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Abstract

Background: Mild cognitive impairment and mild dementia progressively compromise the ability of people to live
independently and can have a negative impact on their quality of life. Within the current European Active and
Assisted Living programme (AAL), project TV-AssistDem has been developed to deliver a TV-based platform service
to support patients with mild cognitive impairment or mild dementia and provide relief to their caregivers. The
application is intended to be used daily at home, mainly by the participants themselves, with the help of their
informal caregivers. The aim of this study is to evaluate the effectiveness of TV-AssistDem to improve quality of life
in people with mild cognitive impairment or mild dementia.

Methods: This is a 12-month European multicentre randomized controlled trial which will be performed in two
countries: Spain and Romania. Two hundred and forty older adults will be recruited using identical inclusion/
exclusion criteria. The primary outcome will be the change from baseline of TV-AssistDem on patient quality of life
at 12 months. The secondary outcomes will be the changes from baseline of: 1) informal caregiver quality of life,
2) informal caregiver burden, 3) patient treatment adherence, 4) patient treatment compliance, 5) patient functional
status, and 6) healthcare cost-effectiveness at 12 months. Patients in the intervention group will have access to an
interactive platform which offers remote assistive services through a device connected to the television. The core
services of the platform are: 1) Calendar and reminders, 2) Health monitoring and data transmission to a health
server and 3) Videoconference; service-oriented applications are: 4) Cognitive stimulation; 5) Reminiscences; and
6) Patient and caregiver healthcare education. The analysis will be made following an intention-to-treat procedure.
Linear and Generalized Mixed Model analysis will be performed.

Discussion: We hypothesize that the regular use of TV-AssistDem will result in an improvement in patient quality of
life. The uniqueness of this home TV-based intervention lies on its widespread accessibility and its integrative approach
to quality of life in people with mild cognitive impairment or mild dementia and their informal caregivers. However,
several anticipated challenges will need to be faced: poor engagement and connectivity problems.
(Continued on next page)
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Background
Population ageing within Europe has major social and eco-
nomic consequences. The burden of non-communicable
disease and disability increases with age, exerting pressures
on health services and support systems for older people.
One of the most devastating conditions that predominantly
affects older people is dementia [1]. Dementia is an um-
brella term describing a set of symptoms that occur when
various diseases or conditions affect the brain, being the
most common cause of dementia, Alzheimer’s disease. The
symptoms that comprise dementia can vary greatly, with
people often experiencing memory loss but also problems
in communication and attention, anxiety and depression
[2]. Mild cognitive impairment represents an intermediate
state between normal cognitive changes when aging and
the earliest clinical manifestations of dementia. It is a
syndrome where decline in cognition in a person is
greater than the level expected for his/her age and edu-
cation level, but which does not interfere notably with
activities of daily life. The distinction between dementia
and mild cognitive impairment can be quite subtle [3].
Treatment options currently remain centered on symp-
tomatic treatment. The main drugs prescribed for
people with mild to moderate dementia are cholinester-
ase inhibitors. Anti-dementia drugs have not yet met
the scientific community’s expectations.
There are currently about 10.5 million people in

Europe with dementia, costing around 275 billion euros
annually. Given that this number is expected to rise to
13.4 million by 2030, the challenge of dementia is likely
to remain formidable [4]. Healthcare policies are there-
fore focused on extending the ability of older people to
continue to live independently. This entails maintaining
the quality of life (QoL) of people with mild cognitive
impairment or mild dementia (PMCI/MD), as well as,
working to reduce the costs of their care.
Living with dementia in the early stages can be bur-

densome for both those affected as well as their care-
givers [5, 6]. Caring for PMCI/MD can compromise the
informal caregiver’s own well-being and health due to a
feeling of being overloaded in the caregiving role [7]. The
well-being of the informal caregivers themselves and
providing them with support is therefore essential [8].
The importance of including QoL as an outcome meas-

ure in dementia trials has been identified by the World
Federation of Biological Psychiatry’s Old Age Taskforce
[9]. QoL is multifactorial; consequently, in addition to “an

