
the virtual garden appears a mandala, which symbolizes various traits and emotions crucial to the process of treatment 
and rehabilitation (vitality, joy, optimism, diligence, creativity, inner wisdom and trust). Emotions associated with 
specific colours and specially selected music become an illustration of subsequent sessions, accompanying the patient as 
he or she becomes immersed deeper and deeper in the virtual world. Repeating the same motif during each session (ie, 
the activity of colouring the mandala, where the degree of difficulty, colours and metaphorical meaning vary but the 
action itself remains the same) creates a sense of security, as the patient always knows what to expect the next day. Such 
a pattern also reflects the process of rehabilitation, which is, by nature, repetitive and predictable. Thus, VR therapy 
strengthens the traits essential for successful rehabilitation, such as patience and perseverance in pursuing a goal. 
Cognitive and kinaesthetic engagement in performing the tasks of colouring subsequent mandalas deepens the sense of 
immersion in the virtual world. Separating the patient from stressful stimuli and transferring him or her to a virtual world 

Figure 2 Timeline of the study. T0 = assessment before rehabilitation; three weeks of combined interventions with VR therapy in experimental group and SAT in control 
group; T1 = assessment post treatment; three weeks of combined interventions without VR therapy and SAT; T2 = follow-up assessment after six weeks.

Figure 3 Sample changes of symbolic steps in cultivating the virtual garden and its revival. At the beginning of therapy, the garden is neglected and grey, which symbolizes the 
health of the patient before treatment and rehabilitation. Step-by-step, the patient performs the tasks of colouring the mandala and watering the plants. When the tasks are 
completed, new plants appear in the garden, and the entire landscape regains its colours.
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filled with beautiful plants and sounds of nature relates to the patient’s previous positive experiences and makes it easier 
to put the patient into a state of psychophysical relaxation. The entire experience is complemented with natural, spatial 
sound of the wind, birds and calm, relaxing music. In addition to the friendly and soothing environment, messages 
spoken by the narrator play an important role in each session, as the patient is asked to pay attention to his or her 
breathing and to gently slow down its rhythm. It is worth noting that the therapy is not meant solely as an escape from 
stressful stimuli but as a means for patients to recover mental balance, tap into their internal resources and draw on the 
inner strength and faith in their own abilities, all of which is so crucial in the rehabilitation process. The content of the 
VR therapy was developed by a certified psychotherapist of the European Association of Psychotherapy, and with 
collaboration of the Polish Milton Institute, as well as the Scientific Department of Psychotherapy of the Polish 
Psychiatric Association.

Participants randomized to the control group received 20 min of Schultz’s Autogenic Training (SAT), which is 
a desensitization-relaxation technique. The therapeutic process of relaxation took place in the supine position. At the beginning, 
it was suggested that patients try to feel the weight of their body and then the body temperature, heart rate and breath. During the 
SAT, an autogenic training is played from the CD. The patient’s task is to duplicate the body relaxation exercises he hears through 
headphones. The purpose of SAT is generally to calm down and relax to reduce feelings of anxiety, sadness and depression.33 SAT 
is universal in approach and can be used in any case where patient calm and tranquillity are recommended. SAT was used in the 
form of audio recording, which was similar in nature to VR therapy. It is not possible to use cognitive behavioural therapy (CBT) 
in the form of an audio recording, as a therapist is needed to conduct CBT, and then the therapeutic relationship established 
between the patient and the therapist is of great importance.

Outcomes
Outcome assessments were conducted at three time points: on the second day of the patient’s stay in the ward (T0, before the 
intervention), after three weeks of rehabilitation (T1, after the intervention) and after six weeks of rehabilitation (T2, follow-up). 
Primary outcome measures included the 30-item Geriatric Depression Scale (GDS-30), the Generalized Self-Efficacy Scale 
(GSES), the Acceptance of Illness Scale (AIS), the Visual Analogue Scale of pain (VAS) and the Hospital Anxiety and Depression 
Scale (HADS). Secondary outcome measures were the Barthel Index (BI), the Lawton Instrumental Activities of Daily Living 
Scale (IADL), and the Rivermead Motor Assessment (RMA).

