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Abstract

Background While potential risk factors for multiple sclerosis (MS) have been extensively
researched, it remains unclear how persons withMS theorize about their MS. Such theories
may affect mental health and treatment adherence. Using natural language processing
techniques, we investigated large-scale text data about theories that persons withMS have
about the causes of their disease.We examined the topics intowhich their theories could be
grouped and the prevalence of each theory topic.
Methods A total of 486 participants of the Swiss MS Registry longitudinal citizen science
project provided text data on their theories about the etiology of MS. We used the
transformer-based BERTopic Python library for topicmodeling to identify underlying topics.
We then conducted an in-depth characterization of the topics and assessed their
prevalence.
Results The topicmodeling analysis identifies 19distinct topics that participants theorize as
causal for their MS. The topics most frequently cited are Mental Distress (31.5%), Stress
(Exhaustion, Work) (29.8%), Heredity/Familial Aggregation (27.4%), and Diet, Obesity
(16.0%). The19 theory topics can begrouped into four high-level categories: physical health
(mentioned by 56.2% of all participants), mental health (mentioned by 53.7%), risk factors
established in the scientific literature (genetics, Epstein-Barr virus, smoking, vitamin D
deficiency/low sunlight exposure; mentioned by 47.7%), and fate/coincidence (mentioned
by 3.1%). Our study highlights the importance of mental health issues for theories
participants have about the causes of their MS.
ConclusionsOurfindingsemphasize the importanceof communicationbetweenhealthcare
professionals and persons with MS about the pathogenesis of MS, the scientific evidence
base and mental health.

Multiple sclerosis (MS) is a progressive neurodegenerative disease that is
characterized by a wide range of physical and mental symptoms1. Typical
symptoms include gait difficulty, mental and physical fatigue, vision pro-
blems, vestibular disorders, incontinence, numbness or tingling in different
parts of the body. While the causes of MS remain unclear, genetic and
environmental risk factors have been consistently associated with MS, as
evidenced by several rigorous meta-analyses. The genetic theory is mainly

based on the observed familial aggregation ofMS, with themost commonly
associated genetic factor being the HLA-DR1*15:01 allele2. Established
environmental factors include tobacco smoking, low vitamin D levels, low
exposure to ultraviolet radiation, and infection with Epstein-Barr virus
(EBV), a human lymphotropic herpes virus3–8.

A key question is how persons with MS understand the causes of
their disease and how they deal with the question of why they have MS.

A full list of affiliations appears at the end of the paper. e-mail: viktor.vonwyl@uzh.ch

Plain Language Summary

Multiple sclerosis (MS) is a disease that
affects the brain and spinal cord, causing a
wide range of symptoms. Our study
investigated what people living with the
disease think causes MS. We analyzed the
replies given by 486 people who were
questionedabout theirMS to look for patterns
in the responses. We identified 19 distinct
themes, notably mental and work-related
stress, genetics, and dietary factors, which
wegrouped into4categories:physical health,
mental health, established scientific risk fac-
tors, andchance.We found thatmental health
problemswere viewed as a key factor forMS.
Our work highlights the need for healthcare
professionals to have transparent conversa-
tions with people with MS about what is
known about the disease course and poten-
tial causes. In addition, it highlights the
importance of fully informing and supporting
people withMS regarding their mental health.
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These questions are key since evidence-based treatments may lose legiti-
macy in the eyes of the patient if a given treatment does not align with their
individual theory. In this context, the Health Belief Model is a central fra-
mework that theorizes health behavior as a function of beliefs about disease
severity, presumed vulnerability, benefits associated with a health behavior,
and perceived barriers to engaging in the given health behavior9. Con-
sistently, previous research has found that the self-efficacy and scientific
accuracy withwhich persons withMS understand their disease predict their
wellbeing – for example, through increased effectiveness of their coping
strategies10,11. The Cognitive Theory of Adaptation assumes that serious
somatic illness poses three major challenges for individuals: maintaining
self-esteem, findingmeaning and significance in the illness, and achieving a
subjective sense of control over the course of the illness12.Understanding the
disease as a consequence of a particular lifestyle or stressful life experience
may help persons with MS to regain a sense of control over their lives,
despite the unpredictability that comes with MS13.