individual’s perception of their position in life in the
context of the culture and value system in which they live
and in relation to their goals, expectations and standards
and concerns.” [10], it also includes physical and mental
health, social relations and participation in activities.
Therefore, it cannot be determined solely by changes in
cognition or other symptoms.
Systematic reviews focused on the effectiveness of in-

terventions in QoL of PMCI/MD conclude that while
pharmacological interventions seek changes in symp-
toms as a main outcome and have not been found to im-
prove QoL, non-pharmacological interventions aimed at
PMCI/MD living in their home and their caregivers have
proven QoL improvement [9].
Information and Communications Technology (ICTs)

studies focus on the use of assistive technologies to
improve QoL in elderly people in general [11]. These
technologies are computers, sensors, telemedicine,
mobile applications of medication management, etc. The
age-related digital divide and cognitive, sensorial and
psychomotor impairment determine the use of certain
ICTs in older people, such as tablets (e.g. losing the
tablet or not being able to visually see the tablet’s
screen). Television sets however, are standard devices
with an extensive home penetration, being TV-based in-
terventions more suitable for this population.
Three ICTs studies were identified which show QoL

improvement in PMCI/MD and their caregivers. A
recent clinical review on digital technologies used to
monitor cognition, identified a range of digital systems,
such as smartphones, smartwatches and smart homes, to
assess and assist elderly demented, prodromal and pre-
clinical populations. It highlights the need for additional
research that validates the efficacy, utility and cost-
effectiveness of these systems in patient populations
[12]. However, there are few large evidence based studies
on the effectiveness of these techs to improve QoL in
PMCI/MD. These studies have small sample sizes, do
not include QoL as a main outcome measure, or do not
include valid QoL scales. Therefore, randomized con-
trolled clinical trials with large samples are needed.
Since QoL also includes physical and mental health,

follow-up of agreed recommendations from a health care
provider in terms of medication and Activities of Daily
Living (ADLs) will be crucial [13]. Patient adherence to
prescribed medication is probably the most important
therapeutic factor and a determinant of medication
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effectiveness and safety [14, 15]. Scientific literature
reveals poor cognitive function as a risk factor of
medication non-adherence [16]. Often, a patient’s ability
to manage his or her medication is decisive regarding
whether a patient has mild cognitive impairment or de-
mentia, which is why assessing medication adherence is
crucial [16].
Group Structured Cognitive Stimulation Therapy

(CST) is recommended by the NICE-SCIE Guideline on
Supporting people with Dementia and their caregivers
[17]. Home-based CST is an opportunity for people with
health/mobility problems or who dislike group therapy
and increases accessibility for local areas which do not
offer group therapy [18].
There has been a raise in the development of ICTs to

improve or to enhance different domains to keep the in-
dependence or to support PMCI/MD like: reminders,
cognitive training, geolocation devices, but all of them
have focused in monitoring cognition with limited data
on patient QoL.
The aim of this study is to deliver a TV-based plat-

form service which will improve quality of life of
people with mild cognitive impairment or mild demen-
tia. Additionally, this technological solution seeks to
improve caregiver quality of life and reduce caregiver
burden, increase patient treatment adherence and com-
pliance, reduce patient functional decline, and lower
healthcare costs.

Methods
Aims
We refer to our TV-based Assistive Integrated Service
intervention as TV-AssistDem. The main objective of
this project is:

1) To evaluate the effectiveness of TV-AssistDem on
quality of life among people with mild cognitive
impairment or mild dementia after 12 months
follow-up in comparison to controls. We
hypothesize that the use of TV-AssistDem over
12 months can result in an improvement in quality
of life when compared to a matched control group
of patients not using TV-AssistDem.

The secondary objectives of this project are:

1) To evaluate the impact of TV-AssistDem on
caregiver quality of life after 12months of follow-up.
We hypothesize that quality of life will be significantly
improved in caregivers after the intervention when
compared to matched controls over 12months.

2) To evaluate the impact of TV-AssistDem on
caregiver burden after 12 months of follow-up. We
hypothesize that burden will be significantly

reduced in caregivers after the intervention when
compared to matched controls over 12 months.

3) To evaluate the impact of TV-AssistDem on patient
treatment adherence after 12 months of follow-up.
We hypothesize that treatment adherence will be
significantly increased in patients in the
intervention group when compared to matched
controls over 12 months.

