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Seht ihr den Mond dort stehen?
Er ist nur halb zu sehen,
Und ist doch rund und schön.
So sind wohl manche Sachen,
Die wir getrost belachen,
Weil unsre Augen sie nicht sehn.
Matthias Claudius

Für den Tiger, den Timmerusi, den Weihnachtshund, für meine Großmütter Gertrud und
Dorothea und für alle MS-Patientinnen und MS-Patienten

Aufgrund der besseren Lesbarkeit wird auf die gleichzeitige Verwendung der Sprachformen
männlich, weiblich und divers (m/w/d) verzichtet. Sämtliche Personenbezeichnungen gelten
demnach gleichermaßen für alle Geschlechter.
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Summary
Multiple sclerosis (MS) is the most common and disabling neurological disease in young adults.
It is a chronic inflammatory autoimmune disease with a heterogeneous symptom profile and a
suspected multifactorial genesis. Symptoms can vary from impairments in mobility, or pain, to
sensory complaints. In MS, fatigue is one of the most prevalent symptoms. Over 80% of all
people with MS (PwMS) report suffering from fatigue. A feeling of constant and overwhelming
exhaustion and a subjective lack of physical and/or mental energy that cannot be alleviated with
rest and regular sleep characterize fatigue. In various studies with PwMS, fatigue is reported to
be among the most disabling symptoms. It is often associated with severe psychosocial impairments and can lead to work-related dysfunctions and early retirement. As for MS, its aetiology
is not fully understood. A heterogeneous aetiopathogenesis is suggested, covering different biological, psychological, and life-style associated risk factors. Likewise, evidence-based treatment recommendations are scarce and most interventions use a multifaceted treatment approach.
Among the various approaches to MS-fatigue, one that has been neglected so far is the psychodynamic understanding of psychosomatic symptoms: From the very beginning of psychoanalysis and the theories on hysteria by Charcot and Janet, it was suggested that fatigue can occur
as a symptom that may find its origins in psychic processes. Although fatigue has also been
described in relation to adverse or traumatic experiences –in terms of either a direct consequence of trauma-related exhaustion or a form of coping mechanisms in individuals with specific trait characteristics– the relation between early adversities, certain personality-related factors and MS-fatigue has not been systematically and empirically investigated yet.
It is therefore suggested in this thesis that a mixed psychosomatic/psychodynamic perspective
could serve as a new and elegant approach to (1) linking potential psychological and somatic
factors of MS-fatigue, and (2) providing a novel perspective on MS-fatigue. In a first step, the
present thesis focused on the construct validity of MS-fatigue when being assessed with selfrating instruments, in order to prove the validity of the common distinction of cognitive and
motor fatigue and the necessity to consider this distinction in the subsequent studies. In a second
step, the usefulness of a psychodynamic approach to MS-fatigue was investigated by means of
quantitative research methods. Due to the lack of adequate psychometric tools for the assessment of psychodynamic constructs, the present thesis utilized the schema-therapeutic framework as an empirically-validated basis, in particular due to its huge overlap with central psychodynamic theory.

XXXVI

Summary

Study 1. The first study focused on the validity of the common distinction of cognitive and
motor fatigue, in order to investigate if subtypes of fatigue would have had to be considered in
subsequent studies. This distinction was originally derived from clinical observation on typical
symptoms in PwMS and has been incorporated in the construction of self-rating instruments
for the assessment of MS-fatigue. The first study investigated, as to which extend the proposed
cognitive/motor fatigue distinction can actually be supported by empirical data. The factor
structure of the three most widely used measures was examined, namely, the Chalder Fatigue
Questionnaire (CFQ), the Fatigue Scale for Motor and Cognitive Functions (FSMC), and the
Modified Fatigue Impact Scale (MFIS). For data analyses, exploratory (EFA) and confirmatory
factor analysis (CFA) as well as exploratory structural equation modeling (ESEM) were applied
to investigate the factor structure of the CFQ, the FSMC and the MFIS. Data of four distinct
samples with a total sample size of 1.403 PwMS were analyzed. Two of the four samples were
collected online. The first of the two online samples (N = 605) was split into two stratified
halves to perform EFA, CFA, and ESEM on the CFQ and FSMC. The second sample (N = 293)
served to calculate CFA and ESEM on the CFQ and FSMC. In addition to the two online samples, two data sets gathered in a clinical setting were included. The first clinical sample (N =
196) was analyzed by applying CFA and ESEM to the FSMC. The second clinical sample (N
= 309) was utilized to run a CFA and ESEM on the MFIS. In line with the proposed factor
structures that were published in the original articles, EFA apparently supported the factor structures. However, the application of more accurate and rigorous statistical methods that particularly serve to investigate the model fit of hypothesized statistical models did not support this
finding: The calculated CFAs and ESEMs could not verify the proposed factor structures of the
three measures. Even the application of oblique rotation techniques, which usually are more
likely to produce an acceptable model fit due to less strict restrains, did not improve the fit in a
notable way. These results challenge the widely accepted cognitive/motor fatigue distinction
and the proposed factorial validity of the three investigated instruments. These first results had
significant implications for the subsequent studies, as they spoke against a further consideration
of fatigue subtypes in their present form, and rather suggested to treat fatigue as one cohesive
phenomenon.
Study 2. Various studies have aimed to identify potential aetiological risk factors that are associated with the development of fatigue in PwMS. However, most of these studies have solely
targeted biological factors. The second study served to provide a new perspective on the aetiology of MS-fatigue. Research on positive effects of psychotherapeutic interventions on the
improvement of MS-fatigue in particular suggests a significant contribution of psychological
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factors. Nevertheless, the psychological underpinnings of MS-fatigue have only received little
attention yet. The second study served to link (1) childhood adversities as predisposing factors,
(2) and specific trait characteristics as manifestations of these early adverse experiences, with
(3) current fatigue symptoms and (psycho-)pathological symptoms. To model the complex relations between the different variables, path analyses were calculated. The analyses were conducted on data of 571 PwMS. All data were collected online, utilizing standardized psychometric self-rating tools. For the assessment of childhood adversities, the Childhood Trauma Questionnaire (CTQ) was administered. Alexithymia (Toronto Alexithymia Scale-26; TAS-26) and
maladaptive schemas (Young Schema Questionnaire; YSQ) served as trait variables, which
were considered as potential consequence of exposure to early adversities. For the conceptualization of current pathology, depression (Beck Depression Inventory-FastScreen; BDI-FS) and
anxiety symptoms (State-Trait Anxiety Inventory-State – State Anxiety Scale; STAI-State), as
well as physical disability (Patient determined Disease Steps; PDDS) were considered. For the
assessment of fatigue symptoms, the two common measures from study 1 were administered:
The Fatigue Scale for Motor and Cognitive Functions (FSMC) and the Chalder Fatigue Questionnaire (CFQ). For the final path model, a backward selection procedure was selected. Scores
in the fatigue and depression measures in this sample were slightly above the global symptom
severity usually obtained in similar samples (mean FSMC score: 72; mean BDI-II score: 18).
In the final model, the CTQ sub-scores for emotional neglect and emotional abuse remained as
the only significant childhood adversities. Differential associations between trait variables and
current pathology were found: TAS-26, the YSQ domain impaired autonomy and performance,
as well as all current (psycho-)pathology measures had direct effects on fatigue symptoms.
These variables accounted for 28.2% of the FSMC variance. Indirect effects from the two CTQ
sub-scales on FSMC were obtained, too. Common fit indices confirmed the fit of the selected
model. Replacing the FSMC with the CFQ confirmed the model. This study demonstrated that
MS-fatigue is related to certain trait characteristics and also seems to find its origins in early
childhood. This study was to the best of the authors’ knowledge the first to identify early adversities as a potential predisposing breeding ground for MS-fatigue. The second study yielded
the basis for the third study, in which the functional properties of MS-fatigue in terms of a
coping response to early adversities were targeted.
Study 3. The third study ultimately strived towards the understanding of the functional nature
of fatigue from a psychodynamic perspective. The previous study has demonstrated that fatigue
is indeed linked to traumatic experiences and that certain personality traits might increase the
susceptibility for the development of fatigue. Therefore, it was suggested that fatigue could
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represent a coping mechanism for intense and adverse emotional experiences, in line with early
psychodynamic literature on psychosomatic and conversion phenomena. The schema-therapeutic mode model was utilized to provide a theoretical and empirically validated framework to
investigate this research aim, linking psychodynamic theory and empirical research methods.
The mode model differentiates distinct coping patterns (so-called “maladaptive coping modes”)
in terms of fight (overcompensation), flight/faint (avoidance), or surrender. Schema therapy
proposes that individuals respond to adverse affects with characteristic and stable coping patterns, and that these patterns originate from adverse childhood experiences and the frustration
of core needs. It was hypothesized that fatigue might represent one of these coping patterns and
that the schema-therapeutic framework could serve to understand how the development of fatigue might facilitate coping with adverse emotions. Data from the same 571 PwMS from study
2 was analyzed. The survey contained the Schema Mode Inventory for the assessment of the
PwMSs’ coping modes, the Beck Depression Inventory-FastScreen (depressive symptoms), Patient determined Disease Steps (physical disability), the Toronto Alexithymia Scale-26 (alexithymia), the Childhood Trauma Questionnaire for the assessment of adverse childhood experiences, and self-reported fatigue (Fatigue Scale for Motor and Cognitive Functions). Latent Profile Analysis was conducted to group PwMS based on their coping modes. Three distinct groups
of PwMS were identified: (1) PwMS with low maladaptive coping, (2) PwMS with
avoidant/submissive coping styles, and (3) PwMS with avoidant/overcompensatory coping
styles. The three groups did not differ in their level of self-reported physical disability, but
heightened levels of depression and fatigue were obtained in PwMS with maladaptive coping
modes. In terms of the research aim, it was demonstrated that PwMS that resort to detached/avoidant coping in response to negative emotions, also tend to report heightened levels
of fatigue. Childhood emotional abuse and neglect in turn predicted detached/avoidant coping.
The results can be interpreted in line with the psychodynamic trauma model of conversion and
support the hypothesis that fatigue could serve as a coping mechanism in PwMS in those situations where they face adverse and intense emotions. One explanation could be that at a certain
point, either prior or during the MS-disease, the overwhelming part of emotional excitation is
discharged into the body and manifests the bodily symptom of fatigue. These results provide a
first approximation to the understanding of MS-fatigue in accordance with the asymbolic
trauma model of conversion. It is suggested in the third publication that deepening the understanding of the psychological roots of MS-fatigue could help to inform the development of new
treatment perspectives as well as the identification of PwMS that are susceptible to the development of fatigue.

