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1. Name and surname, address and place of work of the principal investigator and the other
researchers.
- Principal investigator:
Name and surname: Maria Carmona Iragui
Place of work: Alzheimer Down Unit. Neurology Department, Hospital de la Santa Creu i Sant
Pau, Barcelona / Centre Médic Down, Down Syndrome Catalan Foundation, Barcelona.
Address: Sant Antoni Maria Claret 167. 08025 Barcelona.
- Other researchers:
Name and surname: Juan Fortea Ormaechea
Place of work: Alzheimer Down Unit. Neurology Department, Hospital de la Santa Creu i Sant
Pau, Barcelona / Centre Médic Down, Down Syndrome Catalan Foundation, Barcelona.
Address: Sant Antoni Maria Claret 167. 08025 Barcelona.
Name and surname: Laura Videla Toro
Place of work: Alzheimer Down Unit. Neurology Department, Hospital de la Santa Creu i Sant
Pau, Barcelona / Centre Médic Down, Down Syndrome Catalan Foundation, Barcelona.
Address: Sant Antoni Maria Claret 167. 08025 Barcelona.
Name and surname: Bessy Benejam Paul
Place of work: Alzheimer Down Unit. Centre Médic Down, Down Syndrome Catalan
Foundation, Barcelona.
Address: Carrer Compte de Borrell 201-203. 08029 Barcelona.
Name and surname: Sílvia Valldeneu Castells
Place of work: Alzheimer Down Unit. Neurology Department, Hospital de la Santa Creu i Sant
Pau, Barcelona.
Address: Sant Antoni Maria Claret 167. 08025 Barcelona.
Name and surname: Miren Altuna Azkargorta
Place of work: Alzheimer Down Unit. Neurology Department, Hospital de la Santa Creu i Sant
Pau, Barcelona.
Address: Sant Antoni Maria Claret 167. 08025 Barcelona.
Name and surname: Isabel Barroeta Espar
Place of work: Alzheimer Down Unit. Neurology Department, Hospital de la Santa Creu i Sant
Pau, Barcelona / Centre Médic Down, Down Syndrome Catalan Foundation, Barcelona.
Address: Sant Antoni Maria Claret 167. 08025 Barcelona.
Name and surname: Teresa Estellés Pals
Place of work: Alzheimer Down Unit. Neurology Department, Hospital de la Santa Creu i Sant
Pau, Barcelona.
Address: Sant Antoni Maria Claret 167. 08025 Barcelona.
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2. Background and scientific interest of the project
Down Syndrome (DS) is the most frequent cause of intellectual disability in childhood and it is
the most frequent form of genetic developmental and intellectual disability, affecting 5·8
million people worldwide (Ballard, Lancet Neurol 2016). During the last 5 decades, improved
health care has led to dramatic improvements in life expectancy in individuals with DS, and it is
now common for adults with DS to reach old age and to live beyond 65 years (Bittles, Dev Med
Child Neurol 2004). However, ageing with DS creates new challenges for families, caregivers
and professionals, as new problems associated with the aging of people with DS have
emerged. These are predominantly neurological conditions such as dementia due to
Alzheimer's disease (AD) and adult-onset epilepsy (Hithersay, J Neurodev Disord 2020).
DS is considered a genetically determined form of AD (Dubois, Lancet Neurol 2014) and all
people with DS develop neuropathological findings compatible with AD by the age of 40
(Wisniewski, Ann Neurol 1985). Not all individuals with DS develop clinical symptoms of AD,
but the lifetime risk of Alzheimer’s disease in people with DS is now more than 90% and AD is
the leading cause of death in this population (McCarron, J Intellect Disabil Res 2017).
Therefore, AD in adults with DS poses a significant challenge for the medical profession and for
society.
Early diagnosis of cognitive impairment in a population with intellectual disability presents
several unique challenges because of the between-patient variability of the cognitive deficits
related to their intellectual disabilities. In addition, establishing the diagnosis requires
specialized training and adapted and validated diagnostic tools for people with intellectual
disability. Providing care for people with DS and AD is also challenging, as they are usually a
vulnerable population. The median age at expected symptom of AD in DS is 50,2 years old
(Fortea, Lancet 2020), thus, the main caregivers, usually parents, are elderly people who may
have their own age-related comorbidities, including potential cognitive impairment. In
addition, general practicioners and institutions are not prepared to deal with this problem and
there are no specialized care centers for people with DS and AD, leaving the caregivers
uninformed and unprepared to deal with the situation (https://www.sindromedown.net/wpcontent/uploads/2014/09/160L_las.pdf). This problem highlights the need of a comprehensive
health care approach to enable an early diagnosis and an individualized follow up and support.
The Fundació Catalana Down Syndrome (FCSD) is a private, non-profit organization that was
established in March 1984. It was born as an initiative of a group of parents and professionals
with the aim of deepening understanding of DS through research and practical experience
