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diagnosis, persons with MS (PwMS) are shocked
and often even traumatised?® but at the same time
urged to make a decision on immunotherapies.
Based on their need for time to develop a coping
concept and also based on complex evidence of
effects and side effects of immunotherapies, not
everyone embarks on treatment directly after diag-
nosis,* although immediate action is recom-
mended. However, PwWMS often ask what they
themselves might contribute to optimal adapta-
tion. Lifestyle factors or modifiable risk factors are
increasingly considered relevant in MS.5 Exercise
training might have an impact on disease activity as
well as on surrogates of brain integrity, and the
same holds true for psychological interventions.”>8
Finally, although there is a lack of controlled stud-
ies on the potential influence of dietary factors on
MS,? adhering to guidelines for a healthy diet while
taking MS-specific aspects into account!? is highly
recommended.

PwMS who identify themselves as successfully
managing MS often report that maintaining a
healthy lifestyle appears to be a key factor for
effective self-management,!! and they regard the
provision of lifestyle-related information as very
important. However, time for personal advice and
individual consultation regarding alternative treat-
ment options and lifestyle changes is limited dur-
ing typical patient-neurologist encounters. PwMS
frequently use Internet sources and eHealth tech-
nologies to gather information.!? One approach to
closing the gap between limited time in neurolo-
gist encounters and lifestyle-related information
needs of PwMS may be the provision of evidence-
based patient information (EBPI)!3 via web-based
services. While many small and short-term studies
have shown beneficial effects of exercise and psy-
chological interventions,> Internet interventions
have rarely been studied in MS. However, we
were recently able to show that digital health
applications can ameliorate depression!* and
fatigue!® in PwMS. A comprehensive web-based
lifestyle intervention for PwMS based on behav-
iour change techniques (BCTs) has not yet been
investigated, to our knowledge.

The goal of this study involving PwMS and MS
experts was to develop and investigate the feasi-
bility of a new, interactive digital lifestyle manage-
ment application (termed ‘levidex’) that conveys
EBPI and is intended to be used as an add-on to
standard care among persons with early-stage
MS.

Methods

The development and testing of levidex, includ-
ing the subsequent evaluation in a randomised
controlled trial (RCT),!6 is part of a ‘multiphase
mixed-methods study’ covering the first three
phases of the Medical Research Council (MRC)
framework for the development and evaluation of
complex interventions.!” This paper focuses on
the first two phases: development and piloting of
the complex intervention involving PwMS and
MS experts.

Intervention development

The complex intervention levidex is an MS-specific
adaptation of ‘optimune’, a digital health applica-
tion developed to promote lifestyle management
in breast cancer survivors with proven efficacy in
an RCT.!819 Both optimune and levidex were
developed and are owned and operated by GAIA,
a small-to-medium enterprise that specialises in
the development and evaluation of digital health
applications. Based on preliminary patient-educa-
tion work1415:20:21 and the knowledge and sugges-
tions of the multidisciplinary study team
— consisting of neurologists, psychologists, health
scientists and nutritionists — MS-specific topics to
add to the existing programme were identified.
Like other GAIA digital health applications, opti-
mune and levidex were developed with the propri-
etary software platform broca® which uses
rule-based artificial intelligence algorithms to tai-
lor information and therapeutic exercises to indi-
vidual user characteristics. Broca-based digital
interventions have been examined in more than
15 RCTs.1415:20,22,23 Jsing ‘simulated dialogues’
that mimic a conversational flow, broca-based
digital health applications aim to engage users in
therapeutic topics and exercises and continuously
invite them to select one or several suitable
response options. Based on individual responses,
subsequent content is then tailored to match indi-
vidual users’ needs and preferences. For instance,
PwMS can create individual exercise plans based
on their own MS disease characteristics and physi-
cal ability, or choose between a variety of recipes
based on preferred diets and current cooking
skills. Like all broca-based programmes, levidex
incorporates a broad range of BCTs, particularly
those used in cognitive behavioural therapy
(CBT), motivational interviewing, and mindful-
ness and acceptance approaches.?* It follows the
concept of patient empowerment,2> and several
CBT techniques (e.g. behavioural activation,
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Figure 1. Feasibility testing and piloting.