Summary
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Taken together, with the present thesis it could be demonstrated that there is a need to rethink
the definition of MS-fatigue, its differentiation from other constructs, and eventually its measurement according to a unified definition. This also includes the refinement of existing
measures, such as the FSMC and CFQ that were applied in the present thesis. Further, the introduction of an integrative psychodynamic/psychosomatic perspective on MS-fatigue provides
a novel approach that has not yet been considered. It can be suggested that psychological and
somatic factors as well as their interplay should be considered in a holistic and integrative aetiological framework. Early emotional abuse and neglect were identified as potential predisposing risk factors that could account for detached/avoidant coping as a response to emotional
distress, and ultimately manifest in MS-fatigue. Such a psychosomatic framework could also
provide the basis for the development of more differentiated and evidence-based treatment recommendations. This thesis discusses implications for potential future avenues for subsequent
studies. These should take an integrative perspective and foster reciprocal exchange between
clinical practice and contemporary scientific research methodologies, as it was intended with
the present thesis.
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Multiple Sklerose ist die häufigste und die am meisten einschränkende neurologische Erkrankung des frühen Erwachsenenalters. Es handelt sich um eine chronisch entzündliche Erkrankung mit einem heterogenen Symptomprofil, für die eine multifaktorielle Genese angenommen
wird. Die Symptome können von Beeinträchtigungen in der Bewegung, über Schmerzen bis
hin zu sensorischen Beschwerden reichen. Bei MS gilt Fatigue als eines der häufigsten Symptome. Über 80% der Personen mit MS (PwMS) berichten davon, unter Fatigue zu leiden. Fatigue ist charakterisiert durch ein Gefühl überwältigender Erschöpfung und ein subjektives Empfinden von körperlichem und/oder geistigem Energiemangel, welcher nicht durch Ruhe oder
einen regulären Schlaf ausgeglichen werden können. In zahlreichen Studien mit MS-Patienten
wird Fatigue als eines der am meisten beeinträchtigenden Symptome beschrieben. Fatigue wird
häufig mit schweren psychosozialen Einschränkungen in Verbindung gebracht und kann zu
arbeitsbezogenen Beeinträchtigungen sowie frühzeitiger Berentung führen. In gleicher Weise
wie bei MS ist die Ätiologie der Fatigue noch nicht vollständig verstanden. Es wird eine heterogene Ätiopathogenese unter Berücksichtigung verschiedener biologischer, psychologischer
und lebensstilbezogener Risikofaktoren postuliert. Gleichermaßen sind evidenzbasierte Behandlungsempfehlungen rar und die meisten Behandlungen nutzen einen multidimensionalen
Zugang zur Behandlung.
Das psychodynamische Verständnis von psychosomatischen Symptomen wurde bei den verschiedensten Zugängen zur MS-Fatigue bislang vernachlässigt. Seit den Anfängen der Psychoanalyse und den Theorien zu Hysterie von Charcot und Janet wurde Fatigue immer als ein
Symptom beschrieben, welches seinen Ursprung in psychischen Prozessen finden kann. Obwohl Fatigue hierbei auch im Zusammenhang mit schädlichen oder traumatischen Erfahrungen
beschrieben wurde –sowohl als eine direkte Konsequenz einer traumabezogenen Erschöpfung
oder als Copingmechanismus bei Individuen mit spezifischen Persönlichkeitseigenschaften–,
wurde die Beziehung zwischen frühen Kindheitstraumata, bestimmten Persönlichkeitsfaktoren
und MS-Fatigue bislang noch nicht systematisch untersucht. Es wird demzufolge in dieser Arbeit vorgeschlagen, dass die Einnahme eines psychosomatischen/psychodynamischen Blicks
einen neuen und eleganten Zugang ermöglichen könnte, um potentielle psychologische und somatische Faktoren der MS-Fatigue zu verbinden und so eine neue Perspektive auf die MSFatigue zu ermöglichen.
In einem ersten Schritt konzentriert sich die vorliegende Arbeit auf die Untersuchung der Konstruktvalidität der MS-Fatigue mittels Selbstbeurteilungsinstrumenten, um die Gültigkeit der
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gebräuchlichen Unterscheidung von kognitiver und motorischer Fatigue und die Notwendigkeit
diese Differenzierung bei den Folgestudien zu berücksichtigen zu überprüfen. In einem zweiten
Schritt wurde die Nützlichkeit des psychodynamischen Zugangs zur MS-Fatigue mittels quantitativer Forschungsmethoden überprüft. Aufgrund des Fehlens adäquater psychometrischer Instrumente zur Messung psychodynamischer Konstrukte, greift die vorliegende Arbeit auf das
Rahmenwerk der Schematherapie als empirisch validierte Basis zurück, welche eine hohe Überlappung mit zentralen psychodynamischen Theorien aufweist.
Studie 1. Die erste Studie legte ihren Fokus darauf, die Validität der weitverbreiteten Unterscheidung von kognitiver und motorischer Fatigue zu untersuchen. Diese Unterscheidung
wurde ursprünglich aus klinischen Beobachtungen von typischen Symptomen bei PwMS abgeleitet und in die Entwicklung von Selbstbeurteilungsinstrumenten zur Messung der Fatigue mit
einbezogen. Die erste Studie untersuchte, in welchem Ausmaß die vorgeschlagene Unterscheidung von kognitiver/motorischer Fatigue tatsächlich durch empirische Daten gestützt wird. Um
dies zu erreichen, wurde die Faktorstruktur der drei am meisten verwendeten Instrumente untersucht, und zwar des Chalder Fatigue Questionnaire (CFQ), der Fatigue Skala für Motorik
und Kognition (FSMC) und der Modified Fatigue Impact Scale (MFIS). Für die Datenanalyse
wurden exploratorische (EFA) und konfirmatorische Faktorenanalysen (CFA) sowie exploratorische Strukturgleichungsmodelle (ESEM) verwendet, um die Faktorenstruktur des CFQ, der
FSMC und der MFIS zu untersuchen. Daten von vier unterschiedlichen Stichproben mit einer
Gesamtstichprobe von 1.403 PwMS wurden untersucht. Zwei der vier Stichproben wurden online erhoben. Die erste der beiden online Stichproben (N = 605) wurde in zwei stratifizierte
Hälften geteilt, um die EFAs, CFAs und ESEMs für den CFQ und die FSMC durchzuführen.
Die zweite Stichprobe (N = 293) diente dazu, um die CFAs und ESEMs für den CFQ und die
FSMC zu berechnen. Zusätzlich zu den zwei online Stichproben, wurden auch zwei in klinischen Kontexten erhobene Stichproben einbezogen. Die erste klinische Stichprobe (N = 196)
wurde analysiert, um eine CFA und ein ESEM auf den FSMC anzuwenden. Die zweite klinische Stichprobe (N = 309) wurde dazu genutzt, um eine CFA und ein ESEM bei der MFIS zu
berechnen. In Übereinstimmung mit den vorgeschlagenen Faktorstrukturen, welche in den originalen Artikeln publiziert wurde, wurden die Faktorstrukturen durch die EFAs im Wesentlichen gestützt. Allerdings konnte die Anwendung von präziseren und strengeren statistischen
Verfahren, welche insbesondere dazu dienen, um die Modellpassung der hypothetischen statistischen Modelle zu untersuchen diese Befunde nicht stützen: Die berechneten CFAs und ESEMs konnten die für die drei Messinstrumente vorgeschlagenen Faktorstrukturen nicht verifizieren. Selbst die Anwendung obliquer Rotationstechniken, welche in der Regel eher zu einer
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akzeptablen Modellgüte führen, da sie weniger strenge Vorgaben machen, konnten nicht zu
einer bedeutsamen Verbesserung der Modellpassungen führen. Diese Resultate stellen die weitgehend akzeptierte Unterscheidung zwischen kognitiver/motorischer Fatigue in Frage und sprechen gegen die faktorielle Validität dieser drei Instrumente. Diese ersten Resultate hatten damit
eine signifikante Auswirkung für die anschließenden Studien, insofern, als dass sie gegen eine
weitere Berücksichtigung von Fatigue-Subtypen in den Folgestudien sprachen und stattdessen
nahelegten, Fatigue als ein einheitliches Phänomen zu behandeln.
Studie 2. Die zweite Studie diente dazu eine neue Perspektive in Bezug auf die Ätiologie der
Fatigue einzunehmen. Verschiedene Studien haben bislang darauf abgezielt, potenzielle Risikofaktoren zu identifizieren, welche mit der Entwicklung von Fatigue bei MS im Zusammenhang stehen können. Allerdings haben die meisten dieser Studien ausschließlich biologische
Faktoren berücksichtigt. Forschung zum positiven Einfluss von psychotherapeutischen Interventionen auf die Verbesserung der MS-Fatigue legt nahe, dass auch psychologische Faktoren
bedeutsam sind. Dennoch haben mögliche psychologische Aspekte der MS-Fatigue bislang nur
wenig Beachtung gefunden. Aus diesem Grund versuchte die zweite Studie eine Verbindung
zwischen (1) frühen Kindheitstraumatisierungen, (2) und spezifischen überdauernden Charaktereigenschaften als Manifestation dieser frühen Erfahrungen, mit (3) aktueller Fatiguesymptomatik und aktueller Psychopathologie herzustellen. Um die komplexe Beziehung zwischen den
verschiedenen Variablen zu verdeutlichen, wurden Pfadanalysen berechnet. Die Analysen wurden an einer Stichprobe von 571 MS-Patienten durchgeführt. Die Daten wurden online mittels
standardisierte psychometrischer Selbstbeurteilungsintrumente erhoben. Für die Messung von
Kindheitstraumatisierungen wurde das Childhood Trauma Questionnaire (CTQ) verwendet.
Alexithymie (Toronto Alexithymie Skala-26, TAS-26) und maladaptive Schemata (YoungSchema-Fragebogen, YSQ) wurden als Variablen für die Messung von Persönlichkeitsvariablen eingesetzt, von denen angenommen wurde, dass sie Folge einer Exposition mit frühen Kindheitstraumata darstellen könnten. Zur Messung der aktuellen Psychopathologie wurden Depression (Beck Depressions Inventar-Kurzfassung; BDI-FS) und Angst (State-Trait Anxiety Inventory-State – State Angstskala; STAI-State) erfasst, sowie der PDDS (Patient determined Disease Steps) zur Messung der subjektiven körperlichen Einschränkungen. Zur Messung der Fatigue wurden zwei gebräuchliche Messinstrumente angewendet: Die Fatigue Skala für Motorik
und Kognition (FSMC) und dem Chalder Fatigue Questionnaire (CFQ). Für die Gewinnung des
finalen Pfadmodells wurde ein rückwärts gerichteter Ausschluss von Variablen ausgewählt. Die
Schwere der Fatigue- und Depressionssymptomatik lag in der vorliegenden Stichprobe geringfügig über den sonst üblicherweise berichteten Werten (mittlerer FSMC Wert: 72, mittlerer
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BDI-II Wert: 18). Im finalen Modell blieben emotionale Vernachlässigung und emotionaler
Missbrauch in der Kindheit als die einzigen beiden signifikanten Subskalen des CTQs übrig.
Differentielle Zusammenhänge wurden für die Persönlichkeitsvariablen und die aktuelle Pathologie beobachtet: Der TAS-26, die YSQ-Domäne Beeinträchtigung von Autonomie und Leistung sowie alle Maße für die aktuelle (Psycho-)Pathologie waren direkt mit der Fatigue-Symptomatik assoziiert. Diese Variablen erklärten insgesamt 28,2% der Varianz des FSMC. Indirekte Effekte der beiden Subskalen des CTQ auf den FSMC wurden ebenfalls gefunden. Gängige Fit-Maße bestätigen die Passung des ausgewählten Modells. Auch nach Ersetzung des
FSMC durch den CFQ konnte das Modell bestätigt werden. Diese Studie zeigt, dass Fatigue
bei MS nicht nur in Beziehung zu spezifischen Persönlichkeitseigenschaften steht, sondern dass
sie ihren Ursprung bereits in der frühen Kindheit zu finden scheinen. Diese Studie war nach
dem Wissen der Autoren die erste, die frühe Traumatisierungen als potenzielle prädisponierenden Faktoren zur Entstehung von Fatigue bei MS in den Raum gestellt hat. Die zweite Studie
stellt die Basis für die dritte Studie dar, welche die Untersuchung der funktionalen Eigenschaften von Fatigue bei MS als Copingmechanismus im Umgang mit frühen schädigenden Erfahrungen zum Ziel hatte.
Studie 3. Die dritte Studie zielte darauf ab die Funktionalität von Fatigue aus einer psychodynamischen Perspektive heraus zu untersuchen. Mit der vorangehenden Studie konnte gezeigt
werden, dass Fatigue tatsächlich im Zusammenhang mit traumatischen Erfahrungen steht und
dass gewisse Persönlichkeitseigenschaften die Vulnerabilität für die Entwicklung von MS-Fatigue erhöhen können. Für die dritte Studie wurde die Hypothese aufgestellt, dass Fatigue einen
Copingmechanismus zum Umgang mit starken und negativen emotionalen Erfahrungen darstellen könnte, so wie es in der früheren psychodynamischen Literatur zu psychosomatischen
und Konversionsphänomenen bereits vorgeschlagen wurde. Es wurde hierfür das schematherapeutische Modusmodell genutzt, um auf einen theoretischen und empirisch validierten Rahmen
zurückgreifen zu können und so die psychodynamische Theorie mit empirischer Forschung
miteinander zu verbinden. Das Modusmodell unterscheidet zwischen distinkten Copingmechanismen (welche als sogenannte maladaptive Bewältigungsmechanismen bezeichnet werden), in
Form von Kampf (Überkompensation), Flucht (Vermeidung), und Unterwerfung. In der Schematherapie wird angenommen, dass eine Person auf negative Affekte mit charakteristischen
und zeitstabilen Bewältigungsmechanismen reagiert und dass diese Bewältigungsmechanismen
ihren Ursprung in schädlichen Kindheitserfahrungen und der Frustration von Grundbedürfnissen haben. Es wurde die Hypothese aufgestellt, dass Fatigue einen dieser Bewältigungsmechanismen darstellen könnte und dass der schematherapeutische Rahmen dabei helfen könnte, zu
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verstehen, wie die Entwicklung von Fatigue möglicherweise eine Facette in der Bewältigung
von negativen Emotionen darstellen könnte. Es wurden dieselben Daten der 571 MS-Patienten
aus Studie 2 analysiert. Die Studie beinhaltete den Schema Modusfragebogen zur Messung der
Bewältigungsmodi der MS-Patienten, das Beck Depressions Inventar-Kurzform (depressive
Symptome), den PDDS (Patient determined Disease Steps; körperliche Einschränkungen), die
Toronto-Alexithymie-Skale-26 (Alexithymie), den Childhood Trauma Questionnaire für die
Messung der traumatischen Kindheitserfahrungen und die selbstberichtete Fatigue (Fatigue
Skala für Motorik und Kognition). Latente Profilanalysen wurden verwendet, um die Patienten
basierend auf ihren Bewältigungsmechanismen zu gruppieren. Drei unterschiedliche Gruppen
von PwMS konnten herausgearbeitet werden: (1) PwMS mit wenig maladaptiver Bewältigung,
(2) PwMS mit vermeidender und unterordnender Bewältigung und (3) PwMS mit feindlicher
und überkompensierender Bewältigung. Die drei Gruppen unterschieden sich nicht in ihrem
selbst berichteten Ausmaß ihrer körperlichen Einschränkung. Bei PwMS mit einem hohen Level an maladaptiven Bewältigungsverhalten zeigten sich hingegen höhere Depressions- und
Fatiguewerte. In Bezug auf das Forschungsziel konnte gezeigt werden, dass PwMS, welche mit
distanzierter/vermeidender Bewältigung auf negative Emotionen reagieren, auch ein höheres
Ausmaß an Fatigue berichten. Emotionale Vernachlässigung und emotionaler Missbrauch erwiesen sich wiederum als robuste Prädiktoren für den distanzierten/vermeidenden Bewältigungsmechanismus. Die Resultate können in einer Linie mit dem psychodynamischen
Traumamodell der Konversion interpretiert werden und stützen die Hypothese, dass Fatigue
einen Bewältigungsmechanismus bei MS-Patienten darstellen könnte, wenn diese sich mit negativen intensiven Gefühlen konfrontiert sehen. Das bedeutet, dass an einem gewissen Punkt,
entweder vor oder während der MS-Erkrankung, der überwältigende Teil der emotionalen Aktivierung in den Körper abgeführt werden könnte und sich als körperliches Symptom der Fatigue manifestiert. Diese Ergebnisse liefern eine erste Annäherung zum Verständnis der Fatigue
bei MS in Übereinstimmung mit dem asymbolischen Traumamodell der Konversion. Mit der
dritten Studie wird angeregt, dass ein vertieftes Verständnis der potentiellen psychologischen
Ursprünge dazu beitragen könnte, um neue therapeutische Behandlungsperspektiven zu erschließen und ebenso solche PwMS zu identifizieren, die für die Entwicklung von Fatigue vulnerabel sind.
Zusammenfassend, wurde mit der hier vorliegenden Dissertation zunächst gezeigt, dass die
Notwendigkeit besteht, die Definition der Fatigue im Rahmen von MS zu überdenken. Die Differenzierung von anderen Konstrukten und die schlussendliche Messung entsprechend einer
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vereinheitlichten Definition erscheinen relevant. Dies schließt auch die Überarbeitung der bestehenden Maße wie die FSMC und den CFQ mit ein, welche hier eingesetzt wurden. Ferner
kann die Einführung einer integrativen psychodynamischen/psychosomatischen Perspektive
auf Fatigue bei MS einen neuartigen Zugang bereitstellen, welcher bislang noch nicht berücksichtig wurde. Diese könnte dazu anregen, dass psychologische und somatische Faktoren sowie
ihr Zusammenspiel zukünftig in einem holistischen und integrativen ätiologischen Rahmen berücksichtigt werden. Früher emotionaler Missbrauch und Vernachlässigung wurden als potenzielle prädisponierende Risikofaktoren identifiziert, welche zur Entwicklung von distanzierten/vermeinenden Copingstrategien zum Umgang mit emotionalem Stress beitragen könnten
und sich schließlich in Form von Fatigue bei MS manifestieren könnten. Ein solcher psychosomatischer Rahmen könnte die Basis für die Entwicklung von differenzierteren und evidenzbasierten Behandlungsempfehlungen bilden. In dieser Arbeit werden Implikationen für zukünftige neue Wege für anschließende zukünftige Studien diskutiert. Diese sollten eine integrative
Perspektive einnehmen und den Austausch zwischen der klinischen Praxis und zeitgemäßen
wissenschaftlichen Forschungsmethoden fördern, so wie es auch im Zuge dieser Dissertation
versucht wurde.

1. Introduction
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1. Introduction
1.1 FIRST CLINICAL OBSERVATIONS AND A CLINICAL CASE
This thesis is situated in the field of Multiple Sclerosis (MS). Its purpose is to introduce a novel
psychological/psychosomatic perspective on MS-fatigue. Fatigue characterizes an overwhelming sense of exhaustion or extreme tiredness, and a lack of energy or depletion of reserves
(Loades & Chalder, 2020). It starts with the outline of a clinical case. This is intended to exemplify a characteristic pattern of psychological, behavioural, and relational dynamics that the
author of this thesis and her colleagues have commonly observed in their clinical work with
people with Multiple Sclerosis (PwMS) suffering from co-occurring fatigue. The mutual exchange between practitioners and researchers on these characteristic clinical patterns, their potential functional properties, and their theoretical underpinnings has inspired the main research
question. To the best of the author’s knowledge, this field has not been systematically investigated prior to the start of this research initiative. It is proposed that a focus on potential psychosomatic and psychodynamic aspects of MS-fatigue could yield new and promising insights into
its nature and aetiology, and stimulate future research avenues, providing the basis for the development of evidence-based therapeutic interventions.
The female patient1 was admitted to an inpatient rehabilitation program for the treatment of her MS (G35.1 sensu ICD-10 (International Statistical Classification of Diseases
and Related Health Problems (10th revision); WHO, 2004), co-occurring severe fatigue
symptoms, and a comorbid Major Depressive disorder (single episode, moderate severity; F32.1 sensu ICD-10; WHO, 2004). She further complained about pain in her left leg,
gait ataxia, and memory gaps, in particular in terms of difficulties of recollecting elements from her biographic, as well as cognitive impairments during daily activities. At
the beginning of the treatment, the Expanded Disability Status Scale (EDSS; Kurtzke,
1983) score was 3.0. At the time of first admission, the patient was not able to work.
The biographical anamnesis revealed that physical complaints, without certain medical
explanation, already started in her youth. According to the patient’s self-report, during
early adulthood, she suffered from recurrent migraine, as well as back and neck problems. Over the course of the treatment, she began to report that she has always had a
difficult relationship with her parents. She described her mother as emotionally cold,
distant and absent, and that she has often experienced her as being helpless and sad.
1

Written informed consent for the presentation of the clinical case in the present thesis was obtained. Furthermore, other and
more detailed aspects of the case have been published elsewhere (Weber, 2018).

