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Background: Huntington’s disease (HD) is an autosomal dominant neurodegenerative
disease that affects the quality of life (QoL) of HD gene expansion carriers (HDGECs)
and their partners. Although HD expertise centers have been emerging across
Europe, there are still some important barriers to care provision for those affected
by this rare disease, including transportation costs, geographic distance of centers,
and availability/accessibility of these services in general. eHealth seems promising in
overcoming these barriers, yet research on eHealth in HD is limited and fails to use
telehealth services specifically designed to fit the perspectives and expectations of
HDGECs and their families. In the European HD-eHelp study, we aim to capture the
needs and wishes of HDGECs, partners of HDGECs, and health care providers (HCPs)
in order to develop a multinational eHealth platform targeting QoL of both HDGECs and
partners at home.
Methods: We will employ a participatory user-centered design (UCD) approach, which
focusses on an in-depth understanding of the end-users’ needs and their contexts.
Premanifest and manifest adult HDGECs (n = 76), partners of HDGECs (n = 76), and
HCPs (n = 76) will be involved as end-users in all three phases of the research and design
process: (1) Exploration and mapping of the end-users’ needs, experiences and wishes;
(2) Development of concepts in collaboration with end-users to ensure desirability; (3)
Detailing of final prototype with quick review rounds by end-users to create a positive
1
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user-experience. This study will be conducted in the Netherlands, Germany, Czech
Republic, Italy, and Ireland to develop and test a multilingual platform that is suitable
in different healthcare systems and cultural contexts.
Discussion: Following the principles of UCD, an innovative European eHealth platform
will be developed that addresses the needs and wishes of HDGECs, partners and HCPs.
This allows for high-quality, tailored care to be moved partially into the participants’
home, thereby circumventing some barriers in current HD care provision. By actively
involving end-users in all design decisions, the platform will be tailored to the end-users’
unique requirements, which can be considered pivotal in eHealth services for a disease
as complex and rare as HD.
Keywords: Huntington disease, neurodegenerative diseases, telemedicine, eHealth, user-centered design, quality
of life, study protocol, tele-neurology

GENERAL INFORMATION

signs (4–6). After the onset of clinical motor changes (1, 6),
which is still the “landmark” for manifest disease, life expectancy
ranges between 15 and 20 years (2).
Disease onset usually occurs in the fourth or fifth decade of life
(2, 6), when individuals are often very active in work, family and
social life. As the disease progressively affects various functions
essential for participation in everyday life activities, individuals
become more dependent over time and the need for (long-term)
care increases (1, 6). As no cure is available to date, current
treatment strategies focus on symptom management and quality
of life (QoL) maintenance (1, 3, 7). Previous studies have shown
that HD greatly impacts the QoL of HD gene expansion carriers
(HDGECs) (3, 8–10), even prior to symptom onset (3, 9). QoL
tends to decline as the disease progresses over time (9, 11, 12),
with individuals in the advanced stage often experiencing a worse
QoL as compared to individuals at risk or in the premanifest
stage (9, 11, 12). Partners of HDGECs also experience impaired
QoL (13–15), especially with regard to coping, financial expenses,
gaining access to care services, and perceived lack of knowledge
from healthcare providers (HCPs) (13).
Due to the complex clinical nature of HD, there is an
increasing need for comprehensive and multidisciplinary care
services (16, 17), ranging from advice about genetic testing to
palliative care. Although several HD expertise centers have been
established across Europe (2, 18, 19), these specialist services
often serve large geographical areas. Moreover, these services are
not always instantly available, accessible or in close proximity
to those seeking care (18). Other barriers impeding HD care
provision include health care and transportation costs (2, 18). In
addition, increasing physical limitations and burden, especially
in the later stages of the disease, might pose difficulty in seeking
and accessing care, leaving those with the greatest care need
receiving the least care (20). To overcome these barriers, delivery
of expert care should transcend geographical borders. More
importantly, specialized professional care should be arranged and
provided in such a way that HDGECs can live at home as long
as possible while maintaining acceptable QoL. This results in
the need for innovative ways to facilitate QoL maintenance in
the home situation, primarily by increasing access to specialized
professional care regardless of distance to care centers.

Protocol Title
Development of an eHealth care model to improve quality
of life in Huntington’s Disease: a user-centered design
study (HD-eHelp).

Research Sites and Investigators
Research sites from the Netherlands, Germany, Czech Republic,
Italy, and Ireland will be involved in this study. Table 1
provides an overview of the participating research sites and
investigators within the European eHealth Care Model for Rare
Neurodegenerative Diseases (HEALTHE-RND) consortium.

Study Status
At time of submission of this manuscript, the study status
is recruiting.

INTRODUCTION
Huntington’s Disease (HD) is a rare, autosomal dominant
neurodegenerative disease characterized by progressive motor
symptoms, cognitive impairments, and neuropsychiatric
symptoms (1, 2). The disease is caused by a cytosine-adenineguanine (CAG) repeat expansion in the huntingtin (HTT) gene
(1). Reduced penetrance is seen in individuals with 36–39 CAG
repeats, whereas individuals with >39 repeats will develop HD
(1). HD affects an estimated 10.6–13.7 per 100,000 individuals in
Western populations (3). Children with an HD affected parent
have a 50% risk of inheriting the HD gene expansion. Clinical
symptom onset is preceded by the premanifest stage (including
the pre-symptomatic and the prodromal phase) (4, 5), in which
subtle motor, cognitive and/or neuropsychiatric symptoms can
already occur up to 10–15 years prior to the start of clear motor
Abbreviations: HD, Huntington’s disease; HTT, huntingtin gene; CAG, cytosineadenine-guanine repeat length; QoL, quality of life; HDGECs, Huntington’s
Disease gene expansion carriers; HCP, health care providers; PD, Parkinson’s
Disease; UCD, user-centered design; preHD, premanifest HDGECs; mHD,
manifest HDGECs; FPEP, Family Patient Expert Panel; UHDRS, Unified
Huntington’s Disease Rating Scale; eCRF, electronic case report form.
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TABLE 1 | Research sites and investigators involved in the study.
Investigators

Role

Research site

The Netherlands
P. J. C. van Lonkhuizen, MSc

Coordinating investigator

LUMC*, Topaz, NeLL

N. J. H. Vegt, PhD

Co-investigator

LUMC*, NeLL

E. Meijer, PhD

Co-investigator

LUMC*, NeLL

A. Heemskerk, PhD

Co-investigator

LUMC*, Topaz

E. van Duijn, MD, PhD

Co-investigator

LUMC$ , Topaz

S. T. de Bot, MD, PhD

Co-investigator

LUMC∇

N. H. Chavannes, MD, PhD

Principal investigator

LUMC*, NeLL

Germany
G. B. Landwehrmeyer, MD, PhD

Principal investigator

University Hospital Ulm

A. Mühlbäck, MD

Coordinating investigator

University Hospital Ulm

W. Frank, MSc

Coordinating investigator

University Hospital Ulm

R. Hoffmann, MD

Co-investigator

University Hospital Ulm

Czech Republic
J. Klempíř, MD, PhD

Principal investigator

Charles University Prague

K. Dolečková, MD

Co-investigator

Charles University Prague

O. Klempířová, PhD

Co-investigator

Charles University Prague

O. Ulmanová, MD, PhD

Co-investigator

Charles University Prague

J. Roth, MD, PhD

Co-investigator

Charles University Prague

Italy
F. Squitieri, MD, PhD

Principal investigator

IRCCS Casa Sollievo della Sofferenza Hospital

S. Maffi, MSc

Coordinating investigator

IRCCS Casa Sollievo della Sofferenza Hospital

E. Scaricamazza, MD, PhD

Co-investigator

IRCCS Casa Sollievo della Sofferenza Hospital

S. Migliore, PhD

Co-investigator

IRCCS Casa Sollievo della Sofferenza Hospital

M. Casella, MSc

Co-investigator

Italian League for Research on Huntington

J. Hoblyn, MD

Principal investigator

Bloomfield Hospital, Trinity College Dublin

M. Thangaramanujam, MISCP

Coordinating investigator

Bloomfield Hospital, Trinity College Dublin

Ireland

LUMC, Leiden University Medical Center; Topaz, Huntington Center Topaz Overduin; NeLL, National eHealth Living Lab; IRCCS, Istituto di Ricovero e Cura a Carattere Scientifico.
*Department of Public Health and Primary Care.
$ Department of Psychiatry.
∇ Department of Neurology.

