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Abstract

Background: Multiple Sclerosis (MS) is a chronic and progressive neurological autoimmune disease currently affecting
250,000 individuals in Germany. Patients suffering from the disease can be severely impaired in their day-to-day activities.
BRISA is a digital app specifically designed to help MS patients monitor their disease by regularly tracking symptoms.
Lengthy and time-consuming questionnaires for patient-reported outcomes (PRO) are the standard method to assess the
patients’ current condition. Here, we examine whether simplified versions of these questionnaires can provide comparable
information regarding individual symptom presentations in BRISA users.

Methods: 828 users were included in the analysis. Patients who provided onboarding information and answered at least one
questionnaire and the corresponding simplified smiley symptoms assessment were included. Correlation of questionnaire
and symptom scores was calculated using Pearson’s correlation.

Results: Our analysis cohort predominantly consisted of female, 26-55-year-olds. Relapsing-remitting MS (RRMS) was the
most common MS type recorded. Most patients were diagnosed 2-5 years ago. Questionnaires regarding fatigue and vision
impairment were among the most answered, those regarding bowel movement and sexual satisfaction received fewest
responses. Overall, the scores from questionnaires and symptoms correlated positively. Scoring correlation could also be
shown across the subgroups divided by gender, age groups, type of MS, and time since diagnosis of the disease.

Conclusion: Scores recorded from traditional PRO questionnaires can be reflected more easily as a trend in a simplified scale
using smileys. Nevertheless, traditional questionnaires are needed to also maintain a more objective assessment. In conclu-
sion, the patient will benefit most from an adaptive combination of regular traditional PRO questionnaire assessments and
simplified symptom recording.
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rate of 19 in western Germany vs. 15 in eastern Germany.*
The frequency of MS varies by geographical region
throughout the world, increasing with distance from the
equator in both hemispheres.’

MS patients usually show a very individual course with
diverse symptoms and manifestations. The disease is divided
into different subtypes such as the relapsing-remitting MS
(RRMS), primary progressive MS (PPMS) and secondary pro-
gressive MS (SPMS).® Relapsing patients experience new or
recurrent neurological dysfunctions,” whereas progressive
patients develop different neurological symptoms in a more
continuous way.® Relapses, as well as progression, can both
include a variety of clinical presentations including but not
limited to fatigue, impaired motor function, spasticity, general-
ized pain, gait disturbance, speech problems, and cognitive
impairment.”'® If these symptoms do not partially or fully
resolve, but even progress over time, patients often suffer
from increasing limitations in coping with everyday tasks,''
which not only hinders them in terms of their independence,
but also often represents a psychological burden.'?

Although treatment opportunities have been improving
in recent years,'” MS is considered to be an incurable
disease.” To date, MS patients in Germany normally visit
their physicians approximately two to three times a year,
leading to long periods between physical assessments.'> As
MS is highly individualistic - and with global cases of MS
on the rise - understanding the course of pathogenesis of this
condition and closing the gap in the patient care sector is essen-
tial for offering MS patients the opportunity to experience a
better quality of life.'* Digital companion apps might be con-
sidered an option for many patients.'> The collection of real-life
data on a longitudinal basis is becoming increasingly important
to the overall understanding of this condition, namely in terms
of its progression and pathophysiology.”'® Monitoring symp-
toms could be crucial to detect relapses and identify progres-
sion. Ziemssen et al. have already shown the importance of a
physician-completed tool to support physician-patient inter-
action in assessing signs of disease progression to SPMS and
uncovered the need for supporting tools.'” The possibility of
close symptom monitoring by patients themselves could
make a crucial contribution to knowledge about and identifica-
tion of signs of disease progression.

BRISA is a digital health companion app developed for
users in Germany diagnosed with MS. The aim of this app
is to offer guidance, support, and advice to those with this
condition, helping patients to better understand their diag-
nosis and individual disease progression. In our previous
publication, we were able to demonstrate that the demo-
graphics of BRISA users are representative of the
German MS patients and that specific symptoms are
tracked together more often than others.'® BRISA users
are regularly asked to fill in short questionnaires every
two weeks and smiley-based symptom scores daily to
monitor their symptoms as well as to determine their
change and possibly progression.