While theories of persons with MS often share common ground with
accepted scientific theories, they can also incorporate additional explanatory
components that have not yet been thoroughly examined or explored. A
qualitative, large-scale study of such individual theories of MS would
therefore provide valuable insight into this otherwise unexplored topic. In
addition, a comprehensive, qualitative study of such common theories
would be of great value in optimizing support for persons with MS, both in
terms of addressing unmet information needs and promoting individuals’
coping skills. The practical value of large-scale text exploration using the
well-established topic modeling approach has been well documented in
previous research14, including studies related to MS. For instance, the My
Life with MS study examined the life stories of over 1000 participants and
identified eight key topics, covering established clinical aspects as well as less
explored areas such as work and relationships15. A study using natural
language processing to explore the daily-life impact of the first lockdown on
peoplewithMS found extensive and varied experiences16. However,manual
content analysis is stillwidelyused. For example, a 2023 studyusing free-text
data examined the impact of the COVID-19 pandemic on persons withMS
inAustralia17. Recent approaches to topicmodeling are based on large-scale
language models18. These recent developments have been driven by the
emergence of transformer(-based) language models, which have dramati-
cally accelerated the performance and computational speed of previously
complex natural language processing tasks19, thus facilitating the identifi-
cation of topics in free-text data with high quality and ease20.

Herewepresent the results of a surveyon theories that personswithMS
have about the causes of their disease, which was part of a larger ques-
tionnaire focusing on risk factors associated with MS. The survey was
designed and conducted by the Swiss MS Registry (SMSR) in close colla-
boration with and at the initiative of persons with MS. We examine the
broad categories into which individual theories could be grouped as well as
the prevalence of each theory. We expected a variety of theories for which
participants would draw on their life experiences, and that many of them
would also mention the well-established risk factors for developing MS
(genetics, EBV, smoking, vitamin D deficiency). Topic modeling analysis
identifies 19 distinct topics that participants theorize as causal for their MS
which can be grouped into four high-level categories: physical health,
mental health, risk factors established in the scientific literature and fate/
coincidence.

Methods
Study design and participants
Participants were recruited from the SMSR, an ongoing longitudinal
patient-centered study in Switzerland funded by the SwissMSSociety21. The
study was approved by the Ethics Committee of the Canton of Zurich (PB-
2016-00894, BASEC-no: 2019-01027). All SMSR participants provided
written informed consent prior to their participation. The SMSR’s over-
arching aim is to give persons with MS a voice and to actively involve them
in researchprojects (referred to as citizen science), as they are experts in their
particular disease symptomatology. The registry combines the accumulated

knowledge and experience into a single database with great potential for in-
depth research intoMS and the further development of treatment and care.
A unique feature of the SMSR is that personswithMSnot only contribute to
the registry database as participants – they are also part of the decision-
making bodies of the registry and are involved in the selection of research
questions, study design, and communication of research results. Their
knowledge and experience are thus fully integrated into the SMSR’s
activities.

The present research is based on a survey assessing participants’
individual theories about the causes of their MS. The survey was part of the
SMSR’sRisk Factors Projectwhichwas launched in 2020 anddata collection
continued until March 2023. The overall aim of the project was to com-
prehensively assess risk factors for the onset andprogression ofMS. The risk
factor assessment began with a survey of participants’ individual theories
about the causes of their MS, which can be found in Supplementary Note 1.
The present study is based on the following two survey questions. Question
1:Have youmade any assumptions about how you developedMS?What do
you think? Question 2: Are there any specific risk factors that come to your
mind? If so, why?Question 1 was designed as an introduction to familiarize
participants with the topic of theories about the cause of their MS, while
question 2 was designed as a follow-up question to elicit more detail about
the specific nature of the risk factors and possible underlying mechanisms.
However, many participants provided a comprehensive answer to question
1 that also covered question 2. In this case, participants either left question 2
blank or briefly repeatedwhat they hadwritten before. Given these response
patterns, the text data from both questions were combined for subsequent
analysis.