4) To evaluate the impact of TV-AssistDem on patient
treatment compliance after 12 months of follow-up.
We hypothesize that treatment compliance will be
significantly increased in patients in the
intervention group when compared to matched
controls over 12 months.

5) To evaluate the impact of TV-AssistDem on
functional status after 12 months of follow-up. We
hypothesize that functional decline will be
significantly reduced in patients in the intervention
group when compared to matched controls over 12
months.

6) To test the economic and financial impacts of using
the TV-AssistDem after 12months of follow-up. We
hypothesize that after accounting for the estimated
per patient costs of our intervention, patients in the
intervention group will have significantly lower
healthcare costs after 12months follow-up when
compared to matched controls over 12months.

Study design
This study is a multicentre randomised controlled trial
and will be performed in two European countries: Spain
and Romania. The participant centres are: the Spanish
Health Research Institute of Malaga (IBIMA) and the
Romanian NGO Home Care Association (Îngrijiri La
Domiciliu).

Setting
Patients will be identified from people with self-per-
ceived cognitive impairment or caregiver’s perception of
cognitive impairment that has been present for more
than 6months and who meet all the study eligibility cri-
teria. The patients can be under primary care services, as
well as, secondary care services, such as those who are
being followed up in memory clinics, outpatient clinics,
day hospitals or other components of specialist mental
health, geriatric medicine and neurology services. The
clinicians involved in identifying the patients will be phy-
sicians (primary care, psychiatry, neurology, and geriat-
rics), neuropsychologists and dementia and mental
health nurses.
The identification process by the clinician will consist

of screening, using information gathered from medical
notes, clinical records and/or clinical consultations, for
initial eligibility based on inclusion criteria. Patients will
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receive a brief explanation by their clinician. A member
of the research team will contact the patient to see if
they are willing to participate in the study, and if so, an
appointment at their referral centre will be scheduled.
Their primary caregiver must attend this visit.
At this first visit, the researcher will determine the pa-

tient’s eligibility and will explain the study in detail and
answer any questions the patient or caregiver may have.
After doing so, the patient’s ability to consent will be
assessed following the Assessment of capacity to consent
which includes the 5 fundamental principles of the Mental
Capacity Act. In case of cognitive impairment or demen-
tia, patients will be asked five questions regarding the in-
formation received as part of the decision-making process.
Proxy consent of a legal representative or the caregiver
will be required when the patient is not found capable.
Both the patient and caregiver will give consent regarding
their participation in the study. Once given consent, the
patient will be randomized into the intervention or control
group. Follow-up will begin after the randomization and
will be determined by the group allocation. Within one to
two weeks after being included in the study, patients allo-
cated in the intervention group will be scheduled a visit
for TV-AssistDem installation and training.
Patients will be assessed for 12 months. After the base-

line visit in which all the variables of the study will be
collected, follow-up visits will be carried out every 6
months in both the control group and the intervention
group. In these follow-up visits, researchers will assess
the QoL of the PMCI/MD, adherence and compliance to
prescribed medication, functional status, and service
utilization. Researchers will also evaluate the QoL of
caregivers and their burden. In addition, in the interven-
tion group, TV-AssistDem user-behaviour data will be
collected and usability will be evaluated.
Recruitment is scheduled to start in March 2019 and

end in May 2019. Follow-up assessments will be ongoing
and will be completed mid-2020.

Participants
Two hundred forty participant dyads in two European
countries (Spain and Romania). The participant dyads
will comprise the PMCI/MD and their informal care-
givers, defined as the person who is unwaged for this
role and who spends the most time with the patient and
whom the patient declares that he/she is his/her infor-
mal caregiver, for care or support of care, and who does
not take part in a formal network of organized care.

A patient will be eligible for inclusion in this trial only
if all following criteria apply:

– Patients are over sixty years of age.

– Self-perceived cognitive impairment or caregiver’s
perception of cognitive impairment that has been
present for more than 6 months.

– Patients score 23–27 points on Mini-Mental State
Examination (MMSE).

– Patients live independently.
– Patients have an informal caregiver.
– Patients who take pharmacological treatment for

chronic conditions during study period and are in
charge of their own medication.