eHealth provides promising opportunities to facilitate such
care, as it delivers and/or enhances health care services by using
information and communication technologies (21). eHealth
offers many possibilities, including home-based monitoring
of health parameters, remote treatment options, as well as
communication and information exchange between patients,
family members and HCPs (20, 22). In addition, eHealth can
increase care capacity by connecting experts to local clinicians
remotely (20). Most importantly, eHealth allows for personalized,
tailored care to be moved partially away from highly specialized
centers (requiring patients to travel) into the patients’ home
(20, 22), which can be considered paramount for a disease as
complex and rare as HD.
Although eHealth is considered promising in terms of
acceptability, feasibility and effectiveness in other neurological
and neurodegenerative diseases [e.g., dementia, Parkinson’s
disease (PD), multiple sclerosis] (23–30), research on eHealth
(development) in HD is limited (31–35). A small-scale pilot
study conducted in the Netherlands showed that an interactive

Frontiers in Neurology | www.frontiersin.org

knowledge website for HD patients and caregivers, combined
with a videoconferencing tool (iQare), increased continuity of
care as well as the quality of contacts between patients and
informal/professional caregivers, without any travel time (31).
eHealth was also found to be useful in conducting remote motor
assessments and predictive testing services in HD (32–34), while
maintaining quality of care and support (33).
In spite of the rapid growth in eHealth services more generally,
(long-term) uptake of these services is often poor (36, 37) due
to limited integration into the clinical workflow, reimbursement
and legislation issues, and privacy and security issues (37–
39). Limited uptake is also related to not actively involving
end-users (e.g., patients) in an early stage of the design and
development process (22, 37, 39). This may result in a lack
of functionalities that are desired from a user perspective as
well as in poor usability and user experience (37, 38, 40–42).
Additional challenges in eHealth development reported in other
neurodegenerative diseases, including PD, are the strong focus on
motor aspects of the disease as opposed to important sources of

3
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disability reported by patients (e.g., depression, fatigue, and sleep
disturbances), and the lack of user engagement (27, 29, 30).
A user-centered approach, in which end-users are closely
involved in the design process, is therefore desired. It is assumed
that this will lead to the necessary insight for developing
eHealth that facilitates the patients’ QoL, given its suitability
as shown in other neurological and neurodegenerative diseases
(43–47). Actively involving both HDGECs and their partners,
and addressing their needs is important especially in HD given
the complexity and diversity of symptoms and the variety in
needs experienced in different stages of the disease, including
pre-symptomatic and prodromal stages. In addition, partners
of HDGECs often have the tendency to neglect their own
experiences and needs (15), yet these should not be overlooked.
As a high level of unmet needs for health and social services
can negatively impact health-related QoL in HD (12), it is
important to include the needs of both HDGECs and their
partners in the development of eHealth technologies. By also
actively involving HCPs with expertise in HD, disease-specific
characteristics, in particular neuropsychiatric and cognitive
impairments (18), can be considered in advance in the eHealth
development process.
To date, no HD-specific needs assesment exists in relation
to QoL from the perspective of HDGECs and their partners.
To ensure high-quality remote care services that increase the
QoL of HDGECs and their partners across Europe, it is
therefore paramount to include the perspective of HDGECs,
their partners and HCPs in designing and developing an eHealth
platform. A participatory user-centered design (UCD) approach
ensures the inclusion of these perspectives by closely involving
end-users in the development process, thereby increasing the
probability of a good fit between the eHealth platform and
end-users’ needs, wishes, and daily activities (39, 48, 49).
In the present study we will use the principles of UCD to
develop an innovative eHealth platform to facilitate QoL in
HDGECs and partners across Europe. This may be digital
information solutions (e.g., websites, apps, online videos),
digital communication tools (e.g., sensors, questionnaires, chat
messaging), and/or digital support tools (e.g., shared agendas,
notification systems). In this article we outline a detailed
description of the aim, design and study procedures of the HDeHelp study.

Study Design
We will employ a UCD approach (48) in which an understanding
of the end-users’ needs, preferences and contexts is pivotal. In
our study, we will include HDGECs, partners and HCPs as
end-users. To optimally align the eHealth platform with their
needs and wishes, end-users will participate in all three phases
of the research and development process (i.e., 1. Exploration;
2. Concept development; 3. Prototype testing). As user-centered
(participatory) design approaches have not been extensively used
or described in HD (34, 50), we provide a detailed description of
how we adjusted this approach to the multiple target groups and
multinational nature of our study in the procedure section.
This study will be coordinated from the Netherlands. Research
sites from the Netherlands, Germany, Czech Republic, Italy,
and Ireland (see Table 1) will be involved to develop and test a
multilingual platform that is suitable within different healthcare
systems and cultural contexts. The duration of the study will be
∼18 months, including preparation, data analysis and prototype
development. A large-scale evaluation of the platform in a
randomized controlled trial (RCT) is scheduled, yet beyond the
scope of this study protocol.

Study Sample and Recruitment
Premanifest (preHD) and manifest (mHD) gene expansion
carriers who are living at home, partners of HDGECs, and HCPs
will be invited to participate in this study. Table 2 provides an
overview of the eligibility criteria for each participant group.
We aim to recruit HDGECs from the locally held Enroll-HD
database (https://www.enroll-hd.org/) at the respective research
sites (51). Enroll-HD is a global, on-going observational study
for families affected by HD, collecting longitudinal data on
disease characteristics and progression (51). With over 20,000
participants enrolled worldwide, Enroll-HD provides a large
database of HDGECs for which phenotype and genotype are
well-established, providing additional context for mapping their
desires and needs across different disease stages in this study.
HDGECs are not required to have a spouse/partner to participate
in this study and will be selected to cover a wide range of
disease stages.
Partners (i.e., spouses or unregistered/unmarried partners of
premanifest and manifest HDGECs) and HCPs will be recruited
from clinics, HD centers, patient groups and via the research sites’
primary and secondary care networks in the respective countries.
The HCP sample will represent professionals who work in HD
expertise centers and will be selected to cover all major expertise
that is involved in HD care (e.g., neurologists, psychiatrists,
psychologists, social workers, speech and swallowing therapists,
dieticians, occupational therapists, and physiotherapists).
Potentially eligible participants will be informed about
this study (face-to-face or by telephone) by the coordinating
researcher(s) at each site and will receive a study information
package, if interested. After a minimum period of 7 days,
HDGECs will be contacted again and provided with additional
information or clarification, if needed. Partners and HCPs can
indicate their interest in participation via a response card.
Participants will be invited to the first study activity upon receival