Statistics and reproducibility
Below we provide all the information about how we proceeded with the
natural language processing analysis. For reproducibility purposes, we
provide additional information on the analysis in SupplementaryMethod 1
and the analysis code in Supplementary Method 2.

Text data preprocessing
The SMSR conducts its assessments in the three official Swiss languages
German, French, and Italian. All text entries underwent manual spell-
checking conducted by native-level speakers of each respective language.
Sincemost of the text data was inGerman, French and Italian text data were
automatically translated into German. All analyses were performed in
German. Text data presented in graphs were translated into English for this
purpose. For automatic text translation, we used the Hugging Face trans-
formers library in Python22 and open-source language models for transla-
tion (https://huggingface.co/Helsinki-NLP). All translations were reviewed
by native speakers in French/German, and Italian/German. A detailed
description of text preprocessing is provided in Supplementary Method 1.

Topic modeling with BERTopic
The individual steps of the topic modeling procedure using BERTopic are
illustrated in Fig. 1. To identify common types of life events, we used the
state-of-the-art Python library BERTopic18, which leverages transformer-
based language models in several steps of the modeling process. All steps
were performed in Python, version 3.7, using the PyCharm environment,
version 2021.3.2.

The main analysis concerns the training of the topic model. We first
transformed the text data into numerical representations by using the well-
established sentence transformer model paraphrase-multilingual-MiniLM-
L12-v223, which is suitable for German language. We then reduced the
dimensionality of the data using the built-in UMAP algorithm24 and
employed BERTopic’s built-in HDBSCAN clustering algorithm25 for sub-
sequent clustering. The latter step can be considered a hard clustering
approach, as each text entry is assigned to precisely one topic or marked as
an outlier. We then tokenized the data using the well-established Count-
Vectorizer from the Scikit-Learn library26.When tokenizing,we lemmatized
all words, meaning that we converted them to a meaningful root word
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(e.g., treatments to treatment). Since nouns were the most informative for
our research aim, we next extracted all lemmatized nouns from the text
segments using the part-of-speech tagging functionality of the spaCy
pipeline de_dep_news_trf 27. To assign an importance score to each unique
word within the topic representations, BERTopic implements the statistical
metric class-based term frequency-inverse document frequency. Finally, we
fine-tuned the model using the Maximal Marginal Relevance28 criterion to
avoid topics consisting of excessively redundant keywords (such as smoker,
smoke, smoking). A few topics were thenmerged due to substantial overlap
in content. Using the Python WordCloud library29, we then visualized the
final topic representations in a separate graph for each topic, where the size
of a word corresponds to its importance score.

Fitting the HDBSCAN cluster model in BERTopic does not force all
text data into clusters, andanumberof text entries are initially assigned to an
outlier category. This procedure ensures high topic interpretability as the

topic representation is based on text data with a high probability of
belonging to a particular cluster, while text data with low probability values
are initially considered as outliers (referred to as hard clustering). We then
used a soft clustering approach to assign initially unclassified text data to the
most appropriate cluster, assigning each text entry to the topic category for
which it had the highest probability25. We used a threshold of p < 0.05, and
text data that had probability values below 0.05 to belong to any cluster were
still considered outliers. All classifications and outliers were then manually
checked by CH and corrected where necessary. Of the 1494 text segments,
the category assignment was corrected in 183 cases corresponding to an
accuracy of 87.8%, by applying evaluation criteria for classifiers30, where
accuracy is defined as the number of correct classifications divided by the
total number of classifications. A further 42 text segments had a second, and
in a few cases a third category, which was also added manually.