– The place where patients live has enough wireless or
phone network connectivity to enable them to use
TV-AssistDem platform on a daily basis.

– Patients agree to be part of the study by giving
signed written consent.

A patient will not be eligible for inclusion in this trial
if any of the following criteria apply:

– Patients score above 11 on the Geriatric Depression
Scale (GDS-15).

– Patients have a terminal illness with less than 3 years
expected survival.

– Patients have specific conditions reducing their
physical ability to use the application to a point that
makes their participation in the project impossible
(the nature of the conditions will be recorded in
such cases).

Outcome measures
The primary outcome measure is the change in patient
quality of life measured with the Quality of Life-Alzhei-
mer’s Disease Scale (QoL-AD) [19–22]. Additional assess-
ments will be used for secondary outcomes: caregiver
quality of life and burden, patient treatment adherence
and compliance, patient functional status and service
utilization. TV-Assist Dem usability and other covariables
will also be collected.
Patients will be assessed at baseline and at 6 months

and 12months after the beginning of the intervention.
The assessments will be conducted under standardized
conditions at the study centres.

Primary outcome

Patient quality of life QoL-AD is an instrument specif-
ically designed to measure QoL in PMCI/MD from the
perspective of both the patient and the informal
caregiver. It is a 13-item measure, which includes
assessments of the person’s relationships with friends
and family, financial situation, physical condition, mood,
memory, and an overall assessment of life quality.
Response are 4-point multiple choice options (1 = poor,
2 = fair, 3 = good, 4 = excellent). Scale scores range from
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13 to 52, with higher scores indicating greater quality of
life. PMCI/MD may lose cognitive function during the
study to the extent that they are unable to complete the
assessments themselves. For this reason, informal care-
givers will also complete the QoL-AD, in parallel and on
behalf of the PMCI/MD, from the start of the study.
QoL-AD will be assessed via interview with the patient
and via self-completion with caregivers at baseline and
then at 6 and 12 months.

Secondary outcomes

Caregiver quality of life EuroQoL-5D-5 L [23, 24] is a
standardized generic instrument consisting of a descrip-
tive system and a visual analogue scale (VAS).
The descriptive system comprises 5 dimensions cover-

ing mobility, self-care, usual activities, pain/discomfort
and anxiety/depression. Each dimension has 5 levels: no
problems, slight problems, moderate problems, severe
problems and extreme problems. A 1-digit number ex-
presses the level selected for that dimension. The digits
can be combined into a 5-digit number that describes
the patient’s health state.
The VAS records the patient’s self-rated health on a ver-

tical scale, where the endpoints are ‘The best health you
can imagine’ and ‘The worst health you can imagine’.
EuroQoL-5D-5 L has been shown to correlate well

with QoL-AD, indicating that using both measures
side-by-side is compatible [19]. Both will be com-
pleted by the patient and caregiver at baseline and
then at 6 and 12 months.

Caregiver burden The Zarit Burden Interview (ZBI-12)
[25, 26] will be used to evaluate the informal caregivers’
burden. The ZBI-12 is a 12-item scale with each answer
chosen from a 5-point Likert scale (Nearly always = 4,
Quite frequently = 3, Sometimes = 2, Rarely = 1, Never =
0). It is a shortened version of the original scale, was de-
veloped specifically for informal caregivers of PMCI/MD
and covers issues such as caregiver stress and the degree
to which caring is affecting their health and social life.
Total score ranges 0 to 48 (0–10 = no to mild burden,
10–20 =mild to moderate burden > 20 = high burden). It
will be administered via interview with the informal
caregiver at baseline and then at 6 and 12 months.

Treatment adherence The dose/pill count is the number
of pills or doses taken divided by the prescribed ones,
multiplied by 100 (expressed as a percentage) [27, 28].
According to Haynes et al. recommendations [32], a good
adherence is considered when the result of counting
is between 80% (a 20 % of doses/pills missed) and
110% (the patient takes 10 % more doses/pills) of
dose/pill prescribed [29].