through an interdisciplinary approach encompassing pedagogy, psychology, medicine and the
social care The technical team is composed by professionals with training in psychology,
pedagogy and medicine and a group of scientific advisers who supervise clinical and research
works. One of the main aims of FCSD is to serve as a catalyst and framework for the
development of a personalized preventive medical care plan for individuals with DS. This
preventative medical care plan is generated by a coordinated group of generalists and
specialists dedicated to the diagnosis, systematic assessment, prevention and treatment of
people with Down syndrome. The FCSD medical center database currently contains clinical
data on over 2500 individuals with DS, of who more than 1,500 are over the age of 18. The
FCSD is one of the world's largest specialist medical centers for DS.
The Memory Unit of the Hospital de la Santa Creu i Sant Pau (HSP) focused in the diagnosis and
treatment of patients with cognitive impairment and in applied and translational research in
the field of AD and related disorders. At present, the unit is integrated by 10 neurologists, 7
neuropsychologists, 6 basic researchers, 4 laboratory technicians, 2 research nurses, one
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neurorradiologist, 3 engineers and one data manager. The Memory Unit is a reference leader
in translational research in Alzheimer's disease, both in Spain and internationally. The lines of
research include: research in plasma and CSF biomarkers, genetic research, molecular biology
research, clinical trials, and neuroimaging research in the field of AD and related. The group
has among the highest research indicators in Spain and Europe with more than 100 articles in
the last two years (with more than 100 points of impact factor per year). It is a member and
coordinator of the program group 1 of CIBERNED.
In December 2014, both institutions (FCSD and HSP) signed an agreement for assistance and
collaboration. Under this agreement, the HSP became a referral centre for neuropathology
associated with DS in Catalonia, where any person with DS aged 18 or older, diagnosed with
any neurological pathology, can attend the HSP, even if they do not live within the HSP
catchment area. This gives all individuals attending the FCSD access to professionals
specialized in DS based in the HSP.
Also in 2014, the close collaboration of these institutions led to the creation of the Alzheimer
Down Unit (ADU), in order to develop and establish a pioneering population-based health plan
for adults with Down syndrome in Catalonia. The ADU is formed by a multidisciplinary team
and counts with the expertise from 5 neurologists with a wide experience in the diagnosis and
treatment of individuals with cognitive disturbances, both in DS and in the general population;
3 neuropsychologists, all of them with a strong background in the study of cognitive
impairment in DS, clinical neuropsychology and AD; one postdoctoral researcher with
extensive experience in biochemistry, molecular biology and biomarker determination in DS
and AD body fluids, one social worker and one research nurse. Its main objective is to offer
adults with DS annual medical and neuropsychological assessments in order to prevent and
detect medical pathology and, if necessary, to coordinate with the public health system to
offer individualized follow-up care, clinical support and social counseling.
Within this population-based health plan, medical pathology, with a special emphasis on AD
and neurological diseases and aging-associated comorbidities, is assessed. The health plan
includes two components: a comprehensive screen for medical illnesses and the assessment of
cognitive status and onward referral where necessary. The screening consists of an integrated
medical, neurological and neuropsychological assessment, blood test, and EEG. Screening is
carried out annually and, if pathology is detected, every six months. The second component of
the health plan consists of onward referral to a local tertiary hospital (or the HSP in case of
neurological disease) for further specialist assessment and treatment when medical or
neurological problems are detected.
In the setting of this population-based health plan, the Down Alzheimer Barcelona
Neuroimaging Initiative (DABNI) project is also offered to every adult with DS in Catalonia.
DABNI is a translational research plan to study AD biomarkers in DS and has already led to
several studies published in high-impact scientific journals.
Every year we attend more than 300 people within the health plan, however, approximately
60 are not able to attend phisically to the ADU Unit. The main causes are logistical difficulties,
medical problems, institutionalization, the absence of caregiver to accompany them to the
assessment or because they life far away from Barcelona. The exclusion of those candidates
reflects, not only disparities in health care of the most vulnerable subgroup, but also a