Study Aim and Objectives
The HD-eHelp study aims to capture the needs and wishes of
HDGECs, partners and HCPs in order to develop a European
eHealth platform following the principles of UCD (48). The
specific study objectives are, to:
1) explore and map desires, needs and experiences of HDGECs,
partners, and HCPs in relation to QoL, HD care and eHealth;
2) identify eHealth opportunities and strategies to fulfill these
desires and needs;
3) identify design requirements for an eHealth platform in
collaboration with end-users to ensure desirability, and;
4) develop prototypes of the eHealth platform with end-users to
create a positive user-experience.
Frontiers in Neurology | www.frontiersin.org
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TABLE 2 | Eligibility criteria for study participants.
Inclusion criteria

Exclusion criteria

HDGECs

• Genetically confirmed HD (i.e., CAG ≥ 36)
• No clinical motor features (i.e., UHDRS DCL < 4) in case of
premanifest HDGECs. Clinical motor features (i.e., UHDRS
DCL = 4) in case of manifest HDGECs
• Age ≥ 18 years
• Living at home
• Proficient in language of respective country
• Current participation in Enroll-HD
• Ability to attend study sessions

• Having a partner that participates in this study
• Being a FPEP member of this study
• Any present serious psychiatric, neurological, sensory,
or any other comorbid disorders known to influence
participants’ judgements and therefore likely to affect the
needs and desires experienced as well as the ability to
assess eHealth use (as judged by clinical team)
• Inability to give consent

Partners

•
•
•
•
•

Spouse or partner of premanifest or manifest HDGECs
Living together with premanifest or manifest HDGECs
Age ≥ 18 years
Proficient in language of respective country
Ability to attend study sessions

•
•
•
•

Health care providers

•
•
•
•

Providing HD care ≥ 2 years
Age ≥ 18 years
Proficient in language of respective country
Ability to attend study sessions

• Inability to give consent

Being an HDGECs themselves (as confirmed by genetic test)
Having a partner that participates in this study
Being a FPEP member of this study
Any present serious psychiatric, neurological, sensory,
or any other comorbid disorders known to influence
participants’ judgements and therefore likely to affect the
needs and desires experienced as well as the ability to
assess eHealth use (as judged by clinical team)
• Inability to give consent

HDGECs, Huntington’s Disease gene expansion carriers; HD, Huntington’s Disease; CAG, cytosine-adenine-guanine repeat length; UHDRS, Unified Huntington’s Disease Rating Scale;
DCL, Diagnostic Confidence Level; FPEP, Family Patient Expert Panel.

groups of our study, are described in detail below. As the
study is coordinated from the Netherlands, Dutch end-users
will be involved in all phases of the development process.
Due to feasibility and time constraints, end-users in the other
participating countries will only be involved in phase 1 and 3
(see Table 3). This is considered sufficient to design and adapt
the eHealth platform to each language and healthcare system.
To prevent a loss of lingual and cultural aspects in concept
development during phase 2, the international project team and
an international Family Patient Expert Panel (FPEP) will be
actively involved throughout phase 2. The panel consists of one
representative from each participating country, appointed by the
respective national HD association. In addition, two people from
the patient advocacy group in the European Reference Network
for Rare Neurological Diseases participate to have additional
disease groups represented.
Throughout the study, regular meetings with the international
project team, a Dutch advisory board of HCPs and the FPEP will
provide guidance to the research and design process. The HCP
advisory board and the FPEP will review study procedures and
materials to ensure suitability and comprehensibility. Prior to the
start of the study in each country, all relevant study materials
will be translated into the respective languages. Guidelines for all
study sessions have been developed. Study sessions will be audio
recorded and conducted by trained staff.

of the signed informed consent forms. All participants will
receive travel reimbursement, if applicable.

Sample Size
We estimated the number of participants based on guidelines
for user testing (52), thereby correcting for anticipated attrition
rates. Five participants generally find 80 percent of all problems
when testing a moderately complex concept or prototype. This is
more than enough for developing an eHealth platform that can
be tested in an RCT. However, as the target users (i.e., patients
and partners) of the intended eHealth platform are experiencing
very diverse stages of the disease, we include at least 7 participants
per stage (i.e., preHD or mHD) per target group. The study
design allows participants to take part in multiple phases. If
they are unwilling or unable to participate in subsequent phases,
additional participants will be recruited until data saturation (i.e.,
no new insights emerging from newly collected data) is reached
within each study phase (53).
Table 3 provides the estimated number of participants per
phase and per country throughout the study. In total, we aim
to include 20 HDGECs (10 preHD; 10 mHD), 20 partners (10
of preHD; 10 of mHD) and 20 HCPs in the Netherlands. In
Germany, Czech Republic, Italy, and Ireland we aim to include
14 HDGECs (7 preHD; 7 mHD), 14 partners (7 of preHD; 7 of
mHD) and 14 HCPs per country. This will result in the inclusion
of 76 HDGECs (38 preHD; 38 mHD), 76 partners (38 of preHD;
38 of mHD) and 76 HCPs throughout the whole study.

Phase 1: Exploration
We will gather an in-depth understanding of end-users’ needs,
desires and experiences regarding QoL, HD care, and eHealth
possibilities using interviews and generative techniques. As
compared to more conventional qualitative techniques (i.e.,

Study Procedures
The different study procedures for each UCD phase, and
how we adjusted these to the multinational nature and target

Frontiers in Neurology | www.frontiersin.org
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TABLE 3 | Estimated number of participants per UCD phase per country.
NL

GE

CZ

IT

IE

preHD

6

3

3

3

3

mHD

6

3

3

3

3

preHD

6

3

3

3

3

mHD

6

3

3

3

3

Total

PHASE 1: EXPLORATION
Interviews
HDGECs

36

Partners

36

Focus groups
HCPs

12

6

6

6

6

36

Total phase 1

36

18

18

18

18

108

Co-creation sessions

*

–

–

–

–

*

Concept testing

*

–

–

–

–

*

Total phase 2

*

–

–

–

–

*

*

–

–

–

–

*

preHD

4

4

4

4

4

mHD

4

4

4

4

4

preHD

4

4

4

4

4

mHD

4

PHASE 2: CONCEPT DEVELOPMENT

PHASE 3: PROTOTYPE TESTING
Prototype testing
“Think-aloud” sessions
HDGECs

40

Partners

40
4

4

4

4

HCPs

8

8

8

8

8

40

Total phase 3

60

24

24

24

24

156

Study total

60

42

42

42

42

228

UCD, User-centered design; NL, the Netherlands; CZ, Czech Republic; GE, Germany; IT, Italy; IE, Ireland; HDGECs, Huntington’s Disease gene expansion carriers; preHD, premanifest
HDGECs; mHD, manifest HDGECs; HCPs, health care providers. *In the Netherlands, the same individuals that participated in the exploration phase (phase 1) will be asked to participate
during co-creation and concept testing (phase 2), and prototype testing (phase 3). The bold values were meant to highlight the total sample size (as the bold values are the sum of the
sample sizes of each individual study group).