Topic co-occurrence
We determined the occurrence of topics (i.e., their presence or absence) per
individual using Pearson correlations.

Thematic analysis for validation
Given theunsupervisednatureof our topicmodeling analysis,we conducted
a thematic analysis on the entire text dataset as a benchmark for validation.
The analysis was performed by JTTS with input from VvW.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results
Sample characterization
All SMSR participants (n = ~2700, status March 2023) were invited to
participate in the present study. A total of 603 individuals participated in the
survey about theories of the origin of their MS. Of these, 107 participants
either provided no response or indicated in their free-text response that they
did not have a hypothesis about the cause of their illness and were therefore
not included in this analysis. Participants who reported having no theories
often indicated that they would not benefit from thinking about such issues,
preferring instead to focus on the present. The responses of a further 10
participants could not be classified, either because they indicated that they
had a theory but provided no further details, or because their responses did
not directly address the questions (but included, for example, symptom
descriptions of the early stages of their MS).

This resulted in a final sample of 486 participants whose text
responses form the basis of this study. The mean age of the final study
sample participants was 52.15 years (standard deviation, SD = 12.48
years; range: 21–86) and 80.3% were female. On average, participants
were diagnosed 12.96 years ago (SD = 9.50). Most participants had
relapsing-remitting MS (n = 339). The remaining participants were
diagnosed with secondary progressive MS (n = 59), primary progressive
MS (n = 47), clinically isolated syndrome (n = 14), or the type of MS was
unknown at the time of the survey (n = 27). Sociodemographic and
clinical characteristics of the 486 individuals included in the analysis and
those not included (n = 938) due to either lack of MS theory (n = 107) or
non-response to the survey (n = 831), were assessed at the time of their
enrollment in the registry. Individuals included in this analysis were
more often female, p = .001, and slightly older (mean=48 years) than
those not included (mean=45 years, p = .001). A comprehensive char-
acterization of responders and non-responders is provided in Supple-
mentary Data 3.

Of the 486 participants, 78.6% provided their text entries in German
(n = 382), 17.7% in French (n = 86), 3.3% in Italian (n = 16), and 0.4% in
English (n = 2). The average length of the text entries was 27.46 words
(SD = 25.46) per participant after cleaning as described in the Methods
section.

Fig. 1 | Modeling procedure implemented using BERTopic. This figure outlines
the steps and technical implementations in the BERTopic model for topic modeling.
The process includes converting textual data to numerical format, dimensionality
reduction, clustering, tokenization, lemmatization, fine-tuning, calculating impor-
tance scores, merging topics, updating topic representations, and manual review.
Abbreviations. c-TF-IDF: class-based Term Frequency – Inverse Document Fre-
quency; HDBSCAN: Hierarchical Density-Based Spatial Clustering of Applications
with Noise; spaCy: open-source Python library for Natural Language Processing;
UMAP: Uniform Manifold Approximation and Projection for Dimension
Reduction.
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Theories about the causes of MS – topic modeling analysis
The topic modeling analysis resulted in 19 distinct topics and a category
consisting or micro-topics and unspecific mentions. The number of topics
per individual ranged from 0 to 13, with an average of 2.27 topics (standard
deviation: 1.54). Seven individuals did not mention any of the main topics,
with their theories falling into the micro-topic category or as unspecific or
rare mentions. A quarter of the participants mentioned a maximum of one
topic (1st quartile), half of them discussed no more than two topics (med-
ian), and three quarters mentioned up to three topics (3rd quartile).

