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A B S T R A C T

Background: Immersive virtual reality (VR)–based cognitive training has shown potential benefits in neuropsy
chiatric populations, but evidence in older adults with mild cognitive impairment (MCI) remains limited, 
particularly regarding feasibility and short-term effects on vulnerability factors.
Objective: To evaluate the feasibility of a 6-week immersive VR cognitive training program in older adults with 
MCI and to explore preliminary effects on cognitive performance, depressive symptoms, and social and behav
ioral rhythms.
Methods: This single center randomized controlled feasibility trial allocated participants aged ≥65 years with 
MCI to either an immersive VR cognitive training program (Virtual Sail 3D) or an active control intervention 
based on healthy lifestyle education. Feasibility outcomes included dropout rates and VR-related adverse effects. 
Secondary outcomes assessed changes in cognitive performance (MMSE, ACE-R), depressive symptoms (PHQ-9), 
and social and behavioral rhythms (Brief Social Rhythms Scale) from baseline (T0) to 6 weeks (T1).
Results: Forty participants were randomized. No dropouts occurred in the VR group, whereas a 30% dropout rate 
was observed in the control group. VR-related side effects were mild and transient. No significant between-group 
differences emerged in cognitive or depressive outcomes. However, social and behavioral rhythms remained 
stable in the VR group and worsened in the control group, with a borderline between-group difference. A 
significantly higher proportion of VR participants showed clinically meaningful improvement in rhythm 
regulation.
Conclusions: Immersive VR cognitive training is feasible and well-tolerated in older adults with MCI. While short- 
term cognitive benefits were not observed, preservation of social and behavioral rhythms suggests a potential 
protective effect, supporting larger and longer phase III trials.

1. Introduction

The steady rise in life expectancy and the progressive aging of the 
global population have been accompanied by a corresponding growth in 

the prevalence of mild cognitive impairment (MCI) and dementia within 
the community [1,2]. This trend has resulted in a substantial escalation 
of healthcare and social expenditures [3,4] and, in many countries, a 
concerning reduction in the proportion of individuals of working age 
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[4].
MCI is often considered an intermediate condition that confers a 

heightened risk of progression to the early stages of dementia [5,6]. 
Cognitive deterioration is frequently associated with disruptions in so
cial rhythms, as well as symptoms of depression and anxiety, and a 
decline in overall quality of life [7,8]. These factors may further exac
erbate vulnerability and accelerate the transition to overt dementia 
[9,10]. In response, public health strategies have increasingly empha
sized the promotion of active aging [11,12], while research efforts have 
focused on assessing the efficacy of interventions, particularly non- 
pharmacological approaches considering that this fraction of the pop
ulation on average takes many drugs [13], aimed at preventing or 
delaying cognitive decline and mitigating associated affective symptoms 
[14–17]. Recent literature supports even the beneficial effects of 
cognitive training and cognitive rehabilitation interventions on cogni
tive performance in older adults [18–20]. In recent years, there has also 
been an increase in the experimental use of immersive virtual reality 
(VR) software in clinical and rehabilitation settings as a tool for reha
bilitation and for the enhancement of various skills [21,22]. Indeed, VR, 
by providing highly realistic and immersive learning environments, can 
simultaneously offer elements of cognitive rehabilitation and physical 
stimulation (albeit indirect) [22]. These stimuli may be even more 
intense and impactful than those experienced in natural conditions due 
to the “bombardment” effect on the mirror neuron system [23]. Hypo
thetically, this could support the improvement and/or maintenance of 
cognitive and functional skills while offering easy accessibility [24]. 
Preliminary evidence from studies conducted in heterogeneous pop
ulations, including individuals with neuropsychiatric disorders and 
older adults, suggests improvements in cognitive performance and 
overall functioning [25,26]. More specifically, studies focusing on pa
tients with MCI and dementia have reported improvements in cognitive 
function, emotional state, and daily functioning following VR-based 
interventions [27–30]. However, to date, despite these encouraging 
findings, studies conducted on older adults remain limited in value due 
to poor methodological rigor and limited replicability of the protocols. 
This is largely attributable to the lack of detailed and structured de
scriptions of the interventions, which hinders the definition of a stan
dardized operating procedure [31,32].

A recent line of research conducted by our group using immersive 
cognitive training in virtual reality on people with bipolar disorder has 
demonstrated, using randomized controlled models, significant im
provements in cognitive performance [33], social and personal rhythm 
regulation [34], and anxiety and depressive symptoms [35]. Although 
bipolar disorder and mild cognitive impairment (MCI) differ substan
tially in terms of etiology, clinical course, and underlying neuropa
thology, they share several relevant features, including impairments in 
cognitive domains (e.g., attention, executive function, and memory), as 
well as alterations in circadian and social rhythms and a high prevalence 
of affective symptoms [36,37]. These factors are increasingly recognized 
as transdiagnostic mechanisms contributing to functional impairment 
and cognitive decline across different clinical populations [5,38–41]. 
These results have led to the hypothesis that a similar intervention could 
also be useful for counteracting cognitive decline in older adults, even 
those without mood disorders. Indeed, the intervention not only 
appeared to have a direct effect on cognitive decline but also impacted 
risk factors such as rhythm dysregulation and anxiety and depressive 
symptoms.