The documented prescription for medications will be
compared with the number of pills taken (or pill equiva-
lents) 30 days before assessment day. Dyads will be asked
to bring to the visit any documentation related with their
prescription history, all the pills and empty medication
packaging from the previous 30 days, so that the re-
searcher can undertake the medication count. Drugs con-
sidered to evaluate adherence will be anti-dementia drugs
and other chronic diseases treatment that influence the
evolution of dementia (e.g. drugs for cardiovascular
diseases, antidiabetics, anticoagulants, antihypertensive
and antidepressants). This assessment will be undertaken
at baseline and then at 6 and 12months.

Treatment compliance The Medication Assessment
Questionnaire test was originally developed to assess
medication compliance in patients with hypertension
[30]. Since the test was introduced it has been used in
the assessment of therapeutic compliance in different
diseases and has been validated for Spanish population
[31]. It consists of 4 contrast questions with dichotom-
ous yes/no responses, reflecting the patient’s behaviour
regarding compliance. They are intended to assess
whether the patient adopts correct attitudes regarding
treatment for their disease; it is assumed that if the atti-
tudes are incorrect the patient is non-compliant. It will be
administered at baseline and then at 6 and 12months.

Functional status Lawton Instrumental Activities of
Daily Living Scale (IADL) [32] scale will be used to
evaluate functional status in the PMCI/MD. The IADL
is an interview format scale of 8-items covering instru-
mental activities, which are required for independent liv-
ing: ability to use telephone, shopping, food preparation,
housekeeping, laundry, mode of transportation, respon-
sibility for own medications and ability to handle fi-
nances. Because these instrumental functions are usually
lost before more basic ADLs functions (such as bathing,
eating, and using the toilet), assessment of IADL may
identify incipient decline in older people who might
otherwise appear capable and healthy. The score ranges
from 0 (low function, dependent) to 8 (high function, in-
dependent) for women and 0 through 5 for men to avoid
potential gender bias. IADL will be administered via
interview to the PMCI/MD and their caregiver at base-
line, and then at 6 and 12months.

Service utilization The Client Service Receipt Inventory
(CSRI) [33, 34] scale will be used to evaluate the service
utilization. This scale is an internationally used method
for gathering data on service utilization and other
domains relevant for economic analysis of mental health
care. It has five sections: background client information,
accommodation and living situation, employment
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history, earnings and benefits, a record of services
usually used and information about informal caregiver
support. The sections assessed will be consultations, ad-
missions and visits in the last year, grouped into subsec-
tions according to hospital, specialist, primary or home
care. Treatment related to hospital admissions or illness
exacerbation will also be assessed. It’s adaptability en-
sures it is compatible with the research aims, context,
participants’ likely circumstances, and the quantity and
precision of information required. The CSRI will be ad-
ministered via interview with PMCI/MD at baseline and
at 12 months.

Screening tools The Mini-Mental State Examination
[35] will be used to assess the cognitive function of the
PMCI/MD and determine their eligibility for participa-
tion. There is a great heterogeneity among studies
regarding the cutoff scores for dementia and mild cogni-
tive impairment. The most common scores are ranging
23 to 27, however, a person’s age and educational level
determines the accuracy of this cut-point.
The Short Form of the Geriatric Depression Scale

[36] will be used to rule out depressive pseudo-demen-
tia which is considered a reversible form of cognitive
deficit. PMCI/MD scoring over 11 will not be eligible
for participation.

Covariables Covariables will be Sociodemographic data
(marital status, level of education, living arrangements
and hobbies) and Medical history (smoking habit,
disabilities, anthropometric data, cognitive impairment
data, comorbidities and need for vital sign monitoring).

User-behaviour A user-behaviour analysis will be per-
formed to assess how users interact with the platform
and how their behaviour affects its effectiveness. We will
assess and analyze the frequency of access to the
platform itself and to each functionality and the length
of each interaction. These data will be correlated with
users’ reminder schedules to explore differences between
proactive and reactive use of the platform and will be
followed up over time to understand how increasing
familiarity with the platform affects user-behaviour.
Additionally, interviews will be scheduled with 5% of
randomly selected users after 12 months of using the
platform to assess their user experience.

