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Background:Given the limited effectiveness of pharmacological treatments for cognitive

decline, non-pharmacological interventions have gained increasing attention. Evidence

exists on the effectiveness of cognitive rehabilitation in preventing elderly subjects at

risk of cognitive decline and in reducing the progression of functional disability in

cognitively impaired individuals. In recent years, telerehabilitation has enabled a broader

application of cognitive rehabilitation programs. The purpose of this study is to test a

computer-based intervention administered according to two different modalities (at the

hospital and at home) using the tools CoRe and HomeCoRe, respectively, in participants

with Mild or Major Neurocognitive Disorders.

Methods: Non-inferiority, single-blind randomized controlled trial where 40 participants

with Mild or Major Neurocognitive Disorders will be assigned to the intervention group

who will receive cognitive telerehabilitation through HomeCoRe or to the control group

who will receive in-person cognitive intervention through CoRe, with the therapist

administering the same computer-based exercises. The rehabilitative program will last 6

weeks, with 3 sessions/week, each lasting ∼45min. All the participants will be evaluated

on an exhaustive neuropsychological battery before (T0) and after (T1) the intervention;

follow-up visits will be scheduled after 6 (T2) and 12 months (T3).

Discussion: The results of this study will inform about the comparability (non-inferiority

trial) of HomeCoRe with CoRe. Their equivalence would support the use of HomeCoRe

for at distance treatment, favoring the continuity of care.

Ethics and Dissemination: This study has been approved by the Local Ethics

Committee and registered in https://clinicaltrials.gov (NCT04889560). The dissemination
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plan includes the scientific community through publication in open-access peer-reviewed

scientific journals and presentations at national and international conferences.

Trial Registration: Clinicaltrials.gov https://clinicaltrials.gov/ct2/show/NCT04889560

(registration date: May 17, 2021).

Keywords: neurocognitive disorder, dementia, computer-based telerehabilitation, cognitive training, mild

cognitive impairment, cognitive rehabilitation

INTRODUCTION

In the light of the limited efficacy of pharmacological therapies
for cognitive decline, the management of modifiable risk factors
affecting age-associated cognitive decline and risk of dementia is
attracting an increasing interest (1, 2). There is some evidence
that early cognitive interventions may be effective in individuals
in predementia phases (3, 4). Mild cognitive impairment (MCI)
(3) or Mild Neurocognitive Disorder according to the Diagnostic
and Statistical Manual of Mental Disorders-5 (DSM-5) (5) is
defined as a transitional status between normal aging and possible
development of early dementia. It is characterized by subjective
cognitive complaints and objective cognitive decline greater
than expected for age and education levels of an individual,
but not interfering with activities of daily life. Dementia (i.e.,
Major Neurocognitive Disorder, according to DSM-5), defined
according to severity level, is characterized by multidomain
cognitive deficits resulting in a significant interference with
independence in everyday activities (5).

In this field of research, previous studies demonstrated the
effectiveness of cognitive training programs in patients in the
early stage (i.e., MCI and mild dementia) of cognitive decline
(6, 7). Traditionally, cognitive interventions consist of in-person
sessions usually administered in the hospital setting under
supervision by a therapist using paper-and-pencil techniques or
technology-based solutions. In particular, the use of technology
promotes the development of ad-hoc (i.e., user tailored) cognitive
rehabilitation tools, allowing to overcome the limits associated
to paper-and-pencil techniques. Recent advances in technologies
allow for a new and innovative implementation of treatments
[i.e., telerehabilitation (TR)], which can be easily diffused on large
scale and guarantee a continuum of care at distance (4, 8).

Despite the interesting potentialities of TR, several issues
are slowing its integration into the clinical routine. A major
issue is the poor technological skills of older adults, which
may result in difficulties in managing technological devices
autonomously (9). Therefore, platforms should be accessible and
user-friendly; duration and frequency of rehabilitation activities
should vary according to characteristics of the patients (10);
therapists should monitor adherence to treatment and outcome
of the rehabilitation process remotely (11). There is some
evidence (12–17) exploring the usability and acceptability of
Information and Communication Technologies (ICTs) in elderly
care including participants with dementia or MCI and giving
some recommendations for designing interfaces for this kind of
users. In general, it resulted that these systems were enjoyable and
feasible for participants even if usability not always was high.

However, randomized controlled trials (RCTs) investigating
TR efficacy compared to the traditional in-person approaches are
still scanty (4). Recently, this topic has gained growing interest,
due to the challenges faced by the healthcare systems during
coronavirus disease 2019 (COVID-19) pandemic (18–22).

During the past years, we implemented the software CoRe for
in-person cognitive training in the hospital setting supervised
by a trainer (23, 24). CoRe has been successfully tested in
terms of usability and immediate and long-term effectiveness
in participants with early cognitive decline (25–27). In light
of the improvement in telemedicine approaches and in view
of the willingness of treated participants and caregivers to
start/continue CoRe program at distance (28), we have developed
the “home” version of CoRe (i.e., HomeCoRe) supporting
cognitive intervention remotely (29) with the assistance of a
family caregiver.

This longitudinal RCT study, thus, aims to evaluate and
compare the effectiveness of HomeCoRe and CoRe programs
in participants with MCI or mild dementia. Our hypothesis is
that cognitive TR delivered via HomeCoRe provides benefits
that are comparable to the in-person version of the program
on cognitive and behavioral functioning and on additional
participant-centered outcomes.

We are currently performing a small-scale usability test
on the HomeCoRe system with encouraging results. The first
six participants who completed the usability test considered
the HomeCoRe system as an innovative and original tool
that they integrated smoothly and positively in their daily life
routine. These participants are providing us crucial feedback
to improve the system usability such as the need of extra
time for performing exercises. Based on the feedback received,
HomeCoRe is undergoing a refinement process that will lead to
the final version to be used in the RCT.