goal-setting, and action-planning) form the main
foundation of the intervention.'® Moreover, incor-
porated BCTs are linked to the domains (theoreti-
cal constructs) provided in the Theoretical
Domains Framework?2 and target physical activ-
ity, dietary behaviour, psychological well-being,
and stress management in MS. Based on its the-
ory-driven approach, levidex is expected to moti-
vate participants to change their behaviour (e.g.
increase their physical activity or optimise their
dietary behaviour), improve their quality of life
and possibly reduce inflammatory disease activity
in MS. This approach was combined with EBPI.13
The implemented information was specifically
based on an extensive health technology report
examining the possible influence of modifiable
risk factors on the development of MS disability®
as well as 177 references to scientific papers.
Complete citation as well as a plain language sum-
maries with simplified information, focusing on
study design and relevant findings together with
the limitations, are provided in levidex. In a scien-
tific methods section, different study designs and
their inherent limitations were also explained,
aiming to enable a critical appraisal of the evi-
dence by the users.

Semi-structured

@
S

The illustrated process was performed
in three sequential test phases:

Phase 1:

Feasibility testing with persons with MS
Phase 2;

Feasibility testing with MS experts
Phase 3:

Piloting with persons with MS

Feasibility testing and piloting

In accordance with the MRC framework, feasibil-
ity and progression criteria relating to the content
and delivery of levidex as well as its practicability
(e.g. login, length, and navigation), acceptability
(e.g. practical applicability and motivation incen-
tive) and perceived demand were explored in
three sequential test phases that combined quan-
titative and qualitative methods based on guide-
lines for feasibility and pilot studies.?’28 The
extended Consolidated Standards of Reporting
Trials (CONSORT) 2010 checklist?” for the
reporting of this study is provided as Supplemental
File. An overview of the methodological steps of
the test phases is provided in Figure 1.

Due to the large amount of material provided in
levidex, application of teach-back and think-
aloud was not feasible. For this reason, question-
naires were wused. Corresponding to the
frameworks provided by Kowatsch er al.?° and
Allison er al.,>° the questionnaires were divided
into four parts: (1) participant demographics, (2)
ease of use and appearance, (3) content quality
and personalisation, and (4) satisfaction and per-
ceived benefit. Patient Determined Disease Steps
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(PDDS) scale3! was used as a patient-reported
outcome measure of disability in MS. Self-
developed question items consisted of a mix of
closed (mostly 6-point Likert-type scales) and
open questions. Questionnaires were collected
after each programme test phase. Responses to
closed questions were analysed using descriptive
statistics. Continuous variables were described
using median and range, and categorical variables
were expressed as counts. Responses to open
questions were reviewed and categorised.
Subsequently, semi-structured telephone inter-
views were conducted in each phase, based on the
results of the filled-in questionnaires. The inter-
views were recorded, transcribed and analysed
thematically.32 Based on feedback discussions of
the teams affiliated with UKE and GAIA, each
test phase was completed with a revision of levi-
dex based on the feedback evaluation.

Persons with relapsing-remitting MS (RRMS)
were recruited for all development stages by
GAIA’s collaborating partners, from the German
MS Society (DMSG) and from UKE’s MS day
clinic. Participants provided written informed
consent and needed to be aged between 18 and
65 years and have Internet access. Feasibility par-
ticipants were recruited in August 2018. In the
feasibility study, participants were provided with
login details for single modules (without specific
allocation) of levidex for two weeks. In February
2019, a sample of eight PwMS with six weeks of
access was intended for piloting, to ensure that all
16 modules were tested, two addressing each sub-
ject area. All piloting participants were asked to
go through the introductory part and the booster
modules. In both test phases, the sequential acti-
vation of modules was inactivated and full access
was provided directly after login. The accompa-
nying questionnaire and the qualitative telephone
interview for the feasibility study focused on tech-
nical aspects of levidex.

After patient feedback in the feasibility phase, in
October 2018, MS experts from different disci-
plines (neurologists, nutritionists, or sports scien-
tists with an MS specialisation) from all over
Germany were invited to give feedback on the
revised levidex programme. After obtaining writ-
ten informed consent, MS experts were provided
with access to levidex for 2 weeks. They were
asked to evaluate specific modules related to their
expertise. Feasibility testing with MS experts
focused on feedback regarding acceptability,

content quality, and the motivational potential of
levidex.