by phone/e-mail upon request. The sensitizing assignments
have been co-developed with the HCP advisory board/FPEP
and have been adapted and tailored to each participant group.
To ensure suitability and comprehensibility, the assignments
for HDGECs were pilot tested with one premanifest and one
manifest HDGEC (and spouse). This resulted in some important
adjustments for the workbooks for manifest HDGECs, including
for example landscape instead of portrait orientation, larger font
size, more writing space, and less suggestive examples to avoid
copying (see Figure 1 for an example of an assignment in the
workbook for manifest HDGECs). Together with the researchers
from the respective sites, the final workbooks were adapted to
each language.
The interviews with HDGECs and partners are aimed
at understanding participants’ daily experiences with HD
(caregiving) and their perceptions of QoL. Additionally,
participants will be asked to voice their hopes and dreams
for the future regarding QoL. Interviews will take ∼1.5 h. As
opposed to the face-to-face sessions often seen in UCD, the
interviews and focus groups will be mainly conducted through

interviews and focus groups), generative techniques (54), such
as sensitizing assignments and journey mapping, can help to
facilitate a deeper level of understanding (55) and access people’s
tacit knowledge (i.e., easy to act upon but difficult to express
in words) and latent knowledge (i.e., not yet aware of) (56). As
desires, needs and experiences are often concealed in these deeper
levels of knowledge, these techniques provide access to the user’s
hidden world (55) and at the same time help to build empathy
during the design process (57).
All participants will complete a workbook consisting of
sensitizing assignments that encourage them to reflect on
their routines, habits and feelings regarding HD and QoL
(e.g., current/future complaints, important conversations and
locations, housing situation and tools used, reflection of a day
in their lives). This awareness helps to express their experiences
and needs during semi-structured interviews (in case of HDGECs
and partners) and focus groups (in case of HCPs). Participants
will be asked to complete an assignment every day (∼10 min
per day) for a total of 7 days at home (HDGECs/partners)
or at work (HCPs). Participants can receive daily reminders

Frontiers in Neurology | www.frontiersin.org
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FIGURE 1 | Image of assignment in sensitizing booklet for manifest HDGECs.

words. Participants will work with tailor-made toolkits (54)
consisting of, for example, paper templates, physical objects, and
stickers with words and images that participants can use to reflect
on their experiences with HD, generate ideas for solutions, and
share them with each other (see Figure 2 for an example of
a toolkit used during a research presentation at a Huntington
café). The toolkit materials will be developed and pilot tested
to match the participants’ cognitive and motor skills. For
example, too much material on a table could cognitively overload
participants who have problems with executive functioning. The
co-creation sessions will generally consist of six participants and
may take ∼3 h (including breaks). The sessions are intended
to be performed physically, yet could also be performed online
depending on the COVID-measures at the time.
The outcomes will be further developed by the research team
into several detailed concepts of the eHealth platform, such
as a regular monitoring service or notifications on the mobile
phone. These concepts will be evaluated by the same participants
during individual concept evaluation sessions of ∼1 h either at
the respective site or online. Low fidelity mock-ups representing
concept features will be used to evaluate the user interaction in
practice. For example, the use of a mobile application will be
mimicked by a paper representation of the interface in which
interface elements are manually altered. The concepts will be
evaluated on desirability, user-experience, and expected effect
on QoL via questions and short interviews. Participants will
be asked to state their preferences regarding the concepts and
evaluate the concepts’ fit into their daily lives. A researcher
will observe the use and interaction with the concept and
take notes of the interaction. The evaluation will result in a
redesign of the concept and design recommendations. During
this process, the international project team and the FPEP will be
actively involved to evaluate concepts on their fit in the different
cultures and health systems. This phase can be considered as an
iterative process of designing, evaluating, selecting and adjusting
concepts (59), which ends with definitive design choices for

online videoconferencing due to the restrictions raised by the
current COVID-19 pandemic. In the case of connectivity issues,
participants will be interviewed by telephone. HCPs will be
asked to talk about their daily work experiences with HD during
focus group sessions of ∼2 h (including breaks). Generative
techniques such as patient journey mapping (58) will be applied
to gain in-depth insights into the experiences of HCPs regarding
HD treatment and challenges and opportunities in providing
HD care. Focus group sessions will consist of a maximum of
six HCPs per session and will be preferably conducted online.
The groups will consist of HCPs with varying expertise in the
respective countries.
HD experts from the participating research sites will provide
additional information on available HD care services and the
current use of eHealth technologies in HD care in their respective
country to complement the information given by participants.

Phase 2: Concept Development
Based on the data gathered in phase 1 from all participating
countries, we will develop concepts (through descriptions
and visualizations) of the eHealth platform together with
the same Dutch participants that participated in the first
phase via sensitizing assignments and co-creation sessions. The
sensitizing assignments will follow the same procedures as
described previously. The focus in this phase will be on eHealth
opportunities and possibilities (e.g., an app providing tailored
practical information or a website facilitating a buddy system),
yet the exact content depends on the output gathered during
phase 1. The assignments will be co-developed with the HCP
advisory board/FPEP and will be pilot tested with HDGECs.
During the co-creation sessions with each end-user group,
problems and opportunities for eHealth, as well as solutions
to address these, will be identified for all groups. Generative
techniques (e.g., making a collage, journey mapping, and/or
mind mapping) will be used to gather information on needs,
motivations, and wishes that might not be easily expressed in
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FIGURE 2 | Example of a tailor-made toolkit.

(e.g., a friendly or professional look and feel) in an iterative
process. The same participants may be invited to perform a
second round of evaluations on the improved prototype. Each
individual prototype evaluation session will be held either at the
respective site or online, and will take 1 h (with a minimum of 2
weeks in between, if applicable).
As soon as the major usability issues of a prototype are solved
and the participants approve its usefulness, a pre-final prototype
will be translated into the respective language. Newly recruited
participants in each country will then evaluate the prototype
during individual “think-aloud” sessions. Each session will take
∼90 min and will be preferably held at home (HDGECs/partners)
or at work (HCPs). End-users will be asked to use and explore the

prototypes of the eHealth platform (e.g., a definitive decision on
functionalities and scenarios how the platform is envisioned to
be used).

Phase 3: Prototype Testing
High-fidelity prototypes (i.e., digital representations of a product
with close resemblance to the final design), as developed by
the research team, will be reviewed by the same end-users that
participated in the previous phase to assess usability and userexperience. The procedures for prototype testing are similar to
those described above for concept evaluation. The participants’
responses will be used to remove all major usability issues, such
as an unclear navigation structure, and refine the user experience
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are covered in our findings, we use the six dimensions of positive
health (61) as a benchmark: bodily functions, mental functions
and perceptions, spiritual dimension, quality of life, social and
societal participation, and daily functioning.
Findings from these analyses on the needs, desires, and
experiences of end-users regarding QoL and HD care from all
countries will be visualized in a patient journey map by the
research team (58). This is a detailed schematic representation
of phases and events in relation to HD and the people involved.
This will be presented to the HCP advisory board, the FPEP and
the international project team to align with (clinical) expert and
end-user perspectives.

prototype, reflect on their experience, and express their thoughts
(e.g., “What’s this button for?” or “Strange picture”) in the
presence of a researcher. We will explore perceived usefulness,
perceived ease of use, and intention to use. The findings from
testing the pre-final prototype will result in a design proposal,
which will then be further developed into a fully functional
eHealth platform that can be tested in an RCT study.