The aim of this study is to assess the feasibility of a 6-week inter
vention (primary outcome) to improve cognitive function using 
immersive virtual reality software. The intervention is based on a pre
viously developed platform tested in individuals with bipolar disorder, 
with scenarios specifically developed to also meet the needs of older 
adults with MCI. In particular, the virtual environment was redesigned 
to include naturalistic and ecologically valid contexts (e.g., sailing sce
narios in open sea and harbor settings), consistent with emerging evi
dence suggesting that immersive and naturalistic VR environments can 

enhance engagement, motivation, and acceptability in older adults and 
clinical populations [42,43].

Consistent with the second stage of intervention development, 
focused on feasibility and preliminary clinical effectiveness in clinical 
populations, this single center randomized controlled trial (RCT) also 
aims to inform the design of future confirmatory studies evaluating ef
ficacy (secondary outcome). In addition, the study explores vulnera
bility factors associated with cognitive decline, such as depressive 
symptoms, and considers the potential applicability of similar in
terventions in older adults with traits of hyperactivity and novelty- 
seeking behavior [44–46].

The study addresses the following research questions: (i) Is the 
adapted VR intervention feasible and acceptable in older adults with 
MCI? (ii) Does the intervention provide preliminary evidence of benefit 
on cognitive performance and on modifiable vulnerability factors? It is 
hypothesized that the intervention will be feasible and associated with 
improvements in cognitive functioning, as well as in risk factors such as 
depressive symptoms and rhythm dysregulation. A robust body of evi
dence indicates that dysregulation of social and circadian rhythms 
represents a key predictor of cognitive impairment [47–49], depressive 
symptoms [50–53] or both [54], while rhythm regularity may act as a 
protective factor in older adults [55]. On this basis, it is further hy
pothesized that even short-term modifications in these factors induced 
by the VR intervention may serve as early indicators of the potential 
effectiveness of longer and larger-scale interventions.

2. Methods

2.1. Design

The methodology of this feasibility RCT, has been already deposited 
(ClinicalTrial.gov NCT06579378; https://clinicaltrials.gov/search? 
term=NCT06579378) and published [56]. The cited publication fol
lowed the 2010 CONSORT (Consolidated Standards of Reporting Trials) 
guidelines, specifically the extension for randomized pilot and feasibility 
studies [57]. The study used a two-arm, parallel design, independently 
randomized in a 1:1 ratio. Participants were assigned to an experimental 
intervention based on the Virtual Sail 3D (VSail) protocol or, in the 
control arm, to a healthy lifestyle education and active aging promotion 
online intervention (“WEB-Health”). This article presents the assess
ments at T0 (0 weeks - baseline) and T1 (6 weeks) related to the primary 
outcome and the most relevant secondary outcomes.

2.2. Participants and setting

Participants were eligible if they were aged 65 years or older, irre
spective of sex, had no medical or functional conditions preventing 
participation in the “VR-Sail” intervention, retained adequate indepen
dent mobility, met criteria for mild cognitive impairment (MCI) based 
on the Addenbrooke's Cognitive Examination–Revised (ACE-R) and/or 
the Mini-Mental State Examination (MMSE) scores within the pre
defined ranges for MCI (ACE-R: 66.93–84.93; MMSE: 26.02–27.11) 
[58,59,64,65], and provided written informed consent prior to 
enrollment.

Exclusion criteria included severe medical conditions (cardiovascu
lar, respiratory, renal, oncological), severe metabolic diseases not 
compensated for by medication, severe mobility impairment and/or 
severe neurological conditions (such as stroke in the last 2 years, Par
kinson's disease, epilepsy) that could prevent participation in the 
experimental protocol and/or severe visual impairment that would 
prevent the safe use of VR technology, and active malignancies. 
Recruitment activities were conducted at the project partner units at the 
Cagliari University Hospital (AOU Cagliari), Italy. Informational bro
chures about the project were available in the participating units' 
outpatient clinics so that participants could freely express their interest 
in participating. Participants who screened positive for MCI were 
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enrolled and subsequently randomized to the two study arms. Recruit
ment continued until the predetermined sample size was reached, 
allowing for randomization and implementation of the interventions. All 
randomization and evaluation activities using the protocol-defined 
tools, as well as the implementation of the experimental and control 
group interventions, took place at the Liaison Psychiatry and Psycho
somatics Center of the AOU Cagliari. The study was coordinated by the 
unit's researchers, while the evaluation and interventions were con
ducted by professionals trained in the use of assessment tools (Clinical 
Psychologists and Engineers) and in the delivery of the virtual reality- 
based cognitive rehabilitation protocol (Psychiatric Rehabilitation 
Technicians / Occupational Therapists / Speech and Language Thera
pists / Physiotherapists) and webinars on healthy lifestyle (Health Psy
chologists). Given the complexity of the intervention and the fact that 
virtual reality is well known, it was not impossible to blind both the 
participants and the professionals involved in the study to the inter
vention being delivered.