selection bias when analyzing epidemiological variables. In order to bring the health plan
closer to all people deprived of the specialized attention and at risk of exclusion, the
“Domiciliary Alzheimer Visiting in Down syndrome” (DAVIS) pilot project was implemented in
October 2018, thanks to a GBHI/Alzheimer’s Association grant awarded to Dr. María Carmona
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Iragui. Within this cross-sectional DAVIS pilot project, we contact occupational centers
/residences which include users with DS and we organize the visit of a neurologist and a
neuropsychologist from our team to the center. Candidates and their caregivers are informed
about the health plan and those who accept to participate are assessed. The visit consists of a
comprehensive medical, neurological and neuropsychological assessment which screens each
participant for cognitive impairment. After this first assessment, an in-person follow-up at the
ADU or a telephonic follow-up visit is offered, together with the option of our staff to
coordinate with Primary Care or Tertiary Medicine. The participation in the DABNI research
project is also proposed.
The cross-sectional DAVIS pilot project was implemented in October 2018 and its completion,
due to the finalization of the specific funding, is expected on April 2021. Until January 2020,
the project has been presented in a total of 14 centers in different regions from all over
Catalonia (figure 1), we assessed a total of 94 participants (mean age 42.6, 48.9% males), from
which 21,3% of them had symptoms of cognitive decline or even established AD dementia.
More detailed preliminary results are shown on the viability section of this application (point
#4).
So far, this cross-sectional pilot project has demonstrated the feasibility of the DAVIS project
and has evidenced successful preliminary results. The main conclusions have been:
- The DAVIS project is feasible and enables the outreach of our health plan for adults with DS
in Catalonia.
- We provide specialized clinical care to regions in Catalonia without the resources to perform
adequate clinical and cognitive evaluations in people with intellectual disabilities.
- Its clinical application allows the identification of new cases of symptomatic AD.
- The DAVIS pilot project emphasizes the need of specific social and health care improvements
and plans for adults with DS.
- An extension of the DAVIS project would priovide solid evidence that could have an impact
on the local health system, on health authorities and, lastly, on health policy.
For all mentioned above, we believe that the DAVIS-2, an extension of the DAVIS pilot project,
would allow to:
- Continue with bringing closer of the health plan to adults with Down syndrome who
are particularly vulnerable due to several reasons (i.e: a more severe impairment,
geographical disparities, absence of an available caregiver…).
- Minimize the selection bias of our population-based clinical cohort which is evident if
we only consider for numbers those adults with DS who come to our site.
- Provide longitudinal assessments of those participants in the DAVIS pilot project who
were diagnosed with AD and are still not able to come to the follow-up visit.
Altogether, DAVIS pilot project and DAVIS-2 will provide not only benefits in health care of the
population with DS in Catalonia, but also will approach the possibility of research to this
population and will minimize the selection bias when obtaining epidemiological measures. In
brief, DAVIS-2 will generate robust data that could inform health policy, generate
epidemiological data and have an impact on improving the quality of life of people with DS and
their caregivers. In brief, DAVIS-2 aims to have a three-fold impact on health care, biomedical
research and health policiy.
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3. Hypotheses and objectives
Hypotheses:
1. Medical pathology in adults with Down syndrome, particularly cognitive impairment
associated with Alzheimer's disease, is often unnoticed, underdetected and usually diagnosed
at advanced stages (Strydom et al. 2007). Active screening as part of a DS-specific,
personalized health offers earlier detection and better management of aging pathology in DS.
However, in our current model, some individuals with DS, particularly those with advanced
disease, are unable to access an annual assessment health plan, due to difficulties attending
the assessment center.
2. The cognitive profile of adults with DS with and without symptoms of AD may be different
from that in the general population and has been insufficiently studied.
3. Exclusion of adults with DS who are unable to attend the ADU unit from research leads to an
evident selection bias.
4. Present models of care do not sufficiently address medical and social needs of people with
DS and AD. Caregivers, who are already vulnerable, are uninformed and do not feel prepared
to deal AD in individuals with DS.