Usability evaluation The System Usability Scale (SUS)
[37, 38] will be used to address how well patients learn
and use TV-AssistDem. It is a simple, 10-item scale giv-
ing a global view of subjective usability. The respondent
indicates the degree of agreement or disagreement with
each statement on a 5-point Likert scale with a score
range of 0 to 100. The SUS scale will be used after the

patients have had an opportunity to use TV-AssistDem
before any debriefing or discussion takes place at 6 and
12months.
The collected variables and data collection time are

presented in Tables 1 and 2.

Intervention and control group
Intervention group
Intervention will consist in the use of TV-AssistDem: an
interactive platform which offers remote assistive ser-
vices through a device connected to the television. Pa-
tients and caregivers have been actively involved in
designing the 6 main functionalities of this innovative
technology. Adapting the functionalities and content to
best fit PMCI/MD and their caregivers has been crucial.
Focus groups have been carried out and valuable indica-
tions have been gathered for the platform development.
The TV-AssistDem prototype will be validated through
a pre-pilot feasibility study which will include a User
acceptance report.
The product consists of an Android software and hard-

ware TV (a Digital TV Set Top Box with Android technol-
ogy) designed to provide tele-care services at home using
the TV. The system consists of (Fig. 1):

– A Set Top Box which allows end-users to enjoy TV-
AssistDem services. It’s based on ARM chipsets with
Android operating system and a digital TV tuner
(optional, including HDMI pass-through)
compatible with DVB-T/T2 (European version).

– A webcam which enables the videoconference service.
– A centralized back-end server which is responsible

for managing and storing information about patients
and providing the basic functionalities needed for
TV-AssistDem services.

– A web-based user interface which allows
researchers to manage general information, events
and appointments concerning the associated
primary patients.

This platform has three core services and three ser-
vice-oriented applications (Fig. 2).

Core services The set of core services is composed by
general communication functionalities and other specific
functionalities that will allow the system to collect user
information.

– Calendar and reminders: Enables the dyad to
schedule health related events such as daily health
care or prescribed treatment (e.g. medication dose
and time), ADLs (e.g. physical activities),
celebrations (e.g. family birthdays and holidays) etc.
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On-screen messages appear to remind events while
the patient watches the television.

– Health monitoring and data transmission to a health
server: Records vital sign measurements such as
blood pressure, pulse, glucose and weight and
displays evolution in charts. This information will be
automatically transmitted from the platform to a
health server which researchers and caregivers will
have access to.

– Videoconference: Allows bidirectional
communication between patients and their
caregivers or researches. Researches connect to the
platform from a remote station for health
monitoring and remote assistance and support, as
well as distance health learning. Caregivers connect
to the platform from a mobile device App or PC for
social interaction.

Service-oriented applications The set of service-ori-
ented applications is composed by more specific func-
tionalities that aim at stimulating cognition, accessing
personal media and useful healthcare information.

– Cognitive stimulation: Includes specific software,
Stimulus©, with a series of interactive exercises that

train different cognitive processes [39]. These
activities (+ 50) are classified around ten functional
areas: attention, visual and auditory perception,
working memory, long-term memory, calculation,
reasoning, executive functions, visuomotor functions,
language and processing speed. It is designed for
tablet use but has been specifically adapted for
TV-AssistDem.

– Reminiscences: Is a tool to create a personalized
book of life, gathering memories of one’s self in the
past using media (photos, videos and music).

– Healthcare education: Offers information and
support resources on dementia and other chronic
diseases for PMCI/MD and their caregivers:
infographics, care guides and online videos.

Within one to two weeks after study inclusion and
upon completion of the baseline assessments, patients
assigned to the intervention group will be scheduled a
TV-AssistDem installation and training visit. Following
this visit, patients will receive weekly calls during the
first month. The purpose of these calls is to encourage
platform use and solve usage problems. A maximum of
six calls will be made during the follow-up period
depending on individual platform use.