2.3. Intervention

The experimental intervention (VSail) consisted of 50–60-min vir
tual reality (VR) sessions delivered twice a week for six consecutive 
weeks. The sessions were conducted within immersive sailing-based 
virtual environments simulating a real-life sailing maneuvers (see 
Figs. 1, 2, 3, 4, 5 for an illustration of the VR environment). The inter
vention was implemented using the VR software “CEREBRUM” devel
oped by the Cerebrum VR Society, compatible with the Oculus Quest 
headset and compliant with European safety, health, and environmental 
protection standards [60]. Compared to earlier applications used in bi
polar disorder, the software was further expanded with dedicated sailing 
scenarios and tasks (for more detailed description see [56]). The VR 
training provided structured and progressively complex cognitive-motor 
stimulation through modules organized into increasing levels of diffi
culty (easy, intermediate, and advanced). Participants actively moved 
within the virtual environment and interacted with it to accomplish task 
goals, using handheld controllers to point, select, and manipulate ob
jects and to perform actions such as steering, pulling ropes, or operating 
sailing equipment. The main training components included: (i) famil
iarization and free exploration of the virtual boat; (ii) identification of 
boat components through visual search tasks; (iii) execution of ordered 
sequences; (iv) coordinated sailing maneuvers performed while the boat 
was moored in the harbor; and (v) Coordinated sailing maneuvers per
formed while the boat was navigating in open waters, with tasks 
requiring goal-directed interaction with dynamic environmental stimuli. 
Across all sessions, attentional, mnemonic, and executive strategies 
were systematically trained with progressively increasing complexity as 
task difficulty increased. Attention was engaged through continuous 
monitoring and selection of relevant stimuli in a 360◦ environment; 
memory (particularly working and sequential memory) was trained 
through the retention and execution of ordered actions; and executive 
functions were involved in planning, sequencing, inhibition, and 
problem-solving during multi-step tasks. Motor coordination and 
visuomotor integration were also stimulated through interaction with 

virtual sailing elements, while verbal abilities were engaged through 
comprehension of verbal instructions delivered within the VR scenario. 
Each session followed a structured protocol including initial welcome, 
psychoeducation, and introduction to both the VR tool and the cognitive 
function targeted by the exercise. Participants then performed one or 
more VR exercises lasting approximately 15–20 min. During task 
execution, participants received immediate, performance-contingent 
audiovisual feedback directly from the software, reinforcing correct 
responses and supporting learning processes. In addition, the therapist 
provided real-time guidance when necessary. After VR exposure, the 
clinician conducted a structured debriefing phase including positive and 
corrective feedback, metacognitive reflection, and discussion of task 
strategies. Importantly, the psychoeducational components and the 
generalization of the trained cognitive strategies to real-life contexts 
were explicitly mediated by the operator, who provided practical Fig. 1. Virtual Sailing Scenario

Fig. 2. Virtual Sailing Scenario

Fig. 3. Virtual Sailing Scenario

Fig. 4. Virtual Sailing Scenario

Fig. 5. Virtual Sailing Scenario
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suggestions and homework exercises to promote transfer to daily 
functioning.

The control intervention focused on education about healthy lifestyle 
habits to promote active aging. It consisted of a cycle of three seminars 
delivered as webinars via online platforms (e.g., Skype, Zoom) over a 
period of six consecutive weeks. Sessions were held on a biweekly 
schedule (i.e., once every two weeks), with each webinar lasting 
approximately 50–60 min. The content covered topics such as active 
aging, physical activity in older adulthood, effective communication, 
stress management, and the use of technology in health.

2.4. Outcomes, timeline, and evaluation tools

As specified in the published study protocol [56], the primary out
comes were related to feasibility and included participant retention 
(dropout rates between T0 and T1), recruitment rate, occurrence of 
adverse events associated with immersive virtual reality exposure, and 
participants' satisfaction with the intervention. Secondary outcomes 
concerned cognitive functioning and encompassed executive functions, 
memory, visuospatial abilities, selective attention, and global cognitive 
performance. Tertiary outcomes addressed psychosocial and physical 
functioning, including quality of life, depressive and anxiety symptoms, 
regulation of social and biological rhythms, body awareness, physical 
activity levels, and mobility. In addition, sociodemographic and clinical 
variables were collected for all participants.