Additional Measures
To describe the population under study and to provide
additional context to the insights gained, we will collect
sociodemographic information (e.g., gender, age, work situation)
from all participant groups via self-report questionnaires
provided with the sensitizing assignments. In addition, carerelated information will be collected from partners (e.g., years of
taking care of HD affected partner, care tasks) and HCPs (e.g.,
profession, years of working with HD).
For HDGECs we aim to also collect sociodemographic,
clinical, neuropsychiatric, and cognitive data from their last or
upcoming Enroll-HD visit. More particularly, we will collect,
amongst others, CAG repeat length, clinical motor features
of HD [based on the Unified Huntington’s Disease Rating
Scale (UHDRS) Total Motor Score], years of HD diagnosis (as
reported by rater), independence and functioning in daily living
(UHDRS Total Functional Capacity), functional status (UHDRS
Independence Scale), current medication use, behavioral
problems (Problem Behaviors Assessment), symptoms of
anxiety and depression (Hospital Anxiety and Depression
Scale), presence of suicidal ideation/behavior (Columbia
Suicide Severity Rating Scale), health-related quality of life
(Short Form Health Survey 12), cognitive state (comprehensive
neuropsychological battery consisting of, amongst others,
Symbol Digit Modalities Test, categorical verbal fluency and the
Stroop Test). This additional information will provide a better
understanding of specific disease characteristics and symptoms
for mapping the desires and needs across different disease stages.
Detailed information on the Enroll-HD measures and (informed
consent) procedures are described elsewhere (51).

Phase 2: Concept Development
The HD patient journey and eHealth ideas resulting from all
countries during phase 1 will be used to identify possible problem
areas and points of innovation that may improve the enduser’s QoL. Depending on the findings of phase 1, this may
for example be to support care provision already before the
onset of symptoms. Through generative sessions by the research
team and the previously described co-creation sessions, ideas
will be generated to address the identified problem areas and
points of innovation. The resulting ideas will be clustered into
a list of eHealth opportunities and strategies. Subsequently,
eHealth concepts will be developed together with end-users in
the co-creation sessions. Based on the qualitative data of the
co-creation sessions, including transcripts, field notes and other
study materials (e.g., output of sessions), low fidelity mock-ups
representing concept features will be developed and evaluated.
Qualitative data arising from the concept evaluation sessions
will be reviewed and clustered in themes by the research team
to define the design requirements for an HD eHealth platform
prototype. The international project team and the FPEP will be
closely involved to provide feedback and evaluate concepts on
their fit in the different cultures and languages.

Phase 3: Prototype Testing
The transcripts and field notes resulting from the prototype
testing sessions will be reviewed and clustered in themes by the
research team to remove major usability issues and refine the
user experience. Qualitative data of the “think-aloud” sessions
will be clustered on problem severity in order to provide a
comprehensive overview of the strengths and weaknesses of the
HD eHealth platform prototype. This will be used to identify
critical problems to be addressed in the development of the
final prototype.
Data from all countries will additionally be analyzed to
evaluate the suitability of the HD eHealth platform within
different healthcare systems and acceptability within different
cultural contexts. Any additional information or necessary
changes resulting from this analysis will be incorporated.

Data Analysis
The collected sociodemographic and clinical data will be used to
describe the population under study and to provide additional
context to the insights gained in each phase. A brief description
of the planned data analysis corresponding with the specific
procedures per phase is provided below.

Phase 1: Exploration
Qualitative data, consisting of transcripts of interviews/focus
groups, field notes and other materials (e.g., filled out sensitizing
assignments) will be analyzed and interpreted using thematic and
on the wall analysis (54). During on the wall analysis, the office
wall will be used as a large spreadsheet to label and categorize all
data into clusters of themes and insights. In addition to thematic
analysis, this allows the researchers to absorb the richness of
the data in an unconstrained manner, which is beneficial for
exploring the opportunities of eHealth through a non-linear
thinking process (60). To make sure that all basic elements of QoL
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be audio recorded with permission of the participants. Audio
recordings will be stored on a secure disk at the respective site
and will be deleted as soon as the design process is finished.
Each study session will be transcribed using intelligent verbatim
transcription. Non-English transcripts and study materials will
be translated to English by researchers at the respective sites.
Data collection will be performed within a secured electronic
case report form (eCRF). To allow secure data management and
transmission between countries, the eCRF will be implemented
in a Data Management System accessible at the respective sites in
each country. The database will only be accessible for authorized
personnel via a unique login and user ID. All participant data
will be pseudonymized and identifiable data (e.g., name, email, address) will be removed prior to uploading. All source
documents will be stored in a secure closet for a certain period
of time depending on the legal and regulatory requirements at
each site.

connection of experts to local clinicians beyond regional and
national borders.
Some challenges might arise during the design process,
including differences in healthcare systems, HD care provision
and cultural context in all countries involved in this study.
We will address these differences by actively involving the
international project team, the FPEP, and end-users from each
participating country in all design decisions. Furthermore,
differences in clinical presentations and needs at different stages
of the disease might pose additional challenges in developing
a European platform that is both applicable and generalizable
to all participants. By including HDGECs and partners across
different disease stages, as well as HCPs with expertise in HD,
we will be able to gather an overall understanding of the
needs and desires experienced by these groups. The flexibility
of UCD allows us to address a variety in needs in different
ways, for instance, by 1. designing universally, 2. designing
more modularly so that specific features can be added when
needed, or 3. designing for specific target groups within the
study population. As the HD community is very motivated and
willing to participate in research, we do not expect challenges
with accrual of sufficient participants in each country. Lastly,
online study sessions as opposed to face-to-face sessions might
pose some challenges, including connection issues, difficulties in
capturing non-verbal communication, or perceived (emotional)
distance between participant and researcher. We pilot-tested the
sensitizing assignments and online interviews with a premanifest
and manifest HDGECs (and spouse) and both agreed that
online interviews were convenient and saved travel time. None
had difficulties with setting up the connection, yet technical
issues should be considered and an alternative way to conduct
the interview (such as calling by phone) should be present
prior to starting the interviews. At the same time, conducting
these sessions remotely already provides a great opportunity for
participants to experience online services, which greatly fits with
the nature of what we are designing. In addition, this could be
beneficial later on when using telehealth services, especially in the
light of the shift toward a more blended care approach due to the
ongoing COVID-19 pandemic (63).
Some unique aspects of this study are worth mentioning as
well. Although eHealth seems promising in other neurological
and neurodegenerative diseases (e.g., dementia, Parkinson’s
disease, multiple sclerosis) (23–30), the studies examining the
benefits of eHealth in HD are limited (31–34) and often
hampered by methodological challenges. In particular, these
studies failed to use telehealth systems specifically designed to
fit the unique perspectives and needs of HDGECs and their
families, which can ultimately affect uptake later on (22, 37, 39).
Actively involving end-users and addressing their needs when
designing eHealth applications can be considered crucial in a
disease as complex and rare as HD. In UCD, the end-user’s needs
are key in the choice and design of features of an application,
which is important given the devastating challenges these people
face and the variety in needs they might experience. Another
unique aspect of this study is the inclusion of a partner group.
HD does not only affect the individual but also the people
in their environment. Partners of HDGECs have their own
experiences and needs with regard to their QoL that should not be

Benefits and Risks Assessment
No risks or ethical concerns are anticipated. (Serious) adverse
events are not expected due to the non-invasive character of the
study. Participants will reflect on their own needs, desires and
expectations regarding the disease and eHealth features during
this study. This might potentially cause distress as it may be
of sensitive nature for some participants given the vulnerability
of this group. The researchers will be experienced and will
offer the participant the opportunity to talk to an HCP in case
the participant will become distressed. At the same time, these
potentially unfavorable effects will be minimized by pilot testing
all materials and study sessions, by mainly focusing on personal
benefits and accomplishments in their management of HD and
by engaging them in the development of the eHealth platform.