Statistical Analysis
We calculated the sample size by assuming minimum significance (α = 0.05), effect size (f = 0.20) and statistical power (1−β = 
0.95), as no previous studies have been performed using a similar design with the use of immersive VR. Therefore, a total of 80 
participants were needed to reach statistical significance with 20% dropout. However, after the completion of 60 participants, we 
have rerun the power analysis, using our primary outcome measure, ie, GDS results (np2 = 0.13; effect size f = 0.38). The analysis 
showed sufficient statistical power on the primary outcome; thus, we stopped further enrolment of participants. Reversed power 
analysis was necessary due to the COVID-19 outbreak and the inability to continue research.

Data distribution analysis was performed using the Shapiro–Wilk test. Except for VAS, BI, IADL and RMI, all data had a near- 
normal distribution. The study applied the intention-to-treat (ITT) analysis method.34 In the case of missing data, we applied the 
last observation carried forward (LOCF) method.35 According to the ITT assumptions, statistical analysis was performed for all 
participants included in the study. Baseline data between the groups were compared using the unpaired t-test (continuous 
variables) and the chi-squared test (categorical variables). The impact of the intervention at specific time points was determined 
using two-way repeated measures analysis of variance (ANOVA) with Bonferroni correction (p value adjusted for comparing 
a family of 15 comparisons). Both the p and f values for ANOVA were adjusted using the Greenhouse–Geisser correction. For pain 
assessment (VAS), the efficacy of the intervention was assessed using Friedman’s ANOVA. Because the number of participants in 
the groups differed, comparison of differences between those who dropped out and those who completed the study was performed 
using the Mann–Whitney U-test. In all analyses, the statistical significance was established at p < 0.05.
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Results
Participants
Of 102 individuals screened for eligibility, 60 patients were randomly assigned to the VR (n = 30) or control (n = 30) 
group between 6 May 2019 and 3 April 2020. Admission to the rehabilitation ward was mainly from home (56; 93.33%) 
or from another hospital (4; 6.67%). Regarding marital status, most of the patients were married (35; 58.33%), 22 were 
widowed (36.67%) and three (5%) were single. No statistically significant baseline characteristics of participants were 
included in either group. The baseline characteristics are shown in Table 1.

Dropout Analysis
A total of 21 participants dropped out post-treatment at T1 examination (8 from the VR group and 13 from the control 
group). Participants who dropped out from the study had a 64% higher GDS-30 score (11.48 vs 7.23; p = 0.0006). No 
significant differences were found between the remaining studied psychological and functional parameters (Table 2).

Effectiveness of Interventions on Psychological Parameters
In the VR group, the intervention led to a statistically significant reduction of the GDS-30 score post-treatment (T1, 46%; 
13.77 vs 7.43) and at follow-up (T2, 48%; 13.77 vs 7.17; p < 0.0001). For the total HADS, we observed a significant 

Table 1 Baseline Characteristics of the Intention-to-Treat Population

Variable VR Group (n=30) Control Group (n=30)

Women, n (%) 17 (56.67%) 13 (43.33%)
Age [years] 65.50 (6.72) 65.57 (4.99)

Body weight [kg] 75.42 (12.07) 79.20 (14.58)

Body height [cm] 166.13 (8.03) 167.90 (8.18)
MMSE [pts] 26.37 (2.31) 27.23 (1.52)

Time after stroke [weeks] 3.95 (1.62) 3.98 (1.45)

BMI [kg/cm2] 27.40 (4.56) 28.05 (4.92)

Note: Data are presented as mean (Standard Deviation).

Table 2 Dropout Analysis Post-Treatment (at T1)

Resigned  
(n=21)

Stayed  
(n=39)

p value

VR/Control group 8/13 22/17 0.18

Age [years] 65.14 (5.33) 65.74 (6.19) 0.71

Time after stroke [weeks] 3.95 (1.22) 3.97 (1.67) 0.95
MMSE 26.62 (1.91) 26.90 (2.05) 0.61

Psychological parameters
GDS 11.48 (3.83) 7.23 (4.58) <0.01
HADS 12.58 (4.10) 10.74 (4.48) 0.23

HADS-A 6.00 (3.16) 5.26 (2.96) 0.48
HADS-D 6.58 (2.81) 5.48 (2.94) 0.28

AIS 23.76 (8.17) 27.15 (7.19) 0.10

GSES 31.00 (5.14) 31.15 (5.12) 0.91
VAS 2.52 (2.36) 2.56 (2.68) 0.95

Functional parameters
BI 95.00 (12.94) 92.05 (13.16) 0.41
IADL 21.10 (3.32) 21.05 (2.90) 0.96