Regarding the maintenance of treatment effects, the study protocol 
included follow-up assessments at T2 (12 weeks from T1), T3 (24 weeks 
from T1), T4 (36 weeks from T1), and T5 (48 weeks from T1), in addi
tion to baseline (T0) and post-intervention (T1) evaluations. Therefore, 
the persistence of intervention-related effects over time is being inves
tigated; however, the present article reports only baseline and post- 
intervention outcomes, focusing on feasibility and short-term effects 
on secondary and tertiary outcomes.

Given the scope of the current report, we focused on a subset of the 
prespecified outcomes. Feasibility was assessed through tolerability, 
operationalized as dropout rates between T0 and T1, and through side 
effects measured using the Simulator Sickness Questionnaire (SSQ) [61], 
a 16-item self-administered instrument evaluating VR-related adverse 
effects such as nausea, dizziness, headache, and eye strain.

Specifically, cognitive functioning was evaluated as the main 
efficacy-related (secondary) domain using the ACE-R [59,62], which 
assesses five cognitive domains (attention, memory, verbal fluency, 
language, and visuospatial skills) and incorporates the MMSE [63]. Cut- 
off scores indicative of mild cognitive impairment have been previously 
reported as ranging from 66.93 to 84.93 for the ACE-R [59,64] and 
26.02 to 27.11 for the MMSE [65].

Among the tertiary outcomes specified in the protocol, we report 
findings on depressive symptoms and regulation of social and biological 
rhythms. Depressive symptom severity was assessed using the Italian 
version [66,67] of the Patient Health Questionnaire-9 (PHQ-9) [68], 
useful for the diagnosis of a Major Depressive Episode according to the 
DSM system [69]. It measures the frequency of nine depressive symp
toms over the previous two weeks, with total scores ranging from 0 to 
27, higher scores indicating greater severity [70]. Social and biological 
rhythm functioning was evaluated using the Italian version of the Brief 
Social Rhythms Scale (BSRS) [71], where higher scores reflect poorer 
rhythmic regularity. In addition to mean score changes, we also exam
ined the proportion of participants exceeding a previously established 
clinical cut-off defined as scores higher than one standard deviation 
above the mean of a community sample, consistent with prior literature 
[55].

The remaining protocol-defined outcomes are not reported in the 
present article and will be addressed in future analyses.

2.5. Sample size, randomization and blinding

Given the absence of previous randomized controlled trials investi
gating immersive VR interventions based on virtual sailing scenarios in 
this target population, the present study was conceived as a feasibility 
and exploratory trial. Since the study was designed as a feasibility trial, 
no formal power calculations for efficacy outcomes were undertaken. 
The sample size was determined to assess the feasibility of study pro
cedures and to provide preliminary estimates of outcome variability and 
effect sizes for future confirmatory trials, rather than to support hy
pothesis testing. The proposed sample size was determined with refer
ence to prior VR-based feasibility studies, which generally involved 
relatively small cohorts [27,72]. Accordingly, the enrollment of 40 
participants (20 per group) was considered sufficient to evaluate the 
feasibility of study procedures, generate preliminary estimates of vari
ability, and provide initial indications of potential intervention effects to 
support the planning of a future adequately powered RCT.

Participants were randomly allocated to the experimental and con
trol groups with a 1:1 allocation ratio using computer-generated 
randomization software. The randomization sequence was generated 
by an independent researcher who was not involved in participant 
recruitment, assessment, or intervention delivery.

Allocation concealment was ensured by having the sequence gener
ated and managed independently, preventing those involved in enroll
ment and assessment from foreseeing group assignments.

Outcome assessors were blinded to group allocation to minimize 
assessment bias. Due to the nature of the intervention, participants and 
intervention providers could not be blinded.

2.6. Statistical analysis

Between-group characteristics measured on numerical scales were 
compared using one-way ANOVA or the Mann-Whitney test when the 
conditions for applying a parametric test were not met. Numerical data 
were compared using the Chi-square test with Yates' correction, if 
necessary. The difference in dropouts between group was calculated by 
means of Fisher Exact Test. To evaluate intervention effects, differences 
between T1 and T0 were calculated for each outcome measure and 
compared between groups (Control vs. Experimental) using one-way 
ANOVA with Bonferroni correction. This approach allowed for direct 
assessment of between-group differences in change over time. Within- 
group changes between T1 and T0 were also examined descriptively. 
Given that all dropouts occurred in the control group, a secondary 
analysis was conducted to account for potential group imbalance. Spe
cifically, five participants from the experimental group were selected to 
match dropouts by age (±5 years) and sex, and analyses were repeated 
in this subsample.

Finally, changes in the frequency of dysfunctional rhythms (defined 
as SBSR >1 standard deviation of a previous community sample) across 
time (T1 vs. T0) were analyzed using the McNemar test for paired 
nominal data.