Results

Final levidex programme
An overview of the finalised version of levidex
consisting of 16 modules is provided in Figure 2.

An introductory module explains the purpose of
levidex and provides users with an overview of the
anticipated timeframe and content. Levidex
informs PwMS that an immunotherapy treatment
decision needs to be made. More precisely, it pro-
vides overview information on the effectiveness of
immunotherapies, including the evaluation and
interpretation of effects, as well as absolute and
relative risk reduction data and possible side effects.
As an alternative to very early MS therapy, levidex
points to the possibility of a watch-and-wait
approach over a space of one to two years, accom-
panied by regular neurological and magnetic reso-
nance imaging check-ups,?® since the natural
disease course without therapy for a period up to
one or two years can help to better assess MS activ-
ity and then possibly better motivate for or against
therapy. It should be noted that levidex does not
intend to replace or prevent immunotherapies, but
is designed as an add-on to standard care. Finally,
the programme encourages participants to gather
more information, take time to decide, and not put
too much pressure on themselves. In the following,
levidex addresses three main subject areas: psycho-
logical well-being and sleep management, dietary
habits and physical activity, followed by four
booster sessions (see Table 1).

In total, 177 references and plain language sum-
maries are integrated in levidex. An example for
each area with sources of varying quality (meta-
analysis, cohort study, RCT) is given in
Supplemental File 1. Levidex was designed to be
accessed over one year. Each module takes about
30-45 minutes to complete, depending on read-
ing speed, individual paths through the pro-
gramme and decisions to listen to or skip optional
audio exercises. The modules include tasks to be
completed outside of levidex (e.g. planning exer-
cises or shopping for certain foods) as well as
exercises to engage with levidex (e.g. mindfulness
meditation audio exercises). New modules are
activated successively after a waiting period,
allowing participants to reflect on the content and
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1a: Welcome, introduction ~ 1b: Assessing the disease history, immunotherapy decision preparation
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2: Lifestyle and MS, assessing the lifestyle history

§ Q 3: Emotional health and MS, experiencing positive feelings, reducing stress

é; 4: Dietary behaviour and health: inventory and first steps towards optimisation

5: Physical activity: finding the right way and the right extent

’ 6: Relaxing sleep for a balanced energy level

7: Dietary guidelines of the German Nutrition Society (DGE)

8: Stress management techniques: learning healthy techniques for dealing with stress
9: Mindfulness and hypnotherapy: learning relaxation and calmness
] AI 10: The Mediterranean diet: advantages and implementation

“‘; 11: Active lifestyle: setting goals and overcoming barriers

12: Cognitive restructuring: working with thought traps

13-16: Booster modules: discussing individual progress, overcoming hurdles, repeating lessons learned

= Dietary behaviour

Figure 2. Levidex module overview (final version).

complete tasks and exercises before starting a new
module. Optional e-mails and short text messages
inform participants about newly available
modules. In addition, brief messages are sent to
provide lifestyle-related information or brief ther-
apeutic or motivational suggestions. Handouts in
PDF format (worksheets and module summaries)
and all audio recordings previously encountered
can be accessed directly via a menu option.
Optional self-monitoring questionnaires (e.g.
daily mood check-ups, weekly assessments of
physical activity) with individualised feedback
and scores for self-reported behaviour perfor-
mance are included, to visualise achievements
over time. The menu also contains an instruction
manual and a glossary with additional explana-
tions for 62 terms. Sample screenshots of levidex
are given in Supplemental File 2.

General information and multiple sclerosis information

Psychological well-being and sleep management

Physical activity

Booster modules

Feasibility testing and piloting with PwMS
Characteristics of the participating 23 PwMS (15
in the feasibility and eight in the pilot study) are
shown in Table 2. Participants were predomi-
nantly female and middle-aged. The majority had
RRMS with mild impairment and had been living
with MS for more than 5 years. PwMS key quotes
are given in Table 3. Supplementary qualitative
data are provided in Supplemental File 3.