DISCUSSION
As a result of the neurodegenerative nature of HD, the disease
causes a progressive decline in functioning and significantly
influences the QoL of both HDGECs and their partners
(3, 8–10, 13). Despite the emergence of HD expertise centers
across Europe (2, 18, 19), we continue to face some important
barriers to HD care provision, including additional costs,
geographic distance of centers and availability/accessibility of
these services in general (2, 13, 18). As the disease progressively
advances over time, challenges to seeking or accessing care
might arise (e.g., physical limitations, increased burden,
cognitive/neuropsychiatric impairments), leaving those with
the greatest care need behind (20). eHealth provides promising
opportunities to overcome these barriers by improving the
accessibility of care. In the present study, we initiated an
innovative UCD study to capture the needs and wishes of
HDGECs, partners and HCPs in order to develop an eHealth
platform targeting QoL. The eHealth platform will be codeveloped with these end-users by actively involving them
throughout each stage of the design process, thereby tailoring
remote HD service provision to the unique requirements of
HDGECs, partners and HCPs. Given the rare nature of HD,
we aim for an innovative European platform which allows
for remote treatment options, information exchange and
Frontiers in Neurology | www.frontiersin.org
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as well as funding acquisition. EM, NV, A-WH, and PL
drafted the protocol. EM, NV, A-WH, PL, ED, SB, and
NC were major contributors in drafting and finalizing
the study protocol. PL drafted the manuscript. EM,
NV, A-WH, ED, SB, NC, and WF contributed to the
content and revised sections of the manuscript. All
authors contributed to the article and approved the
submitted version.

overlooked. Moreover, as HD already has a tremendous impact
on the QoL and needs/wishes of those affected in an early stage
(e.g., tested gene positive, no symptoms) (3, 9, 11), we believe
it is paramount to include the perspectives and needs of both
HDGECs and their partners across different disease stages in this
innovate UCD approach. By also actively involving HCPs with
expertise in HD, some additional challenges that might arise in
engaging HDGECs in eHealth applications can be considered in
advance, such as progression in symptoms that impact needs and
wishes experienced, apathy, anosognosia, denial (18), or motor
impairments. Including HCPs also ensures that relevant clinical
expertise will be integrated, and, at the same time, stimulates the
future dissemination of knowledge and connection of experts.
The eHealth platform will therefore be tailored to the unique
requirements of HDGECs, partners and HCPs. We expect that
this will greatly benefit future uptake, as functionalities that
are desired from a user perspective will be included, and user
experience and usability of the platform will be tested (37, 38, 40–
42).
To conclude, an innovative European eHealth platform for
HDGECs and partners will be developed based on their needs,
wishes and desires, following a UCD approach. This approach
allows for a personalized, tailored care platform suitable to
all languages and different healthcare systems involved. After
development of the platform, the eHealth intervention will be
evaluated on effectiveness, feasibility and user experience in an
RCT (this is not part of the UCD protocol as described in
this article). We expect that an eHealth platform will enhance
current HD supportive care services across Europe by making
high-quality care accessible outside specialized centers (requiring
individuals to travel) in the participants’ homes, thereby
circumventing still existing barriers in HD care provision. We
intend to implement the platform, provided that the evaluation
shows positive results, to ensure free availability for patients and
their partners after the study. As HD is a very complex and rare
disease, future studies in other rare diseases might also benefit
from the adaptations to, and the results of, the participatory UCD
approach described here when designing and developing eHealth
applications to enhance their supportive care services worldwide.
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Dolečková, Olga Klempířová, Jan Roth, Olga Ulmanová.

Italy
Ferdinando Squitieri, Sabrina Maffi, Eugenia Scaricamazza,
Melissa Casella, Simone Migliore, Marta Tommolini,
Barbara D’Alessio.

ETHICS STATEMENT

Ireland

The study was cleared for Ethics by the medical research Ethics
committee of Leiden Den Haag Delft in the Netherlands (file
number: N20.013). For the other research sites, Ethical approval
was obtained by the local Ethics committees in the respective
countries (i.e., Germany, Italy, Czech Republic, and Ireland). This
study will be conducted in accordance with the principles of the
Declaration of Helsinki (64) and the General Data Protection
Regulation (62). Written informed consent will be obtained from
all participants prior to any study-related activities.

Jennifer Hoblyn, Muthukumaran Thangaramanujam.

AUTHOR CONTRIBUTIONS

The authors would like to acknowledge all colleagues of the
HEALTHE-RND consortium involved in this project, as well
as all external partners (European Huntington Association,
Czech Huntington Association, Huntington Disease Association

Scotland
Peter Foley, Lewis Killin, Jacqueline Kerr.

United Kingdom
Stephen McKenna, Ian McKenna, Jeanette Thorpe, Alice Heaney,
Anna Coffey, Rhona MacLeod, Ramona Moldovan.

ACKNOWLEDGMENTS

EM and NC were involved in initiating and conceptualizing
the project together with the HEALTHE-RND consortium,

Frontiers in Neurology | www.frontiersin.org

11

September 2021 | Volume 12 | Article 719460

van Lonkhuizen et al.

eHealth Development in Huntington’s Disease

of Ireland, Italian League for Research on Huntington, Dutch
Huntington Association, German Huntington Association,
Huntington Disease Association). Particular thanks go to Dr.
J. H. van Dalfsen for his help in drafting the study protocol.
The authors would also like to thank the HCP advisory board
of Huntington center Topaz Overduin and the international

Family Patient Expert Panel in particular for their review of
study procedures and materials, as well as their (future) guidance
during the design process. The authors also thank the participants
that pilot tested the study materials and study sessions. This work
is generated within the European Reference Network for Rare
Neurological Diseases—Project ID No 739510.