Validated and regularly used patient-reported outcome
(PRO) questionnaires are a proven method for collecting
information about disease progression, quality of life, and
real-world data related to a specific indication.'”° Length
and complexity make surveys intended to regularly track symp-
toms tedious to complete for app users and thus affect the quan-
tity and reliability of the generated data.?' Simplified and
user-friendly versions of these questionnaires could still be
useful to extract valuable information regarding individual
disease progression. In the case of BRISA, users are regularly
provided with a catalogue of several MS-related symptoms,
which they can evaluate in terms of their severity using a
smiley-face-based rating system. The purpose of this analysis
was to generate insights derived from the validated PRO ques-
tionnaires and symptom scores and to determine whether or a
not a correlation exists between the simplified symptom
scores and the well-established PRO questionnaire scores of
BRISA users.

Methods

Data source

BRISA is a smartphone application available for Android
and iOS devices intended to support MS patients in their
day-to-day lives by offering guidance and advice in a
variety of areas. It is a free application that can be down-
loaded from the German App Store by anyone who owns
a mobile device with Android or iOS software. Patients
can track and monitor their symptoms over time by regu-
larly answering questions related to the severity of their
symptoms and completing standardized questionnaires.

Inclusion criteria of study cohort

This retrospective, descriptive analysis consists of data from
BRISA users who registered between August 6, 2021 and
April 6, 2022 and provided their consent for use of their demo-
graphic and health-related data for scientific purposes. Patients
were grouped and analysed according to their MS type, age
group, and time since MS diagnosis. Detailed distribution of
user data points is listed in Supplemental Table 1.
The inclusion criteria were as follows:

Age 18-80 years

Gender reported

MS type reported

Year of diagnosis reported

Consent for health data usage for scientific purposes
Answered at least one questionnaire completely. In case
a questionnaire was answered multiple times, the earliest
response was considered for each user.

e Answered at least one corresponding symptom within
the specific recall period. In case a symptom was
answered more than once, the response closest to
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Table 1. Overview demographic characteristics of study cohort.

Sex Male 16.2%
Female 83.8%

MS-Type PP 8.8%
SP 4.6%

RR 86.2%

Age groups 18—25 7.8%
26—35 33.5%

36—45 28.2%

46—55 22.2%

>—=55 8.3%

Time since diagnosis 0-1 14.3%
2-5 41.0%

6—10 18.9%

11-20 19.7%

21-30 6.1%

Figure 1. Smiley-face based rating system used in BRISA app.

when the corresponding questionnaire was answered
was considered. In all cases, the symptoms should be
answered before or on the same day as that of their cor-
responding questionnaires.

Data collection

After registration, users are asked the fill in their demographic
data (such as year of birth, year of diagnosis, and gender) and
health data (such as MS-type and symptoms of concern). The
information is collected via a chatbot, a software application
that initiates a human-like text conversation. Users could
choose to track any (one or more) of 19 symptoms that are of
interest to them, including “depression”, “bladder disorders”,
“bowel disorders”, “leg-foot-lifting disorders”, ‘fatigue”,
“visual disturbances”, “pain”, “cognitive disorders”, “concen-

tration disorders”, “forgetfulness” and “‘sexual dysfunction”.

As shown in Figure. 1, symptoms were rated using five different
smileys ranging from “very sad” to “very happy”. These
smileys were assigned a score of 04, with “very sad” being
given a score of 0 and “very happy” a score of 4. The corre-
sponding response, question and time stamp were recorded.
In the “detail-check”, users are asked to fill standardized
medical questionnaires every 2 weeks. The questionnaires
implemented in BRISA and used for analysis were:

<,

Beck Depression Inventory - Fast Screen (BDI-FS)

Bladder Control Scale (BLCS)

Bowel Control Scale (BWCS)

Patient-determined Disease Steps (PDDS)

Modified Fatigue Impact Scale — 5-Item Version

(MFIS-5)

Impact of Visual Impairment Scale (IVIS)

e MOS Pain Effects Scale (PES)

e Perceived Deficits Questionnaire — 5-Item Version
(PDQ-5)

e Sexual Satisfaction Scale (SSS)

Except the “Beck Depression Inventory” and ‘Patient-deter-
mined Disease Steps™ all questionnaires used for this study
are taken from the Multiple Sclerosis Quality of Life
Inventory.” For a more detailed description of the used ques-
tionnaires check supplement methods.