METHODS AND ANALYSIS

Study Design
This study is a prospective single-blind randomized controlled
non-inferiority trial. The Consolidated Standards of Reporting
Trials (CONSORT) flowchart for enrollment and randomization
is shown in Figure 1. After recruitment, participants will be
contacted and will undergo in-person baseline assessment (T0)
using the below-listed tests (see evaluation of the participants
section and Table 1). Participants who meet the inclusion
criteria will be enrolled and randomized to one of two groups:
HomeCoRe and CoRe. For both the groups, the intervention
will consist of a 6-week program (3 sessions/week, each lasting
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FIGURE 1 | The Consolidated Standards of Reporting Trials (CONSORT) flowchart for enrollment and randomization.

∼45min). Follow-up in-person neuropsychological assessments
will be scheduled at the end of the rehabilitation program (T1)
and after 6 (T2) and 12 months (T3).

Data Collection
Assessments will take place at the Scientific Institute for Research,
Hospitalization, and Healthcare (IRCCS) Mondino Foundation
(Pavia, Italy). Neuropsychologists carrying out evaluations will
receive appropriate instruction and guidance regarding all the
assessment procedures and outcome parameters. Reminders
(e.g., written reminder, phone calls, and email message) for each
visit will be given to all the participants. Research staff collecting
data will be blind to group allocation. Not all the outcome
measures will be administered at each time point (Table 1).

Data Management
Study data will be recorded in the database in processes
compliant with the General Data Protection Regulation (GDPR).
All the participants will be registered with an identification

code. The database will be kept updated to reflect the status of
the participant at each stage during the course of this study.
The collected data, after scientific publication, will be deposited
in dedicated repositories (e.g., Zenodo) according to the good
practice of data sharing.

Participants and Eligibility Criteria
Participants will be recruited from the Dementia Research
Center outpatient services and Neurorehabilitation Unit of the
IRCCS Mondino Foundation (Pavia, Italy) and screened for
eligibility criteria through a clinician evaluation made by an
expert neurologist.

The inclusion criteria for participants will be:

• Diagnosis of Mild or Major Neurocognitive Disorders based
on the DSM-5 (5)

• Aged between 60 and 85 years
• Years of education ≥ 5
• Clinical Dementia Rating (CDR) (30) score= 0.5–1.
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TABLE 1 | Evaluation battery across testing sessions.

T0 T1 T2 T3

Neuropsycological assessment

Global cognition

Mini-Mental State Examination (MMSE) x* x* x x

Montreal Cognitive Assessment (MoCA) x x x x

Episodic long-term memory

Logical Memory Test immediate and delayed recall x x x x

Rey’s 15 words test immediate and delayed recall x x x x

Rey Complex Figure delayed recall x x x x

Logical-executive functions

Rey Complex Figure copy x x x x

Raven’s Matrices 1947 x x x x

Frontal Assessment Battery (FAB) x x x x

Semantic fluency x x x x

Phonological fluency (FAS) x x x x

Working memory

Verbal Span x x x x

Digit Span x x x x

Corsi’s block-tapping test span x x x x

Attention/processing speed

Attentive matrices x x x x

Trail Making Test A and B (TMT) x x x x

Questionnaires and scales

Functional level

Activities of Daily Living (ADL) x x

Instrumental Activities of Daily Living (IADL) x x

Depressive symptoms

Beck Depression Inventory (BDI) x x x x

Health status

36-Item Short Form Health Survey questionnaire (SF-36) x x x x

Cognitive reserve

Cognitive Reserve Index questionnaire (CRIq) x

Caregiver distress

Caregiver Burden Inventory (CBI)+ x x

Participant-centered outcomes

Impression of symptom change

Patient Global Impression of Change (PGIC) x

Treatment adherence

Number of sessions carried out x

T0, baseline assessment; T1, post-intervention assessment; T2, 6-month follow-up; T3,

12-month follow-up. *Is used for the primary outcome, + is used only for caregivers of

participants with Major Neurocognitive Disorder.

The exclusion criteria will be:

• Mini-Mental State Examination (MMSE) score < 20
• Presence of cognitive impairment secondary to an acute or

general medical disorder (e.g., brain trauma or tumor)
• Presence of severe neuropsychiatric conditions (e.g., mood

and behavioral disorders)
• Presence of severe sensory disorder (e.g., deafness or

blindness) or motor impairment that prevent trunk control
and/or sitting position

• Current cognitive treatments
• Lack of family support for participants with Major

Neurocognitive Disorder

Medication intake for dementia and/or past cognitive
rehabilitation treatments will be not considered as exclusion
criteria given that these factors are not expected to affect the
outcome of this study. Any pharmacological treatment ongoing
must be stable across the entire period of this study protocol.

Evaluation of the Participants
Table 1 lists the evaluation battery (neuropsychological
assessment, questionnaires and scale, and participant-centered
outcomes) across testing sessions. Each evaluating session would
last about 90min per participant and will be carried out in a
hospital setting.

Neuropsychological Assessment
The cognitive assessment, performed by using
neuropsychological tests standardized for the Italian population,
will evaluate the following cognitive domains:

• Global cognition:
◦ Mini-Mental State Examination (31)
◦ Montreal Cognitive Assessment (31, 32)

• Episodic long-term memory:
◦ Logical Memory Test for immediate and delayed recall
(33, 34)
◦ Rey’s 15 words test for immediate and delayed recall (35)
◦ Rey Complex Figure delayed recall (36)

• Logical-executive functions:
◦ Raven’s Matrices 1947 (35)
◦ Frontal Assessment Battery (37)
◦ Semantic fluency (33)
◦ Phonological fluency (FAS) (35)
◦ Rey Complex Figure copy (36)

• Working memory:
◦ Verbal Span (34)
◦ Digit Span (34)
◦ Corsi block-tapping test span (34)

• Attention/processing speed:
◦ Attentive Matrices (34)
◦ Trail Making Test A and B (38).