2

1. Introduction

Her father had abandoned the family when she was still young. She reported that she
only had sporadic contact with her father. According to her self-report, the relationship
with him has always been characterized by constant frustration and indifference between
closeness and rejection. Moreover, the father would have had intermittent outbursts of
anger and had also behaved violently towards her elder sister. She got to know her husband when she was still young. The patient has two daughters and works as a primary
school teacher.
In the therapeutic interaction with the patient, she appeared friendly, but somewhat authoritative. She denied any need for psychotherapeutic or emotional support. She was
rather interested in learning more about practical coping strategies for her MS and
going back to work as soon as possible. She was limited in her emotional responsiveness, appeared to be cut off from her needs and feelings, and was distant and almost
emotionally unavailable in the relationship with the therapist. In general, it was difficult
for the patient and the therapist to break through persistent patterns of avoidance and
control. A feeling of sadness and a sense of neediness became apparent from time to
time. However, the patient was constantly concerned with pushing aside any signs that
could have made her appear to be weak, helpless, or needy.
Although this description of an individual case is subject to the patient’s unique biography and
personality, it still reflects certain characteristics that were commonly observed across different
PwMS in the rehabilitation setting: Creating relationships in a certain way, neglecting personal
and in particular emotional needs, and focussing on the perpetuation of a high functionality,
while suffering from pronounced fatigue and depression symptoms, appeared to be distinctive
features in a significant proportion of PwMS. This pattern that is also appropriately described
by the phrase “grit your teeth and get on with it” can be summarized as “forced coping”
(Schmidt, Krauß, & Weiß, 2006). Forced coping refers to a certain coping style that is supposed
to occur in response to emotional distress factors and is characterized by (1) little or no attention
to one's personal psychological and physical limits, (2) a strict focus on keeping up one’s daily
functioning while neglecting the actual physical and mental health status, and (3) a limited expression of help-seeking behaviour that concentrates on pragmatic and goal-orientated solutions, compromising the communication of psychological needs and the ability to accept emotional support. Inspired by the clinical observations, the professional exchange with colleagues
and patients, and driven by curiosity, the work for this research initiative began.
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1.2 MULTIPLE SCLEROSIS
Multiple sclerosis (MS) is a chronic inflammatory autoimmune disease of the central nervous
system (CNS). It is characterized by demyelination and destruction of axial fibers of neurons
(Compston & Cole, 2008). MS is the most common and disabling neurological disease in young
adults (Crayton & Rossman, 2006; van Kessel & Moss-Morris, 2006). It probably has a multifactorial genesis (Mandia et al., 2014). MS is associated with a variety of symptoms and functional deficits. These include impairments in mobility, pain and sensory complaints, bladder
and sexual dysfunctions, neuropsychological symptoms, such as fatigue or cognitive impairments, and comorbidities, such as depressive disorders (De Caro, Laera, De Cobertis, & Taurino, 2016). The symptoms result in a range of progressive impairments and handicap (Lassmann, Van Horssen, & Mahad, 2012; Mahad, Trapp, & Lassmann, 2015).
1.2.1 Epidemiology of Multiple Sclerosis
MS affects nearly 1.3 million people worldwide (WHO, 2008). There is a global increase in
prevalence rates that is associated with increased survival rates, earlier diagnosis and greater
detection of clinically milder cases (Alla, Pearson, Debernard, Miller, & Mason, 2014; KochHenriksen & Sorensen, 2010). In one of the rare reviews on MS incidences worldwide, Alonso
and Hernán (Alonso & Hernán, 2008) reported an incidence rate of 3.6 cases per 100.000 in
women, and 2.0 cases per 100.000 in men. Disease onset usually occurs in individuals aged 20
to 40 years, with preponderance of females (sex ratio 3:1) (Compston & Coles, 2008). With
approximately 200.000 cases, MS is the most common chronic disease of the central nervous
system in Germany (Faiss, 2020a; Holstiege, Goffrier, & Bätzing, 2017). For Germany, a female to male ratio of 2.5:1 is reported, as well as a highest prevalence in the 45-54 age group
for both genders, and an incidence of 18 new cases per 100.000 (Holstiege et al., 2017).
Five different clinical courses with different prevalence are distinguished, in line with the ICD10: G35.0 (primary manifestation of Multiple Sclerosis, which can also involve a clinically
isolated syndrome; CIS), G35.1 (relapsing remitting MS; RRMS), G35.2 (primary progressive
MS; PPMS), G35.3 (secondary progressive MS; SPMS) and G35.9 (not specified) (Höer et al.,
2014; Petersen, Wittmann, Arndt, & Göpffarth, 2014). Latest data from the 2020 German MSregister revealed (Flachenecker et al., 2020) that 74.8% of all documented cases suffered from
RRMS, 15.4% from SPMS, and 6.6 % from PPMS. 1.8% showed a CIS and 1.5% could not be
specified. The sex-ratio was similar across all clinical categories. It is well documented that
People with MS (PwMS) have a reduced life expectancy of 5-10 years and a poorer quality of
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life (Stangel et al., 2018). The survival rate is constantly increasing (Bronnum-Hansen, Henriksen, & Stenager, 2004).
1.2.2 Aetiology of Multiple Sclerosis
A multifactorial aetiology of MS is accepted, including environmental, genetic, and immunological factors (Hoffmann et al., 2009; Tobore, 2020).
On the level of environmental factors, the classic north-south gradient (Marrie, 2004; Rosati,
2001) has inspired much research over the past decades. The traditional view was that there is
a north-south gradient in the prevalence of MS in the northern hemisphere, and a south-north
gradient in the southern hemisphere. Newer research has demonstrated that this gradient is not
supported by data (Koch-Henriksen & Sorensen, 2011; Melcon, Correale, & Melcon, 2014).
Nonetheless, it has inspired research to detect environmental risk factors that may contribute to
the development of MS. Among these potential risk factors, infectious diseases, such as retrovirus (Mostafa et al., 2017) or measles (Rosche et al., 2012), and the involvement of vitamin D
have been thoroughly investigated. There is consistent evidence for an association between low
sun exposure, vitamin D deficiency, and increased MS risk, mediated by anti-inflammatory
properties of vitamin D (Lucas, Byrne, Correale, Ilschner, & Hart, 2015; Sundström & Salzer,
2015; Yamamoto & Jørgensen, 2019). Another field of research that has attracted considerable
attention are life-style associated risks, such as diet or substance use (e.g. Jakimovski, Guan,
Ramanathan, Weinstock-Guttman, & Zivadinov, 2019).
On the level of genes, robust results have been obtained from large population-based studies,
such as the Canadian Collaborative Project on Genetic Susceptibility to MS (CCPGSMS; Sadovnick, Risch, Ebers, & Candian Collaborative Study Group, 1998), the United Kingdom systematic genome screen (Chataway et al., 1998; Robertson, Clayton, Fraser, Deans, & Compston, 1996), or the United Kingdom Biobank (UKB; Bycroft et al., 2018). Familial clustering
is reported, and multiple gene locations have been identified (Sawcer, Franklin, & Ban, 2014).
It is suspected that MS most likely results from interactions of genes, as well as gene/environment interactions (Harirchian, Fatehi, Sarraf, Honarvar, & Bitarafan, 2018; Sadovnick, 2012).
In terms of autoimmune inflammatory reactions and neurodegenerative processes, MS is considered a chronic inflammatory demyelinating disease (Lassmann, 2018). Inflammation in areas
of the white matter of the central nervous system (CNS) and the destruction of myelin in the
brain and spinal cord are associated with pro-inflammatory cytokines and chemokines, as well
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as auto-aggressive T and B lymphocytes crossing the blood-brain barrier (BBB). This is considered to ultimately inflict oligodendrocyte loss, demyelination, astrocytes gliosis, and axonal
degeneration (Kunkl, Frascolla, Amormino, Volpe, & Tuosto, 2020; Sospedra & Martin, 2016).
Due to widespread lesions across the CNS, MS has a heterogeneous clinical presentation and
pathology (Buzzard, Chan, Kilpatrick, & Murray, 2017).
1.2.3 Pathology of Multiple Sclerosis
MS is considered an autoimmune inflammatory disease. Morphologically, it is characterized by
widespread focal demyelination of the myelin-rich white matter, as well as axonal destruction
and loss. Lesions can often be found in optic nerve fibers, the brainstem, spinal cord, cerebellum, and white matter adjacent to the ventricle wall (Eden et al., 2019; Kuhlmann et al., 2017;
Sinnecker et al., 2020). Characteristic symptoms of demyelination and axonal damage are optic
neuritis, sensory disturbances, or motor impairment (Sand, 2015). Thereby, chronic inflammatory reactions and neuroaxonal damage are closely related to disease progression (Dendrou,
Fugger, & Friese, 2015; Garg & Smith, 2015). Plaques, i.e. areas of demyelination in the white
matter, are often found to be related to clinical pathology, but can also occur without causing
typical MS symptoms (Buzzard et al., 2017).
Early symptoms of MS often include visual dysfunction, such us blurred vision, motor impairments, such as walking difficulties and loss of motor muscle control, and sensory symptoms,
for example paresthesia (Kip & Zimmermann, 2016). As MS progresses, other prominent
symptoms often occur, such as cerebellar and brainstem symptoms, pain, autonomic dysfunction, or psychological and cognitive disorders, such as fatigue or depression. Although symptoms of cognitive dysfunction in MS have already been described in the 19th century, it took
almost 100 years until research started to evolve systematically (Gafson, Giovannoni, &
Hawkes, 2012). However, studies that focused on potential common aetiological risk factors,
primarily targeted the biological level, such as altered inflammatory neuroendocrine factors
(e.g. Blume, Douglas, & Evans, 2011; Pariante & Lightman, 2008).
One prominent feature of MS is that MS occurs in periods of new symptoms or relapses (Galea,
Ward-Abel, & Heesen, 2015; McDonald et al., 2001). These may develop over days or weeks
and are usually followed by partial or complete remission. Exacerbations are typically characterized by patient-reported or objectively observed symptoms. These symptoms are expected to
last for at least 24 hours and correspond to an acute inflammatory demyelinating event. Relapses often involve novel symptoms. A relapse must not be the consequence of an infection or
an increase in body temperature (i.e., Uhthoff phenomenon; Uhthoff, 1889), for example due
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to fever. Symptoms fluctuations are considered a relapse when the worsening of the symptoms
is significantly greater in severity or duration than their normal range of their fluctuation
(Frohman et al., 2007). Remission may be related to symptom load (Cortez, Reddy, Goodman,
Carter, & Wingerchuk, 2015). Depending on MS progression and recurrence of relapses, the
following disease courses are commonly distinguished in international literature (Klineova &
Lublin, 2018): (1) CIS may present a first episode of MS, such as blurry vision on one eye, or
tingling in the feet. It usually corresponds to a focal lesion in a specific area (Seewann & Kermode, 2013). (2) RRMS is characterized by recurrent relapses that are followed by periods of
remission, with no progression of MS in the periods of remission, (3) PPMS characterizes a
continuous progression of symptoms. (4) In SPMS, the MS starts with a relapsing-remitting
course, but finally evolves into a progressive course.
1.2.4 Diagnostics of Multiple Sclerosis
Due to the heterogeneous clinical pathology of MS, its diagnosis can be challenging, in particular in the early phase of the disease or when atypical clinical manifestations are presented
(Solomon & Corboy, 2017). Relatively high numbers of misdiagnoses have concerned researchers and practitioners (Bove & Hauser, 2018; Solomon et al., 2016). Probably the most
widely used diagnostic criteria are the so-called “McDonald criteria”, which were first established in 2001 (latest revision released in 2017; Thompson et al., 2018). And the magnetic resonance imaging (MRI) criteria defined by the European Magnetic Resonance Imaging in MS
network (Filippi et al., 2016). The diagnosis according to the McDonald criteria has been bound
to the identification of CNS dysfunction based on clinical or MRI evidence for dissemination
in time (DIT) and space (DIS): For a MS diagnosis, two or more distinct clinical exacerbations
(time criterion) of two or more sites in the CNS (space criterion) are required, whereas the two
exacerbations have to be separated by at least one month. With the introduction of the 2017
revision that was intended to simplify the use of MRI criteria and allow an earlier detection of
MS, the role of cerebrospinal fluid became significant: PwMS with the first CIS who fulfil the
DIS criterion can be diagnosed with RRMS when oligoclonal bands (OCBs) in cerebrospinal
fluid are detected (Schwenkenbecher et al., 2019). The diagnostic is currently investigated (e.g.
Curbelo et al., 2020; Filippi et al., 2021).
1.2.5 Treatment approaches of Multiple Sclerosis
In line with the various aetiological risk factors, the heterogeneous clinical presentation, the
different comorbidities, and the manifold problems PwMS might experience, the treatment of
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MS follows a multidisciplinary approach. It covers one major group of disease-modifying therapies (DMTs), and another group of symptomatic treatment strategies, including lifestyle modifications, psychological support, and rehabilitation interventions (McGinley, Goldschmidt, &
Rae-Grant, 2021). The former treatment, DMT, is designed to tackle the direct causes of demyelination and inflammation processes. There are different DMTs available, with marked differences, for example in their pharmacological profiles and side effects, or the route of administration (Gholamzad, et al., 2019; Wingerchuk & Carter, 2014). The selection of DMTs depends
on various factors, such as the stage and course of the disease. Treatment guidelines are constantly refined (for example in the latest German S2k treatment guidelines; German Neurological Society, 2021).
The latter group of symptomatic treatments targets the primary, as well as secondary consequences of MS. Symptomatic treatments are usually specifically tailored to the individual needs
of the patient and considered to have a marked impact on the PwMS’s quality of life and life
expectancy (Henze, Rieckmann, & Toyka, 2006; Toosy, Ciccarelli, & Thompson, 2014). They
can cover all fields of physical therapy (Řasová et al., 2020), occupational therapy (De-Bernardi-Ojuel, Torres-Collado, & García-de-la-Hera, 2021), neuropsychological (Miller, Morel,
Redlicka, Miller, & Saluk, 2018), and neurophysiological methods (Capone, Motolese, Falato,
Rossi, & Di Lazzaro, 2020). The treatment of co-morbid depression is one of the major targets
for psychotherapeutic interventions (Patten, Marrie, & Carta, 2017).