All data were stored and processed in a General Data
Protection Regulation (GDPR)-compliant manner. Using
a customized ingestion API, data was anonymized and
ingested into a secure Data Lake infrastructure. This data
was further structured and inserted into pre-structured
tables in a PostgreSQL-Database. A reporting and data inte-
gration dashboard solution (Permea Dashboard) was used
to access and visualize the data from the precalculated
tables.

Data processing and analysis

Data processing and analysis were performed using Python
(version 3.9) on the Permea Data Platform. The data under
investigation were loaded from the pre-calculated tables
and further processed based on individual study criteria
(see sections 2.4.1 and 2.4.2). Demographic data were ana-
lyzed and used as a basis for the analysis of correlations.
The correlation between questionnaire score and symptom
score was analysed for the total users as well as for the sub-
groups gender, age, MS type, and time since first MS diag-
nosis. To analyse the correlation between symptom and
PRO scores, the symptoms examined were assigned to
the questionnaires to create Questionnaire symptom pairs
(QSP)-as follows:

e BDI-FS — depression
e BLCS — bladder disorders
e BWCS — bowel disorders
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PDDS — leg-foot-lifting disorders

MFIS-5 — fatigue

IVIS — vision

PES — pain

PDQ-5 — cognition disorders, concentration disorders,
forgetfulness

e SSS — sexual dysfunction

Although there are sub-scores available within the PDQ-5
questionnaire, the four subscales tend to correlate highly
with one another, which limits their usefulness to some
extent.* Therefore, in the case of the PDQ-5 questionnaire,
the average of the scores of the assigned symptoms was used.

Additionally, we assessed the response rate across the
nine QSPs.

Statistical methodology

Statistical analysis was performed using Python (version
3.9). All survey inventories except BLCS yielded satisfac-
tory Cronbach alpha values, therefore, BLCS was not con-
sidered during further data analysis. Descriptive statistics
was mainly used to characterize BRISA users. The correla-
tions between questionnaire scores and symptom scores
were determined using Pearson correlation. A correlation
coefficient of 0.3—0.5 was considered as a moderate correl-
ation, 0.5 and higher was a strong correlation.”’

Results

Demographic characteristics of users and response
rates of study cohort

In total, we analysed 1557 QSPs from 828 users resulting in
an average of about two QSPs per user. As seen in Table 1,

696 (84.1%) users were female, and 132 users (15.9%) were
male. The mean age of our study cohort was 39.7 (£10.6)

I BDI-FS  (5.01%)
[ BWCS  (13.94%)
I PDDS  (11.75%)
I MFIS-5  (11.56%)
B VIS (25.24%)
3 PES  (15.93%)
PDQ-5  (12.40%)
Bl SSS  (4.17%)
Total=1557

Figure 2. Response rates for QSP. Data was collected from a total
of 828 users who answered one or more questionnaire-symptom
pairs (total answered QSP = 1557).

years and 87.6% users reported being diagnosed with
RRMS. Furthermore, the mean time since diagnosis was
7.2 (£6.5) years.

To gain further insights into the response rate of ques-
tionnaires and symptoms, we analysed the amount of
answered QSP, and additionally divided into sub-categories
regarding gender, age group, time since diagnosis and MS
type. As seen in Figure 2, most answers were registered
for the IVIS QSP (23.7%). Lowest response rates were
seen for SSS (3.9%) and BDI-FS (4.7%). As shown in
Supplemental Table 2, the response rates were also consist-
ent across the sub-categories. Our analysis also showed that
all users in our cohort answered the questionnaire and
respective symptoms on the same day.

Correlation between questionnaire and symptom
scores

To evaluate whether the scores given in the questionnaires
correlate with the smiley score given in the symptom
assessment, we performed the correlation analysis for
each QSP in the sub-groups of age, time since diagnosis
and MS-type.

In the age group 26-35 years we observed a moderate
correlation for the QSP BDI-FS, PDQ-5, and SSS,
whereas the strongest correlation was observed for the
QSP BWCS, MFIS-5, and IVIS (Figure 3). In the age
group 36-45 years the correlation distribution was
similar, though compared to the younger users, PES
showed a moderate correlation. Overall, the strongest
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Figure 3. Heatmap correlation analysis for QSP in sub-group
‘age-groups’. Data was collected from all users who answered at
least one questionnaire with its respective symptom and divided
into subgroups according to age. *p <.05, **p <..01, ***p <.001,
*Ekkp < 0001.
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correlations for each QSP were observed in the age group
46-55. Here, especially for BDI-FS and SSS the
symptom scores correlated strongly with the scores from
the smiley-based scoring system. The QSP scores only cor-
related for MFIS-5 and IVIS in the age groups 18-25 and
over 56 (Figure 4).