Parallel forms (i.e., alternative versions using similar material)
will be applied for follow-up visits when available in order to
avoid the learning effect. All the test scores will be corrected for
age, sex, and education by using appropriate correction grids and
compared with the values available for the Italian population.

Questionnaires and Scales
Additionally, we will administer questionnaires and scales
reported below to evaluate the following aspects:

• Functional level:
◦ Activities of Daily Living (39)
◦ Instrumental Activities of Daily Living (39)

• Depressive symptoms:
◦ Beck Depression Inventory (40)
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• Health status:
◦ 36-item Short Form Health Survey questionnaire (41)

• Cognitive reserve:
◦ Cognitive Reserve Index questionnaire (42)

• Caregiver distress:
◦ Caregiver Burden Inventory (43) only for caregivers of
participants with Major Neurocognitive Disorder.

Participant-Centered Outcomes
In order to assess subjective evaluation of TR success, we will
evaluate the following aspects:

• Impression of symptom change:
◦ Patient Global Impression of Change (44)

• Treatment adherence:
◦ Number of sessions carried out.

Randomization and Stratification
After baseline assessment, we will generate random numbers
through the use of a computer algorithm (https://www.random.
org/) from a uniform distribution in the range 0–1, dividing
the range in two equal intervals and assigning each participant
to the group corresponding to the sampled number (1:1
ratio), within strata defined by diagnosis (Mild or Major
Neurocognitive Disorders). Neuropsychologists carrying out
cognitive evaluations will be blinded to group allocation.

Cognitive Rehabilitation Programs
Both the CoRe and HomeCoRe are research software tools
developed within a long-lasting collaboration between clinicians
from the IRCCS Mondino and bioengineers from the University
of Pavia. At the moment, the tools are limited to Italian
speaking participants. The tools allow a participant-tailored
intervention aimed at stimulating several cognitive abilities (e.g.,
logical-executive functions, attention/processing speed, working
memory, and episodic memory) through a series of sessions of
exercises (see Table 2 for details). Their use is time-saving for
the therapists, as they are ready to use and do not require a
continuous manual setting of exercises for each training session.
This is because, once the therapist has remotely set up the
treatment plan, exercises take place in an adaptive mode across
all the sessions. In particular, during their dynamic generation,
performance data of an individual participant are analyzed in
order to set the appropriate difficulty level. Performance data
of the participants refer to the response accuracy normalized
according to the number of aids that the participant required
to solve the task. Furthermore, for each exercise and each level,
thresholds are defined to allow difficulty levels to progressively
increase in order to stimulate neural plasticity (6, 45, 46). In
addition, the system calculates an overall “Weighted Score”
(WS), taking into account the correctness of the answers,
the execution time, and the difficulty of the exercises. The
WS informs the therapist about each performance of the
participant in a single value. Hence, WS represents a useful
and advantageous index that can be used to assess both the
overall outcome of a training session and the global trend of the
rehabilitation (see Figure 2).

CoRe/HomeCoRe Software Architecture
Both the CoRe and HomeCoRe require a personal computer
equipped with a touch screen. HomeCoRe is installed on a
laptop (password protected and encrypted) that is supplied to
participants by the therapist, while CoRe is installed on a desktop
PC located in the hospital setting. Both the HomeCoRe and CoRe
will be installed on the personal computer by an expert engineer
and under the supervision of the Information Technology
(IT) department—IRCCS Mondino. CoRe, being an in-person
treatment, will be then performed under therapist monitoring;
HomeCoRe, being home based, will/could be performed under
caregiver monitoring. In particular, before the beginning of
HomeCoRe treatment, participants and possible caregivers will
be trained together at the hospital on the use of the rehabilitation
tool at home. This is in order to account for possible differences in
baseline technological skills. Then, during the training sessions,
participants, with the possible support of their caregivers, will
go through each exercise of the treatment until they feel familiar
with the use of the device. During the rehabilitative program at
home, remote technical support will be available when requested.
To this aim, participant will be provided with the support
team contacts. The treatment sessions, both in the CoRe and
HomeCore, can be paused in case of fatigue of the participant
and resumed at a later time.

Differently from CoRe, HomeCoRe architecture
includes two main components, namely, therapist side and
participant/caregiver side and a communication system
(HomeCoRe server). The therapist-side dashboard allows
remotely setting and monitoring all the parameters of
the treatment plan (e.g., frequency and duration of the
plan, type of exercises, difficulty level). The interface of the
participant/caregiver is very simple and it allows to view/execute
the exercises of the day and to send the results to the therapist
(see Figure 3).

The HomeCoRe system can be used online or offline in
the case that the internet connection of the participant is not
available. In the online mode, the communication between the
therapist side and participant side takes place automatically
through a dedicated communication protocol managed by the
HomeCoRe server, while in the offline modality, some manual
operations are required for loading the therapeutic plan offline
and save result report on an external memory support (e.g., USB
key or hard disk). In any case, the communication with the
therapist is asynchronous.

Outcome Measures
As the primary outcome measure, we will consider the
change in global cognitive functioning, measured using the
MMSE at T1 compared to T0. Secondary outcome measures
will be longitudinal changes in all the neuropsychological
tests, questionnaires and scales (T1, T2, and T3 vs. T0
when applicable according to Table 1). Secondary outcome
measures will include also participant-centered outcomes
to assess those aspects that are most important for the
participants and the subjective evaluation of intervention
success at T1.

Frontiers in Neurology | www.frontiersin.org 5 December 2021 | Volume 12 | Article 752830

https://www.random.org/
https://www.random.org/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Bernini et al. A Cognitive Telerehabilitation Study Protocol

TABLE 2 | CoRe/HomeCoRe description of tasks, reporting involved cognitive skills.