Ease of use and appearance. The feasibility study
consistently showed that the technical use of levi-
dex was feasible. Moreover, the participants gen-
erally appreciated the layout and easy navigation
(13 out of 15). However, to facilitate the usability
of the programme, a print-out version of the
instruction manual was compiled to be sent to
future participants along with the login details.
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Table 1. Levidex subject areas and content.

Subject area

Content

Psychological
well-being
and sleep
management
(5 modules])

Dietary habits
(3 modules)

Physical activity
(2 modules])

Booster modules
(4 modules)

o EBPI on the potential impact of stress reduction, positive emotion, and sleep on the immune system and

MS

e Assessment of individual sleep quality and possible difficulties

e Set of evidence-based CBT techniques for overcoming insomnia

e Personalised suggestions for healthy sleep habits

e Mindfulness practice and meditation (e.g. audio recordings and individually tailored exercises)

e Assessment of individual dietary habits through screening questions

e EBPI and dietary guidelines on healthy dietary patterns
Set of behaviour change techniques [e.g. goal-setting, action-planning and mental contrasting (of pros
and cons or goal obstacles and solutions)] to increase the intake of recommended food groups (e.g.
vegetables, whole grain, fish) and reduce the consumption of processed foods (e.g. processed meat,
snacks) which potentially increase inflammation

o Reflection about the participants’ current level of physical activity

e EBPI on the impact of physical activity on MS symptoms

e Set of behaviour change techniques (e.g. goal-setting, action-planning] to promote the adoption of
optimised physical activity behaviour

e Recapitulation of essential content from previous modules

e Discussion of the participants’ progress

Provision of supporting techniques for long-term maintenance of achieved behaviour change

CBT, cognitive behavioural therapy; EBPI, evidence-based patient information; MS, multiple sclerosis.

Piloting of levidex generally indicated good levels
of acceptance and practicability. It was even
appreciated by one participant who usually did
not use digital applications. Some participants (4
out of 8) were not satisfied with the module length
and considered it too long. However, participants
appreciated that breaks were possible at any time.
Similar to a real human conversation, the mod-
ules are designed as simulated dialogues that can
only be accessed once. Here, some participants
struggled with the limited repeatability of mod-
ules. One participant criticised the lack of oppor-
tunity to reread the content he had worked
through in the past. Another participant even
claimed a restriction of the freedom for informa-
tion. Based on this feedback, short handouts
available at any time including key messages were
incorporated for every module. Beyond that,
information provided in the modules is repeated
within the last four booster modules. Information
regarding the limited repeatability of the modules
was additionally added to the instruction manual
to avoid false expectations.

Content quality and personalisation. The majority
of PwMS in the feasibility cohort agreed or
strongly agreed that the content provided in levi-
dex was understandable (14 out of 15). Whereas

some participants (feasibility: 5 out of 15, pilot-
ing: 1 out of 8) perceived the optional email and
short text message reminder system as excessive
or annoying, this feature was appreciated by all
other participants. All feasibility participants
agreed or strongly agreed that levidex was trust-
worthy. The references, including the plain lan-
guage summaries provided, were considered
helpful by almost all participants who used them
(12 out of 15). Some participants (feasibility: 4
out of 15, piloting: 4 out of 8) noted that the sim-
ulated dialogue offered restricted answering
options and suggested including neutral answers.
The additional material (e.g. audio exercises,
handouts) and the glossary were helpful for all
participants who used them (feasibility: 12 out of
15, piloting: 5 out of 8).

Satisfaction and perceived benefit. By using a
German-style school grades format ranging from
1 (very good) to 6 (insufficient), levidex was
graded as good (grade 2) in the feasibility cohort,
even though some participants (4 out of 15) only
perceived it as satisfactory (grade 3). In the pilot
study, levidex was graded as good (grade 2) by 6
out of 8 participants. While many participants
perceived levidex as relevant or highly relevant for
newly diagnosed PwMS (feasibility: 10 out of 15,
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Table 2. Demographic and clinical characteristics of the samples of PwMS..