RMA 10.43 (2.01) 9.51 (2.16) 0.11

Notes: Data are presented as mean (Standard Deviation). p-value as a result of t-test or U Mann–Whitney. 
Abbreviations: MMSE, Mini Mental State Examination; GDS, Geriatric Depression Scale; HADS, Hospital Anxiety (A) and Depression 
(D) Scale; AIS, Acceptance of Illness; GSES, General Self-Efficacy Scale; VAS, Visual Analogue Scale; BI, Barthel index; IADL, Instrumental 
Activities of Daily Living; RMA, Rivermead Motor Assessment.
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decrease of 26% (14.15 vs 10.40) at T1 and 27% (14.15 vs 10.30) at T2 (p < 0.0001): HADS-A (anxiety) decreased by 
32% (7.05 vs 4.80; T1) and 25% (7.05 vs 5.25; T2; p = 0.0018) and HADS-D by 21% at both T1 (7.10 vs 5.60) and T2 
(7.10 vs 5.05; p < 0.0057). The AIS score increased by 12% (23.23 vs 26.03) and 16% (23.23 vs 26.97) at T1 and T2, 
respectively (p = 0.007), resulting in improved well-being of patients. Regarding the VAS and GSES results, no 
statistically significant change was demonstrated at any time point. In the control group, a statistically significant 
improvement was shown on the GDS-30, HADS, HADS-A and AIS (Figure 4). Considering the GDS-30 results, after 
ten interventions, we obtained a reduction of 25% (13.40 vs 20.23) with respect to T1 and 22% (13.40 vs 10.23) with 
respect to T2 (p < 0.0001). For the total HADS, a statistically significant decrease of 18% was observed at both T1 (15.11 
vs 12.26) and T2 (15.11 vs 12.21; p = 0.003). Considering the HADS-A results, after the intervention we obtained 
reductions of 25% (8.32 vs 6.21) at T1 and 27% (8.32 vs 6.11) at T2. For the AIS score, statistically significant increases 
of 17% (22.07 vs 25.90) and 18% (22.07 vs 26.20) were observed at T1 and T2, respectively (p < 0.0001). The 
differences obtained in the VAS, HADS-D and GSES scores were not statistically significant. A within–between analysis 
(Time*Group, Table 3) indicates that the only statistically significant difference was observed in the GDS-30 (p < 
0.0001). There was no statistically significant difference between the groups in the other parameters analysed.

Figure 4 Mean values of the psychological and functional parameters results at individual time points.
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Effectiveness of Interventions on Functional Parameters
Analysing the results of the repeated measures ANOVA, we observed a significant effect of the applied intervention on 
all the functional parameters in both groups. In the VR group, the mean BI score increased by 6% (89.00 vs 94.50) at T1 
and by 8% (89.00 vs 96.00) at T2 (p < 0.0001). In the IADL, the increases amounted to 7% (19.93 vs 21.43) and 8% 

Table 3 Effects of Virtual Reality (VR) Therapy in Terms of Mean Differences (95% CI)

VR (n = 30) Control (n = 30) MS F p value ƞp2

Psychological parameters

GDS
Pre vs post 6.33 (4.42–8.24); p<0.01 3.40 (1.49–5.31); p<0.01

Pre vs follow-up 6.60 (4.69–8.51); p<0.01 3.17 (1.26–5.08); p<0.01

Time*group 64.40 8.47 <0.01 0.13
HADS

Pre vs post 3.75 (0.98–6.52); p<0.01 2.85 (0.00–5.68); p=0.05

Pre vs follow-up 3.85 (1.08–6.62); p<0.01 2.90 (0.05–5.74); p=0.04
Time*group 3.82 0.34 0.65 <0.01

HADS-A

Pre vs post 2.25 (0.45–4.05); p<0.01 2.11 (0.26–3.95); p=0.01
Pre vs follow-up 1.80 (0.00–3.60); p=0.05 2.21 (0.37–4.05); p<0.01