Tasks Description Main involved skills

Learning of word pairs Pairs of words are shown on the screen, the participant is asked to

rewrite the second word of the pair when it is shown

Long-term memory abilities; learning and

re-enactment strategies; visual imagery

Word categorization Words belonging to different categories are presented on the screen,

the patient is asked to rewrite them in any order but respecting the

corresponding category

Long-term memory abilities; learning and

re-enactment strategies; visual imagery; categorical

thinking

Puzzle The participant is asked to put together the pieces of a figure to

recompose it

Visuo-spatial long-term memory; visual imagery;

mental representation and planning

Span backward The participant is asked to write the numbers in a reverse order

compared to what previously heard

Verbal working memory; processing-speed

Memory After a study phase in which all cards are shown face up, they are faced

down. The participant is asked to recall and match all equal cards in

the least number of tries, by turning over pairs of cards one by one

Long-term memory abilities; visuo-spatial abilities

Visuospatial matrices The participant receives a sequence of spatial information (e.g., right,

left, up, down) and then he/she is asked to store it and reproduce in

the correct order on a grid

Working memory; visuo-spatial abilities;

processing-speed

Logical sequences A sequence of images is shown, the participant is asked to select,

among several options, the one that completes the series

Non-verbal reasoning; mental problem solving;

decision making

Image and sound The participant is asked to evaluate right or wrong matching between

visual (image size) and auditory (sound volume) stimuli

Inhibitory control; processing-speed; working

memory

Sentence recomposing The participant is asked to put scrambled words in the correct order to

form a full sentence

Mental and verbal planning; conceptual abstraction

abilities

Story recomposing The participant is asked to reorganize a scrambled sequence of images

in the right chronological order to form a short story

Planning of activities: problem solving; temporal

sequencing; visual attention

Recognition exercise The participant is asked to identify and select specific items within a

matrix of random elements (letters or numbers)

Sustained and selective attention; visuo-spatial

scanning; processing-speed

FIGURE 2 | Therapist interface for monitoring performances of the participant in terms of overall Weighted Score (left) and interface of the participant for the execution

of exercises (right).
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FIGURE 3 | Home page of the therapist side of the interface for setting the requirements for the exercise plan (left) and home page of the participant/caregiver side of

the interface (right) for HomeCoRe.

Statistical Analysis
Sample Size Calculation
Sample size has been estimated based on previous evidence
in the literature (47). Since this is a non-inferiority study, we
will consider as margin d a value of two points difference (T1
vs. T0) at the MMSE between the two groups. We predict
to obtain a mean difference between HomeCoRe and CoRe
groups of about one point at the MMSE with an SD of 1.
Considering an alpha significance of 0.05 and a power of 0.9,
the sample size for a non-inferiority study is 18 participants
per group, for a total of 36 participants. It is planned to enroll
a total of 40 participants in order to account for possible
dropouts. If dropout rates between T0 and T1 will be higher than
expected, extra participants will be recruited. The sample size
for non-inferiority studies was calculated using R 4.0.2 software,
SampleSize4ClinicalTrials package.

Planned Analysis
Statistical analysis on outcome measures will be conducted using
the SPSS software (see Supplementary Materials for planned
analysis). A normality test will be used to assess the distribution
of all the outcome measures. Baseline differences between
groups will then be tested using the independent samples t-test
for parametric data and the Mann–Whitney U-test for non-
parametric data. Within-group statistical tests will be performed
for both the CoRe and HomeCoRe groups to look for significant
changes in primary and secondary outcome measures over time.
Between-group tests will be performed to look for differences in
primary and secondary outcome measures between HomeCoRe

and CoRe participants. Possible between-group differences in
demographic and clinical characteristics (e.g., age, sex, years of
education, diagnosis, and cognitive reserve) and in T0 scores
in primary and secondary outcome measures will be considered
as possible confounders and will be treated as covariates in
the analysis. p ≤ 0.05, corrected for multiple comparisons, if
appropriate, will be considered as statistically significant.

Ethical Issues
This study will involve human participants, cognitive
rehabilitation interventions, data collection, elaboration,
and abstraction used for the evaluation of the two therapeutic
options. In addition to ethical approval, all the procedures and
the data managed have been approved by the Data Protection
Officer of the IRCCS Mondino who guarantees compliance
to the GDPR. The information provided when presenting the
informed consent to the participants will be given in a language
appropriate to the individual level of understanding. Participants
will also be encouraged to ask questions before signing the
informed consent.

To the best of our knowledge, HomeCoRe should not have
any potential negative impact on the participant. The investigator
will communicate any possible, unforeseen, and adverse event
to the Ministry of Health. With respect to payment policies
for participants, the amount of compensation and the method
and timing of disbursement must be consistent with the laws,
regulations, and guidelines of the region in which this study is
conducted and must not improperly influence a decision of the
participant to participate. This study is a no-profit study and, in
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Italy, the national legislation refers that it is forbidden to offer
or request any kind of financial benefit for the participation in a
clinical experimental trial.

Since participants are expected to interact with a rehabilitation
tool (the HomeCoRe application), one possible issue could
be frustration in case of lack of ability to cope with that
technology. However, this risk will be mitigated, before the
beginning of HomeCoRe treatment, thanks to specific training
sessions on the use of this application that will be delivered
to participants (and possible caregivers) (see CoRe/HomeCoRe
software architecture section). Moreover, the interface fully
complied with the guidelines for human–computer interaction,
to make the user interface as easy as possible.