REFERENCES
1. McColgan P, Tabrizi SJ. Huntington’s disease: a clinical review. Eur J Neurol.
(2018) 25:24–34. doi: 10.1111/ene.13413
2. Bates GP, Tabrizi SJ, Jones L. Huntington’s Disease. 4th ed. New York, NY:
Oxford University Press (2014).
3. Bates GP, Dorsey R, Gusella JF, Hayden MR, Kay C, Leavitt
BR, et al. Huntington disease. Nat Rev Dis Primers. (2015)
1:15005. doi: 10.1038/nrdp.2015.5
4. Reilmann R, Leavitt BR, Ross CA. Diagnostic criteria for
Huntington’s disease based on natural history. Mov Disord. (2014)
29:1335–41. doi: 10.1002/mds.26011
5. Ross CA, Reilmann R, Cardoso F, McCusker EA, Testa CM, Stout
JC, et al. Movement disorder society task force viewpoint: Huntington’s
disease diagnostic categories. Mov Disord Clin Pract. (2019) 6:541–
6. doi: 10.1002/mdc3.12808
6. Roos RA. Huntington’s disease: a clinical review. Orphanet J Rare Dis. (2010)
5:40. doi: 10.1186/1750-1172-5-40
7. Wyant KJ, Ridder AJ, Dayalu P. Huntington’s disease-update on treatments.
Curr Neurol Neurosci Rep. (2017) 17:33. doi: 10.1007/s11910-017-0739-9
8. Dorey J, Clay E, Khemiri A, Belhadj A, Cubillo PT, Toumi M. The quality of
life of Spanish patients with Huntington’s disease measured with H-QoL-I and
EQ-5D. J Mark Access Health Policy. (2016) 4. doi: 10.3402/jmahp.v4.27356
9. Chisholm LZ, Flavin KT, Paulsen JS, Ready R. Psychological well-being
in persons affected by Huntington’s disease: a comparison of at-risk,
prodromal, and symptomatic groups. J Health Psychol. (2013) 18:408–
18. doi: 10.1177/1359105312444646
10. Helder DI, Kaptein AA, van Kempen GM, van Houwelingen JC, Roos RA.
Impact of Huntington’s disease on quality of life. Mov Disord. (2001) 16:325–
30. doi: 10.1002/mds.1056
11. Read J, Jones R, Owen G, Leavitt BR, Coleman A, Roos RA, et al. Quality
of life in Huntington’s disease: a comparative study investigating the impact
for those with pre-manifest and early manifest disease, and their partners. J
Huntingtons Dis. (2013) 2:159–75. doi: 10.3233/JHD-130051
12. van Walsem MR, Howe EI, Ruud GA, Frich JC, Andelic N. Health-related
quality of life and unmet healthcare needs in Huntington’s disease. Health
Qual Life Outcomes. (2017) 15:6. doi: 10.1186/s12955-016-0575-7
13. Domaradzki J. The impact of huntington disease on family carers: a literature
overview. Psychiatr Pol. (2015) 49:931–44. doi: 10.12740/PP/34496
14. Ready RE, Mathews M, Leserman A, Paulsen JS. Patient and caregiver
quality of life in Huntington’s disease. Mov Disord. (2008) 23:721–
6. doi: 10.1002/mds.21920
15. Aubeeluck AV, Buchanan H, Stupple EJ. ’All the burden on all the carers’:
exploring quality of life with family caregivers of Huntington’s disease
patients. Qual Life Res. (2012) 21:1425–35. doi: 10.1007/s11136-011-0062-x
16. Dawson S, Kristjanson LJ, Toye CM, Flett P. Living with
Huntington’s disease: need for supportive care. Nurs Health Sci. (2004)
6:123–30. doi: 10.1111/j.1442-2018.2004.00183.x
17. van Walsem MR, Howe EI, Iversen K, Frich JC, Andelic N. Unmet needs
for healthcare and social support services in patients with Huntington’s
disease: a cross-sectional population-based study. Orphanet J Rare Dis. (2015)
10:124. doi: 10.1186/s13023-015-0324-8
18. Edmondson MC, Goodman L. Contemporary health care for Huntington
disease. In: Feigin AS, Anderson KE, editors. Handbook of Clinical Neurology.
144 (3rd series) Huntington Disease. Elsevier (2017).
19. Veenhuizen RB, Kootstra B, Vink W, Posthumus J, van Bekkum P, Zijlstra M,
et al. Coordinated multidisciplinary care for ambulatory Huntington’s disease

Frontiers in Neurology | www.frontiersin.org

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

12

patients. Evaluation of 18 months of implementation. Orphanet J Rare Dis.
(2011) 6:77. doi: 10.1186/1750-1172-6-77
Dorsey ER, Glidden AM, Holloway MR, Birbeck GL, Schwamm LH.
Teleneurology and mobile technologies: the future of neurological care. Nat
Rev Neurol. (2018) 14:285–97. doi: 10.1038/nrneurol.2018.31
Eysenbach G. What is e-health? J Med Internet Res. (2001)
3:E20. doi: 10.2196/jmir.3.2.e20
van der Kleij R, Kasteleyn MJ, Meijer E, Bonten TN, Houwink
EJF, Teichert M, et al. SERIES: eHealth in primary care. Part
1: Concepts, conditions and challenges. Eur J Gen Pract. (2019)
25:179–89. doi: 10.1080/13814788.2019.1658190
Nissen RM, Hersch G, Tietze M, Chang PJ. Persons with dementia and
their caregivers’ perceptions about occupational therapy and telehealth:
a qualitative descriptive study. Home Healthc Now. (2018) 36:369–
78. doi: 10.1097/NHH.0000000000000697
Rathnayake S, Moyle W, Jones C, Calleja P. mHealth applications as
an educational and supportive resource for family carers of people
with dementia: an integrative review. Dementia. (2019) 18:3091–112.
doi: 10.1177/1471301218768903
Colon-Semenza C, Latham NK, Quintiliani LM, Ellis TD. Peer
coaching through mhealth targeting physical activity in people with
Parkinson disease: feasibility study. JMIR Mhealth Uhealth. (2018)
6:e42. doi: 10.2196/mhealth.8074
Lakshminarayana R, Wang D, Burn D, Chaudhuri KR, Galtrey C, Guzman
NV, et al. Using a smartphone-based self-management platform to support
medication adherence and clinical consultation in Parkinson’s disease. NPJ
Parkinsons Dis. (2017) 3:2. doi: 10.1038/s41531-017-0034-0
Espay AJ, Bonato P, Nahab FB, Maetzler W, Dean JM, Klucken J, et al.
Technology in Parkinson’s disease: challenges and opportunities. Mov Disord.
(2016) 31:1272–82. doi: 10.1002/mds.26642
Espay AJ, Hausdorff JM, Sanchez-Ferro A, Klucken J, Merola A, Bonato P, et al.
A roadmap for implementation of patient-centered digital outcome measures
in Parkinson’s disease obtained using mobile health technologies. Mov Disord.
(2019) 34:657–63. doi: 10.1002/mds.27671
Mammen JR, Elson MJ, Java JJ, Beck CA, Beran DB, Biglan KM, et al. Patient
and physician perceptions of virtual visits for Parkinson’s disease: a qualitative
study. Telemed J E Health. (2018) 24:255–67. doi: 10.1089/tmj.2017.
0119
Chirra M, Marsili L, Wattley L, Sokol LL, Keeling E, Maule S, et al.
Telemedicine in neurological disorders: opportunities and challenges.
Telemed J E Health. (2019) 25:541–50. doi: 10.1089/tmj.2018.0101
de Man J, de Jager L, Kleiterp J, Engelhard D, Achterberg W.
K10 E-health support for community residing HD patients:
report of a pilot-project.
J
Neurol
Neurosurg
Psychiatry.
(2016)
87(Suppl.
1):A82–3.
doi:
10.1136/jnnp-2016-3145
97.233
Bull MT, Darwin K, Venkataraman V, Wagner J, Beck CA, Dorsey ER, et al.
A pilot study of virtual visits in Huntington disease. J Huntingtons Dis. (2014)
3:189–95. doi: 10.3233/JHD-140102
Hawkins AK, Creighton S, Ho A, McManus B, Hayden MR. Providing
predictive testing for Huntington disease via telehealth: results of a
pilot study in British Columbia, Canada. Clin Genet. (2013) 84:60–
4. doi: 10.1111/cge.12033
Hawkins AK, Creighton SM, Hayden MR. Developing a comprehensive,
effective patient-friendly website to enhance decision making in
predictive testing for Huntington disease. Genet Med. (2013)
15:466–72. doi: 10.1038/gim.2012.149

September 2021 | Volume 12 | Article 719460

van Lonkhuizen et al.