Objectives:
- To detect those adults with DS who are not able to reach our site and (for several
reasons such as age, comorbidities, social factors, geographical disparities, etc) and
bring them our health plan which includes a comprehensive assessment to screen for
medical comorbidities and research opportunities.
- To provide a longitudinal assessment to those adults with DS already diagnosed with
AD who are not able to reach our site.
- To minimize the selection bias intrinsic of only considering adults with DS assessed t
our site within the DABNI project.
- To obtain robust data able to orientate the families, the medical community and,
finally to change health policies.

6

Project title: Domiciliary Alzheimer Visiting in Down syndrome extensión Project (DAVIS-2)
Principal investigator: María Carmona Iragui

4. Material and methods, including the approximate duration of the study.
The main objective of DAVIS-2 is to continue bringing closer the health plan to every adult with
DS around Catalonia- in spite of not having the appropriate resources to reach our sitethrough domiciliary visits providing to the most vulnerables an improvement on health care
and an approach to research projects.
3.1 Type of study: Observational cross-sectional and longitudinal study in adults with DS who
are unable to attend the ADU.
3.2 Study period: 12 months.
3.3 Study setting: All adults with DS living in Catalonia who are not able to physically attend to
the ADU in Barcelona.
3.4 Selection of the population:
- Population of reference: The ADU acts as the referral center for DS in Catalonia, reflecting the
population with DS. The health plan cohort is a population-based sample.
- Study Population and Eligibility Criteria: Adults with DS living in Catalonia who are not
attending to the visits in the Alzheimer-Down Unit. Written informed consent, approved by the
ethics committee, will be obtained.
Inclusion criteria: Participants of both sexes with ages over 18 who understand and accept the
study procedures and sign the informed consent (legal representative and/or participant),
accompanied by a caregiver (in contact, at least, 10 hours per week).
Exclusion criteria: Not meeting the inclusion criteria, impossibility for being contacted, those
who have moved away from Catalonia.
- Sample size: Based on the experience and the numbers of candidates to health plan who are
not able to reach our site that we identify each year and the delay on assessments caused by
the COVID-19 pandemic, we will include 80 new subjects. In addition, we estimate the
inclusion of 40 more adults with DS already diagnosed with AD in the longitudinal follow-up
study.
3.5 Information recollection:
First of all, the principal investigator, Dr. Maria Carmona Iragui, will contact centers in
Catalonia who attend people with Down syndrome (residences, special work centers, etc) to
present and offer the DAVIS-2 project. She will ask for potential candidates interested in being
assessed and she will determine if they fulfill the inclusion criteria.
When centers and candidates will be selected, the dates of assessments will be planned
according to the number of available candidates in each center. The informed consent and
informative leaflets (annex 1) will be sent to the center. A team formed by a neurologist and a
neuropsychologist from the ADU will transfer to the centers in the corresponding dates and,
on the first day, before starting the assessments, they will give a presentation talk to explain
the aims of this project and the protocol to all families and professionals interested in the
health plan. Every question will be answered. The number of families or caregivers, who refuse
domiciliary attention and their reasons, if provided, will be also recorded. The assessment will
then take place and will be divided in two parts:
- Medical and neurological evaluation: it will be carried out by the neurologist. In this
personal interview, the candidate and her/his legal representative will sign the
informed consent. The purpose of this evaluation is to detect medical pathology, with
special emphasis on cognitive impairment. The assessment will review the clinical and
neurological history of the patient, demographic data, history of current illness (if any),
personal, pathological and family history and pharmacological treatment. A general
7
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-