DISCUSSION

Due to the increase of the aging population, we are witnessing
a steady increase in the number of older adults at risk of
developing cognitive decline with a consequent increase of
economic burden on healthcare. Therefore, the WHO Global
Action Plan on the Public Health Response to Dementia
2017–2025 recommends taking global action against cognitive
decline and dementia, encouraging governments worldwide
to focus on prevention and improving healthcare services
(48). Telemedicine is defined as an interface in a virtual
patient–clinician relationship to provide primary and secondary
care by adopting innovative solutions reaching larger groups
of participants (49). Telemedicine can be considered as
an adaptation of the healthcare model based on in-person
interaction, according to the characteristics and needs of
the participants (50). In particular, TR is a telemedicine
subfield aimed at providing rehabilitation at a distance (51).
TR provides benefits for the healthcare system, patients, and
caregivers in terms of cost-effectiveness and feasibility for large-
scale implementations (52–54). It represents a replacement
for in-person treatment or its continuation, favoring equitable
access to care not only for older patients with dementia or
physical disabilities, but also for subjects of working age or
living in geographically remote areas in predementia phases.
Hence, TR is a unique opportunity in the field of cognitive
rehabilitation to guarantee constancy and continuity to cognitive
training programs.

The results of this trial will inform about the comparability
of HomeCoRe with CoRe system. In case they will result
equivalent, such a finding would support the use of
HomeCoRe in the treatment of patient at distance, with
the consequent multiple positive impacts mentioned above.
In this framework, HomeCoRe could be incorporated
into clinical routine practices as a complementary non-
pharmacological therapy to contrast cognitive impairment and
dementia. In case HomeCoRe will prove less effective than
CoRe, it would lead to the conception of telerehabilitation
as a compromise that must be made under particular
conditions such as in case of emergency [i.e. coronavirus
disease 2019 (COVID-19) pandemic] or personal needs (e.g.,
travel difficulties).

Strengths and Limitations
This RCT will allow to implement and assess the effectiveness
of a TR tool targeting participants with cognitive decline.
HomeCoRe aims to provide participant-tailored cognitive
intervention directly at home, also when needed to extend
the duration of cognitive programs started in the hospital
setting and to reduce the dropout rate. The availability
of effective and feasible TR modalities will address the
paucity of healthcare personnel dedicated to cognitive
rehabilitation within the neuropsychology services, thus
increasing the offer to a wider population. It will also provide
a modality to ensure care continuity also during COVID-19
pandemic crises.

This study has some limitations that need to be acknowledged.
In particular, participants with scanty computer familiarity
and without a compliant caregiver could be excluded by the
use of TR, representing a selection bias for this kind of
intervention (55). However, there is also evidence about the
possibility of using telemedicine devices in participants with early
cognitive impairment living alone. It seems that compliance of
the participants depends on the level of monitoring remotely
received (56). In addition, it is important to consider that user-
friendly developed TR tools can produce benefits in participants
and also caregivers (57).

ETHICS STATEMENT

This study has been approved by the Local Ethics Committees
(IRCCS San Matteo Hospital, Pavia) and will be conducted
in accordance with the Declaration of Helsinki and reported
according to the CONSORT guidelines (58, 59). The trial was
registered at clinicaltrials.gov (NCT number: NCT03486704). All
the participants will be made fully aware of the aims of this
study and a written informed consent will be obtained from all
the subjects.

AUTHOR CONTRIBUTIONS

SBe and SBo developed the original concept of the study,
drafted the original protocol, and wrote the manuscript.
SBe, SBo, SQ, SP, and ES developed the design, the
methodology, and the analysis plan. SQ, SP, ES, SFC, CC,
TV, and CT reviewed and commented on drafts of the
protocol and study. All authors read and approved the
final manuscript.

FUNDING

This study was supported by a grant from the Italian Ministry of
Health (Ricerca Corrente 2020 and Ricerca Corrente 2021).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.752830/full#supplementary-material

Frontiers in Neurology | www.frontiersin.org 8 December 2021 | Volume 12 | Article 752830

https://clinicaltrials.gov
https://www.frontiersin.org/articles/10.3389/fneur.2021.752830/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Bernini et al. A Cognitive Telerehabilitation Study Protocol

REFERENCES

1. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D,

et al. Dementia prevention, intervention, and care. Lancet. (2017) 390:2673–

734. doi: 10.1016/S0140-6736(17)31363-6

2. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard

C, Banerjee S, et al. Dementia prevention, intervention, and

care: 2020 report of the Lancet Commission. Lancet. (2020)

396:413–46. doi: 10.1016/S0140-6736(20)30367-6

3. Petersen RC, Lopez O, Armstrong MJ, Getchius TSD, Ganguli M, Gloss

D, et al. Practice guideline update summary: mild cognitive impairment.

Neurology. (2018) 90:126–35. doi: 10.1212/WNL.0000000000004826

4. Cotelli M, Manenti R, Brambilla M, Gobbi E, Ferrari C, Binetti G, et al.

Cognitive telerehabilitation in mild cognitive impairment, Alzheimer’s disease

and frontotemporal dementia: a systematic review. J Telemed Telecare. (2019)

25:67–79. doi: 10.1177/1357633X17740390

5. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders. 5th Ed. Arlington, VA: American Psychiatric Association

(2013). doi: 10.1176/appi.books.9780890425596

6. Li H, Li J, Li N, Li B, Wang P, Zhou T. Cognitive intervention for persons

with mild cognitive impairment: a meta-analysis. Ageing Res Rev. (2011)

10:285–96. doi: 10.1016/j.arr.2010.11.003

7. Hill NTM, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela

M, Lampit A. Computerized cognitive training in older adults with

mild cognitive impairment or dementia: a systematic review and meta-

analysis. Am J Psychiatry. (2017) 174:329–40. doi: 10.1176/appi.ajp.2016.160

30360

8. Maresca G, Maggio MG, De Luca R, Manuli A, Tonin P, Pignolo L, et al. Tele-

neuro-rehabilitation in italy: state of the art and future perspectives. Front

Neurol. (2020) 11:563375. doi: 10.3389/fneur.2020.563375

9. Peel NM, Russell TG, Gray LC. Feasibility of using an in-home video

conferencing system ingeriatric rehabilitation. J Rehabil Med. (2011) 43:364–

6. doi: 10.2340/16501977-0675

10. Jeong IC, Liu J, Finkelstein J. Factors affecting adherence with

telerehabilitation in patients with multiple sclerosis. Stud Health Technol

Inform. (2019) 257:189–93.