1.3 FATIGUE IN MULTIPLE SCLEROSIS
Fatigue is reported by over 80% of all PwMS (Zajicek et al., 2010). It is often considered as the
most disabling symptom, impairing daily activities, and having a major impact on patients’
quality of life (Wynia, Middel, Van Dijk, De Keyser, & Riejneveld, 2008). The Multiple Sclerosis Council for Clinical Practice Guidelines defines fatigue as "a subjective lack of physical
and/or mental energy that is perceived by the individual or caregiver to interfere with usual and
desired activities" (MS Council, 1998).
1.3.1 Epidemiology of MS-fatigue
The estimated lifetime prevalence for fatigue across different epidemiological studies is as high
as 80% (Kluger, Krupp, & Enoka, 2013; Krupp, Alvarez, LaRocca, & Scheinberg, 1988; Stuke
et al., 2009). Similar prevalence rates are found for the different disease courses (Krupp, Serafin, & Christodoulou, 2010). Up to 60-70% of PwMS report fatigue as the most disabling
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symptom (Brownlee, Hardy, Fazekas, & Miller, 2017; Thompson et al., 2018). It is considered
to be one of the main reasons for reduced working capacity, unemployment, and early retirement (Coyne, Boscoe, Currie, Landrian, & Wandstrat, 2015; Moore et al., 2013). The significant impairments in quality of life as a direct consequence of fatigue are well documented, and
are not a consequence of depression, one of the major comorbidities of MS (Stroud & Minahan,
2009).
Over the course of the disease, fatigue may occur at any given stage, but even precede the MS
onset by several years (Berger, Pocoski, Preblick, & Boklage, 2013). A higher level of fatigue
can be associated with higher disability, longer disease duration, older age, and comorbid depression (Fiest et al., 2016; Merkelbach et al., 2011; Patrick, Christodoulou & Krupp, 2008).
Some studies report that fatigue may increase with disease progression (Kobelt, Thompson,
Berg, Gannedahl, & Eriksson, 2017). However, latest studies suggest that PwMS might either
be prone to fatigue or stay stable without fatigue after the first event (Schließeit, Oertel, Cooper,
Brandt, & Bellmann-Strobl, 2021). Based on a common distinction between cognitive and motor fatigue (Penner et al., 2009), studies investigated the prevalence of different subtypes of
fatigue. For the cognitive and motor fatigue distinction, recent data from a large and representative sample demonstrates almost identical prevalence rates for both subtypes in younger PwMS,
with a slight dominance of motor fatigue in older persons (Broch et al., 2021).
1.3.2 Aetiology of MS-fatigue
Given the high prevalence and burden of fatigue, lots of research has been dedicated to broaden
the understanding of its aetiopathogenesis. However, its underlying mechanisms are still not
fully understood and a multifactorial aetiology is suggested (Ayache & Chalah, 2017; Dantzer,
Heijnen, Kavelaars, Laye, & Capuron, 2014). Fatigue can be conceptualized as primary, when
it is considered to occur as an independent key symptom of MS, an as secondary, when it is
considered a symptom of another clinical pathology (Veauthier & Paul, 2014): Whereas primary fatigue is the result from damage to the CNS, including neuronal dysfunction, demyelination, and inflammation, secondary fatigue is related to other factors, such as mood or sleep
disorders, MS-medication, or thyroid dysfunction (Krupp, 2004; MS Society, 2017; Patejdl,
Penner, Noack, & Zettl, 2015).
In terms of primary fatigue, structural and functional alterations in the brain are discussed (Arm,
Ribbons, Lechner-Scott, & Ramadan, 2019). On a structural level, this in particular includes
grey matter atrophy and alterations in the corticostriatal-thalamo-cortical loop (Arm et al., 2019;
Bertoli & Tecchio, 2020). Functional alterations, in terms of connectivity between brain areas,
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have also received significant attention (Buyukturkoglu et al., 2017; Zito et al., 2014). In a
recent study, conducted by Bertoli and Tecchio (2020) that was intended to disentangle structural from functional damage, it was demonstrated that rather functional than structural alterations in the neural networks are associated with fatigue. Taken together, even latest research on
brain dysfunctions remains equivocal. Likewise, research on pro-inflammatory cytokines or
other inflammatory substances have not yielded satisfactory results (Malekzadeh, de GeerPeeters, De Groot, Teunissen, & Beckerman, 2015; Veauthier, Hasselmann, Gold, & Paul,
2016). It also has to be considered that fatigue can result as one of the potential side effects of
immune-modulatory medication (Kos, Kerckhofs, Nagels, D´hooghe, & Ilsbroukx, 2008).
Moreover, fatigue may occur as part of a so-called “pseudo relapse”, describing an exacerbation
of symptoms for example in relation to an increase of body temperature (Galea et al., 2015). In
terms of other somatic causes, factors such as anaemia or hypothyroidism might also mimic
fatigue symptoms (Manjaly et al., 2019).
In terms of secondary fatigue, a broad range of studies has focused on the relation between
fatigue and depression. This is due to the high comorbidity between MS and depression, and
potential clinical similarities between the two constructs. However, while some cross-sectional
and longitudinal studies have found an association, others have not (e.g. Andreasen, Spliid,
Andersen, & Jakobsen, 2010; Fiest et al., 2016; Iriartre, Subira, & Castro, 2000; Mills & Young,
2011; Wood et al., 2013). Furthermore, this field is complicated by the fact that both can influence each other and occur in the same patient at the same time (Kos et al., 2008). Likewise,
there is also limited consensus regarding the relation between fatigue and disability (Fiest et al.,
2016; Mills et al., 2011). Regarding socio-demographic or disease-related markers, there has
also been no robust and specific marker for the prediction of fatigue identified (Veauthier et al.,
2016). Thus, as for primary fatigue research on secondary fatigue remains fragmented a lacks
a common conceptual basis.
1.3.3 Pathology of MS-fatigue
Fatigue characterizes a persistent and heavy (subjective) sense of mental and/or physical tiredness (Bertoli & Tecchio, 2020). A common distinction between cognitive and motor fatigue is
suggested: cognitive fatigue (also central or mental fatigue) refers to the subjective experience
of impaired cognitive function, involving the perceived level of attention, working memory
abilities, problem-solving, and mental processing (Sandry, Genova, Dobryakova, DeLuca, &
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Wylie, 2014). Motor fatigue, also referred to as peripheral or physical fatigue, involves symptoms, such as a subjective weakening of the muscle groups, decrease in muscular force, or reduced endurance (Bruce, Bruce, & Arnett, 2010).
1.3.4 Diagnostics and Differential Diagnostics of MS-fatigue
Due to its subjective nature, fatigue is difficult to quantify objectively (Krupp, 2004). Fatigue
is primarily assessed by means of validated scales (Fisk et al., 1994; Krupp & Serafin, 2010).
In 1989, Krupp and colleagues published the first self-report fatigue measure, the nine item
Fatigue Severity Scale (FSS, Krupp, LaRocca, Muir-Nash, & Steinberg, 1989). In the past decades, other self-reported measures have been published that are all rooted in these earlier definitions of fatigue. The 21-item Modified Fatigue Impact Scale (MFIS; Fischer et al., 1999)
assess physical, cognitive, and psychosocial consequences of fatigue, but has been criticized
for its conceptual overlap with sleep-disorders or depression (Greim, Benecke, & Zettl, 2007;
Veauthier & Paul, 2014; Veauthier et al., 2017). Two of the most widely used scales that have
also been selected for the assessment of fatigue in the present thesis, are the Fatigue Scale for
Motor and Cognitive Functions (FSMC; Penner et al., 2009) and the Chalder Fatigue Questionnaire (CFQ; Chilcot, Norton, Kelly, & Moss-Morris, 2016). Both scales consider the cognitive
and motor fatigue distinction by means of the PwMS’ self-rating.
Concepts of fatigue also vary significantly in the literature so that there might be misconceptions between the constructs of fatigue, fatigability, tiredness, sleepiness, neurasthenia, chronic
fatigue syndrome (CFS) and their interactions (Calabrese, 2009; Calabrese & Pitteri, 2018;
Hubbard, Golla, & Lausberg, 2020). Subjectively perceived fatigue can be distinguished from
fatigability by the objective nature of the latter one (Kluger et al., 2013; Severijns et. al., 2015):
Whereas fatigue cannot be objectively assessed, fatigability is characterized by a quantifiable
decrease in the PwMS’ performance in cognitive or motor tasks. Sleepiness in turn occurs as a
symptom that is usually related to sleep impairments or sleep disorders and can be objectified
too, for example by polysomnography or electroencephalography (American Academy of
Sleep, 2014; Greim et al., 2007). The distinction between tiredness, as a subjective feeling related to poor sleep, and fatigue is not straightforward, as no objective criteria exist at all (Manca
et al., 2021; Veauthier, et al., 2016). Likewise, there is a huge conceptual overlap between MSfatigue, neurasthenia, and CFS: Georg Beard (1869), a physician from New York, described
neurasthenia as a heterogeneous syndrome, covering cognitive, emotional, and physical symptoms, including fatigue, hopelessness, fears, or even cold hands or feet (Shorter, 1993). In the
current 10th version of the ICD, neurasthenia can still be found in the chapter of mental disorders
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(F48.0; WHO, 2004). The ICD-10 differentiates two subtypes, one that is characterized by
mental exhaustion after effort, and one that is characterized by physical or bodily fatigue after
effort. In both sub-types, fatigue is described as the core symptom, and accessory symptoms
such as hopelessness, depression, anxiety, or even headache can occur. For Neurasthenia, a
psychological genesis is suggested (Calabrese, 2009). CFS in turn occurs as a “disease of the
nervous system” (G93.3) in the ICD-10 without further specifications (WHO, 2004). Due to
the lack of precise diagnostic criteria for CFS, neurasthenia and CFS are often used synonymously (Sharpley, Clements, Hawton, & Sharpe, 1997). Almost no scientific literature exists
that aims to differentiate between the two (Doerr & Nater, 2017). Surprisingly, although the
need for the differentiation between the different fatigue associated constructs is emphasized in
scientific literature (Induruwa, Constantinescu, & Gran, 2012; Jason, Evans, Brown, & Porter,
2010) even latest theoretical reviews on fatigue in MS (e.g. Veauthier et al., 2016) also do not
consider the differentiation between MS-fatigue, neurasthenia and CFS. Therefore, the present
thesis utilizes the term “MS-fatigue”, although it might have some conceptual overlap with
other constructs.
In addition, regarding the difficulties to differentiate fatigue from depression, differential diagnostics is vital to the valid assessment of fatigue. For the differentiation between depression
and fatigue in survey-based studies, the Beck Depression Inventory-Fast Screen (BDI-FS;
Kliem, Mößle, Zenger, & Brähler, 2014) can be used to solely capture the non-somatic criteria
of depression. An even more challenging task is the differential diagnosis with conversion and
somatoform disorders, which requires a profound clinical assessment and the inclusion of different diagnostic source (Yakobov, Jurcik, & Sullivan, 2017). Due to these various uncertainties, fatigue has also been described as the “invisible symptom” (Newton, Griffith, & Soundy,
2020).
1.3.5 Treatment approaches to MS-fatigue
Due to the high burden and its significance of MS-fatigue, its treatment is of great relevance.
However, latest data from the German MS register revealed that in the period from 2014-2018,
almost 70% of PwMS received no specific treatment (Flachenecker et al., 2020).
The exclusion and/or treatment of other factors, such as anaemia, hypothyroidism or sleep disturbances, that might cause fatigue symptoms is part of the initial treatment process (Manjaly
et al., 2019). This also includes the consideration of side effects of current disease modifying
therapies (Faiss, 2020b). However, for the treatment of fatigue, the selection of evidence-based
treatment approaches is limited (Veauthier et al., 2016). Among the various treatment options,
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non-pharmacological treatments are considered first-line treatments (Krupp, 2004): Among the
psychotherapeutic approaches, a recent meta-analysis has identified moderate positive effects
for cognitive behavioural therapy (CBT), relaxation, and mindfulness approaches (Phyo et al.,
2018). Other effective treatment approaches are progressive muscle relaxation and counselling
(Miller & Soundy, 2017; Nazari, Shahreza, Shaygannejad, & Valiani, 2015; Tur, 2016). Among
other non-pharmacological treatments, positive effects have been reported for exercise training
as well, although review articles criticize methodological shortcomings that limit the robustness
of the evidence (Pilutti, Greenlee, Motl, Nickrent, & Petruzzello, 2013). For occupational treatment, significant treatment effects have been reported for the improvement of the PwMS’ quality of life and general participation in daily activities (e.g. Buzaid et al., 2013; Yuand & Mathiowetz, 2014).
On the level of pharmacological treatments, substances that target glutamatergic and dopaminergic transmitter systems are used in practice (Asano, Berg, Johnson, Turpin, & Finlayson,
2015; Khan, Amatya, & Galea, 2014). However, it is criticized that pharmacological treatment
decisions are not based on profound treatment guidelines, but rather represent “trial and error”
(Manjaly et al., 2019).
Taken together, research so far has not identified one specific evidence-based non-pharmacological or pharmacological treatment (Penner & Paul, 2017). Consequently, reviews (e.g. Asano
& Finlayson, 2014; Blikman et al., 2013) as well as the National Institute for Health and Care
Excellence (NICE, 2014) guidelines suggest multimodal treatment approaches that cover the
various different treatment options outlined in this section. However, long-term effects are not
well studied and some reviews report that beneficial effects of for example CBT will vanish as
treatment discontinues (van den Akker et al., 2016).

1.4 AIM AND OBJEKTIVES OF THE PRESENT THESIS
The present thesis is devoted to shed more light on the understanding of MS-fatigue. In a first
step, it aims to investigate the construct validity of MS-fatigue from a psychometric perspective.
In a second step, it is intended to uncover new aetiological and stress-related risk factors from
a mixed psychosomatic/psychodynamic perspective that has –to the best of the author’s
knowledge– not received attention in the scientific discourse yet.
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1.4.1 The potential role of emotional distress factors in MS and MS-fatigue from
a psychodynamic perspective
As outlined above, there have been various attempts to investigate the origins of MS-fatigue.
None of them has led to the development of a sufficiently powerful framework that either could
serve to detect PwMS at risk, or to inform evidence-based interventions (Penner & Paul, 2017).
The author of the present thesis suggests that psychodynamic theories could provide an elegant
approach to linking the potential somatic and psychological aspects of fatigue, and to stimulate
an interdisciplinary perspective on fatigue in contemporary psychosomatics:
One of the major origins of the psychodynamic understanding of psychosomatic phenomena
lies in the work of Jean-Martin Charcot, a French neurologist and pathologist (1825-1893) (Justice-Malloy, 1995). Although first descriptions of MS date back to the 14th century (Kumar,
Aslinia, Yale, & Mazza, 2011), Charcot was the first to identify correlations between the clinical features of MS and brain-abnormalities discovered post mortem (Gafson et al., 2012). Later,
and by the end of the 19th century, Charcot was concerned with case studies on primarily female
patients that –according to Charcot– presented their bodily symptoms in a certain dramatic or
exaggerated way that was not sufficiently explained by their somatic conditions alone (Bogousslavsky, 2014; Bogousslavsky 2020). He considered this syndrome, which would take the
appearance of an organic brain disease and which he labeled “hysteria”, a neurosis with an
organic basis but no demonstrable cerebral damage (Bogousslavsky, Walusinski, & Veyrunes,
2009). Pierre-Marie-Félix Janet, one of Charcot’s students, developed the clinical research on
hysteria further and was among the first to take a psychological perspective on these phenomena
(Fiedler, 2006): According to Janet, hysteria reflects a condition of dissociation caused by a
reduction of the individual`s capacity in coping with traumatic events, severe illness, or exhaustion (Brown, Cardeña, Nijenhuis, Sar, & Van Der Hart, 2007). Sigmund Freud, a young neuropathologist at the time, also became interested in the work of Charcot and Janet, and further
focused on a psychogenic nature of hysteria (Chodoff & Lyons, 1958). Among the various
symptoms that were associated with hysteria, fatigue has always been one of them (Brown et
al., 2007; Oberlerchner, 2014). In their famous publication from 1895 “Studies in Hysteria”,
Freud and Josef Breuer published a decisive theoretical framework on the nature and origin of
hysteric phenomena, forming an influential milestone for the development of psychodynamic
theory (Nemiah, 1996). Freud and Breuer, on the one hand, described “traumatic hysteria” as a
physical symptom that would occur if a psychological trauma is not adequately processed (in
the case of fatigue, fatigue could represent the real exhaustion in response to former trauma
exposure). On the other hand, they described a “symbolic conversion”, in which the physical
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symptoms represent a “symbolic relation” between “a precipitation cause and the pathological
phenomenon” (in the case of fatigue, fatigue would serve as a symbolization that –by the process of association– could direct the clinician to an underlying conflict) (Fink, 1996). These
early approaches on conversion are widely accepted and have largely influenced psychosomatic
theories on how traumatic or adverse experiences could manifest bodily symptoms that cannot
sufficiently be explained by the somatic condition alone (Goetzmann, Siegel, & Rüttner, 2019).
Although phenomena such as “battle fatigue” (representing the exhaustion in soldiers after exposure to trauma; Kardiner & Spiegel, 1947) or “compassion fatigue” (representing an exhaustion in health workers that for example are exposed to the traumatic narratives of their clients;
Berzoff & Kita, 2010) already suggest a link between trauma exposure and fatigue symptoms
outside the field of MS research. This link, however, has not yet been investigated in terms of
MS-fatigue, albeit research that has reported a relation between trauma exposure and MS symptoms (Spitzer et al., 2012).
To the best of the author’s knowledge, this thesis is the first to systematically investigate the
relation between early exposure to adverse life experiences and the development of fatigue in
PwMS. It is rooted in preliminary studies of the author that finds its origins in clinical observations –such as the case study presented at the beginning of this thesis– and that could already
identify an impact of emotional distress factors on MS-fatigue (Pust, 2013; Pust, 2015), as well
as in psychodynamic theories on psychosomatic and conversion phenomena.
1.4.2 Schema therapy as an approximation to the operationalization of psychodynamic
constructs
In the search for evidence-based psychotherapeutic interventions, psychodynamic psychotherapy and psychoanalysis have often been criticized for a lack of an empirically validated theoretical foundation (Cohler & Galatzer-Levy, 2007; Hartmann, 2020). In fact, there are no generally accepted psychometric tools available that would allow quantifying hysteric tendencies,
the ability of symbolization, or conversion symptoms in a psychodynamic sense. This provides
a major obstacle to the investigation of psychodynamic theories by means of empirical research
methods. For this reason, the present thesis made use of the distinction of different trait characteristics and coping modes from the schema-therapeutic framework. Schema therapy is a modern and integrated therapy that is rooted in the concepts and classic methods of cognitive behavioural therapy (CBT) (Roediger, 2016). It has originally been designed for the treatment of
personality disorders but has also demonstrated its usefulness in the treatment of so-called axis
I disorders (sensu DSM IV; APA, 2000), such as depression or obsessive compulsive disorder,
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and as a coaching tool (Roediger, 2016). ST, which is considered as a so-called third-wave
treatment in CBT, integrates psychodynamic constructs and elements of psychodynamic therapy with evidence-based principles characteristic of CBT (Rafaeli, Bernstein, & Young, 2010;
Roediger & Dornberg, 2010; Young, Klosko, & Weishaar, 2003). Schemas are a central concept in ST and are defined as broad, pervasive character traits. These patterns involve information processing, thoughts, emotions, memories, and attention preferences (Young et al.,
2003). It is suggested that maladaptive schemas develop early in life in response to the frustration of basic human needs: In order to avoid negative emotions that may occur when being
triggered by everyday events and cues, these schemas can persist into adulthood even if they
are dysfunctional (Roediger, 2016). This view provides a close approximation to the above
described psychodynamic perspective on how early adversities manifest psychopathologies in
psychosomatic disorders. Therefore, utilizing the schema-therapeutic framework and its validated schema questionnaires would provide a first step to investigate psychodynamic principles
by means of quantitative methods.
In addition to the distinction of different schemas, ST also works with the so-called modemodel. The mode model (Tayler & Arntz, 2016) provides a framework to capture how schemas
are played out in everyday situations in terms of (1) primary emotions related to frustrated needs
( child modes), (2) critical, punitive, or demanding cognitions that prevent the individual
from expressing its needs and feelings ( parents modes), and (3) behavioural coping strategies
that occur as the individual’s response to the tension between child and parents modes mitigating the child’s pain and that are considered to be dysfunctional as they are not capable of adequately addressing the individual’s fundamental needs ( dysfunctional coping modes). The
mode model provides the basis for the case conceptualization and is intended to help patients
to understand themselves and their coping (Tayler & Arntz, 2016). ST ultimately strives towards strengthening the healthy adult mode in every possible way. The healthy adult mode
reflects the healthy part of the self and has the task to set limits to the malicious parents modes,
take care of the child’s needs, and help to overcome the dysfunctional coping modes by establishing functional behaviour (Roediger, 2016). The mode model shares fundamental features
with Freud’s structural model of the psyche (see Bender, 2017): child modes correspond to the
id, the parents modes share similarities with the superego, and the healthy adult mode that –like
the ego in psychodynamic theory– represents the realistic agent that mediates between the other
two. On the level of the dysfunctional coping modes, ST differentiates three different types that
are also considered to resemble animal’s responses to extreme stress (Arntz & Jacob, 2017):
overcompensation (=fight), avoidance (=flight/faint), and surrender. There are also parallels
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between dysfunctional coping modes and defence strategies defined in psychodynamic theory
(Bender, 2017), which are vital to the understanding of how emotional excitation is discharged
into the body (see section 1.4.1).
Taken together, due to the lack of psychometric tools and an empirically validated theoretical
framework that could serve to investigate psychodynamic conversion theory in MS-fatigue, the
present thesis made use of schema-therapeutic tools and the mode model. Although ST is considered to be part of CBT third wave treatments, due to its integrative nature, it shares a sufficiently number of features with psychodynamic theories. This provides a first approximation to
investigate the validity of psychodynamic conversion theory for MS-fatigue.
1.4.3 Research aim
The aim of the present thesis is to investigate the applicability of the above-described psychodynamic perspective on MS-fatigue as a psychosomatic phenomenon. It strives to uncover how
early adversities may affect the expression of certain personality traits and dysfunctional coping
modes as a prerequisite for fatigue in PwMS. To overcome the criticism of lacking empirical
evidence for psychodynamic constructs, this thesis takes a quantitative approach and utilizes
the schema-therapeutic framework as an evidence-based approximation to a potential psychodynamic nature of MS-fatigue. Due to the complexity of the fatigue construct and the different
approaches to its measurement, the construct validity of fatigue measured by two common selfrating instruments was investigated in a first step. This step was performed to guarantee a valid
measurement of MS-fatigue throughout the thesis. In a second step, the relation between early
adversities, schema-therapeutic constructs, current psychopathology, self-reported physical disability, and ultimately MS-fatigue was investigated. Finally, and based on the schema-therapeutic mode model, this thesis aimed to examine the functional nature of MS-fatigue in line
with a psychodynamic perspective. All studies will make use of large and representative samples of PwMS.
1.4.4 Objectives and work plan
Study 1 was intended to prove the construct validity of three of the most widely used fatigue
scales, the FSMC, the CFQ, and the MFIS. It served to ameliorate the conceptual ambiguities
surrounding the suggested distinction of fatigue into cognitive and motor fatigue, by applying
exploratory and confirmatory factor analysis. This first step was taken to clarify if sub-constructs would have had to be considered in the subsequent studies.
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In Study 2, it was investigated if early adversities –as hypothesized by psychodynamic theory–
indeed shape personality traits and current psychopathology that in turn have an impact on MSfatigue. To capture certain personality traits, PwMS’ schemas and alexithymia were assessed.
In addition, self-reported disability was assessed in order to control for the impact of physical
symptoms. To model these complex relationships, a path-model was calculated. The second
step aimed to obtain first evidence for the validity of a psychodynamic and psychosomatic perspective on MS-fatigue.
Study 3 was intended to uncover the functional properties of MS-fatigue in a psychodynamic
sense. It was hypothesized that if fatigue serves –according to psychodynamic theory– as a
bodily symptom that prevents the individual from being overwhelmed by adverse emotions,
such as trauma-related fear, it might correspond with the individual’s general coping mechanisms. Therefore, the relation of MS-fatigue with dysfunctional coping modes according to the
schema-therapeutic mode model was assessed. In order to provide a data-driven approach that
is specific to the sample of PwMS, different coping mode profiles were estimated by utilizing
latent profile analysis (LPA). Finally, differences in fatigue, depression, and self-reported physical-disability across classes of PwMS with different coping profiles were investigated. This
step was performed to detect a potential benevolent effect of MS-fatigue. It served to complement study 2 in terms of testing two major claims that psychodynamic theory would make
regarding the psychosomatic nature of MS-fatigue.