Feasibility testing (n=15) Piloting (n=8)

Age in years, median (range)
Female, n
Male, n
Education level
Secondary school, n
High school/A-levels, n
University degree, n
Disease duration in years, median (range)
PDDS, median (range)
0-normal, n
1-mild disability, n
2-moderate disability, n
3-gait disability, n
4—-early cane, n
5-late cane, n
6-bilateral support, n
7-wheelchair/scooter, n
8-bedridden, n
MS type
RRMS, n

SPMS, n
PPMS, n

53 (26-60) 47 (23-54)
11 4

4 4

6 1

5 4

4 3
7(1-19) 9 (2-25)
1(0-7) 3(1-4)
8 -

5 3

2 -

3 4

- 1

2 -

10 9

4 1

1 2

MS, multiple sclerosis; PDDS, patient determined disease steps; PPMS, primary progressive MS; PwMS, persons with MS;
RRMS, relapsing-remitting MS; SPMS, secondary progressive MS.

piloting: all participants), some already felt famil-
iar with the content and thus perceived it as less
relevant for themselves (feasibility: 5 out of 15,
piloting: 5 out of 8). Nevertheless, five partici-
pants in the pilot study reported having imple-
mented lifestyle changes through programme
usage. While some participants felt that levidex
was particularly suitable for newly diagnosed
PwMS, others pointed out that the amount of
information might be too much for this target
group. Finally, the majority of all participants (20
out of 23) indicated that they would be likely or

even very likely to recommend levidex to a friend
or colleague who might need help regarding the
handling of the disease.

Feasibility testing with MS experts

From 15 recruited MS experts, 11 signed informed
consent, but only eight MS experts completed fea-
sibility testing. The MS experts (five neurologists,
two nutrition scientists, and one sports scientist)
were middle-aged (median 54, range 32-54) and
six were male. Expert key quotes are given in Table
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Table 3. PwMS key quotes.

Evaluation criteria

PwMS key quote

Empowerment for
lifestyle adaptation

Barriers to digital
health

Quantity and depth
of information

Readyness

“That would have been THE perfect thing after diagnosis! To know that there are other possibilities
(scientifically proven] beyond stand-alone medication. This returns a sense of trust in your own
body.”[P14]

“In principle, | was really pleasantly surprised, because | am not someone who actually enjoys sitting in
front of a computer or playing with an app. So it really was the content | was interested in, rather than the
format and yet | was surprised how well | got along with it.” [PP05]

“Yes, a lot of details that | quite simply didn’t know and that | have never seen brought together in this
way before, particularly tailored to MS. Usually it's all rather generalised and | was really surprised by
the depth of information, its thoroughness. And how in actually every area there was something | hadn’t
come across or heard about previously.” [PP05]

“I'm relatively deeply immersed in the material. For newly diagnosed patients it's way too much input.
Less is more!” [P09]

“To begin with you just want to be left in peace, or you are all-consumed with your own self and not yet. . .
Caught up with your psyche and all that . . . This could very well be helpful then, but everyone is wired
differently.” [PP04]

MS, multiple sclerosis; PWMS, persons with MS.

Table 4. MS expert key quotes.

Evaluation criteria

MS expert key quote

Attitude towards

disease modifying
therapies (before
revision)

Quantity, quality and
depth of information

MS and diet

“And generally | think that while the realm of drug therapy is well depicted, it probably does speak more
to the sceptical viewpoint here, and what doesn’t come through strongly enough, | think, is that there are
patients with highly active MS who really do benefit from immunotherapy, and less so in other cases.”
[E03]

“I think the glossary is really good, and these are absolutely the themes that are often raised in seminars
and in consultations and they are the ones | must be ready to offer an opinion on. [. . .]So it is very
serious, and very readable, and | believe that an impacted person who is in search of an answer to a
particular point, and many people affected are on such quests in my experience, will truly find an answer.
[. . JAnd I think for those who want to know more, this [the plain language abstracts] is wonderful. And
it remains an individual choice, what to click on or not. And above all the scope of the description of the
study is just right. Short and to the point and all the essentials are in there.”[E05]

“In my opinion it's a confidence-building measure to say, okay, we know there are these other things
circulating on the internet at the moment, and this is our position on those.” [E04]

“How should | change my nutrition, how should | optimise my sleep? It would be best to work on physical
exercise, too, not forgetting whatever else, stress management, say. But at some point, it could all get a
little much, right? [. . .] | have to think of too many things at once. And just when I'm familiarising myself
with one subject, the next one is already tapping at the door.” [E06]

MS, multiple sclerosis.