11. Gil-Pagés M, Solana J, Sánchez-Carrión R, Tormos JM, Enseñat-

Cantallops A, García-Molina A. A customized home-based computerized

cognitive rehabilitation platform for patients with chronic-stage

stroke: study protocol for a randomized controlled trial. Trials. (2018)

19:191. doi: 10.1186/s13063-018-2577-8

12. Haesner M, Steinert A, O’Sullivan JL, Steinhagen-Thiessen E.

Evaluating an accessible web interface for older adults – the impact

of mild cognitive impairment (MCI). J Assist Technol. (2015)

9:219–32. doi: 10.1108/JAT-11-2014-0032

13. Hattink B, Droes R.-M, Sikkes S, Oostra E, Lemstra AW. Evaluation of

the digital alzheimer center: testing usability and usefulness of an online

portal for patients with dementia and their carers. JMIR Res Protoc. (2016)

5:e144. doi: 10.2196/resprot.5040

14. Castilla D, Suso-Ribera C, Zaragoza I, Garcia-Palacios A, Botella C. Designing

ICTs for users with mild cognitive impairment: a usability study. Int J Environ

Res Public Health. (2020) 17:5153. doi: 10.3390/ijerph17145153

15. De Cola MC,Maresca G, D’Aleo G, Carnazza L, Giliberto S, MaggioMG, et al.

Teleassistance for frail elderly people: a usability and customer satisfaction

study. Geriatr Nurs. (2020) 41:463–7. doi: 10.1016/j.gerinurse.2020.01.019

16. Kim H, Lee, S.-H., Cho, N.-B., You H, et al. User-dependent usability

and feasibility of a swallowing training mhealth app for older

adults: mixed methods pilot study. JMIR mHealth uHealth. (2020)

8:e19585. doi: 10.2196/19585

17. Taylor ME, Close JCT, Lord SR, Kurrle SE, Webster L, Savage R, et al.

Pilot feasibility study of a home-based fall prevention exercise program

(StandingTall) delivered through a tablet computer (iPad) in older people with

dementia. Australas J Ageing. (2020) 39:e278–87. doi: 10.1111/ajag.12717

18. Bloem BR, Dorsey ER, Okun MS. The coronavirus disease 2019 crisis as

catalyst for telemedicine for chronic neurological disorders. JAMA Neurol.

(2020) 77:927–8. doi: 10.1001/jamaneurol.2020.1452

19. Mantovani E, Zucchella C, Bottiroli S, Federico A, Giugno R, Sandrini

G, et al. Telemedicine and virtual reality for cognitive rehabilitation:

a roadmap for the COVID-19 pandemic. Front Neurol. (2020)

11:926. doi: 10.3389/fneur.2020.00926

20. Platz T, Sandrini G. Specialty grand challenge for neurorehabilitation research.

Front Neurol. (2020) 11:349. doi: 10.3389/fneur.2020.00349

21. Matamala-Gomez M, Bottiroli S, Realdon O, Riva G, Galvagni L, Platz T,

et al. Telemedicine and virtual reality at time of COVID-19 pandemic: an

overview for future perspectives in neurorehabilitation. Front Neurol. (2021)

12:646902. doi: 10.3389/fneur.2021.646902

22. Stasolla F, Matamala-Gomez M, Bernini S, Caff,ò AO, Bottiroli S. Virtual

reality as a technological-aided solution to support communication

in persons with neurodegenerative diseases and acquired brain

injury during COVID-19 pandemic. Front Public Heal. (2021)

8:635426. doi: 10.3389/fpubh.2020.635426

23. Alloni A, Sinforiani E, Zucchella C, Sandrini G, Bernini S, Cattani B, et al.

Computer-based cognitive rehabilitation: the CoRe system. Disabil Rehabil.

(2017) 39:407–17. doi: 10.3109/09638288.2015.1096969

24. Alloni A, Quaglini S, Panzarasa S, Sinforiani E, Bernini S. Evaluation of an

ontology-based system for computerized cognitive rehabilitation. Int J Med

Inform. (2018) 115:64–72. doi: 10.1016/j.ijmedinf.2018.04.005

25. Bernini S, Alloni A, Panzarasa S, Picascia M, Quaglini S, Tassorelli

C, et al. A computer-based cognitive training in Mild Cognitive

Impairment in Parkinson’s Disease. NeuroRehabilitation. (2019)

44:555–67. doi: 10.3233/NRE-192714

26. Bernini S, Panzarasa S, Barbieri M, Sinforiani E, Quaglini S, Tassorelli

C, et al. A double-blind randomized controlled trial of the efficacy of

cognitive training delivered using two different methods in mild cognitive

impairment in Parkinson’s disease: preliminary report of benefits associated

with the use of a computerized tool. Aging Clin Exp Res. (2021) 33:1567–

75. doi: 10.1007/s40520-020-01665-2

27. Rodella C, Bernini S, Panzarasa S, Sinforiani E, Picascia M, Quaglini S,

et al. A double-blind randomized controlled trial combining cognitive

training (CoRe) and neurostimulation (tDCS) in the early stages of cognitive

impairment. Aging Clin Exp Res. (2021). doi: 10.1007/s40520-021-01912-0.

[Epub ahead of print].