Next, we calculated the correlation of the scores given in
the QSP based on the subcategory time since diagnosis
(Figure 5). For recently diagnosed users the QSP PDQ-5
showed a moderate correlation, whereas BDI-FS, MFIS-5,
IVIS, PES, and SSS showed a strong correlation. The most
robust correlation for the QSP was observed in the group of
users diagnosed 2-5 years ago. Here, all QSP showed a mod-
erate (BWCS, PDDS, PES,) to high (BDI-FS, MFIS-5, IVIS,
PDQ-5) correlation value. The groups of users diagnosed 6—
10 years ago had a moderate correlation for PDQ-5 and
strong correlation for the QSP MFIS-5, IVIS, and SSS. In
the group diagnosed longest with MS PDDS, IVIS, and
PES resulted in moderate correlation and BWCS, MFIS-5,
and PDQ-5 in strong correlation values.

As seen in Figure 4 and Supplemental Figure 1, users
diagnosed with PPMS had a moderate correlation of QSP
scores in MFIS-5, and strong correlation scores in IVIS
and PDQ-5. Users diagnosed with RRMS had moderate
correlation of scores in the QPS BDI-FS, BWCS, PDDS,
PES, and SSS. In the QSP MFIS-5 and IVIS, the correlation
was strong. No correlation could be observed in the group
of users diagnosed with SPMS.

When analysing the correlation values across all subcat-
egories, it becomes apparent that the QSP MFIS-5 and IVIS

Questionnaire
1Uoljeja.I0d Ssuosiead

0-1 2.5 6-10

11-20

Time since diagnosis [years]

Figure k. Heatmap correlation analysis for QSP MFIS-5 and IVIS
across all sub-groups. Data was collected from all users who
answered at least one questionnaire with its respective symptom
from MFIS-5 and IVIS and divided into subgroups. *p <.05, **p <
.01, ***p < 001, ****p < .0001.

show strong correlation values. Specifically, both QSP have
high correlation values in both male and female users, as
well as all age groups and time since diagnosis categories
(Figure 4).

Discussion

In our previous study,'® we reported the heterogeneity of
demographic and health-related characteristics of MS
patients using the BRISA app in Germany. Due to the
vast spectrum of disease symptoms, the generation of real-
world data is essential for understanding the pathogenesis
of the disease and its impact on the patients’ daily life.
Patients are often required to complete multiple well-
established, but lengthy questionnaires to assess their disease
status and to regularly track their progress, which is time con-
suming and requires a good understanding of the German lan-
guage. Although patient-reported questionnaires are a proven
method of collecting symptom and disease progression data
for a particular indication, this process can be tedious. These
points raise the question whether the established method of
analysing a patients’ condition is practical for daily use, or
whether the patients could benefit from a simplified question-
naire version based on smiley scores.

The aim of this analysis was to investigate the correl-
ation between the results of traditional and established
patient questionnaires and the symptom rating using
smileys within the BRISA app, a digital health companion
for patients diagnosed with MS.
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Figure 5. Heatmap correlation analysis for QSP in sub-group ‘time
since diagnosis’. Data was collected from all users who answered
at least one questionnaire with its respective symptom and divided
into subgroups according to time since diagnosis. *p <.05, **p <
.01, ¥**p <001, ****p <.0001.
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To study the correlation in subgroups according to
gender, age groups, MS-type, and time since diagnosis of
disease, we first had to evaluate the demographic data and
the response rates of the BRISA users. Our cohort was com-
parable to the user characteristics we previously reported in
‘Demographic patterns of MS patients using BRISA — an
MS specific app in Germany’."®

According to the MS registry Germany, the average age
at diagnosis in an MS treatment centre is 35.8 years, but
16.9% report that their disease began at the age of 20-24,
18.4% at the age of 25-29, and 16.3% at the age of 30
—34.%° The discrepancy between reported age at disease
onset and actual diagnosis could, therefore, also influence
the number of users in the fringe groups (18—25 and
>55). Since it can be assumed that there is also a certain
period of time from first diagnosis to using a digital
health companion, it is plausible that the group of 18—
25-year-olds represents a lower proportion of our cohort.
In addition, studies on the dependence on mobile technol-
ogy show that especially younger, rather than older users
have a significantly higher afﬁnity.27 This could further
explain the low rate of >55-year-old users in the cohort.
Since the German MS registry reports 71.0% female and
29.0% male MS patients,*® our study cohort is largely rep-
resentative of the MS population in Germany.