3. Results

Based on the study eligibility criteria, 153 individuals were identi
fied by the partner units as potentially eligible. Fourteen individuals 
could not be contacted and were therefore excluded before eligibility 
assessment. Consequently, 139 individuals were assessed for eligibility. 
Among those assessed, 99 individuals were excluded. 72 declined to 
participate, specifically, 41 (29.5%) declared they were not interested, 
14 (10.1%) declared they were interested but not available to take part 
in the study, 17 (29.8%) refused to participate in the intervention for 
health reasons, family organizational impediments, or reconsideration 
of participating. 27 did not meet the inclusion criteria. The reasons for 
ineligibility were macular degeneration 5 (18.5%), inability to walk 
independently 2 (7.4%), and 20 (74.1%) tested negative for MCI. A total 
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of 40 participants met all eligibility criteria, agreed to participate, and 
were randomized. Twenty participants were allocated to the interven
tion group and 20 to the control group (see Fig. 6).

All participants in the experimental group completed the 6-week trial 
and were reassessed at T1, while 6 participants in the control group 
dropped out at the beginning of the control intervention the trial (drop 
out 30% in controls vs 0% in experimental group). The difference in 
dropouts between group does not reach statistical significance but is 
close (Fisher Exact tailed for OR > 1 [OR = inf CI95% Not calculable] p 
= 0.053). As reported in Table 1, participants who completed the trial 
reported few symptoms potentially attributable to the adverse effects of 
immersive virtual reality technology, particularly difficulty concen
trating. However, none of these symptoms required discontinuation. Out 
of the 12 planned sessions, the 20 participants in the experimental group 
completed a mean ± sd of 9.95 ± 2.7) sessions.

All dropouts in the control group were explained by unforeseen 
commitments and, in two cases, by health problems unrelated to the 
trial. Table 2 illustrates the characteristics of the dropouts compared to 
the total sample that completed the trial. The dropouts (all in the control 
group) were found to be older (mean age 82.66 ± 6.47 vs 74.64 ± 6.17; 
p = 0.021) and tended to be more frequently male (66.6% vs 35%), but 
the difference by sex was not statistically significant.

Table 3 shows the characteristics by sex and age in the two groups 
being compared. Probably due to the dropout of older participants, the 
control sample tends to be older. This difference is attenuated in the 
standardized sample (in which six participants matched by sex and age 
to the dropouts were selected). However, in the “standardized” sample, 
the composition by sex is slightly unbalanced, again without statistically 
significant differences.

Table 4 presents a comparison at T0 and T1 of the three secondary 

outcome measures: MMSE score, ACE-R score, and PHQ-9 score, in the 
control sample compared to the experimental sample and the stan
dardized experimental sample. At T0, it is noted that the ACE-R and 
MMSE scores tend to be higher in the control sample than in the 
experimental sample, although the difference does not reach statistical 
significance. The difference is only partially evened out in the stan
dardized experimental sample. Another very important element is the 
high average PHQ-9 score across all samples (remembering that a score 
of 4 to 9 indicates possible mild depression). The comparison over time 

Fig. 6. Flow Diagram CONSORT 2010 statement: extension to randomized pilot and feasibility trials.

Table 1 
Potential adverse events due to the use of immersive virtual reality technology.

SSQ item N (%) 
after the first session

N (%) 
after the last session

Nausea 3 (15%) 1 (5%)
General discomfort 0 (0%) 1 (5%)
Stomach discomfort 1 (5%) 2 (10%)
Sweating 3 (15%) 3 (15%)
Increased salivation 1 (5%) 2 (10%)
Vertigo 1 (5%) 1 (5%)
Burping 3 (15%) 1 (5%)
Difficulty concentrating 5 (25%) 7 (35%)
Attention difficulties 4 (20%) 4 (20%)
Eyes strain 3 (15%) 4 (20%)
General fatigue 2 (10%) 2 (10%)
Headache 4 (20%) 3 (15%)
Blurred vision 2 (10%) 1 (5%)
Ightheadedness with eyes open) 1 (5%) 1 (5%)
Ightheadedness with eyes closed 1 (5%) 1 (5%)
Head pressure 2 (10%) 4 (20%)

Legend: SSQ (Sickness Simulator Questionnaire); N (number of subjects); % 
(percentage).
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indicates a slight increase in the differences in the scores of the two 
measures of general cognitive functioning (MMSE and ACE-R), with 
differences in improvement always, paradoxically, in favor of the con
trol group in all comparisons with the experimental sample and the 
standardized experimental sample. This difference reaches the limits of 
statistical significance with regard to the change in the MMSE score 

compared to the experimental group (1-way ANOVA 1,32 df, F = 4.015, 
p = 0.054). The change in the PHQ-9 score also shows a slightly greater 
improvement in the control group, but without statistically significant 
differences, and without the comparison of the change over time be
tween the groups showing significant differences.