Time*group 0.99 0.23 0.75 <0.01

HADS-D
Pre vs post 1.50 (–0.32–3.32); p=0.22 0.79 (–1.08–2.66); p=1.00

Pre vs follow-up 2.05 (0.23–3.87); p=0.02 0.73 (–1.13–2.61); p=1.00

Time*group 5.27 1.16 0.31 0.03
AIS

Pre vs post –2.80 (–6.21–0.61); p=0.23 –3.83 (–7.24 - –0.43); p=0.01

Pre vs follow-up –3.74 (–7.14 - –0.33); p=0.02 –4.13 (–7.54 - –0.73); p<0.01
Time*group 4.19 0.21 0.80 <0.01

GSES

Pre vs post –0.90 (–2.79–0.99); p=1.00 −1.03 (–2.92–0.86); p=1.00
Pre vs follow-up –1.50 (–3.39–0.39); p=0.28 −0.46 (–2.36–1.42); p=1.00

Time*group 7.53 1.03 0.35* 0.02

VAS
Pre vs post –0.24 (–1.51–1.05); p=0.60* 0.34 (–0.95–1.61); p=0.54*

Pre vs follow-up 0.03 (–1.25–1.31); p=0.85* 0.34 (–0.95–1.61); p=0.41*

Time*group 1.23 0.44 0.64* <0.01

Functional parameters

BI

Pre vs post –5.50 (–9.13 - –1.87); p<0.01 –5.34 (–8.96 - –1.71); p<0.01
Pre vs follow-up –7.00 (–10.63 - –3.37); p<0.01 –6.50 (–10.13 - –2.87); p<0.01

Time*group 1.51 0.04 0.89 <0.01

IADL
Pre vs post –1.50 (–2.40 - –0.60); p<0.01 –1.40 (–2.30 - –0.50); p<0.01

Pre vs follow-up –1.67 (–2.57 - –0.76); p<0.01 –1.57 (–2.47 - –0.66); p<0.01

Time*group 0.07 0.04 0.92 <0.01
RMA

Pre vs post –0.70 (–1.44–0.04); p=0.08 –1.10 (–1.84 - –0.36); p<0.01

Pre vs follow-up –1.24 (–1.97 - –0.49); p<0.01 –1.34 (–2.07 - –0.59); p<0.01
Time*group 1.02 0.71 0.43 0.01

Notes: Data are presented as mean differences (CI); p value adjusted for comparing a family of 15 comparisons; p value as a result of Repeated Measures ANOVA (expect of 
VAS); *p value as a result of non-parametric tests. 
Abbreviations: MS, mean square; ƞp2, partial eta squared; GDS, Geriatric Depression Scale; HADS, Hospital Anxiety (A) and Depression (D) Scale; AIS, Acceptance of 
Illness; GSES, General Self-Efficacy Scale; VAS, Visual Analogue Scale; BI, Barthel index; IADL, Instrumental Activities Of Daily Living; RMA, Rivermead Motor Assessment.
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(19.93 vs 21.60) at T1 and T2, respectively (p < 0.0001), and in the RMA by 7% (9.23 vs 9.93) at T1 and by 13% (9.23 
vs 10.47) at T2 (p < 0.0001) (Figure 4). The control group also demonstrated a significant effect of the interventions 
applied. In the case of the BI, the mean score at T1 was 6% (86.33 vs 91.67) higher and at T2 it was 7% (86.33 vs 92.83) 
higher (p < 0.0001). The IADL score increased by 7% (19.30 vs 20.70) and 8% (19.30 vs 20.87) at T1 and T2, 
respectively (p < 0.0001). The RMA score at T1 was 12% higher than at T0 (8.63 vs 9.73), and at T2 it was 15% higher 
(8.63 vs 9.97; p < 0.0001) (Figure 4). The Time*Group analysis did not show statistically significant differences in any of 
the functional parameters studied, which was also confirmed by post hoc tests (Table 3).

Cut-Off Analysis
All participants included in the study had a GDS-30 score of ≥10, which is the first depression cut-off in this scale. In the 
VR group, 67% (n = 20) of participants were below this threshold immediately after the intervention and 73% (n = 22) 
were below the threshold in the follow-up study. In the control group, 43% (n = 13) of participants were below this cut- 
off at both T1 and T2 (Table 4). No adverse events were reported to the trial team (ie, complaints such as dizziness, 
nausea or cyber sickness) and no negative emotional effects were recorded, such as anxiety, discomfort or inconvenience 
associated with using the device itself.