Table 1 Patient’s data collection table

Assessment Outcome variable Screening Baseline 6 months 12 months

Informed Consent NA X

Capacity to Consent NA X

Mini-Mental State Examination NA X X X

Geriatric Depression Scale NA X X X

Sociodemographic data NA X X X

Medical history NA X X X

Quality of Life-Alzheimer’s Disease Scale Primary X X X

EuroQoL-5D-5 L Secondary X X X

Medication Assessment Questionnaire Secondary X X X

Lawton Instrumental Activities of Daily Living Scale Secondary X X X

Client Service Receipt Inventory Secondary X X

System Usability Scale NA X X

NA = non-applicable

Table 2 Caregiver’s data collection table

Assessment Outcome variable Screening Baseline 6 months 12 months

Informed Consent NA X

Caregivers data NA X

Quality of Life-Alzheimer’s Disease Scale Primary X X X

EuroQoL-5D-5 L Secondary X X X

Zarit Burden Interview Secondary X X X

Lawton Instrumental Activities of Daily Living Scale Secondary X X X

NA = non-applicable
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Control group
Patients in the control group will receive treatment-
as-usual and will also be assessed for 12 months.
After the baseline visit in which all the variables of
the study will be collected, follow-up visits will be
carried out every 6 months.

Randomization
The randomization will be made using the block
randomization technique. The blocks consist of 4 patients,
two subjects per group [Intervention (I) and control (C)]:
(IICC); (CCII); (CICI); (ICIC); (ICCI); (CIIC). The blocks
will be marked with a number from 1 to 54 and they will

Fig. 1 TV-AssistDem system

Fig. 2 Main menu functionalities
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be chosen at random to create the allocation sequence
using a sequence of random numbers generated by the
Microsoft Excel program with the function fx:RAND().

Statistics
The flow of individuals will be shown schematically with
counts and percentages in a CONSORT diagram. The
analysis will be made following an intention-to-treat
procedure. All variables collected will be summarized by
group and by site at baseline and at final follow-up.
Statistics considered for presentation for continuous
measures in summary tables will be the mean, minima
and maxima, and standard deviation, and if the criteria
of normality are not met, the median and the first and
third quartiles. Categorical variables will be summarized
using counts and percentages. The baseline variables of
the experimental group and the control group will be
compared using the Chi-Square test for categorical vari-
ables and analysis of covariance for continuous variables.
For the primary outcome, a Linear Mixed Model

analyses will be carried out as this approach is optimal
to include subjects with missing data. First, an un-
adjusted analysis will be carried out and secondarily, in
case that potentially confusing factors differ between the
experimental group and the control group, despite the
randomization, a supplementary multivariate analysis will
be carried out. For secondary outcomes a Linear Mixed
Model and Generalized Mixed Model analysis will be used
for continuous and categorical variables respectively.
Analysis will be two-tailed and alpha level set at 0.05.

Economic analysis
A cost-effectiveness and/or cost-utility analysis from a
Health Service perspective (financer perspective) will be
performed. The time horizon is 2 years and will include
only direct health (medication and healthcare use of
services including outpatient and emergencies visits and
hospital admissions). The Quality-Adjusted Life Years
(QALYs) will be calculated to estimate the benefit calculat-
ing the utility improvement measure by EuroQoL-5D-5 L.

User-behaviour analysis
Data on various platform usage variables will be col-
lected for the intervention group. Regression analysis
will be used to assess the relationship between the
primary and secondary outcome variables and the usage
variables in order to indicate which aspects of the
platform use, most affect the outcomes. The results of
the usability tests will be analysed using statistical
methods to quantify the error rate, effectiveness and
learning curve of the TV-AssistDem platform.

Missing data
Procedures can sometimes be considered when using
statistical methods that fail in the presence of any miss-
ing values, or when in the case of multiple-predictor
statistical models all the data for an individual would be
omitted because of a missing value in one of the predic-
tors. For analyses involving multiple regression analysis,
a multiple imputation approach will be considered and
used if statistically sound, depending on the proportion
and pattern of missing values.

Methods to ensure validity and quality of data
Accurate and reliable data collection will be assured by
verification and cross-check of the case report form
(CRF) against the researcher’s records (source document
verification). Source document verification will be
conducted for 5% of data in subjects. A comprehensive
validation check program utilizing front-end checks in
the CRF will verify these data. Discrepancies and queries
will be generated accordingly in the CRF for online reso-
lution by the researcher at the site. In addition, the CRF
data will be reviewed on an ongoing basis for medical
and scientific plausibility.