2. Study 1
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In search of distinct MS-related fatigue subtypes: Results
from a multi-cohort analysis in 1.403 MS patients
Pust, G. E. A., Pöttgen, J., Randerath, J., Lau, S., Heesen, C., Gold, S. M., & Penner, I. K. (2019)

Abstract
Fatigue is among the most disabling symptoms in patients with multiple sclerosis (PwMS). The common distinction between cognitive and motor fatigue is typically incorporated in self-rating instruments, such as the Chalder Fatigue Questionnaire (CFQ), the Fatigue Scale for Motor and Cognitive
Functions (FSMC) or the Modified Fatigue Impact Scale (MFIS). The present study investigated the
factor structure of the CFQ, the FSMC and the MFIS utilizing exploratory (EFA) and confirmatory
factor analysis (CFA) as well as exploratory structural equation modeling (ESEM). Data of 1.403
PwMS were analyzed, utilizing four samples. The first sample (N = 605) was assessed online and split
into two stratified halves to perform EFA, CFA, and ESEM on the CFQ and FSMC. The second sample (N = 293) was another online sample. It served to calculate CFA and ESEM on the CFQ and
FSMC. The third sample was gathered in a clinical setting (N = 196) and analyzed by applying CFA
and ESEM to the FSMC. The fourth sample (N = 309) was assessed in a clinical setting and allowed
to run a CFA and ESEM on the MFIS. Proposed factor structures of all questionnaires were largely
confirmed in EFA. However, none of the calculated CFAs and ESEMs could verify the proposed factor structures of the three measures, even with oblique rotation techniques. The findings might have
implications for future research into the pathophysiological basis of MS-related fatigue and could affect the suitability of such measures as outcomes for treatment trials, presumably targeting specific
sub-components of fatigue.
Keywords Fatigue · Assessment · Validation · Multiple sclerosis
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In search of distinct MS-related fatigue subtypes: results
from a multi-cohort analysis in 1.403 MS patients
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Abstract
Fatigue is among the most disabling symptoms in patients with multiple sclerosis (PwMS). The common distinction between
cognitive and motor fatigue is typically incorporated in self-rating instruments, such as the Chalder Fatigue Questionnaire
(CFQ), the Fatigue Scale for Motor and Cognitive Functions (FSMC) or the Modified Fatigue Impact Scale (MFIS). The
present study investigated the factor structure of the CFQ, the FSMC and the MFIS utilizing exploratory (EFA) and confirmatory factor analysis (CFA) as well as exploratory structural equation modeling (ESEM). Data of 1.403 PwMS were
analyzed, utilizing four samples. The first sample (N = 605) was assessed online and split into two stratified halves to perform
EFA, CFA, and ESEM on the CFQ and FSMC. The second sample (N = 293) was another online sample. It served to calculate CFA and ESEM on the CFQ and FSMC. The third sample was gathered in a clinical setting (N = 196) and analyzed
by applying CFA and ESEM to the FSMC. The fourth sample (N = 309) was assessed in a clinical setting and allowed to
run a CFA and ESEM on the MFIS. Proposed factor structures of all questionnaires were largely confirmed in EFA. However, none of the calculated CFAs and ESEMs could verify the proposed factor structures of the three measures, even with
oblique rotation techniques. The findings might have implications for future research into the pathophysiological basis of
MS-related fatigue and could aﬀect the suitability of such measures as outcomes for treatment trials, presumably targeting
specific sub-components of fatigue.
Keywords Fatigue · Assessment · Validation · Multiple sclerosis

Introduction
Fatigue is one of the most common symptoms or comorbidities in many neurological disorders, including stroke,
neurodegenerative diseases, and inflammatory disorders of
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the CNS [1]. Fatigue is particularly common in multiple
sclerosis (MS), where it aﬀects over 70% of patients and it is
often perceived as the most disabling symptom [2]. Importantly, fatigue is a major predictor of unemployment in MS
[3, 4] and significantly impairs quality of life [5].
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Despite the high clinical importance of fatigue in
MS, its pathophysiology remains poorly understood [1].
Research to unravel its causes and develop eﬀective treatments remains challenging. Attempts to objectively quantify fatigue using experimental tests or biomarkers have
yielded inconclusive results, so that self-report questionnaires remain the clinical gold standard [6]. Due to the
large inter-individual heterogeneity in MS pathogenesis
and disease manifestations throughout the CNS, subtypes
of MS-fatigue with distinct neurobiological signatures
have been suggested [7]. This approach could help to dissect the complex architecture of MS-fatigue but would
require measures to diﬀerentiate subtypes or components
of this syndrome.
The first scales that were developed have typically
defined fatigue as a uni-dimensional construct (Fatigue
Severity Scale; [8]; Fatigue Impact Scale; [9]). However,
tools such as the Fatigue Scale for Motor and Cognitive
Functions (FSMC; [10]), the Chalder Fatigue Questionnaire (CFQ; [11]) and the Modified Fatigue Impact Scale
(MFIS; [12]) diﬀerentiate motor and cognitive fatigue,
largely based on clinical observations and the related utility of this distinction. The latter scale, MFIS, has welldocumented psychometric shortcomings [13, 14]. The
FSMC has been validated on a large sample of patients
with MS (PwMS) and healthy controls and distinguishes
cognitive from motor fatigue [10]. The validity of the CFQ
has also been demonstrated in the general population [15].
It assesses fatigue severity and a distinction between mental and physical fatigue. Both the FSMC and the CFQ have
good psychometric properties in PwMS (reliability, validity, and sensitivity) [10, 16].
However, the psychometric validity of distinct fatigue
subconstructs remains statistically doubtful. Studies of
Martin et al. [15] and Chilcot et al. [16] revealed that the
proposed factor structure of the CFQ could not be replicated by means of confirmatory factor analyses (CFA) and
that items needed to be excluded to obtain an acceptable
model-fit. Likewise, a recent study by Picariello et al. [17]
demonstrated that the factor structure as well as the item
number of the CFQ had to be adapted to meet fit criteria.
Despite the thorough and scientifically sound development
of the CFQ and FSMC, the underlying factor structures of
the two scales as well as the MFIS have, to the best of our
knowledge, not yet been confirmed by CFA or exploratory
structural equation modeling (ESEM).
The goal of the present study was to evaluate the factorial validity of subconstructs of MS-fatigue utilizing
exploratory factor analyses (EFA), CFA and ESEM. To
this end, we leveraged several independent, large data
sets to determine whether validly discernible subtypes of
fatigue exist on the psychometric level in MS.

2. Study 1

Methods
Participants
Data of 1.403 PwMS, derived from four separate data sets
were analyzed. The composition of the study groups is
displayed in Fig.
.

1. Online samples 1a and 1b: EFA, CFA and ESEM on the
CFQ and FSMC
The aim of the original study was to validate the German
version of the 11-item CFQ and provide comparisons with
the FSMC. Participants were recruited via advertisements
at the website of the German Society for Multiple Sclerosis
(DMSG) as well as the quarterly E-newsletter of the MS outpatient clinic, University Medical Centre Hamburg-Eppendorf. Inclusion criteria were self-reported MS diagnosis and
age ≥ 18. Exclusion criteria were major neurological or psychiatric comorbidities (except depression) as well as a MS
relapse in the last 4 weeks. From the 873 individuals who
registered on the website, 605 full data sets were obtained.
For the purpose of the current analysis, the sample was split
into two stratified halves (for details, see statistics section).
All patients provided informed consent prior to enrolment.
The local ethical review board approved the study (PV4772).
2. Online sample 2: CFA and ESEM on the CFQ and
FSMC
For this sample, data were analyzed from the screening
assessment for a randomized controlled trial of an online
fatigue management program. Data of 293 PwMS were
included in the present analyses. The inclusion criteria
were a diagnosis of MS and age ≥ 18. Exclusion criteria were major neurological or psychiatric comorbidities
(except depression) as well as a MS relapse in the last
4 weeks. Participants were recruited via the website of the
German MS Society. Out of the 293 patients, 120 did not
only participate in the online program but were also diagnosed by a clinician and received a confirmed MS diagnosis. Confirmatory factor analyses were additionally performed for this group (Online Sample 2MS-diagnosis_confirmed)
to prove the representativeness of the results even if individuals participated in an online assessment. All patients
provided informed consent prior to enrolment. The local
ethical review board approved the study (PV4772).
3. Clinical sample 3: CFA and ESEM on the FSMC
This sample was obtained from the patient database of
the MS outpatient clinic at the University Medical Center
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Fig. 1 Composition of the study samples and analytic strategy. CFA
confirmatory factor analysis, CFQ Chalder Fatigue Questionnaire,
CH Switzerland, EFA exploratory factor analysis, ESEM explora-

tory structural equation models, FSMC Fatigue Scale for Motor and
Cognitive Functions, GER Germany, MFIS Modified Fatigue Impact
Scale

Hamburg Eppendorf including consecutive PwMS who
provided their clinical examination data by informed consent. All patients (N = 196) had a definite MS diagnosis
according to revised diagnostic criteria [18]. PwMS were
assessed in a single-test session, which took approximately
2.5 h. All patients completed the FSMC. The local ethical
review board approved the study (PV4405).

The local ethics committee of the University of Basel,
Switzerland approved the study.

4. Clinical sample 4: CFA and ESEM on the MFIS

The Chalder Fatigue Questionnaire (CFQ; [11]) contains
11 items referring to symptom severity in the past month.
Responses are scored on a four-point scale (0–3). Item
responses are added up for computation of (sub)scales.
Three diﬀerent scores can be computed: the global severity
(CFQtotal; all items; range 0–33), a physical fatigue subscore (CFQphysical; seven items; range 0–21) and a mental
fatigue sub-score (CFQmental; four items; range 0–12); see
also [15]. This study used the German version of the CFQ
after back-and-forward translations [19].

For this sample, data were taken from the FSMC validation study, originally published by Penner et al. [10].
Data of 309 PwMS were utilized. Patients were eligible
if they had definite MS according to McDonald’s criteria
and were without relapse during the last 3 months. Patients
with a history of any other (non-MS-related) neurological
and/or psychiatric disorder were excluded. All PwMS were
outpatients recruited consecutively and face-to-face. All
participants provided informed consent prior to enrolment.

Measures and procedures
Chalder Fatigue Questionnaire (CFQ)
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Fatigue Scale for Motor and Cognitive Functions (FSMC)

Statistical analyses

The Fatigue Scale for Motor and Cognitive Functions
(FSMC) contains 20 items. Ten items measure symptoms
of cognitive and motor fatigue, respectively [10]. Responses
are scored on a five-point scale. Item scores can be summed
to a global severity score (FSMCtotal) or the two sub-scales
(FSMCmotor; FSMCcognitive) [10].