Discussion
This study is the first to assess the impact of an added immersive original VR therapy to conventional rehabilitation on 
the mental state of stroke survivors. As most studies that used VR in post-stroke rehabilitation focused on improving 
functional state, here we provide a specific immersive VR therapy to reduce post-stroke depressive symptoms. The 
developed therapeutic programme is the first attempt to implement Erickson’s psychotherapy in a virtual environment.

The findings of this study indicate a reduction of depressive symptoms that was significantly greater in the VR group, 
along with improvement of the patients’ mental state. When considering the severity of depressive symptoms, 
a statistically significant reduction was found in the primary outcome measure (GDS-30) both in the VR and in the 
control group. Both groups had similar pre-intervention severity of depressive symptoms; however, at the post- 
intervention measurement (T1), the difference between the means was 2.57 points, which increased to 3.07 points at 
follow-up (T2). This may indicate the positive medium-term effects of this specific VR therapy on the well-being of the 
participants. In the present study, patients in both groups demonstrated a significant impact of the applied interventions 
on parameters such as BI, IADL and RMA. At the same time, no evidence of superiority of this specific VR intervention 
over the standard motor post-stroke rehabilitation model was demonstrated in the studied functional ability areas. 
Although we assumed that the improvement of mental state under the influence of VR therapy would also improve post- 
stroke motricity, the results did not confirm this hypothesis. This is probably related to the lack of improvement observed 
in self-efficacy, as a low GSES level may reduce the rehabilitation effect for stroke patients.36,37 Importantly, our 
objective was to determine whether any of the groups differs in the increase/decrease of the parameters examined and not 
the effectiveness of rehabilitation in individual groups. Therefore, we did not interpret the individual increase in the BI, 
the IADL and the RMA scores because we were searching for differences between groups. Due to this, we were able to 
check whether the conversion of SAT to VR would be effective. Apart from the GDS, we found no significant 
differences; therefore, we did not interpret individual changes in the groups.

Table 4 Geriatric Depression Scale (GDS-30) Cut-off Frequency Differences Among the Groups

VR Control

GDS T0 T1 T2 T0 T1 T2
≤10 0 (0%) 20 (67%) 22 (73%) 0 (0%) 13 (43%) 13 (43%)

10–19 26 (87%) 10 (33%) 8 (27%) 28 (93%) 15 (50%) 15 (50%)

20> 4 (13%) 0 (0%) 0 (0%) 2 (7%) 2 (7%) 2 (7%)

Abbreviation: GDS, Geriatric Depression Scale.
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A patient’s attitude towards his or her own illness is important in the rehabilitation process because it can either 
advance the improvements in functional state and quality of life or have a negative impact in these areas.38 In the present 
study, the level of acceptance of illness increased in both groups after the intervention and remained at this increased 
level until the follow-up assessment. This may indicate both a positive influence of the VR treatment that was applied or 
it is a result of natural adjustment to illness, and it can be time-dependent. Song and Park assessed the differences 
between rehabilitation based on VR games and rehabilitation on a cycle ergometer in patients after stroke.39 After the 
intervention, a reduction in depressive symptoms was observed in both groups but, as with our study, the reduction was 
greater in the VR group. Moreover, a meta-analysis by Fodor et al found that interventions using VR were statistically 
significantly more effective than standard interventions for reducing anxiety and depressive symptoms.40 It is also worth 
noting that the literature is dominated by a syndrome-focused approach to treating stroke patients and concentrates 
primarily on motor treatment methods, leaving the theoretical and methodological justification of the psychological 
aspect of post-stroke rehabilitation insufficiently represented.

VR therapy (ie, applied to motor impairment) has shown to increase motivation of post-stroke patients (REF) and 
may increase variability of neurorehabilitation programmes.41,42 Finding motivation for undertaking activity and 
increasing the sense of self-efficacy both constitute an important goal of therapy based on the VR TierOne medical 
device system. Indeed, in this study, applied VR therapy stimulated the transformation process, from grey and opaque 
reality to a naturally coloured environment. In this process, the patient was followed to feel co-responsible for his/her 
result.