Table 5 presents the changes in SBRS scores over time by group, as 
well as the proportion of participants who achieved an improvement 
greater than one quarter of a standard deviation in each group at the end 
of the trial. In the experimental group, the end-of-trial SBRS score 
improved by 0.25 ± 9.77 points (0.8%), whereas in the control group, 
the SBRS score worsened by 5.65 ± 7.12 points (20.2%). The between- 
group difference was of borderline statistical significance (p = 0.056), 
with an overall gain attributable to the intervention of 21%. On this 
basis, a hypothetical phase III study with a dichotomous endpoint and a 
two–independent-sample design, assuming an alpha level of 0.05, a beta 
of 0.20, and a statistical power of 0.80, would require a total sample size 
of at least 64 participants, equally divided into two groups of 32. The 
proportion of participants showing an improvement greater than one 
quarter of a standard deviation was 20% in the experimental group and 
0% in the control group (p = 0.029).

4. Discussion

The primary aim of this study was to evaluate the feasibility of a 
VR–based protocol specifically designed to stimulate cognitive func
tioning in older adults. From this perspective, the protocol demonstrated 

Table 2 
Characteristics of participants comparing who dropped out with those who 
completed the study.

Male 
N (%)

Age 
mean ± sd

MMSE T0 
mean ± sd

Drop Out 
N = 6

4 (66.6%) 82.66 ± 6.47 25.33 ± 2.49

Not Drop 
Out 
N = 34

12 (35.3%) 74.64 ± 6.17 26.54 ± 2.75

Statistics Chi square with Yate's correction 
=1.216

Mann 
Withney 
z =
− 2.31054

Mann 
Withney 
z = 0.5871

p 0.270 0.021 0.5552

Legend: MMSE (Mini Mental State Examination); N (number of subjects); % 
(percentage); sd (standard deviation).

Table 3 
Comparison of characteristics at T0 of the participants concluding the trial in the 
two study samples.

Male 
N (%)

Age 
mean ± sd

Control Sample 
(N = 14)

6 (35.3%) 74.00 ± 4.95

Control Sample including drop-out 
(n = 20)

10 (50%) 76.60 ±
6.748

Experimental Sample 
(N = 20)

6 (30%) 75.10 ± 6.86

Experimental Standardized 
(N = 17)

3 (17.6%) 73.14 ± 6.18

Statistics Experimental vs Control Chi square = 0.118; p =
0.732

ANOVA 1 
way 
F(1,32) =
0.303 
p = 0.586

Statistics Standardized 
Experimental vs Control

Chi square correction 
=0.360 p = 0.244

ANOVA 1 
way 
F(1,32) =
0.201 
p = 0.657

Legend: N (number of subjects); % (percentage); sd (standard deviation).

Table 4 
Comparison at T0 and T1 of general cognitive functioning and depressive symptoms.

MMSE T0 
mean ±
sd

MMSE T1 
mean ± sd

MMSE 
difference 
T1-T0 
±sd

ACE-R T0 
mean ±
sd

ACE-R T1 
mean ±
sd

ACE-R 
difference 
T1-T0 ± sd

PHQ-9 T0 
mean ±
sd

PHQ-9 T1 
mean ±
sd

PHQ-9 
difference 
T1-T0 ± sd

Control Sample 
(N = 14)

26.35 ±
2.04

28.78 ± 0.86 2.43 ± 1.61 77.86 ±
5.19

83.43 ±
6.97

5.57 ± 4.91 5.28 ±
2.76

4.5 ±
1.72

− 0.78 ± 2.31-

Experimental Sample 
(N = 20)

25.85 ±
1.87

26.85 ± 3.61 1.00 ± 2.30 74.66 ±
7.80

77.62 ±
11.08

2.96 ± 5.88 5.79 ±
4.32

5.3 ±
3.88

− 0.49 ± 2.04

Experimental Standardized 
(N = 14)

26.00 ±
1.73

27.35 ± 2.63 1.35 ± 2.85 75.77 ±
8.45

79.96 ±
10.33

4.19 ± 5.12 6.35 ±
4.93

5.78 ±
4.45

− 0.57 ± 3.93

Statistics Experimental vs 
Control (ANOVA 1 way)

F(1,32) 
=0.547 
p = 0.465

F(1,32) 
=3.816; p =
0.060

F(1,32) 
=4.015; p =
0.054

F(1,32) 
=1.798 
p = 0.189

F(1,32) 
=3.01 
p = 0.093

F(1,32) 
=1.850, p =
0.183

F(1,32) 
=0.151 
p = 0.700

F(1,32) 
=0.520 
p = 0.476

F(1,32) =0.149 
p = 0.702

Statistics Standardized 
Experimental vs Control 
(ANOVA 1 way)

F(1,25) 
=0.291 
p = 0.593

F(1,26) 
=3.739 
p = 0.064

F(1,32) =1.524 
p = 0.228

F(1,26) 
=0.624 
p = 0.437

F(1,26) 
=1.083 
p = 0.308

F(1,26) =0.643 
p = 0.428

F(1,26) 
=0.501 
p = 0.485

F(1,26) 
=1.000 
p = 0.327

F(1,26) =0.050 
p = 0.825

Legend: MMSE (Mini Mental State Examination); PHQ-9 (Patient Health Questionnaire 9 items); ACE-R (Adensbruck cognitive Esamination-Revised); N (number of 
subjects); % (percentage); sd (standard deviation).