Demographic data of the samples were analyzed regarding diﬀerences in the specific sample characteristics. If the
same measures were applied across diﬀerent sub-samples,
comparisons were made using Chi square tests or univariate
analyses of variance (ANOVA) with Bonferroni-corrected
pairwise comparisons. Inter-correlations between scales
were calculated using Pearson correlations. All correlation coeﬃcients and factor loadings could reach values in
the range of − 1 to + 1. The magnitude in terms of eﬀect
size of the obtained correlation coeﬃcients was interpreted
according to Cohen [26] as “small” for coeﬃcients ≥ 0.10,
“medium” for coeﬃcients ≥ 0.30 and “large” for coeﬃcients
≥ 0.50.
For a cross-validation analysis based on sample 1, the
sample was divided into two stratified samples (1a and 1b).
Stratification can be used to randomly split a suﬃciently
large data set into two halves and derive an exploratory statistical model from one halve that can be tested in the second
halve, while treating both halves as independent samples.
Stratification criteria were derived from an initially calculated multivariate general linear model (GLM) with (1) the
fixed factors sex, disease course and disability as well as (2)
the respective two-way interactions with age as a covariate
and (3) the CFQ and FSMC sub-scales as dependent variables. It aimed to identify potential confounders according
to Brown [27]. Based on these considerations, we used the
following stratification criteria: sex, disease course, and disability (as measured by the PDDS).
For the exploratory analysis of the underlying factor
structure in the CFQ and FSMC, maximum likelihood
factor analysis (MLFA) was calculated. Exploratory factor analysis estimates the best fitting factor structure in
a given data set. The item-scale assignment thus solely
depends on the data and does not follow a predefined theoretical model. In contrast, CFA is used to test whether
the obtained data matches a predefined factor structure,
independent from the given data set, i.e., the item-scale
assignment defined in the initial publications of the scales.
Deviations between the proposed factor structure and the
obtained factor structure in the data are calculated and
the model-fit determined. CFA and ESEM were both used
to analyze model-fit. CFA has more rigid assumptions,
i.e., that items loading onto one specific factor are not
allowed to have cross-loadings with other hypothesized
factors. Due to the rigid assumptions of CFA, it can fail
to reach criteria for model-fit and lead to an overestimation of inter-factor correlations (for further details see
[28–30]). To overcome this issue, more recent approaches
suggest the use of exploratory structural equation models
(ESEM) which provides a superior technique allowing
free estimation of cross-loadings and utilizing oblique

Modified Fatigue Impact Scale (MFIS)
The Modified Fatigue Impact Scale (MFIS) is the shortened
version of the FIS [9]. The 21-item MFIS contains three
sub-scales, a nine-item physical symptoms scale, a tenitem cognitive scale, and a two-item psychosocial scale.
Items are scored on a five-point scale. Item scores can be
summed to the three sub-scores (MFISphysical; MFISmental;
MFISpsychosocial).
Hospital Anxiety and Depression Scale: German Version
(HADS-D)
The Hospital Anxiety and Depression Scale—German Version (HADS-D) is a 14-item questionnaire, containing two
sub-scales with seven items each [(1). Depression: HADSDDepression; (2) Anxiety: HADS-DAnxiety; [20, 21]]. Items are
rated on a four-point scale (0–3) and added for the computation of the sub-scale scores. For the present study, only
the depression sub-scale was considered to account for the
overlap between depression and fatigue in samples 1–3.
Beck Depression Inventory II
In sample 4, the Beck Depression Inventory (BDI-II, [22])
was used as a measure for depression.
Patient determined disease steps (PDDS)
Disability was assessed according to the disease steps
defined by Hohol et al. [23] in samples 1 and 2, ranging from
“no disability” (“0”) to “confined to wheelchair or worse”
(“6”). Due to the presentation of the survey in the online
surveys (1a, 1b, and 2), the participation of bedridden participants was not expected, so that the original version was
preferred over the patient-determined disease steps (PDDS,
NARCOMS) [24] scale, which suggests a further distinction
of the severely impaired patients.
Expanded Disability Status Scale (EDSS)
The Expanded Disability Status Scale (EDSS; [25]) was
applied as a physician-derived disability measure in samples 3 and 4, with disability scores ranging from “0” to “10”.
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Demographic data—overview of the sub-sample characteristics

Number N
Males %/females %
Age
Mean (SD)
Disease course (%)
Primary manifestation
RRMS
SPMS
PPMS
Not specified
PDDS
Median
EDSS
Median

Sample 1a

Sample 1b

Sample 2

Sample 3

Sample 4

Statistics

302
23.5%/76.5%

303
23.8%/76.2%

293
19.1%/80.2%

196
29.1%/70.9%

309
33.3%/66.6%

χ2(4) = 17.29, p = 0.002

41.9 (10.7)

41.8 (11.1)

41.4 (10.4)

40.9 (11.9)

43.4 (10.0)

F (1396, 4) = 2.13,
p = 0.075, η2p = 0.006

2.3%
68.5%
15.9%
6.6%
6.6%

2.3%
68.6%
15.5%
6.9%
6.6%

–
–
–
–
–

1.5%
78.6%
9.7%
7.7%
2.6%

–
–
–
–
–

χ2(8) = 10.80, p = 0.213

2

2

2

–

–

χ2(14) = 10.03, p = 0.760

–

–

–

2.5

3.0

χ2(16) = 43.13, p < 0.001

RRMS relapsing–remitting multiple sclerosis, SPMS secondary progressive multiple sclerosis, PPMS primary progressive multiple sclerosis,
EDSS Expanded Disability Status Scale, PDDS patient determined disease steps

rotation techniques [31]. This means that (1) items must
show suﬃciently large loadings on one factor but may have
cross-loadings with other factors, and (2) that the factors
themselves may be correlated. In the present study, we
used ESEM in MPlus with the default oblique geomin
rotation and the robust maximum likelihood estimation.
MPlus was chosen as analysis tool as it provides a profound and sophisticated calculation algorithm for ESEMs
and oblique rotation techniques that are well received in
the international scientific community [32]. Cutoﬀ criteria
to evaluate the model-fit were defined according to Hu
and Bentler [33], considering the thresholds for an at least
acceptable fit: comparative fit index (CFI) ≥ 0.95; standardized root mean square residual (SRMR) < 0.10; nonnormed fit index (NNFI) ≥ 0.95; root mean square error
of approximation (RMSEA) ≤ 0.08. The published thresholds for fit indices by Hu and Bentler are widely used (as
evidenced by several thousand citations) and have also
previously been applied in the confirmatory evaluation
of fatigue scales, such as the work by Martin et al. [15]
on the CFQ. As additional sensitivity analyses, CFA and
ESEM were also computed for relevant subgroups, i.e.,
after exclusion of participants with clinically significant
depressive symptoms (HADS-D Depression > 7/BDI-II > 9)
and in a sub-sample of the online cohort who had provided
written neurologist confirmation of their MS diagnosis.
Analyses were performed using MPlus 7.0 as well as R
(including the Lavaan package). The level of significance
was α = 0.05.

Results
Sample characteristics
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Overview of fatigue scores in the sub-samples

CFQphysical
Mean (SD)
CFQmental
Mean (SD)
FSMCmotor
Mean (SD)
FSMCcognitive
Mean (SD)
HADS-DDepression
Mean (SD)

Sample 1a

Sample 1b

Sample 2

Sample 3

Sample 4

Statistics

14.0 (3.5)

14.1 (3.4)

14.8 (3.5)

–

–

F (895.2) = 0.01, p = 0.913 η2p < 0.001

7.3 (2.3)

7.5 (2.3)

7.3 (2.3)

–

–

F (895.2) = 0.95, p = 0.389 η2p = 0.002

37.6 (7.1)

38.3 (7.6)

39.4 (6.1)

33.4 (8.3)

–

F (1088, 3) = 29.63, p < 0.001 η2p = 0.075

35.3 (8.0)

36.0 (8.6)

37.0 (7.5)

33.3 (8.7)

–

F (1088, 3) = 8.62, p < 0.001 η2p = 0.023

7.0 (3.9)

6.9 (3.8)

6.6 (3.8)

6.0 (4.1)

–

F (1088, 3) = 2.87, p < 0.035 η2p = 0.008

CFQ Chalder Fatigue Questionnaire, FSMC Fatigue Scale for Motor and Cognitive Functions, HADS-DDepression Hospital Anxiety and Depression Scale—German Version_subscale Depression

Generation of two stratified sub-samples
A multivariate GLM was calculated to identify factors associated with the CFQ- and FSMC-subscales for consideration
in the stratification process. After exclusion of the non-significant two-way interactions and the non-significant main
eﬀect for age, three statistically significant main eﬀects (sex:
Wilk’s Lambda = 0.98, F (4, 585) = 3.21, p = 0.13; disease
steps: Wilk’s Lambda = 0.78. F (28, 2111) = 5.46, p < 0.001;
disease course: Wilk’s Lambda = 0.94, F (16, 1788) = 3.17,
p = 0.001) and one two-way interaction [sex × disease course:
Wilk’s Lambda = 0.95. F (16, 1788) = 3.30, p = 0.020]
remained. The three factors were considered as stratification criteria. The assignment to the two sub-samples was
randomized. After stratification, no significant diﬀerences
were obtained in any of the variables samples 1a and 1b
(mean p value: 0.98 ± 0.03).

Inter-correlations
The correlations between the FSMC and the CFQ as well as
the sub-scales of these two fatigue measurements were statistically significant in all samples. Highest correlations with
medium-to-large eﬀect sizes were obtained between the two
sub-scales of each of the two fatigue scales, i.e., FSMCmotor
with FSMCcognitive and CFQmental with CFQphysical. Moreover,
all fatigue scales showed significant correlations with the
HADS-DDepression with medium eﬀect sizes, indicating a conceptual overlap between the constructs (Table 3). Likewise,
medium eﬀect sizes were obtained between opposing subscales in the two diﬀerent fatigue measures FSMC and CFQ.

Inter-correlations between the HADS-DDepression and
the fatigue measures CFQ and FSMC across the sub-samples 1a,
1b, 2, and 3
HADS-DDepression FSMCcognitive
FSMCcognitive

FSMCmotor

CFQmental

(1a) 0.29**
(1b) 0.34**
(2) 0.35**
(3) 0.34**

FSMCmotor

CFQmental

CFQphysical

(1a) 0.24**

(1a) 0.65**

(1b) 0.29**

(1b) 0.75**

(2) 0.38**

(2) 0.54**

(3) 0.37**

(3) 0.70**

(1a) 0.25**

(1a) 0.53**

(1a) 0.22**

(1b) 0.29**

(1b) 0.65**

(1b) 0.43**

(2) 0.18*

(2) 0.55**

(2) 0.24**

(3) –

(3) –

(3) -

(1a) 0.28**

(1a) 0.39**

(1a) 0.47**

(1a) 0.46**

(1b) 0.35**

(1b) 0.51**

(1b) 0.56**

(1b) 0.53**

(2) 0.28**

(2) 0.29**

(2) 0.34**

(2) 0.54**

(3) –

(3) –

(3) –

(3) –

CFQ Chalder Fatigue Questionnaire, FSMC Fatigue Scale for Motor
and Cognitive Functions, HADS-DDepression Hospital Anxiety and
Depression Scale—German Version_subscale Depression

**p < 0.001; *p < 0.01. As in sample 3, the CFQ was not administered, these numbers are left blank “–“

Chalder Fatigue Questionnaire: exploratory factor
analysis
The factor structure of the CFQ was analyzed using MLFA
(maximum likelihood axis factoring, VARIMAX-rotation),
based on data of sample 1a. The screen-plot as well as the
analysis of the Eigenvalues favored the extraction of two
factors. Factor loadings for the rotated factor solution are
displayed in Table 4. Both factors account for 48.1% of the
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Results for the exploratory factor analyses for the Chalder
Fatigue Questionnaire based on a two-factor solution (sample 1a)

Results for the exploratory factor analyses for the
FSMC, based on two-factor solution (sample 1a)

Item

Item

Subscale CFQphysical
01. CFQphysical
02. CFQphysical
03. CFQphysical
04. CFQphysical
05. CFQphysical
06. CFQphysical
07. CFQphysical
Subscale CFQmental
08. CFQmental
09. CFQmental
10. CFQmental
11. CFQmental
Variance explained

Two-factor solution
Factor 1

Factor 2

0.71
0.69
0.71
0.55
0.67
0.44
0.64

0.21
0.26
0.22
0.21
0.20
0.08
0.14

0.36
0.20.
0.15
0.17
27.7%

0.54
0.81
0.82
0.59
20.4%

Numbers display the individual factor loadings for all items according
to a two-way solution after VARIMAX-rotation
CFQ Chalder Fatigue Questionnaire

scale variance. The assignment of the scale items to the two
factors matched the originally proposed factor structure.

FSMC: exploratory factor analysis
The factor structure of the FSMC was analyzed using the
same methodological approach as described for the CFQ
(MLFA-maximum likelihood axis factoring, VARIMAXrotation). The factor loadings of the EFA are displayed in
Table 5. Both factors account for 46.5% of the scale variance. The assignment of the scale items to the two factors
matched the originally proposed factor structure form the
original validation study for most items [10]. Relevant crossloadings were obtained in four of the 20 items.

Confirmatory factor analysis for CFQ, FSMC,
and MFIS
CFA was used to test the model-fit of the proposed factor
structure of the CFQ, based on data of samples 1b, 2, and
3. The data did not confirm the proposed factor structure.
Fit indices did not improve after exclusion of participants
with clinically relevant depression symptoms. CFA were
also calculated for the FSMC, based on the data of samples
1b, 2, and 3. Similar to the results obtained for the CFQ, the
hypothesized model had to be rejected. Again, exclusion of
participants with significant depression did not improve the
model-fit. For the MFIS (sample 4), none of the calculated

Subscale FSMCCognitive
01. FSMCcognitive
04. FSMCcognitive
07. FSMCcognitive
08. FSMCcognitive
11. FSMCcognitive
13. FSMCcognitive
15. FSMCcognitive
17. FSMCcognitive
18. FSMCcognitive
20. FSMCcognitive
Subscale FSMCMotor
02. FSMCmotor
03. FSMCmotor
05. FSMCmotor
06. FSMCmotor
09. FSMCmotor
10. FSMCmotor
12. FSMCmotor
14. FSMCmotor
16. FSMCmotor
19. FSMCmotor
Variance explained

Two-factor solution
Factor 1

Factor 2

0.60
0.62
0.67
0.56
0.70
0.39
0.62
0.74
0.81
0.75

0.24
0.19
0.19
0.21
0.22
0.43
0.18
0.13
0.21
0.13

0.25
0.27
0.48
0.38
0.04
0.13
0.37
0.24
0.63
0.16
27.1%

0.70
0.65
0.45
0.31
0.71
0.76
0.48
0.70
0.35
0.48
19.3%

The FSMC items keep their original item numbers. Numbers display
the individual factor loadings for all items. According to a two-way
solution after VARIMAX-rotation
FSMC Fatigue Scale for Motor and Cognitive Functions

CFA matched the fit criteria either. Results are displayed
in Table .

Exploratory
structural
Exploratory
structural
equation modeling for CFQ,
FSMC, and MFIS
ESEMs were calculated for the CFQ, the FSMC and the
MFIS, with a hypothesized 2-factor structure for the CFQ
and FSMC as well as a 3-factor structure for the MFIS. As
for the CFA, none of the calculated ESEM led to a suﬃcient
model-fit, even though this method allows cross-loadings
as well as oblique rotation (Table ).