28. Quaglini S, Panzarasa S, Alloni A, Sacchi M, Sinforiani E, Bottiroli S, et al.

HomeCore: bringing cognitive rehabilitation at home. Stud Health Technol

Inform. (2019) 264:1755–6. doi: 10.3233/SHTI190632

29. Bernini S, Stasolla F, Panzarasa S, Quaglini S, Sinforiani E, Sandrini G,

et al. Cognitive telerehabilitation for older adults with neurodegenerative

diseases in the COVID-19 era: a perspective study. Front Neurol. (2021)

11:623933. doi: 10.3389/fneur.2020.623933

30. Hughes CP, Berg L, Danziger W, Coben LA, Martin RL. A new clinical

scale for the staging of dementia. Br J Psychiatry. (1982) 140:566–

72. doi: 10.1192/bjp.140.6.566

31. Magni E, Binetti G, Bianchetti A, Rozzini R, Trabucchi M. Mini-Mental State

Examination: a normative study in Italian elderly population. Eur J Neurol.

(1996) 3:198–202. doi: 10.1111/j.1468-1331.1996.tb00423.x

32. Conti S, Bonazzi S, Laiacona M, Masina M, Coralli MV. Montreal Cognitive

Assessment (MoCA)-Italian version: regression based norms and equivalent

scores. Neurol Sci. (2015) 36:209–14. doi: 10.1007/s10072-014-1921-3

33. Novelli G, Papagno C, Capitani E, Laiacona M, Cappa SF VG. Tre test clinici

di memoria verbale a lungo termine.Taratura su soggetti normali Arch di Psicol

Neurol Psychiatry. (1986) 47:278–96.

34. Spinnler H. [Italian standardization and classification of Neuropsychological

tests. The Italian Group on the neuropsychological study of aging]. Ital J

Neurol Sci Suppl. (1987) 8:1–120.

35. Carlesimo GA, Caltagirone C, Gainotti G, Al. E. The mental deterioration

battery: normative data, diagnositc reliability and qualitative analyses of

cognitive impaiment. Eur J Neurol. (1996) 36:378–84. doi: 10.1159/000117297

36. Caffarra P, Vezzadini G, Dieci F, Zonato F, Venneri A. Rey-Osterrieth complex

figure: normative values in an Italian population sample. Neurol Sci. (2002)

22:443–7. doi: 10.1007/s100720200003

37. Appollonio I, Leone M, Isella V, Piamarta F, Consoli T, Villa ML, et al. The

Frontal Assessment Battery (FAB): normative values in an Italian population

sample. Neurol Sci. (2005) 26:108–16. doi: 10.1007/s10072-005-0443-4

38. Giovagnoli AR, Del Pesce M, Mascheroni S, Simoncelli M, Laiacona M,

Capitani E. Trail making test: normative values from 287 normal adult

controls. Ital J Neurol Sci. (1996) 4:305–9. doi: 10.1007/BF01997792

Frontiers in Neurology | www.frontiersin.org 9 December 2021 | Volume 12 | Article 752830

https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1177/1357633X17740390
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1016/j.arr.2010.11.003
https://doi.org/10.1176/appi.ajp.2016.16030360
https://doi.org/10.3389/fneur.2020.563375
https://doi.org/10.2340/16501977-0675
https://doi.org/10.1186/s13063-018-2577-8
https://doi.org/10.1108/JAT-11-2014-0032
https://doi.org/10.2196/resprot.5040
https://doi.org/10.3390/ijerph17145153
https://doi.org/10.1016/j.gerinurse.2020.01.019
https://doi.org/10.2196/19585
https://doi.org/10.1111/ajag.12717
https://doi.org/10.1001/jamaneurol.2020.1452
https://doi.org/10.3389/fneur.2020.00926
https://doi.org/10.3389/fneur.2020.00349
https://doi.org/10.3389/fneur.2021.646902
https://doi.org/10.3389/fpubh.2020.635426
https://doi.org/10.3109/09638288.2015.1096969
https://doi.org/10.1016/j.ijmedinf.2018.04.005
https://doi.org/10.3233/NRE-192714
https://doi.org/10.1007/s40520-020-01665-2
https://doi.org/10.1007/s40520-021-01912-0
https://doi.org/10.3233/SHTI190632
https://doi.org/10.3389/fneur.2020.623933
https://doi.org/10.1192/bjp.140.6.566
https://doi.org/10.1111/j.1468-1331.1996.tb00423.x
https://doi.org/10.1007/s10072-014-1921-3
https://doi.org/10.1159/000117297
https://doi.org/10.1007/s100720200003
https://doi.org/10.1007/s10072-005-0443-4
https://doi.org/10.1007/BF01997792
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Bernini et al. A Cognitive Telerehabilitation Study Protocol

39. Lawton M, Brody E. Assessment of older people: self-maintaining

and instrumental activities of daily living. Gerontologist. (1969) 3:179–

86. doi: 10.1093/geront/9.3_Part_1.179

40. Beck AT, Steer RA, Brown G. Beck Depression Inventory-IIUSA. NCS

Person, Inc., Italian Translation: Ghisi M. Flebus GB, Montano A, Sanavio

E, et al. (2006) Adattamento Ital. Manuale. Giunti O.S. Organ. Spec.

(1996). doi: 10.1037/t00742-000

41. Apolone G, Mosconi P. The italian SF-36 health survey. J Clin Epidemiol.

(1998) 51:1025–36. doi: 10.1016/S0895-4356(98)00094-8

42. Nucci M, Mapelli D, Mondini S. Cognitive Reserve Index questionnaire

(CRIq): a new instrument for measuring cognitive reserve.Aging Clin Exp Res.