A word cloud of each of the 19 topics are presented in Fig. 2. The
corresponding importance scores underlying the numerical format of the
figure are provided in Supplementary Data 4. A detailed characterization,
sample text data, andabrief overviewof the current evidencebase for eachof
the 19 topics is presented in Supplementary Data 5. The theory topics most
frequently cited across all participants were Mental Distress (31.5%), Stress
(Exhaustion, Work) (29.8%), Heredity/Familial Aggregation (27.4%), and
Diet, Obesity’ (16.0%). Prevalence of all topics is displayed in Fig. 3, and the
numerical data underlying the plot are provided in Supplementary Note 2.
On average, 2.40 topics were assigned to each participant’s text data
(SD = 1.60; range=1–13).

The 19 theory topics could be grouped into four high-level categories:
physical health (mentioned by 56.2% of all participants), mental health
(mentionedby 53.7%), risk factors established in the scientific literature (i.e.,
topics including genetics, EBV infection, smoking, vitaminDdeficiency/low
ultraviolet radiation exposure; mentioned by 47.7%), and fate/coincidence
(mentioned by 3.1%). A total of 64 participants (13.2%) provided text data,
some or all of which were assigned to the rare topics/unspecific mentions
category. An overview of how the original topic model before merging
redundant topics relates to the final topic model is provided in Supple-
mentary Data 1.

Topic co-occurrence
The correlationmatrix,which visualizes the significant associations between
topic occurrences, can be found in Supplementary Fig. 1. Notably, several
important positive correlations emerged: Diet, Obesity with Smoking &
Alcohol (r = 0.26), Stress (Exhaustion, Work) with Sleep Deprivation
(r = 0.24), and Epstein-Barr Virus with Vitamin (D) Deficiency, Sunlight
Exposure (r = 0.21). Overall frequencies and high-level category co-
occurrence are displayed in Supplementary Fig. 2.

Validation through thematic analysis
When we compared the topic model with the thematic analysis, we found
varying degrees of overlap, which was to be expected given the different
analytical methods used. Greater overlap occurred in more clearly defined
content areas, such as those related to smoking, alcohol/drugs, the Epstein-
Barr virus, and vaccinations. In contrast, overlap was less pronounced in
more vaguely defined content areas, such as mental distress, relationship
issues, trauma, and those broadly related to the immune system. Both
methods of analysis showed slight variations in how these vaguely defined
content areas were structured. This deviation may also be indicative of the
benefits of using data-driven topic classification for exploratory purposes. A
detailed description of the thematic analysis is provided in Supplementary
Method 1. We also provide a mapping of thematic categories to the topic
model and a manual error analysis in Supplementary Data 2.

Discussion
This study is thefirst to examine the theories that personswithMSmayhave
about the causes of their disease using a state-of-the-art topic modeling
approach. Our analysis revealed 19 distinct theory topics of which Mental
Distress (31.5%), Stress (Exhaustion,Work),Heredity/FamilialAggregation
(27.4%), and Diet, Obesity were most prevalent. The 19 topics could be
grouped into four high-level categories: physical health, mental health risk
factors established in the scientific literature (i.e., topics including genetics,
EBV infection, smoking, vitamin D deficiency/low ultraviolet radiation
exposure), and fate/coincidence.

Ourfindings suggest that personswithMSassociated their diseasewith
a variety of factors. Participants often did not have elaborate theories and
tended to analyze their life situation prior to the onset of MS, without
necessarily assuming that these circumstances were causal. Where men-
tioned, theories about causes of MS were mostly based on personal
experience or that of others, but for established risk factors (e.g., EBV,
vitamin D) also on available official information or events, such as journal
articles, information materials or events. Participants who reported having
no theories or providing no information about them often did so because
they believed they would not benefit from thinking about such issues,
preferring instead to focus on the present. Of those who did have theories,
some linked them in sophisticatedways to past life experiences, while others
remainedmore abstract, general, and brief in their description. Participants
varied in the degree to which they were convinced of their theories. Several
participants also distinguished between the causes or origins of their MS,
such as genetics or physical predisposition, and the triggering conditions
that interacted with an underlying cause, ultimately resulting in the onset of
MS. Participants also noted and reported instances of the co-occurrence or
sequential occurrence of risk factors. For example, some reported that a
vaccination or use of antibiotics preceded the MS symptom onset. From
their perspective, there may be an intuitive inclination to attribute the
symptoms to the vaccine and antibiotics.