Discussion
The aim of the present study was to analyze the factorial
statistical validity of three widely used fatigue instruments in MS (CFQ, FSMC, and MFIS) to evaluate the

28

Results of the
CFA, calculated for the
CFQ, the FSMC, and the
MFIS
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χ2

p

Chalder Fatigue Questionnaire (CFQ)
Total sample
1b (N = 303)
234.6
< 0.001
2 (N = 293)
190.9
< 0.001
121.9
< 0.001
2MS-diagnosis_confirmed (N = 120)
Without participants HADS-DDepression > 7
1b (N = 182)
131.4
< 0.001
2 (N = 180)
117.4
< 0.001
Fatigue Scale for Motor and Cognitive Functions (FSMC)
Total sample
1b (N = 303)
901.1
< 0.001
2 (N = 293)
730.8
< 0.001
481.3
< 0.001
2MS-diagnosis_confirmed (N = 120)
3 (N = 196)
540.3
< 0.001
Without participants HADS-DDepression > 7
1b (N = 182)
644.1
< 0.001
2 (N = 180)
560.15
< 0.001
3 (N = 134)
429.5
< 0.001
Modified Fatigue Impact Scale (MFIS)
Total sample
4 (N = 309)
603.93
< 0.001
Without participants BDI-II > 9
4 (N = 176)
454.91
< 0.001

CMIN/df

CFI

NNFI

RMSEA

5.46
4.44
2.84

0.85
0.89
0.86

0.80
0.85
0.82

0.12
0.11
0.12

3.06
2.73

0.88
0.89

0.84
0.86

0.11
0.10

5.33
4.32
2.85
3.20

0.81
0.77
0.71
0.84

0.78
0.74
0.67
0.82

0.12
0.11
0.12
0.11

3.81
3.31
3.16

0.80
0.72
0.84

0.77
0.69
0.83

0.13
0.11
0.11

3.25

0.93

0.92

0.09

2.45

0.91

0.90

0.09

BDI-II Beck Depression Inventory II, CFI comparative fit index, HADS-DDepression Hospital Anxiety and
Depression Scale—German Version_subscale Depression, NNFI Nonnormed Fit Index, RMSEA root mean
square error of approximation

appropriateness of the proposed theoretical fatigue dimensions. According to the EFA, the CFQ and FSMC largely
matched the originally published factor structure from the
validation studies. However, for the FSMC, the resulting factor loadings for some items were ambiguous (items 5, 6, 13,
and 16). CFA and ESEM showed that the proposed factor
structure did not fit the data for any of the evaluated fatigue
instruments. Even the exclusion of patients with depressive symptoms did not improve the model-fit. This suggests
that the findings are unlikely due to a potential overlap of
depression and fatigue. The use of ESEMs with oblique rotation also did not lead to a suﬃcient model-fit. Thus, from a
statistical point of view, our results challenge the proposed
fatigue dichotomy in its present form by means of self-rating
instruments.
The large diversity in assessment tools for fatigue demonstrates that there is still no consensus on the nature of
fatigue as well as its reliable and valid assessment [10].
Researchers tend to agree on the common distinction
between cognitive and motor fatigue [34], which mainly
stems from clinical observations and patients’ self-reports.
The CFQ and FSMC are both widely applied measures
and are currently among the best validated measures in

the field [35]. However, studies that focused on the reevaluation of scales such as the CFQ failed to prove a
valid distinction of the original scales by means of CFA
[15, 16, 36].
From a statistical viewpoint, the results are twofold: the
poor model-fit in the CFA should not result in what is called
the Henny-Penny-Problem [37], i.e., that researchers call
into question all previous results based on poor fit indices.
CFA in particular can generate a model misfit when minor
items exhibit residual covariation, for example due to nonspecified underlying factors [38]. Therefore, ESEM was
introduced as a new method to overcome the rigid assumptions of CFA. In their data-driven approach, Fong et al. [36]
already applied an ESEM approach to the CFQ and could
not replicate the originally proposed dichotomy. Instead, an
adaptation of the factor structure was necessary to achieve an
acceptable model-fit. However, a utilization of the exploratory nature of such purely data-driven approaches to verify
theoretical models that are not supported by data should be
avoided. Instead, theoretical considerations and research
findings from other levels of analysis must be acknowledged
and should be integrated into a sound scientific framework
and conceptualization of fatigue.
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Results of the
ESEMs, calculated on the CFQ,
the FSMC and the MFIS
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χ2

p

CMIN/df

Chalder Fatigue Questionnaire (CFQ)
Total sample
1b (N = 303)
135.31 <0.001 3.98
2 (N = 293)
129.39 <0.001 3.81
2MS-diagnosis_confirmed (N = 120) 101.99 <0.001 2.27
Without participants HADS-DDepression > 7
1b (N = 182)
82.89 <0.001 2.44
2 (N = 180)
88.63 <0.001 2.61
Fatigue Scale for Motor and Cognitive Functions (FSMC)
Total sample
1b (N = 303)
707.16 <0.001 4.68
2 (N = 293)
582.27 <0.001 3.90
2MS-diagnosis_confirmed (N = 120) 438.97 <0.001 2.57
3 (N = 196)
389.98 <0.001 2.58
Without participants HADS-DDepression > 7
1b (N = 182)
514.36 <0.001 3.41
2 (N = 180)
463.20 <0.001 3.07
3 (N = 134)
333.29 <0.001 2.21
Modified Fatigue Impact Scale (MFIS)
Total sample
4 (N = 309)
362.09 <0.001 2.41
Without participants BDI-II > 9
4 (N = 176)
266.03 <0.001 1.77

CFI

SRMR

RMSEA (90% CI)

0.92
0.93
0.90

0.04
0.05
0.06

0.10 (0.08–0.12)
0.10 (0.08–0.12)
0.10 (0.08–0.13)

0.93
0.92

0.05
0.05

0.09 (0.07–0.11)
0.09 (0.07–0.12)

0.86
0.82
0.75
0.89

0.05
0.06
0.08
0.05

0.11 (0.10–0.12)
0.10 (0.09–0.11)
0.11 (0.10–0.13)
0.09 (0.08–0.10)

0.85
0.78
0.89

0.06
0.07
0.05

0.12 (0.10–0.13)
0.11 (0.10–0.12)
0.09 (0.08–0.11)

0.96

0.02

0.07 (0.06–0.08)

0.96

0.03

0.07 (0.05–0.08)

BDI-II Beck Depression Inventory II, CFI comparative fit index, CI confidence interval, HADS-DDepression
Hospital Anxiety and Depression Scale—German Version_subscale Depression, RMSEA root mean square
error of approximation, SRMR Standardized Root Mean Square Residual

Some limitations might require consideration. The MS
diagnoses of some of the participants from the online assessments were not confirmed by a physician, as the study was
performed via the Internet. Due to the online sampling
method, there could have also been a selection bias. However, we re-ran our analyses in a sub-sample of 120 patients
who had provided written confirmation of MS diagnosis by
their neurologist and obtained the same result. Thus, while
self-reported diagnosis of MS might not always be reliable,
our data strongly suggest that this is unlikely to explain our
results. Moreover, data on disease course are missing for
the two online cohorts and lower reliability of the PDDS
particularly at the lower end of the scale must be considered. Additionally, diﬀerent instructions and time frames
considered in the diﬀerent measures further complicate the
comparison of the diﬀerent CFQs. As the fit measures for
the MFIS and CFQ were slightly better than the once for the
FMSC, the larger time frame used in the FSMC could have
accounted for a less precise retrieval of information of past
fatigue symptoms.
The purpose of our analyses was to explore whether the
MS-fatigue questionnaires, in their currently available form,
do or do not justify the use of presumably distinguishable

subconstructs of MS-related fatigue. Based on multiple
analyses in several large cohorts of MS patients, the answer
appears to be “no”. The present analyses thus highlight the
necessity to refine existing measures to meet psychometric
requirements. From a clinical perspective, an unequivocal
assessment of fatigue in PwMS is an essential prerequisite
for further research, e.g., into putative pathobiological substrates of fatigue (sub-)types as well as outcomes for treatment interventions. The development of interventions for the
reduction of fatigue should therefore take into consideration
potential shortcomings in the current definitions of fatigue
dimensions and therefore focus on total fatigue scores than
on fatigue sub-scores.
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Fatigue in Multiple Sclerosis Is Associated With Childhood
Adversities
Gesa E. A. Pust, Christian Dettmers, Jennifer Randerath, Anne C. Rahn, Christoph Heesen, Roger
Schmidt and Stefan M. Gold

Abstract
Fatigue is a common and disabling symptom in patients with Multiple Sclerosis (PwMS). Its pathogenesis, however, is still not fully understood. Potential psychological roots, in particular, have received little attention to date. The present study examined the association of childhood adversities,
specific trait characteristics, and MS disease characteristics with fatigue symptoms utilizing path analysis. Five hundred and seventy-one PwMS participated in an online survey. Standardized psychometric tools were applied. The Childhood Trauma Questionnaire (CTQ) served to assess childhood adversities. Trait variables were alexithymia (Toronto Alexithymia Scale; TAS-26) and early maladaptive
schemas (Young Schema Questionnaire; YSQ). Current pathology comprised depression (Beck’s Depression Inventory FastScreen; BDI-FS) and anxiety symptoms (State-Trait Anxiety Inventory; STAIstate), as well as physical disability (Patient determined Disease Steps; PDDS). The Fatigue Scale for
Motor and Cognitive Functions (FSMC) was the primary outcome variable measuring fatigue. PwMS
displayed high levels of fatigue and depression (mean FSMC score: 72; mean BDI-II score: 18). The
final path model revealed that CTQ emotional neglect and emotional abuse remained as the only significant childhood adversity variables associated with fatigue. There were differential associations for
the trait variables and current pathology: TAS-26, the YSQ domain impaired autonomy and performance, as well as all current pathology measures had direct effects on fatigue symptoms, accounting
for 28.2% of the FSMC variance. Bayesian estimation also revealed indirect effects from the two CTQ
subscales on FSMC. The final model fitted the data well, also after a cross-validation check and after
replacing the FSMC with the Chalder Fatigue Questionnaire (CFQ). This study suggests an impact of
psychological factors on fatigue in Multiple Sclerosis. Childhood adversities, as well as specific trait
characteristics, seem to be associated with current pathology and fatigue symptoms. The article discusses potential implications and limitations.
Keywords fatigue, Multiple Sclerosis, childhood adversities, trait characteristics, psychopathology,
path model
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Fatigue is a common and disabling symptom in patients with Multiple Sclerosis (PwMS).
Its pathogenesis, however, is still not fully understood. Potential psychological roots, in
particular, have received little attention to date. The present study examined the
association of childhood adversities, speciﬁc trait characteristics, and MS disease
characteristics with fatigue symptoms utilizing path analysis. Five hundred and seventyone PwMS participated in an online survey. Standardized psychometric tools were
applied. The Childhood Trauma Questionnaire (CTQ) served to assess childhood
adversities. Trait variables were alexithymia (Toronto Alexithymia Scale; TAS-26) and
early maladaptive schemas (Young Schema Questionnaire; YSQ). Current pathology
comprised depression (Beck’s Depression Inventory FastScreen; BDI-FS) and anxiety
symptoms (State-Trait Anxiety Inventory; STAI-state), as well as physical disability (Patient
determined Disease Steps; PDDS). The Fatigue Scale for Motor and Cognitive Functions
(FSMC) was the primary outcome variable measuring fatigue. PwMS displayed high levels
of fatigue and depression (mean FSMC score: 72; mean BDI-II score: 18). The ﬁnal path
model revealed that CTQ emotional neglect and emotional abuse remained as the only
signiﬁcant childhood adversity variables associated with fatigue. There were differential
associations for the trait variables and current pathology: TAS-26, the YSQ domain
impaired autonomy and performance, as well as all current pathology measures had direct
effects on fatigue symptoms, accounting for 28.2% of the FSMC variance. Bayesian
estimation also revealed indirect effects from the two CTQ subscales on FSMC. The ﬁnal
model ﬁtted the data well, also after a cross-validation check and after replacing the FSMC
with the Chalder Fatigue Questionnaire (CFQ). This study suggests an association
psychological factors on fatigue in Multiple Sclerosis. Childhood adversities, as well as
speciﬁc trait characteristics, seem to be associated with current pathology and fatigue
symptoms. The article discusses potential implications and limitations.
Keywords: fatigue, Multiple Sclerosis, childhood adversities, trait characteristics, psychopathology, path model
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INTRODUCTION
3.1
INTRODUCTION
Fatigue is among the most disabling symptom in patients with
multiple sclerosis (PwMS) (1). It affects over 75% of all PwMS (2,
3). Moreover, fatigue is the primary factor for MS-related early
retirement (4, 5). Research on the pathogenesis of MS fatigue has
identiﬁed several (neuro-) biological, immunological, and
neurophysiological correlates (1). However, the multifactorial
genesis of MS-fatigue remains incompletely understood.
Several studies have suggested that psychological factors
might also contribute to MS fatigue, as, for example, indicated
by its association with depression (6, 7). Moreover, since
behavioral interventions such as Cognitive Behavioral Therapy
(CBT) or mindfulness-based approaches are capable of
effectively reducing fatigue severity in this PwMS (8),
psychological underpinnings appear to modulate aspects of
fatigue too.
However, knowledge about the relative contribution of
psychological factors to MS fatigue and their functional
signiﬁcance remain limited. Interestingly, evidence from other
chronic disorders such as HIV (9, 10), cancer (11, 12), or chronic
fatigue syndrome [CFS; (13, 14)] suggests a potential link
between fatigue, early life adversities, and traumatic stress. The
present exploratory study aimed to interrelate these factors, and
assess their relative contribution to fatigue severity in a large
sample of PwMS, by conducting an online survey and utilizing a
path-analytic approach.

3.2 MATERIAL
METHODS
MATERIAL
ANDAND
METHODS
Participants
3.2.1
Participants
Participants were recruited via advertisements on the website of
the German MS Society (Deutsche Multiple Sklerose
Gesellschaft, DMSG) from July 2018 to March 2019. In
addition, ﬂyers and newsletters were used to advertise the
study at a large rehabilitation center (Kliniken Schmieder
Konstanz) and the MS outpatient clinic of the University
Medical Center Hamburg-Eppendorf.
Patients were eligible if they had a self-reported diagnosis of
MS and if they were at least 18 years old. Access to the Internet
was mandatory. Out of a total of 1.490 individuals who registered
via the website, 608 (41%) completed the study. In order to avoid
the imputation of missing data, only complete data sets were
included (n = 571). All participants provided full informed
consent prior to enrolment. The ethical review board of the
University of Konstanz approved the study in June 2018, prior to
enrolment of the ﬁrst participant. The study was conducted
following the European data protection regulation (EU-GDPR).

Study
Procedure
3.2.2 Study
Procedure
The ﬂyers in the Kliniken Schmieder Konstanz, the University
Medical Center Hamburg-Eppendorf, and the website of the
DMSG provided a link to connect directly to the online survey
(Unipark survey software, Globalpark AG, Hürth). PwMS
provided informed consent online before participation. First,
PwMS completed questions related demographic and clinical
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characteristics {sex, age, MS duration, medication, education,
marital status, psychiatric disorders, and the Patient determined
Disease Steps [PDDS; (15)] as a measure of disability}. Second,
they completed a battery of questionnaires (see below). The
duration of the whole survey was approximately 65 min.

3.2.3 Measures
Measures
The study utilized two measures of fatigue, the Fatigue Scale for
Motor and Cognitive Functions (FSMC), and the Chalder Fatigue
Questionnaire [CFQ, (16)], using the validated German versions
(17, 18). The German version of the Beck Depression Inventory
[BDI-II, (19)] served to assess current symptoms of depression. A
score of 13 is the cut-off score for as validated for the German
version [see (20)] and has also been validated for use in pwMS
(21, 22). For the inclusion into the path model, the shortened
BDI-II-FastScreen was used [BDI-FS; (23)]. The BDI-FS omits
items covering vegetative and somatic aspects of depression, thus
avoiding confounding of the associations between depression and
fatigue in the model that could be caused by overlapping items on
fatigue and related symptoms. The German version of the
Patient-Determined Disease Steps [PDDS, (15)] served as a
measure of disability. The PDDS is a self-report measure which
strongly correlates with the neurologist-rated Expanded Disability
Status Scale [EDSS, (24)]. To assess alexithymia, the German
version of the Toronto-Alexithymia-Scale-26 [TAS-26, (25, 26)]
was administered. The German version of the Childhood Trauma
Questionnaire [CTQ, (27, 28)] is a self-report questionnaire for
the assessment of adverse childhood experiences. It is valid for the
application in individuals aged 12 years or older. The CTQ has
ﬁve subscales that were all considered in the present study: 1. CTQ
emotional abuse; 2. CTQ physical abuse; 3. CTQ sexual abuse; 4.
CTQ emotional neglect; and 5. CTQ physical neglect. For the
assessment of symptoms of anxiety, the present study used the
short form of the German State-Trait Anxiety Inventory [STAI,
(29, 30)], with an emphasis on the current symptoms, assessed
with the State Anxiety Scale (STAI-State). The Young SchemaQuestionnaire – Short Form 3 [YSQ, (31)] is a measure to assess
early maladaptive schemas (EMS), which has been translated and
validated in German (32). Young (33) suggest that schemas form
domains, which represent the hypothesized developmental
origins of the schemas. Each of the domains represents a
grouping of developmental needs. Young postulates ﬁve
domains that were also considered in the present study: 1. YSQ
disconnection and rejection; 2. YSQ impaired autonomy and
performance; 3. YSQ impaired limits; 4. YSQ other-directedness;
and 5. YSQ over-vigilance and inhibition. Detailed information on
the scoring of each measure can be found in Supplement 3.