Table 5 
Dysregulation of social and behavioral rhythms by Time and Group.

Score 
SBSR T0 
mean ± sd

Score 
SBSR T1 
mean ± sd

Difference T1- 
T0 ± sd

Experimental 30.40 ±
13.50

30.15 ±
13.33

0.25 ± 9.77

Control 27.92 ±
10.43

33.57 ±
14.10

− 5.65 ± 7.12

Statistics (ANOVA 1 way) F(1,32) =
0.332

F(1,32) =
0.517

F(1,32) =
3.912

p 0.568 0.477 0.056
N (%) with improving rhythms of at 

least ¼ of sd (experimental)
5/20 (25%)

N (%) with improving rhythms of at 
least ¼ of sd (control)

0/17 (0%)

Chi square 4.919 
p = 0.029

Legend: SBRS (Social and behavioral Rhythms); N (number of subjects); % 
(percentage); sd (standard deviation).
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good applicability, as reflected by a lower dropout rate in the experi
mental group compared to the control group. Although this difference 
did not reach statistical significance, it approached significance and may 
suggest a trend toward greater acceptability of the VR-based interven
tion. One aspect that may have contributed to this result is the adoption 
of a naturalistic and ecologically valid virtual environment. As high
lighted in the background, the scenarios (such as sailing in open sea and 
harbor settings) were specifically designed to enhance immersion and 
realism. This VR scenarios design choice is consistent with emerging 
evidence indicating that naturalistic VR environments can increase 
engagement, motivation, and overall acceptability, particularly in older 
adults and clinical populations [42]. In this context, greater engagement 
may play a key role in supporting adherence to the intervention, which 
represents a well-known challenge in traditional cognitive training 
programs often perceived as repetitive or insufficiently stimulating, 
particularly by older adults. At the same time, an important methodo
logical aspect should be considered when interpreting the present 
findings. Although both groups participated in digitally delivered in
terventions over the same study period (6 weeks), the frequency and 
total amount of intervention exposure differed between conditions. 
Specifically, participants in the experimental group received two VR 
sessions per week for a total of 12 sessions, whereas participants in the 
control group attended one digital webinar every two weeks for a total 
of 3 sessions. Therefore, while both interventions maintained a digital 
format and were comparable in terms of overall duration, the unequal 
treatment dose represents a potential confounding factor, as differences 
in outcomes may partly reflect the greater frequency of contact and 
exposure in the experimental group rather than the specific effects of the 
VR-based intervention alone. This aspect should be considered when 
interpreting the results and should be addressed in future randomized 
controlled trials by matching intervention dose and contact frequency 
across study arms.

Beyond this consideration, other limitations of the present study 
should also be acknowledged. The sample size was small, and the 
duration of the intervention was shorter than that of previous studies 
that reported significant effects on cognitive decline [33]. These factors 
may have limited the ability to detect between-group differences. 
Interestingly, not only did the experimental group fail to show clear 
improvements, but a trend toward improvement was observed in the 
control group. This unexpected finding may offer useful insights for 
future research, suggesting the need for larger samples, longer inter
vention periods, and potentially a more intensive or tailored use of VR- 
based cognitive training protocols.

Two baseline characteristics of the sample warrant consideration. 
First, an imbalance in general cognitive performance was observed be
tween groups, with higher baseline scores in the control group, even the 
MCI screening was in line with the eligible criteria for both groups. Thus, 
it reflects a pre-intervention group difference rather than a study result. 
Future studies should consider incorporating baseline cognitive perfor
mance into the randomization procedure (e.g., block randomization) in 
addition to sex and age, in order to reduce the risk of baseline imbalance.

Second, a relatively high proportion of participants across the sample 
showed relatively high depressive symptoms scores. In older adults, the 
co-occurrence of MCI and depressive symptomatology has been associ
ated with conditions such as vascular depression [73,74], which has 
been hypothesized to be less responsive to cognitive rehabilitation ap
proaches, including VR-based interventions [75,76]. This interpretation 
should be considered cautiously and requires confirmation in larger, 
well-characterized samples.