The category of established risk factors for the MS was mentioned
by 47.7% of participants. Indeed, the topic of heredity/familial aggre-
gation was the most frequent category. Themajority of participants who
brought up familial risks had individuals in their family with suspected
or diagnosed MS, autoimmune disorder, or other chronic diseases such
as cancer of Crohn’s disease. That is, evidence-based risk factors were
also reflected in the individuals’ life experiences. Of note, EBV had the
fewestmentions among the four established risk factors. This is probably
because our data collection largely preceded the landmark analysis by
Bjornevik and colleagues8. Their study receivedmuch attention from the
public, showing that EBV infection considerably increases the risk of
subsequent MS.

What also stands out from our analysis is that around 53.7% of par-
ticipants reported stress-related factors including mental distress, stress,
relationship/family problems, or adverse childhood experiences as potential
risk factors forMS. In some cases, traumatic eventswere evenassumed to be
causal. This shows that mental health and related experiences are highly
relevant to persons with MS and are perceived as influencing their lives in
many ways. This is important information as healthcare for persons with
MS currently focuses heavily on treatments that are targeting physical
symptoms and inflammation. Moreover, in large-scale meta-analytic stu-
dies that investigate risk factors for MS, mental health is usually not con-
sidered, despite its relevance to persons with MS (e.g.,4,31–33).

Consistent with the participants’ theories that mental health problems
are a major risk factor for MS, previous research has found supporting
evidence. For example, stress-related disorders have been associatedwith an
increased risk of autoimmune disease34. In addition, mental distress and
stressful events have been associated with impaired immune function35.
While establishing causality is beyond the scope of our study, our study
raises the question of how mental health relates to people’s ability to cope
with MS in daily life. It may be that persons with MS have increased
awareness of theirmental health due to their disease burden and life history.
On the other hand, it is conceivable that past distressing experiences may
lead to reduced self-efficacy and a sense of heteronomous living. A coherent
theory of the etiology of one’s MS may be important for gaining a sense of
control over one’s life, as theorized in Cognitive Theory of Adaptation12.
However, if one’s personal theory reinforces a self-perceived lack of control
and self-efficacy, this is likely to have a negative impact on current mental
and physical health9.

Our study also revealed several discrepanciesbetween current scientific
evidence and theories that persons with MS have about risk factors for MS.
Of notewas the commonbelief among participants that vaccinationswere a
risk factor forMS, despite scientific evidence to the contrary4. Thismayhave
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direct implications for public health efforts, including vaccination cam-
paigns.Awareness of these individual theories ofMS is crucial for healthcare
professionals to prevent hindered healthcare and prevention procedures,
ensuring that personswithMS are not unnecessarily exposed to higher risks
of vaccine-preventable diseases.

The present study has several limitations that should be considered.
This study is retrospective, and participants are persons with MS, many
of whom have been living with their disease for a years or decades.
Looking back on their lives while beingmindful of theirMS and its onset
is likely to influence how they remember the past and what stands out to

Fig. 2 | Persons with MS’ theories about the causes of their disease - results of the
topic modeling analysis. The figure shows the 19 distinct topics identified by the
topic modeling analysis using BERTopic. The 19 topics have been grouped into four
high-level categories: physical health (mid-blue), mental health (orange), risk factors
identified in the scientific literature (turquoise), and fate/coincidence (light blue).