Although the literature often mentions factors that constitute motivation for the use of VR tools, we are not aware of 
any systematic assessment of the features of VR-based therapy or their impact on the rate of patient dropout. Presumably, 
factors such as the level of VR immersion, the fact that treatment content is based on a story/narrative or the relevance of 
this content to the patient’s daily life are important factors for sustained patient motivation.43 In the present study, 21 
people dropped out of the project, of which 13 dropped out of the control group. The GDS-30 score obtained by the 
participants who dropped out from the study was 64% higher than those who remained. Our results suggest that the 
patients’ poorer mental state contributed to premature discharge from the hospital ward and early termination of post- 
stroke therapy. McGrady et al demonstrated similar findings in their study, concluding that high levels of anxiety and 
depression at the start of rehabilitation are the main predictors for dropping out of therapy.44 Therefore, most often, the 
fact of giving up is related to the poor psychological state of the patient, namely lack of motivation and commitment as 
well as passivity in relation to the undertaken interventions, which in consequence leads to cessation of the rehabilitation 
process. This, in turn, may result in lack of functional improvement and further deterioration of their mental condition. 
Untreated depressive symptoms often lead to diminished engagement in the rehabilitation process, withdrawal from 
social relationships, increased disability, reduced quality of life, lower physical activity and higher mortality and risk of 
recurrence of stroke, as confirmed in recent studies.12,14,15 Numerous authors have emphasized the effectiveness of VR- 
based treatments in alleviating psychological and behavioural problems and psychiatric disorders.35,40 In doing so, they 
have also highlighted the lack of VR-based technological solutions that, in addition to motor rehabilitation of stroke 
patients, would offer the therapeutic tools to reduce psychological disorders and improve the patient’s mood and 
motivation. This gap seems to be filled by the VR programme analysed here, which was designed to support the 
neurological rehabilitation process by reducing levels of depression while increasing the acceptance of illness and 
boosting the sense of self-efficacy.45

An important issue that is influenced by the psychological state of the patient is the act of returning to work after 
a stroke. However, PSD can effectively hinder the resumption of work, thereby locking the patients into their illness and 
reducing their chances of psychosocial and functional recovery.46 For instance, pain and depression are important 
comorbidities. Both clinical and preclinical studies clearly indicate that pain can cause depression and that depression 
can worsen pain behaviours.47 In turn, depression and pain share biological pathways and neurotransmitters.48 

Rehabilitation using immersive VR may provide new, positive stimuli and distracts the patient from the distressing 
aspects of a hospital stay. It is believed that the combination of the patient’s internal motivation and full immersion can 
induce a trance-like state in which the patient is able to forget his or her circumstances.49 Thus, implementation of VR 
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therapy could expand the treatment options for patients suffering depressive symptoms and we should look for methods 
that can improve self-efficacy in the process of neurorehabilitation.

Despite the encouraging results obtained in this research, the main limitation was that a high percentage of patients 
dropped out of rehabilitation after three weeks and thus the analyses adopted ITT with the LOCF method to cover the 
missing data. Secondly, the study included only individuals with depressive symptoms based on the GDS results, but 
without a major depressive disorder diagnosis. Thirdly, we used only self-reported questionnaires and functional scales, 
without more objective outcome measures. Moreover, the scientific method used in the study is mainly based on total 
immersion, so if a person being examined is not fully “immersed” in the therapy, the effects may differ. Therefore, it 
would also be worth using a more objective way of measuring the stress level (eg, cortisol level test), whilst assessing the 
participants’ real perception of the virtual world (eg, Spatial Presence Experience Scale). Considering the above 
limitations, the results of our study are important but should be interpreted with caution.

Conclusion
The findings of this study showed that VR therapy may support the rehabilitation process of people suffering depressive 
symptoms. In particular, VR therapy combined with neurological rehabilitation was more effective at improving mood 
than SAT. Finally, the VR intervention with its therapeutic virtual garden did not change the functional aspects. Similar 
scores on the BI, IADL and RMA scales were observed in both study groups after the intervention and at follow-up 
measurement.

Abbreviations
VR, virtual reality; PSD, post-stroke depression; REPTY, Upper-Silesian Rehabilitation Centre; GDS-30, geriatric 
depression scale; MMSE, Mini-Mental State Examination; SAT, Schultz’s autogenic training; GSES, Generalized Self- 
Efficacy Scale; AIS, Acceptance of Illness Scale; VAS, Visual Analogue Scale of pain; HADS, Hospital Anxiety and 
Depression Scale; IADL, Lawton Instrumental Activities of Daily Living Scale; RMA, Rivermead Motor Assessment; 
ITT, intention-to-treat; LOCF, last observation carried forward.
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