-

-

and neurological physical examination will be performed. If there is a suspicion of nonneurological disease, the neurologist will liaise with the local primary and tertiary
medical facilities for further evaluation and treatment. This visit is carried out annually
in case of no pathology and, every six months if there is cognitive impairment.
Screening for social vulnerability will be carried out, and individuals of concern will be
referred on to local social services.
A neuropsychological assessment will be carried out by a specialized
neuropsychologist employed by the ADU. This includes cognitive screening in which
the degree of intellectual disability of the person is determined and a brief memory
test is given to assess whether or not further evaluation is required. When possible, an
interview is carried out with the patient's family or the patient's primary caregiver, to
collect data about the patient's daily life, occupation, level of autonomy and level of
functionality, mood, cognitive status, social relations, behavior, etc. In addition, 4
scales are administered to capture all this information quantitatively. Subsequently,
the cognitive functioning of the person with DS is evaluated, evaluating all cognitive
areas: language, memory, attention, orientation (person, time and space), executive
functions, praxis, gnosis, and speed of information processing.
Social work assessment. All participants for whom there is concern around their social
circumstances will be offered to a –physically present or telematic- meeting with the
FCSD social worker. The social worker makes an individualized assessment of each
case, determines their needs and coordinates with local social work services to provide
necessary supports. In addition, when AD diagnosis has been established in a person
with DS, caregivers are offered an advisory visit with a specialized neuropsychologist
and the FCSD social worker. This visit is offered as a space for family support where
they can express their doubts about the disease; they receive guidance in the
guidelines and procedures to follow in case they require assistance from social
services. In cases that cannot attend the ADU unit for assessment with the social
worker or for the advisory visit, a telematic visit and the coordination with local social
services will be offered. If there is a serious concern but family/caregiver refuses to
meet the social worker from FCSD, we will call social services from Generalitat de
Catalunya to take care of the situation.
Satisfaction Survey: A structured questionnaire has been designed to evaluate how
useful has the visit been for the patient and family/caregiervers, what did they like the
most, what things they think we could improve and what their experience was of the
home visit.

3.6 Statistical analysis:
Statistical analysis will be performed with SPSS. A descriptive study of the variables will be
carried out, using the indexes of central tendency and dispersion as well as corresponding
frequency measures.
3.7 Ethical aspects:
The study will rigorously follow international ethical recommendations for medical research in
humans. Researchers will be responsible for ensuring that the study is conducted in
accordance with the standards set out in the Helsinki Declaration and in Spanish legislation.
The Ethics Committee of the HSP has approved the study protocol, the information given to
the subject (annex 2) and the Model of informed consent that is used. The CEIC will be
informed of any subsequent amendments to the protocol and its opinion should be requested
if a reassessment of the ethical aspects of the study is necessary. It is the responsibility of the
investigator to obtain the informed consent of each patient, after explaining the objectives,
methods and potential risks of the study. All patients will be informed orally and in writing that
these procedures are part of their routine evaluation and are also of interest for research. The
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participation in this health plan does not imply risks. Regarding the confidentiality of the data
of the study will follow the established in the Organic Law 15/1999 of "Protection of Data of
Personal Character.”The data will be collected in a separate encoded and protected file.
3.7 Timeline
The objective of the application for this grant is to extend de initial DAVIS project in order to
increase the scope of the health plan and reach all people with Down syndrome in Catalonia.
The DAVIS-2 working plan will proceed as follows:
- Month 1 (November 2020): Contact (phone calls and emails) with new and participant
centers in order to: a) identify new candidates and b) organize the follow-up visit of those
previously assessed candidates diagnosed with AD who cannot attend to our site.
- Months 2-6 (December 2020-April 2021): Follow-up domiciliary visits to adults with DS who
were diagnosed with AD in a previous assessment and are not able to reach our site.
- Months 7-10 (May 2021-August 2021): Domiciliary visits to new candidates (adults with DS
who are not able to reach our site without a previous assessment).
- Months 11-12 (September 2021-October 2021): Data analysis. Project results.
Communications in scientific congresses and publications. Redaction of the final report.
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5. Analysis of the viability of the project, detailing the necessary means and availability
As explained in the introduction, the cross-sectional DAVIS pilot project started in October
2018 thanks to a GBHI/Alzheimer’s Association grant awarded to Maria Carmona Iragui.
Therefore, a preliminary analysis of the results obtained so far demonstrates its feasibility,
success and viability.
Between October 2018 and January 2020, the project was presented in a total of 14 centers in
different regions from all over Catalonia [Fig. 1], we assessed a total of 94 participants (mean
age 42.6, 48.9% males), classified as asymptomatic DS- aDS (78.7%), prodromal AD- pDS (4.3%)
or AD dementia- dDS (17%) (figures 2 and 3). Thus, a 21.3% of the participants assessed
presented symptoms of cognitive decline or even established AD dementia.
Of the recruited participants, the 71.3% accepted to continue with in-person follow up visits
and a 24.5% accepted a telephonic follow-up instead (figure 4).
Finally, a 12.8% of the participants agreed to collaborate on research projects (figure 5).
Figure 1. Distribution of centers reached by the cross-sectional DAVIS pilot project.