For each of the 19 topics, the key words that define a given topic are presented in the
form of a word cloud. In each word cloud, the size of the word corresponds to the
relative importance of a given word for a given topic, as determined during the
modeling process using BERTopic.
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them in retrospect. It is also likely that for some participants it may have
been the first time they had thought deeply about the causes of their MS
when completing the survey, whereas for others thinking about the
origins of their disease may be an important topic that occurs frequently
in their daily lives. This may be one reason for the observed difference in
the level of detail in the participants’ theories. It is also possible that our
surveymay have attractedmore personswith particularly strong believes
that they were eager to share. However, most participants framed their
theories as conclusions drawn from their life experiences and personal
histories (as presented in Supplementary Data 5), making this seem
unlikely. Individuals who shared their theory in the present study were
more likely to be female and slightly older than registry participants who
either did not have a theory or did not respond to the survey. It is a
common challenge that women are often more willing to participate in
studies. The slight age difference may reflect the fact that older, retired
people often have more time to dedicate to research activities than their

younger, employed counterparts. This is a pattern we have seen in other
research we conducted with the registry as well36. In addition, our study
focuses on people with MS’ theories about their disease, but does not
examine how people’s perspectives on the etiology of MS may influence
their actual health behaviors. Future research would benefit from an in-
depth examination of the relationship between perspectives on etiology
and individuals’ actual health practices. Finally, we note that our fre-
quency estimates for specific theories may not necessarily be general-
izable to the entire population of persons with MS in Switzerland.

Our research has both clinical and scientific implications. Our study
shows that communication between healthcare professionals and per-
sons with MS is of utmost importance. Professionals should be aware
that mental health is an important issue for persons with MS in relation
to the development of their disease and should ensure that adequate
information about mental health and treatment options is provided to
those in need. Furthermore, healthcare professionals should respect the

Fig. 3 | Frequency plot of theory topics.Histogram displaying the frequency of the
19 topics across all participants. The 19 topics are plotted on the x-axis, topic
frequency across participants (i.e., how many participants mentioned a given topic)
is plotted on the y-axis. The color scheme indicated a topic’s classification into one of

four high-level categories: (1) physical health (blue; no hatching), (2) mental health
(orange; horizontal lines), (3) risk factors identified in the scientific literature (tur-
quoise; skewed lines), and (4) fate/coincidence (light blue; cross-hatched).
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experiences of individuals while providing them with evidence-based
information about the risk factors for MS to increase their self-efficacy
and support them in adopting health-promoting behaviors. Future
research should pay more attention to the mental health of persons with
MS – in terms of the development and course of their MS and also how
currentmental health and individual theories impact on self-efficacy and
coping with their disease.

This study examined the theories that people with MS have about the
causes of their disease using a state-of-the-art topicmodeling approach.Our
analysis reveals 19 distinct theory topics, with the most common being
MentalDistress, Stress (Exhaustion,Work),Heredity/FamilialAggregation,
and Diet, Obesity. These topics are grouped into four high-level categories:
physical health,mental health, scientifically established risk factors, and fate/
coincidence. Our findings suggest that people with MS associate their dis-
easewith a variety of factors, often basedonpersonal experience or available
public information, both evidence-based and non-evidence-based.Notably,
53.7% of participants reported stress-related factors as potential risk factors,
indicating the high relevance of mental health for people with MS. Our
research highlights the importance of communication between healthcare
professionals and persons with MS—about the pathogenesis of MS, the
scientific evidence for treatment, and the individual theories. Through our
research, we want to draw attention to the theories of persons with MS, the
importance of mental health issues for them, and encourage health pro-
fessionals to engage in more patient dialog on this topic. This may have a
positive effect on the individual’s adherence to treatment strategies andmay
also promote self-efficacy. As such, our findings are also informative in
terms of support and treatment strategies for MS.

Data availability
Weprovide the surveymaterials in SupplementaryNote 1 and anonymized
excerpts of individual theories in Supplementary Data 5. To protect the
privacy of our participants, the full-text data cannot be shared. The source
data for Fig. 2 are provided in Supplementary Data 1. The source data
underlying Fig. 3 are available in Supplementary Note 2.

Code availability
The Python analysis script is available in Supplementary Method 2.
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