When evaluating the overall response rates to question-
naire and symptoms the distribution within the subgroups
regarding gender, age distribution, MS-type, and time
since diagnosis is comparable with the distribution of
user’s demographics. Interestingly, across all subgroups,
topics like BDI-FS and SSS seem to be the least answered
questionnaire and symptom pairs. This could be due to the
fact that topics regarding depression could be considered
sensitive topics, as are questions about sexual satisfaction.
Furthermore, symptoms like vision impairment and
fatigue are among the most common symptoms in MS
patients,”®? leading to high number in response rates.

After analysing the demographic data and the response
rates in our study cohort, we can clearly observe that
patients of different age groups and with different lengths
of illness use the app to track their symptoms and get
help and guidance for their daily activities.

One key feature of the BRISA app is that users have the
opportunity to track their typical MS related symptoms®' ¢ in
the symptom diary with a click of a button, thereby allowing
users to quickly and easily evaluate the severity of a symptom
by means of smileys. To date, it is unclear to what extent the
evaluation by smileys correlates with the classic questionnaire
scores, whether a smiley scoring system can reliably reflect the
course of the disease. To address this question, we analysed
the correlation of smiley scores and questionnaire scores
across a set of standardized questionnaires.

Our study demonstrates that there is a positive correl-
ation for all questionnaire and symptom pairs. The results
show that it is possible to reproduce a symptom trend by

means of an easily understandable representation (e.g.,
smileys), even if the questionnaire-symptom pairs do not
correlate fully with each other. This might be due to the
way the questionnaire is asked. In the surveys used, the
users are asked about their average condition in relation
to the last 2 weeks before the questionnaire, but within
the symptom diary a daily query is made. By asking the
user to the assess their condition as an average of 14 days
may not fully accurately represent how the user feels on
the day the symptom form is completed. In addition, an
assessment based on facial expressions (happy face to sad
face) is more subjective in nature than a direct questioning
on e.g., clearly defined walking distances, which could
explain a discrepancy regarding the more clearly formu-
lated questionnaires.

In more detail, the age group 46—55 reported the scores
with the highest consistency between the traditional scoring
systems and the smiley-based scoring system. Interestingly,
Weis et al. reported that the rating of emoji seems to be
dependent on age, which could also contribute to the differ-
ent correlation values in the different age groups.”’ It is also
plausible that older patients have lived with the disease
longer. Patients in the age group of 46 to 55 years have
therefore perhaps been confronted with the disease long
enough to be able to assess and evaluate their symptoms
but have also not suffered so long that they have become
too accustomed to them.

To gain a better understanding of how the duration of the
disease influences the correlation between the QSP in our
study, we divided the users into groups based on their
time since diagnosis. Our analysis showed that the users
of the app were evenly distributed across all groups of
time since diagnosis, except the users who were diagnosed
21-30 years ago, which represented the smallest group with
7.9% of all users. This may be because patients suffering
from a chronic disease over long periods of time might be
reluctant to tracking the symptoms daily and have already
been managing their disease in an alternative way.

Specifically, the users diagnosed 2—5 years ago proved
to have the most robust correlation. Especially patients
diagnosed with MS less than a year ago may find it difficult
to correctly assess their symptoms, while those who have been
dealing with the disease for longer may have become so accus-
tomed to the limitations associated with it that they no longer
notice potential changes in symptoms. Users diagnosed 2-5
years ago might already have sufficient experience and knowl-
edge about their condition to better evaluate their symptoms
but are also motivated to actively track and improve their con-
dition. This is also represented in the amount of users that
registered for the app, where 41.0% of all users were diag-
nosed 2-5 years ago.