Figure 2. Diagnostic distribution of the participants included in the cross-sectional DAVIS pilot project.
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Figure 3. The total of the participants assessed within the cross-sectional DAVIS pilot project.

The participants recruited in the crosssectional DAVIS pilot project represent an
11,6% of our total cohort in the Alzheimer
Down Unit (ADU). From them, a 11,7% had
already been visited in the ADU before and
had stopped coming for diverse reasons.

11,63%
88,37%

11,63%

% of patients assessed in the Alzheimer Down Unit
% of patients assessed in the DAVIS project

Figure 4. Acceptance to attend to the UAD for the follow up visits.

The preferred follow up was in-person, at the
Alzheimer Down Unit in Barcelona.
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Figure 5. Acceptance of participation in research projects

12,77%

Almost a 13% of the participants recruited in the
DAVIS project were willing to participate in research
projects.

87,23%

Acceptance

Non acceptance

These preliminary results demonstrate that the DAVIS project is feasible, viable and possible,
considering that the project is carried out by professionals who normally work in a clinical
setting.
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5. Curriculum vitae of the researchers and previous experience on the subject.
See attached documents.
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Annexes
Annex 1: Informative leaflet
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Annex 2: Informed consent approved by the local IRB.
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Annex 3: Budget distribution
The global health plan, that includes the longitudinal medical, neurological and
neuropsychological assessments, is funded for every adult with Down syndrome in Catalonia
who attends to our site. The offices in where patients are assessed, the expert personnel –
neurologists, neuropsychologists, a social worker, and a nurse -, part-time administrative
personnel, four computers that include the informatics logistics for executing a common
dataset where data of every subject are collected, is already available. For the Pilot Project we
acquired two tablets, one router and one wifi connection which can be used for this DAVIS-2
project.
The transfer of the personnel (a neurologist and a neuropsychologist) to the facilities of these
subjects will allow performing their clinical and cognitive assessment.
The requested budget is broken down as follows:
A) Personnel costs:
- Salaries & wages: 6000€
These costs are justified to cover the administrative tasks that are derived from the
development of this project. The amount has been calculated following the established
salaries from our institution to cover a 8 h-week journey during the year of duration of the
project.
B) Non-personnel costs:
- Equipment: 789 €
This amount derives from the acquisition of one tablet (575€), so each team will have one
available tablet, containing the hardware that supports the database used for the evaluation
and data collection from the assessed patients. In addition, it will include the acquisition of one
wireless router (150€) and wifi connection for 1 year (89€).
This equipment will allow the assessment of those subjects at home in the same conditions as
those who reach our site and data will be directly introduced into our database. The use of this
equipment will be strict for this extension project implementation.
- Transfers: 1800€
This point refers to the expenses that cover the transfer of the neurologist and
neuropsychologist to the subjects’ facilities. The amount has been calculated based on the
amount expended for this same purpose during 2019.
- Publication costs: 500€
This section derives from the current system of publication in high impact journals.
C) Indirect costs (10%): Overheads for the local institution. Subtotal=9089€ x 0,1= 908,9 €.
TOTAL: 9997,9 €
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