eHealth Development in Huntington’s Disease

35. Frich JC, Rae D, Roxburgh R, Miedzybrodzka ZH, Edmondson M,
Pope EB, et al. Health care delivery practices in Huntington’s disease
specialty clinics: an international survey. J Huntingtons Dis. (2016) 5:207–
13. doi: 10.3233/JHD-160192
36. Christie HL, Bartels SL, Boots LMM, Tange HJ, Verhey FJJ, de Vugt ME.
A systematic review on the implementation of eHealth interventions for
informal caregivers of people with dementia. Internet Interv. (2018) 13:51–
9. doi: 10.1016/j.invent.2018.07.002
37. Greenhalgh T, A’Court C, Shaw S. Understanding heart failure; explaining
telehealth - a hermeneutic systematic review. BMC Cardiovasc Disord. (2017)
17:156. doi: 10.1186/s12872-017-0594-2
38. Granja C, Janssen W, Johansen MA. Factors determining the success and
failure of ehealth interventions: systematic review of the literature. J Med
Internet Res. (2018) 20:e10235. doi: 10.2196/10235
39. van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC,
Kelders SM, Eysenbach G, et al. A holistic framework to improve the
uptake and impact of eHealth technologies. J Med Internet Res. (2011)
13:e111. doi: 10.2196/jmir.1672
40. 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
41. Ruggiano N, Brown EL, Shaw S, Geldmacher D, Clarke P, Hristidis V, et al.
The potential of information technology to navigate caregiving systems:
perspectives from dementia caregivers. J Gerontol Soc Work. (2019) 62:432–
50. doi: 10.1080/01634372.2018.1546786
42. Tinschert P, Jakob R, Barata F, Kramer JN, Kowatsch T. The potential of
mobile apps for improving asthma self-management: a review of publicly
available and well-adopted asthma apps. JMIR Mhealth Uhealth. (2017)
5:e113. doi: 10.2196/mhealth.7177
43. van Maurik IS, Visser LN, Pel-Littel RE, van Buchem MM, Zwan MD,
Kunneman M, et al. Development and usability of ADappt: web-based
tool to support clinicians, patients, and caregivers in the diagnosis of
mild cognitive impairment and Alzheimer disease. JMIR Form Res. (2019)
3:e13417. doi: 10.2196/13417
44. Mortenson WB, Singh G, MacGillivray M, Sadeghi M, Mills P, Adams J, et al.
Development of a self-management app for people with spinal cord injury. J
Med Syst. (2019) 43:145. doi: 10.1007/s10916-019-1273-x
45. Garzo A, Silva PA, Garay-Vitoria N, Hernandez E, Cullen S, Cochen De Cock
V, et al. Design and development of a gait training system for Parkinson’s
disease. PLoS ONE. (2018) 13:e0207136. doi: 10.1371/journal.pone.02
07136
46. Leorin C, Stella E, Nugent C, Cleland I, Paggetti C. The value of including
people with dementia in the co-design of personalized eHealth technologies.
Dement Geriatr Cogn Disord. (2019) 47:164–75. doi: 10.1159/000497804
47. Bogza LM, Patry-Lebeau C, Farmanova E, Witteman HO, Elliott J, Stolee
P, et al. User-centered design and evaluation of a web-based decision
aid for older adults living with mild cognitive impairment and their
health care providers: mixed methods study. J Med Internet Res. (2020)
22:e17406. doi: 10.2196/17406
48. Abras C, Maloney-Krichmar D, Preece J. User-Centered Design. Encyclopedia
of Human-Computer Interaction. Thousand Oaks, CA: Sage Publications
(2004). p. 445–56.
49. Siegert C, Hauptmann B, Jochems N, Schrader A, Deck R. ParkProTrain:
an individualized, tablet-based physiotherapy training programme aimed at
improving quality of life and participation restrictions in PD patients - a study
protocol for a quasi-randomized, longitudinal and sequential multi-method
study. BMC Neurol. (2019) 19:143. doi: 10.1186/s12883-019-1355-x
50. Aubeeluck AV, Buchanan H. Capturing the Huntington’s disease spousal carer
experience. Dementia. (2006) 5:95–116. doi: 10.1177/1471301206059757
51. Landwehrmeyer GB, Fitzer-Attas CJ, Giuliano JD, Goncalves N, Anderson
KE, Cardoso F, et al. Data analytics from enroll-HD, a global clinical research

Frontiers in Neurology | www.frontiersin.org

52.

53.
54.
55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

platform for Huntington’s disease. Mov Disord Clin Pract. (2017) 4:212–
24. doi: 10.1002/mdc3.12388
Nielsen J, Landauer TK, editors. A mathematical model of the finding
of usability problems. In: Proceedings of the INTERACT’93 and CHI’93
Conference on Human Factors in Computing Systems. New York, NY:
Association for Computing Machinery (1993).
Creswell JW. Qualitative Inquiry and Research Design: Choosing Among Five
Traditions. Thousand Oaks, CA: Sage Publications (1998).
Sanders EBN, Stappers PJ. Convivial Toolbox. Generative Research for the
Front End of Design. Amsterdam: BIS Publishers (2012).
Visser F, Stappers PJ, van der Lugt R, Sanders EB-N.
Contextmapping: experiences from practice. CoDesign. (2005)
1:119–49. doi: 10.1080/15710880500135987
Polanyi M. The Tacit Dimension. 1st ed. Garden City, NY: Doubleday (1966).
xi, 108 p.
Kouprie M, Visser FS. A framework for empathy in design:
stepping into and out of the user’s life. J Eng Design. (2009)
20:437–48. doi: 10.1080/09544820902875033
Simonse L, Albayrak A, Starre S. Patient journey method
for integrated service design. Design for Health. (2019) 3:82–
97. doi: 10.1080/24735132.2019.1582741
International Organization for Standardization. Ergonomics of human-system
interaction - Part 210: Human-centred design for interactive systems (ISO 9241210:2019) (2019). Available online at: https://www.iso.org/standard/77520.
html
Huang TT, Aitken J, Ferris E, Cohen N. Design thinking to
improve implementation of public health interventions: an
exploratory case study on enhancing park use. Design Health. (2018)
2:236–52. doi: 10.1080/24735132.2018.1541047
Huber M, van Vliet M, Giezenberg M, Winkens B, Heerkens Y,
Dagnelie P, et al. Towards a ‘patient-centred’operationalisation of the new
dynamic concept of health: a mixed methods study. BMJ Open. (2016)
6:e010091. doi: 10.1136/bmjopen-2015-010091
European Parliament and Council of European Union. Regulation (EU)
2016/679. (2016). Available from: https://eur-lex.europa.eu/legal-content/EN/
TXT/HTML/?uri=CELEX:32016R0679&from=EN (accessed June 2, 2021).
Wind TR, Rijkeboer M, Andersson G, Riper H. The COVID-19 pandemic: the
’black swan’ for mental health care and a turning point for e-health. Internet
Interv. (2020) 20:100317. doi: 10.1016/j.invent.2020.100317
World Medical Association. World Medical Association Declaration of
Helsinki: Ethical Principles for Medical Research Involving Human subjects.
JAMA. (2013) 310:2191–4. doi: 10.1001/jama.2013.281053

Conflict of Interest: The authors declare that the research was 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 van Lonkhuizen, Vegt, Meijer, van Duijn, de Bot, Klempíř, Frank,
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