However, one must keep in mind that in MS it often
takes years between the onset of the first symptoms and
the actual diagnosis,38 so that the time since diagnosis
does not always refer to the actual onset of the disease.
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When looking at the distribution of BRISA users regard-
ing MS-type, only 8.8% and 4.6% reported being diagnosed
with PPMS and SPMS, respectively. Additionally, patients
suffering from SPMS or PPMS may be impacted more
severely by the disease and therefore might be less inclined
to use an application for symptom tracking. This low
number of users in these subcategories could contribute to
the fact that we don’t observe any correlation and poses a
weakness of the study. These distributions largely corres-
pond to the trend reported in current literature, where
according to the German MS registry in 2021, 74.6%
patients are diagnosed with RRMS, 15.5% with SPMS
and 6.8% with PPMS."? However, the missing or lower cor-
relation in the PPMS and SPMS subgroups could also be
due to the different disease histories compared to RRMS.
While the symptoms of RRMS usually go into remission,
the symptoms of PPMS and SPMS are progressive. This
could mean that the state of health can be depicted more
clearly through the exact wording of the questionnaires,
but this may not be adequately depicted when using
smileys for assessment. Specifically, the user could object-
ively show reduced mobility, but since he is already accus-
tomed to his condition his subjective evaluation might seem
less negative, thereby differing from the result of the ques-
tionnaire. To address this question further studies with
greater sample sizes are needed.

Noticeably, the QSP MFIS-5 and IVIS showed the most
robust correlation across the subcategories. As mentioned pre-
viously fatigue and vision impairment are one of the most
common symptoms MS patients suffer from. The strong cor-
relation could on the one hand be due to high number of
response rates, on the other hand vision impairment is a
symptom that can very clearly and abstractly be categorized,
whereas symptoms regarding emotional state or cognitive dis-
orders may be more subjective. As fatigue is one of the most
common symptoms suffered by MS patients, the robust cor-
relation of the MFIS-5 QSP could be due to the fact that
patients are highly aware of fatigue as a symptom and
become accustomed to reporting and rating its severity.

The mobile and health digital market has expanded
rapidly over the last years.*” Countless mobile medical
apps have emerged aiming to help patients with chronic dis-
eases manage their condition with functions like tracking
symptoms, logging medications including their adverse
effects or consultation and information acquisition func-
tions. These apps have the potential to provide low-cost,
around-the-clock access to high-quality, evidence-based
health information to end users on a global scale.*'

Also, our results show that real-world data collection
offers many advantages. The simple and time saving
symptom assessment in the BRISA app allows patients to
track their symptoms daily, providing a clearer picture of
symptom progression and insights into any dependencies
on environmental and behavioural factors. Another advan-
tage could be the simplicity of the concept. Not only does

the reduced time factor simplify the user experience and
potentially increase compliance, but the universal compre-
hensibility of smileys reduces possible language and cogni-
tive barriers. One must take into consideration that the
interpretation of smileys is very subjective and can vary
depending on personality, age or gender. As mentioned pre-
viously, MS patients in Germany on average only visit their
physician two to three times a year.'® Tracking symptoms
and medication usage in an application therefore also
poses an opportunity to document disease management
during the periods between physician visits and additionally
allows patients to share their disease journey with their
treating physician in a more structured and documented
way. Although the simplified scoring system can never
replace the experience and knowledge of a specialist, it
can support the patients themselves to gain a better under-
standing of the disease, but also provides the treating phys-
ician with more detailed and valuable information, thus
supporting the assessment of the right treatment for his
patient. For mobile health apps to fully contribute value
to the health care delivery and disease management, all
parties involved in the patients’ journey must collaborate.

Limitations

Our study did have some limitations. Firstly, the distribu-
tion between men and women was very different, which
is why it is more difficult to assess the stability of the
results, especially for men. For some categories i.e., MS
subtypes, the response rate was relatively low therefore
making a comparison between the disease types difficult.
Since the recording period for the questionnaire (the last
2 weeks) and the symptom (current day) was different,
the significance of the correlation is limited. Although we
tested our datasets for internal consistency, as in all
studies involving patient-reported data, the probability of
a small percentage of false data inputs cannot be excluded.

Conclusion and outlook

We investigated the correlation between the outcome of
established PROs of users with MS and the outcome of
the symptom diary in BRISA, a digital health companion
for users with MS. Our results showed that on average
there is a positive correlation between the respective out-
comes and that the assessment of symptoms using
smileys can reproduce a trend. In conclusion we believe
that tracking the symptoms on a daily basis with a health
care app can hugely benefit the user in tracking their
disease progression and supporting the disease manage-
ment. However, detailed questionnaires are still required
to assess the patients’ condition in a more objective and
standardized way. In addition, further research is needed
to validate our results for different subgroups, i.e., different
MS phenotypes.
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