4. Additional qualitative expert data are provided
in Supplemental File 4.

Ease of use and appearance. Most participants (7
out of 8) regarded the arrangement of modules
within levidex as plausible. The majority (7 out of
8) perceived it as visually appealing. Only one

expert (neurologist) perceived the visualisation as
rather monotonous and very text-heavy, which is
why he recommended including videos and more
images for more graphic variety.

Content quality and personalisation. Findings
confirmed understandability, as most experts (6
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out of 8) agreed that it was understandable for
PwMS. One expert (sports scientist) perceived
the content tailoring of the modules on physical
activity as appropriate, but overloaded. The par-
ticipating experts also generally perceived the
introductory module as too long and complex.
Some of the participating neurologists particu-
larly expressed their concern about a too critical
review of immunotherapies in the introductory
module. As immunotherapy decision-making is
not at the core of the intervention, this part was
excluded from levidex. After the revision, levidex
now only encourages immunotherapy decision-
making and refers users to the treating neurolo-
gist for further immunotherapy-related matters
(see ‘Final levidex programme’). In addition, the
first module was split into two parts. More break
options and a progress bar were incorporated
throughout the modules, to visualise the remain-
ing module duration. Six of eight experts rated
levidex as highly trustworthy and relevant for
PwMS. The implemented plain language summa-
ries and the glossary were highly appreciated.
Moreover, two experts (a nutrition scientist and a
neurologist) appreciated the evidence communi-
cation regarding MS and nutrition, as well as on
lifestyle in general, being aware of the complex
evidence situation in this field. Some of the par-
ticipating neurologists pointed out that the answer
options in the simulated dialogues were too lim-
ited, which is why they perceived them as pre-
defined and out of context in places.

Satisfaction and perceived benefit. Overall, levi-
dex was graded as good (grade 2), even though
some participants (3 out of 8) only perceived it
as satisfactory (grade 3). The experts were also
asked to assess the motivational potential for
long-term use of levidex. The feedback in this
regard was mixed. Although almost all experts
(7 out of 8) ranked the application as rather
motivating to highly motivating, they stressed
that motivation is highly individual and that not
all PwMS might be amenable to behaviour
change based only on a digital health applica-
tion. Some participants were afraid that levidex
might be too demanding with regard to parallel
behaviour changes in many different areas. To
make the pursued behaviour change more
attainable, three experts recommended includ-
ing more targeted and specific goal-setting,
based on positive formulations and practical
examples. For this reason, more frequent and
more targeted nutritional impulses were added

to the optional emails and short text message
reminders.

Discussion

This article reports on the development, feasibil-
ity testing, piloting, and revision of a new digital
health application (levidex) for PwMS based on
the MRC framework. Throughout the develop-
ment phase, relevant findings for modifications
were gathered, and the initial version of levidex
was adapted accordingly. Levidex was rated as
comprehensive and complex, but our results con-
sistently show that it is feasible and well accepted
by both MS experts and PwMS. Most relevantly,
trust in levidex and perceived relevance for newly
diagnosed PwMS was high. While some MS
experts raised concerns regarding the complexity
of some content, it was rated as understandable
and easy to navigate by PwMS. Nevertheless,
concerns expressed by PwMS and MS experts
will be addressed in a mixed-methods process
evaluation conducted in parallel to an ongoing
RCT, to inform refinement of the intervention.!®
Participating PwMS particularly appreciated the
glossary, summarising handouts and the audio
exercises that were provided.