Sample size
The main outcome measure is the total score of the
QoL-AD, which ranges from 13 to 52. According to
recent studies [40, 41], the standard deviation of the
total score of the QoL-AD is 7.
For a minimum important clinical difference of 2.77

on the total QoL-AD score, with a standard deviation of
7, the effect size is 0.39. To compare two groups
(Intervention and Control) using a two-sample, two-
sided t-test with a 5% statistical significance level, the
minimum number of evaluable patients required in each
group is 100 (200 overall), to give a power of 80%. Given
that it is a follow-up study, we must bear in mind that
there will be losses along this one, therefore we will
recalculate the sample size to take into account an
expected percentage of losses of 20%. The number of
subjects needed for each group will be 120 subjects (240
in total).

Discussion
Strengths
If the hypothesis is proven, these findings will demon-
strate the potential improvement in quality of life in
older adults with mild cognitive impairment or mild
dementia when using TV-AssistDem. Numerous studies
have developed technological solutions which facilitate
remote support for PMCI/MD. What makes this study
methodologically stand out is addressing QoL as a main
outcome measure, using valid QoL scales, and its large
sample size.
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The uniqueness of this home TV-based intervention lies
on its widespread accessibility and its integrative approach
to QoL in PMCI/MD and their caregivers. Television sets
have an extensive home penetration in older people ex-
posed to the age-related digital divide, ensuring a broader
implementation of TV-AssistDem than other ICTs. More-
over, this remote home-based assistive service has the
potential to improve accessibility to health and support
services for older people with limited access to standard
services and health or mobility problems. In addition, TV-
AssistDem offers a multi-modal intervention, which ac-
cording to the literature, has proven to be more effective
than single-focused ones. By combining technical, behav-
ioral, educational and social support interventions, TV-
AssistDem will provide significant support to PMCI/MD
and relief to their caregivers.

Challenges
There are several anticipated challenges: poor engage-
ment to TV-AssistDem and connectivity problems.
Patient engagement to the platform will be determinant.
Three barriers must be taken into consideration: patient
sensorial and/or psychomotor impairment, patient
illiteracy, and patient negative attitudes and views
towards ICTs. Even though television sets seem to be
the most suitable for this population, sensorial and
psychomotor impairments may difficult the use of the
platform in some patients. Low literacy skills, though
not so obvious a barrier, may prevent patients from fully
engaging with TV-AssistDem. Moreover, while provid-
ing access and training on ICTs can help older adults
cross the digital divide, negative attitudes and views to-
wards these techs may limit TV-AssistDem use. Patients
may disengage if they perceive the platform as too
intrusive, invasive or time-consuming. Along with these
engaging limitations, wireless or phone network con-
nectivity problems may limit TV-AssistDem use on a
daily basis. While little can be done to deal with this
problem, researchers must face poor engagement by
guaranteeing videoconferencing solutions tailored to
specific needs. As the barriers and facilitators each dyad
will face may differ, researchers will guide, support, and
encourage each participating home.

Limitations
Selection bias resulting from the missing data may be a
potential limitation. Strategies such as the following
will be carried out to diminish the latter: the sample
size will be increased to 20% (expected losses), un-
reachable patients will be called three times in different
days and hours and patients who do not attend the
visits will be offered three additional appointments. A
multiple imputation approach will be considered as
dropout will be inevitable.

Researchers have received training on conducting the
valid measures which will be used safely among older
PMCI/MD and these assessments involve minimal risk.
To ensure intervention standardization, it follows an ex-
haustive structured and professionals will be specifically
trained. Furthermore, a manual for the researchers has
been designed including: the working plan, the protocol,
the different parts of the intervention and details to as-
sess each variable. This will guarantee that the procedure
can be replicated elsewhere.

Future directions
Because of the upcoming demographic change in Eur-
ope, developing active and assistive living technological
solutions, becomes necessary for the independent living
of the elderly in the near future. Cost effective, accessible
and multi-modal solutions which significantly impact
daily life, family support and healthcare assistance in
older adults, such as TV-AssitDem, will continue to
rapidly advance to best approach diverse healthcare
settings and different ageing population needs.
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