Within the tertiary outcomes, social and biological rhythm regula
tion showed a differential pattern between groups. Although between- 
group differences in mean SBRS change scores (T1-T0) did not reach 
statistical significance, a trend toward greater stability in the experi
mental group was observed. However, interpretation of this finding re
quires caution, as social and biological rhythm measures are sensitive 
not only to clinical status but also to contextual, environmental, and 

study-related factors. In particular, variability in daily routines and 
rhythm stability in older adults may be influenced by seasonal and 
temporal fluctuations [77–79], and the tendency toward worsening 
social rhythms observed in the control group may therefore be consis
tent with naturally occurring variability. Beyond these natural in
fluences, rhythm regularity may also be affected by the external 
structuring imposed by study participation itself, including the fre
quency and scheduling of participant contacts. In the present trial, both 
the experimental and control groups followed comparable assessment 
schedules and participated in structured activities, namely immersive 
VR sessions and online webinars, respectively. Consequently, partici
pation in either study condition may have provided a more regular 
temporal framework and increased behavioral structuring, potentially 
contributing to rhythm stabilization irrespective of the specific inter
vention content. Therefore, the observed differences in SBRS should be 
interpreted as reflecting a combination of intervention-specific effects 
and non-specific effects related to contact frequency and routine 
regularization.

At the same time, these findings remain clinically meaningful, as 
regularity of social and biological rhythms has consistently been asso
ciated with mental health and cognitive functioning. Dysregulation of 
social and biological rhythms has been widely identified as a risk factor 
for mood disorders, including major depressive disorder (MDD) [80], 
and bipolar disorder [81], as well as for cognitive impairment [47–49]. 
Moreover, previous evidence suggests that maintaining regular rhythms 
may promote resilience to stress and contribute to psychological well- 
being [55].

Accordingly, to further explore the potential clinical relevance of our 
findings, we conducted an ad hoc exploratory analysis applying a clin
ically oriented threshold, defining improvement as a change of at least 
one-quarter of a standard deviation from the normative sample. Par
ticipants were subsequently classified as improved or not improved ac
cording to this criterion. Using this exploratory categorization, 5 out of 
20 participants in the experimental group met the improvement 
threshold, compared with 0 out of 17 participants in the control group. 
Although this analysis was not pre-specified and should therefore be 
interpreted with caution, it provides preliminary information regarding 
the potential clinical relevance and magnitude of the observed changes, 
which may help inform the design and sample size estimation of future 
trials.

As is typical for Phase II exploratory studies, these results may inform 
the design and sample size estimation of a subsequent Phase III trial. In 
particular, future studies should ensure equivalence between study arms 
in terms of contact frequency and temporal structure in order to disen
tangle specific intervention effects from non-specific scheduling effects. 
Longer follow-up periods will also be necessary to determine whether 
short-term stabilization of rhythms translates into downstream effects 
on mood and cognitive outcomes.

In conclusion, this study confirms the feasibility and safety of the 
immersive virtual reality intervention, with a low incidence of adverse 
effects, in line with its primary objective. Efficacy-related findings 
should be interpreted as preliminary and with caution, given the limited 
sample size, short intervention duration, and baseline imbalances be
tween groups. Nonetheless, these results support further investigation of 
this approach, with methodological refinements, including improved 
balance of baseline cognitive performance across study arms.

4.1. Limitations

Several limitations of the present study should be acknowledged. 
First, the small sample size and the short duration of the intervention 
substantially limit the statistical power and the ability to detect mean
ingful between-group differences in cognitive and affective outcomes. 
As expected in a feasibility trial, the study was not designed to demon
strate efficacy; however, these factors likely contributed to the absence 
of observable advantages of the experimental intervention over the 

F. Sancassiani et al.                                                                                                                                                                                                                            Journal of Psychosomatic Research 211 (2026) 112935 

7 



control condition. Second, the baseline differences in cognitive perfor
mance between groups, with higher scores in the control group, may 
have generated a ceiling effect, reducing the sensitivity of the cognitive 
measures to change. This suggests that future trials should consider 
stratified or block randomization based on baseline cognitive levels. 
Third, the experimental and control groups received substantially 
different amounts of intervention. Consequently, any between-group 
differences may have been influenced not only by the intervention 
content but also by the greater treatment exposure received by the 
experimental group. Future randomized controlled trials should match 
intervention dose across study arms to better isolate the specific effects 
of immersive virtual reality.

Fourth, depressive symptoms were highly prevalent across the 
sample, raising the possibility that underlying conditions such as 
vascular depression may have influenced responsiveness to cognitive 
rehabilitation, particularly in immersive virtual reality settings. Finally, 
the lack of blinding of participants and professionals, inherent to the 
nature of the intervention, may have introduced expectancy or perfor
mance biases. Taken together, these limitations highlight the need for 
larger, adequately powered phase III trials with longer follow-up pe
riods, more refined participant stratification, and careful consideration 
of control conditions to better evaluate the potential efficacy of 
immersive virtual reality-based cognitive interventions in older adults 
with MCI.
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