Levidex is an individually tailored digital health
application that uses simulated dialogues to mimic
a conversational flow, which is a special approach
of the intervention. Moreover, a unique feature of
levidex is that it conveys EBPI. Participating MS
experts particularly appreciated the scientific
citations and plain language summaries, which
increase perceived credibility of the intervention.
Participating PwMS expressed a special interest in
diet. This corresponds with survey data2! showing a
high unmet need of PwMS for evidence and educa-
tion on the potential influence of dietary behaviour
on MS disease course. However, the interpretation
of the available evidence on diet and MS is very
complex, as it is mostly based on observational
studies. Conclusive RCTs investigating the influ-
ence of complex dietary patterns are lacking and
supplementation studies with Vitamin D, fatty
acids and other single nutrients have not yet dem-
onstrated clear evidence.®1%3* Considering this, the
question arises as to how complex evidence can be
presented to PwMS. EBPI should be committed to
both the comprehensive presentation of scientific
evidence and patient-centeredness, and thus to
delivering a comprehensible presentation of scien-
tific information with practical relevance.3335> To
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integrate both demands, different complexity levels
of EBPI should be made accessible, based on indi-
vidual health literacy and needs.3® Responsive digi-
tal technologies such as broca, which was used for
levidex, offer an ideal tool for this approach.
However, possibilities for personalisation within
the context of digital interventions designed as a
simulated conversational flow are limited. Changing
lifestyle habits is a difficult endeavour, and a wide
range of domains such as knowledge acquisition,
skill development, motivation, goal-setting, self-
monitoring, and social support need to be addressed
to successfully initiate and maintain behaviour
change.37-38 Although our data support the idea
that levidex can motivate PwMS to initiate lifestyle
changes, the question arises as to whether a digital
health application can be enough to enable long-
term behaviour change.

Very few studies have rigorously assessed the ben-
efits of web-based interventions for MS.?®
However, recent meta-analytic evidence shows
that the additional benefit of guided compared to
unguided interventions might be small.40
Compared to cost-intensive and time-consuming
face-to-face interventions with high implementa-
tion barriers, levidex could become a cost-effec-
tive and supportive add-on to standard care that
can easily be implemented even in remote regions.
In light of the COVID-19 pandemic, the year
2020 clearly showed the feasibility and usefulness
of web-based health care.4! Levidex adds to this.

While levidex was initially developed for newly
diagnosed PwMS, feasibility testing and piloting
was performed with participants in later stages of
MS and with advanced MS disease knowledge.
This cohort was selected because newly diag-
nosed PwMS can be overwhelmed or even trau-
matised after receiving an MS diagnosis® and
therefore might not yet be able to judge which
stage of MS a lifestyle intervention might be most
suitable for. Results indicated that it could be a
helpful guide for all stages of MS. As participants
were mostly at the age of about 50, levidex also
appeared to be suitable for older adults, who are
associated with lower eHealth literacy.*? This
offers potential for future adaptations of levidex.
Building on our findings, preliminary data from a
cohort of 40 PwMS in more advanced disease
stages of MS indicate high acceptance of an
adapted version specifically tailored to the needs
of later MS stages. Nevertheless, levidex might be
especially beneficial for PwMS in the early stage,

as they are young and not substantially impaired
or threatened in the short term, and thus qualified
to induce behaviour change more easily. A cur-
rently ongoing RCT will therefore assess whether
levidex can effectively change patient behaviour
and impact on inflammatory disease activity
among newly diagnosed PwMS.16

Limitations

The study findings are limited by the small sam-
ple size in feasibility testing and piloting. The
sample consisted of PwMS who were diagnosed
more than five years ago and mostly recruited via
UKE’s MS day clinic in Hamburg. As the pro-
gramme covers at least 153 days in the intended
participant timeline, at this stage, we were not
able to test the whole sequence of modules. These
limitations will be addressed in the ongoing RCT
(NCT03968172) throughout Germany, targeting
persons with a recent (<1 year) MS diagnosis and
providing a follow-up of 1-2 years. It will assess
whether levidex can effectively change patient
behaviour, improve quality of life, and impact on
inflammatory disease activity among newly diag-
nosed PwMS.1¢ Based on the experience in the
development of several individually tailored digi-
tal health applications,!%15:20:43 Jevidex aimed to
provide a broad range of pre-programmed
response options. We are not aware of any other
intervention delivering more individualisation
while being completely software-based. However,
possibilities for individialisation within the con-
text of digital interventions designed as a simu-
lated conversational flow are limited.

Conclusion

Levidex has the potential to close the gap between
limited time in neurologist encounters and life-
style-related information needs of PwMS. Beyond
that, it can possibly enable PwMS to adjust to MS
at an early stage, especially by optimising lifestyle
habits.
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