(2012) 24:218–26. doi: 10.1037/t53917-000

43. Marvardi M, Mattioli P, Spazzafumo L, Mastriforti R, Rinaldi P, Polidori MC,

et al. The Caregiver Burden Inventory in evaluating the burden of caregivers

of elderly demented patients: results from a multicenter study. Aging Clin Exp

Res. (2005) 17:46–53. doi: 10.1007/BF03337720

44. Hurst H, Bolton J. Assessing the clinical significance of change scores recorded

on subjective outcome measures. J Manipulative Physiol Ther. (2004) 27:26–

35. doi: 10.1016/j.jmpt.2003.11.003

45. Lumsden J, Edwards EA, Lawrence NS, Coyle D, Munafò MR.

Gamification of cognitive assessment and cognitive training: a systematic

review of applications and efficacy. JMIR Serious Games. (2016)

4:e11. doi: 10.2196/games.5888

46. Smith-Ray RL, Irmiter C, Boulter K. Cognitive Training among cognitively

impaired older adults: a feasibility study assessing the potential improvement

in balance. Front Public Heal. (2016) 4:219. doi: 10.3389/fpubh.2016.00219

47. Jelcic N, Agostini M, Meneghello F, Buss,è C, Parise S, Galano A,

et al. Feasibility and efficacy of cognitive telerehabilitation in early

Alzheimer’s disease: a pilot study. Clin Interv Aging. (2014) 9:1605–

11. doi: 10.2147/CIA.S68145

48. World Health Organization. Global Action Plan on the Public Health Response

to Dementia 2017–2025. Geneva (2017).

49. Chirra M, Marsili L, Wattley L, Sokol LL, Keeling E, Maule S, et al.

Telemedicine in neurological disorders: opportunities and challenges.

Telemed e-Health. (2019) 25:541–50. doi: 10.1089/tmj.2018.0101

50. Nesbitt TS, Hilty DM, Kuenneth CA, Siefkin A. Development of a

telemedicine program: a review of 1,000 videoconferencing consultations.

West J Med. (2000) 173:169–74. doi: 10.1136/ewjm.173.3.169-a

51. Zampolini M, Todeschini E, Bernabeu Guitart M, Hermens H, Ilsbroukx S,

Macellari V, et al. Tele-rehabilitation: present and future.Ann Ist Super Sanita.

(2008) 44:125–34.

52. Pecina JL, Vickers KS, Finnie DM, Hathaway JC, Hanson GJ, Takahashi PY.

Telemonitoring increases patient awareness of health and prompts health-

related action: initial evaluation of the TELE-ERA study. Telemed e-Health.

(2011) 17:461–6. doi: 10.1089/tmj.2010.0213

53. Choi H, Kim J. Effectiveness of telemedicine: videoconferencing for low-

income elderly with hypertension. Telemed e-Health. (2014) 20:1156–

64. doi: 10.1089/tmj.2014.0031

54. De Luca R, Bramanti A, De Cola MC, Trifiletti A, Tomasello P, Torrisi

M, et al. Tele-health-care in the elderly living in nursing home: the

first Sicilian multimodal approach. Aging Clin Exp Res. (2016) 28:753–

9. doi: 10.1007/s40520-015-0463-8

55. Moo LR, Gately ME, Jafri Z, Shirk SD. Home-based video

telemedicine for dementia management. Clin Gerontol. (2020)

43:193–203. doi: 10.1080/07317115.2019.1655510

56. Smith GE, Lunde AM, Hathaway JC, Vickers KS. Telehealth homemonitoring

of solitary persons with mild dementia. Am J Alzheimer’s Dis Other

Dementias R©. (2007) 22:20–6. doi: 10.1177/1533317506295888

57. Nijland N, van Gemert-Pijnen J, Boer H, Steehouder MF, Seydel ER.

Evaluation of internet-based technology for supporting self-care: problems

encountered by patients and caregivers when using self-care applications. J

Med Internet Res. (2008) 10:e13. doi: 10.2196/jmir.957

58. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P.

Extending the CONSORT statement to randomized trials of

nonpharmacologic treatment: explanation and elaboration. Ann Intern

Med. (2008) 148:295. doi: 10.7326/0003-4819-148-4-200802190-0

0008

59. Boutron I, Altman DG, Moher D, Schulz KF, Ravaud P. CONSORT statement

for randomized trials of nonpharmacologic treatments: a 2017 update and a

CONSORT extension for nonpharmacologic trial abstracts. Ann Intern Med.

(2017) 167:40. doi: 10.7326/M17-0046

Conflict of Interest: The authors declare that the research will be conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Bernini, Panzarasa, Sinforiani, Quaglini, Cappa, Cerami,

Tassorelli, Vecchi and Bottiroli. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 10 December 2021 | Volume 12 | Article 752830

https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1037/t00742-000
https://doi.org/10.1016/S0895-4356(98)00094-8
https://doi.org/10.1037/t53917-000
https://doi.org/10.1007/BF03337720
https://doi.org/10.1016/j.jmpt.2003.11.003
https://doi.org/10.2196/games.5888
https://doi.org/10.3389/fpubh.2016.00219
https://doi.org/10.2147/CIA.S68145
https://doi.org/10.1089/tmj.2018.0101
https://doi.org/10.1136/ewjm.173.3.169-a
https://doi.org/10.1089/tmj.2010.0213
https://doi.org/10.1089/tmj.2014.0031
https://doi.org/10.1007/s40520-015-0463-8
https://doi.org/10.1080/07317115.2019.1655510
https://doi.org/10.1177/1533317506295888
https://doi.org/10.2196/jmir.957
https://doi.org/10.7326/0003-4819-148-4-200802190-00008
https://doi.org/10.7326/M17-0046
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	HomeCoRe for Telerehabilitation in Mild or Major Neurocognitive Disorders: A Study Protocol for a Randomized Controlled Trial
	Introduction
	Methods and Analysis
	Study Design
	Data Collection
	Data Management

	Participants and Eligibility Criteria
	Evaluation of the Participants
	Neuropsychological Assessment
	Questionnaires and Scales
	Participant-Centered Outcomes

	Randomization and Stratification
	Cognitive Rehabilitation Programs
	CoRe/HomeCoRe Software Architecture
	Outcome Measures
	Statistical Analysis
	Sample Size Calculation
	Planned Analysis

	Ethical Issues

	Discussion
	Strengths and Limitations

	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