3.2.4
Analysis
Data Data
Analysis
In a ﬁrst step, Pearson-correlations between the main variables of
interest included in the path analysis served to display the zeroorder correlations. According to Cohen (34), correlation
coefﬁcients >.10 represent small, >.30 medium, and >.50 large
effects. The supplement contains the respective table
(Supplement 1, 2).
Path analyses calculated in AMOS 25 for Windows served to
model the complex relations between 1) childhood adversities, 2)
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schema domains and alexithymia, 3) current pathology, and 4)
fatigue. All other analyses were carried out with SPSS 25 for
Windows. Fatigue, as measured with the FSMC, was the primary
dependent variable. All other variables served as predictor
variables on the respective levels:
The model followed the hypotheses that childhood precedes
the development of a stable personality and that the development
of a stable personality precedes current pathology and fatigue
symptoms. Therefore, 1. CTQ subscales constituted the ﬁrst level
of the predictor variables, 2. YSQ schema domains and
alexithymia the second level, and 3. the current depression and
anxiety symptoms, as well as the subjectively reported disability,
the third level. Statistical modeling started with the full model
and a backward exclusion approach, excluding non-signiﬁcant
paths stepwise. During this procedure, one step also acknowledged
the content of the relationship between variables where the
identiﬁcation of a non-signiﬁcant path was equivocal due to a
signiﬁcant variance overlap between path-coefﬁcients from two
CTQ subscales. The ﬁt indices CFI (comparative ﬁt index) and
RMSEA (root mean square error of approximation) according to
the cut-off scores deﬁned in Hu & Bentler (35) served to estimate
the ﬁt of the ﬁnal model.
First, maximum likelihood estimation was applied. However,
multivariate kurtosis and skewness values indicated deviations
from multivariate normality [kurtosis = 10.16; c.r. = 7.18; (34)],
in particular, due to skewed CTQ distributions. These deviations
are critical as violations of multivariate normality may cause an
inﬂation of Chi-Square values (35). The Bollen-Stine bootstrap p
conﬁrmed that the path model based on Maximum Likelihood
estimation did not ﬁt the data adequately (p = .021). Therefore,
the repeated statistical modeling utilized the backward procedure
with a bootstrapping approach. Bootstrapping, with 50.000
bootstrap samples, served to calculate bias-corrected
conﬁdence intervals for the path coefﬁcients. Path coefﬁcients
that lay within the conﬁdence interval ranging from (SM 1,96*SE) to (SM + 1,96*SE) were considered as statistically not
signiﬁcant. In the ﬁnal model, four cases displayed Mahalanobis
distances at p <.001 fulﬁlling the criterion of outliers (36).
However, the exclusion of these outliers did not have a
signiﬁcant impact on the ﬁnal model. Thus, maintaining these
data in the data set was justiﬁed.
Additionally, to support the validity of the ﬁnal selected
model, the model ﬁt was re-estimated by using the second
fatigue measure (CFQ) as the dependent variable. Furthermore,
a cross-validation approach helped to estimate the robustness of
the proposed model by randomly splitting the sample into two
halves. Model ﬁts were re-estimated for the split sub-samples.
Finally, Bayesian estimation served to calculate the indirect
effects of childhood adversities on fatigue symptoms. The
Markov Chain Monte Carlo (MCMC) method implemented in
AMOS was chosen. This Monte Carlo technique utilizes a
random number generator to draw samples, serving to
estimate the posterior distribution of parameters in the model.
Ninety-ﬁve percent conﬁdence intervals were chosen to
determine statistical signiﬁcance. The level of signiﬁcance was
alpha <.05.
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3.3
RESULTS
RESULTS
Sample Characteristics Table 1 provides an overview of the
sample characteristics. Means (SD) represent the primary
estimates unless otherwise speciﬁed.
The sample had a distribution of clinical characteristics
reasonably typical for an MS outpatient sample with a female
to male ratio of 3.3 to 1 and approximately 70% RRMS patients.
However, depression scores were higher than what is typical for
this population (65.5% above the clinical cut-off of ≥13 on the
BDI-II for at least mild depressive symptoms).

Path Model
3.3.1
Path Model
Before inclusion in the path model, inter-correlations between
the primary outcome variables were calculated. Supplement 1
displays Pearson correlation coefﬁcients between the fatigue
measures and the measures assessing symptom severity.
Supplement 2 contains Pearson correlations between current
symptom severity, fatigue, and childhood adversities, as well as
schema domains (EMS) and alexithymia.
In contrast to a multiple linear regression analyses that
primarily focuses on the relationship between one dependent
variable and various predictor variables, a path model has the
advantage of combining different simple regression models into
one overarching model. Figure 1 displays the ﬁnal path model
after stepwise removal of non-signiﬁcant paths in order to
improve model ﬁt. By removing non-signiﬁcant paths from the
initial model, only those paths that are meaningful in terms of
the prediction of one variable from other variables remain in the
ﬁnal model.

TABLE 3.1 | Sample characteristics.
Total (N = 571)
age in years (M/SD)
sex (females/males)
education
no graduation
9 years
10 years
13 years
disease duration in years (M/SD)
PDDS (M/SD)
Disease course N (%)
Clinically isolated syndrome
Relapsing-remitting (RRMS)
Secondary progressive (SPMS)
Primary progressive (PPMS)
Unknown
FSMC (M/SD)
CFQ (M/SD)
BDI-II (M/SD)
BDI-FS (M/SD)
Clinically relevant depressive symptoms (BDI-II 13 or
higher) N, %

43.4 (10.9)
438/133
2 (.4%)
39 (6.8%)
173 (30.3%)
357 (62.5%)
9.1 (7.6)
2.4 (1.9)
7 (1.2%)
392 (68.7%)
75 (13.1%)
52 (9.1%)
45 (7.9%)
72.26 (16.16)
21.06 (6.08)
17.71 (10.39)
4.41 (3.63)
374 (65.5)

N, number of participants; SD, Standard Deviation; M, mean; CFQ, Chalder Fatigue
Questionnaire; FSMC, Fatigue Scale for Motor and Cognitive Functions; BDI-FS, Beck
Depression Inventory II FastScreen; BDI-II, Beck Depression Inventory II; PDDS, Patient
Determined Disease Steps.
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FIGURE 3.1 | Final path model with all statistically signiﬁcant paths between the four levels of early adversities, trait variables, current pathology, and fatigue
symptoms. CTQ, Childhood Trauma Questionnaire; TAS-26, Toronto Alexithymia Scale 26; YSQ, Young Schema Questionnaire S3; STAI-State, State Trait Anxiety
Inventory-State Scale; BDI-FS, Beck Depression Inventory II FastScreen; PDDS, Patient Determined Disease Steps; FSMC, Fatigue Scale for Motor and Cognitive
Functions. Only statistically signiﬁcant paths are printed.

The model ﬁt for the ﬁnal model was excellent [Chi2 (20) = 35.94,
p = .016, Chi2/df = 1.80, CFI = 1.00, RMSEA = .04]. To facilitate the
presentation of the complex relations between the variables, Figure 1
only displays the relevant paths without the beta coefﬁcient values.
The subsequent ﬁgures focus on speciﬁc relationships. They also
display the bootstrapped 95% conﬁdence intervals.
Figure 2 displays the relation between childhood adversities
and trait measures, i.e., the ﬁrst two levels of the path model.
From the ﬁve different CTQ scales initially included in the full
model, only emotional neglect and emotional abuse remained as
signiﬁcant predictors in the ﬁnal model. For a better visual
representation, Figure 2 displays the path coefﬁcient from the
predictor variables CTQ emotional abuse and CTQ emotional
neglect on the PwMSs’ trait characteristics, indicated by their
EMSs (YSQ) and their level of alexithymia (TAS-26) separately.
The results highlight the importance of emotional disturbances
in childhood and adolescence. Both CTQ scales signiﬁcantly
predict four of the ﬁve YSQ scales (1. YSQ disconnection and
rejection; 2. YSQ impaired autonomy and performance; 3. YSQ
other-directedness; and 4. YSQ over-vigilance and inhibition)
that all remained in the ﬁnal model. Also, CTQ emotional neglect
predicted alexithymia, and the YSQ subscale impaired limits.
For the relation between the trait variables and current
symptom severity (Figure 3), alexithymia (TAS-26) and the
YSQ scales impaired autonomy and performance, disconnection
and rejection, as well as over-vigilance and inhibition, predicted

depression symptoms. Higher alexithymia scores, as well as higher
perceived disconnection and rejection, higher impairments in
autonomy and performance, and higher other-directedness
predicted more severe anxiety symptoms. PwMS who reported
higher levels of disconnection and rejection, as well as impaired
limits, also scored higher on the PDDS scale. As indicated by the
negative path coefﬁcients, PwMS with lower other-directedness
and less over-vigilance and inhibition reported higher disability
(PDDS). These results indicate that speciﬁc trait characteristics,
which in turn are predicted by early life adversities, do have not
only a signiﬁcant impact on the current anxiety and depression
severity but are also associated with self-reported disability.
Figure 4 displays all direct signiﬁcant predictor variables for the
prediction of current fatigue severity. Current anxiety and depressive
symptom severity directly inﬂuence fatigue severity. More severe
symptoms of anxiety and depression are associated with higher
fatigue scores. PwMS with higher disability also reported more
severe fatigue symptoms. As indicated by the direct path from the
TAS-26, PwMS with higher scores in alexithymia tend to experience
higher fatigue severity. Additionally, PwMS who report impaired
autonomy and performance on the respective YSQ-sub-scale also
tend to report more fatigue symptoms. Thus, the trait variables
TAS-26 and YSQ impaired autonomy and performance, also have a
direct impact on fatigue symptoms. Additionally, there were small
but signiﬁcant indirect effects of reported emotional abuse (M =
.05, SE <.01) and emotional neglect (M = .11, SE <.01) on fatigue.
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FIGURE 3.2 | Path coefﬁcients from the predictor variables CTQ emotional neglect (left) and CTQ emotional abuse (right) on the YSQ sub scales and the TAS 26
alexithymia scales. The ﬁgure displays the levels of early adversities and trait variables taken from the ﬁnal path model displayed in Figure 3.1. CTQ, Childhood Trauma
Questionnaire; TAS-26, Toronto Alexithymia Scale 26; YSQ, Young Schema Questionnaire S3. For a better visual presentation, the paths from the CTQ subscales CTQ
emotional neglect (left) and CTQ emotional abuse (right) on the trait variables are printed separately, with paths belonging to the other predictor variable respectively being
greyed out. Standardized beta coefﬁcients are displayed.

Thus, adverse emotional experiences during childhood also
indirectly inﬂuence current fatigue symptoms. The path model
accounted for 28.2% of the fatigue severity variance.

(20) = 30.06, p = .069, Chi2/df = 1.50, CFI = .99, RMSEA = .04].
Thus, the obtained results support the validity of the ﬁnal
model obtained.

3.3.2 Validation
the Model
Path Model
With a
Validation
of theof
Path
With a
Secondary
Fatigue
Measure
Second
Fatigue
Measure

3.4
DISCUSSION
DISCUSSION

The model ﬁt remained excellent after re-calculating the ﬁnal
model with the CFQ instead of the FSMC as a measure for
fatigue [Chi2 (20) = 34.25, p = .024, Chi2/df = 1.71, CFI = 1.00,
RMSEA = .04]. This result supports the validity of the obtained
model, as it was possible to replicate it with another
fatigue measure.

3.3.3
Cross-Validation
Cross-Validation
CheckCheck
As another approach to support the validity of the model, it was
re-calculated after splitting the sample into two equally large
halves. This method serves to test whether the ﬁt measures
remain stable, when a different composition of the sample is
chosen, or whether the ﬁt measures are susceptible to one
particular selection of participants and not replicable. As for
the previous calculations, data ﬁt the hypothesized model in both
subsamples [split half 1 (n = 285): Chi2 (20) = 21.86, p = .348,
Chi2/df = 1.09, CFI = 1.00, RMSEA = .02; split half 2 (n = 286):
Chi2 (20) = 32.78, p = .036, Chi2/df = 1.64, CFI = .99, RMSEA =
.05]. Similar results were observed after replacing the FSMC with
the CFQ [split half 1 (n = 285): Chi2 (20) = 21.84, p = .349, Chi2/
df = 1.09, CFI = 1.00, RMSEA = .02; split half 2 (n = 286): Chi2

The present study aimed to investigate the association of
different psychological factors with current fatigue symptoms
in MS. In particular, it focused on 1) childhood adversities as
measures of early adverse experiences, 2) Alexithymia and EMS
according to the Schema-therapeutic model as measures of trait
characteristics, 3) anxiety, depression symptoms, as well as
disability, and 4) fatigue as the primary outcome variable. Path
analysis served to model the complex relations and the relative
contributions of these variables to fatigue severity.
Among the ﬁve CTQ childhood adversities subscales, only the
subscales assessing emotional neglect and abuse remained in the
ﬁnal model, while all other subscales made no signiﬁcant
contribution (physical abuse, sexual abuse, and physical
neglect). This ﬁnding corroborates and extends a previous
cohort study (37), where emotional abuse and emotional
neglect showed the largest effect sizes among the different types
of childhood trauma in MS compared to healthy controls.
Together, this adds to a growing literature from cross-sectional
(37, 38) and register-based studies (39) that have indicated a link
between childhood adversity, trauma-related disorders, and
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FIGURE 3.3 | Path coefﬁcients from the YSQ and TAS-26 trait variables on the variables assessing current symptom severity. The ﬁgure displays the levels of trait
variables and symptom severity taken from the ﬁnal path model displayed in Figure 3.1. YSQ, Young Schema Questionnaire S3; TAS-26, Toronto Alexithymia Scale
26; STAI-State, State Trait Anxiety Inventory State Scale; BDI-FS, Beck Depression Inventory II FastScreen; PDDS, Patient Determined Disease Steps. For a better
visual presentation, the paths from the trait variables on the variables measuring current symptom severity STAI-State and PDDS (left), as well as the BDI-FS (right) are
printed separately, with paths belonging to the other predictor variable respectively being greyed out. Standardized beta coefﬁcients are displayed.

autoimmune diseases. While the available data suggest some
speciﬁcity of emotional vs. physical domains of abuse, the
potential causes for this remain unknown. Some of this might
be due to statistical power as emotional abuse tends to have a
higher reported frequency in MS [e.g. (37 )]. It is tempting to
speculate that other factors, including possible differential
biological substrates of different forms of abuse, could also play
a role here and this should be investigated in future research.
Further studies should focus on the comparison between
PwMS, patients with other somatic disorders and co-morbid
fatigue, as well as healthy controls. This would help to
disentangle the speciﬁcity of the link between adverse
emotional experiences and fatigue as an MS-related or a more
general phenomenon. A link between adverse emotional
experiences and fatigue has also been reported in other
medical conditions, such as CFS or cancer (40, 41).
It should be noted that these ﬁndings could at least in part be
due to an overlap with comorbid or misdiagnosed depression
(14). In the present study, we used the BDI-II-FastScreen to
overcome the shortcoming of a symptom overlap (i.e. somatic/
vegetative symptoms of depression that may also be impact
responses on fatigue questionnaires). Still, the differentiation
between the different phenomena requires further study.
While our study was a cross-sectional survey, the assessment
of emotional neglect and emotional abuse using the CTQ is a
retrospective assessment of experiences during childhood and

adolescence. Thus, these experiences will in most or all cases be
before MS onset (which only rarely manifests before the age of 18
and typically has an age of onset between 20 and 30 years of age).
There are several possibilities that may explain the increased
frequencies of adverse childhood experiences reported by MS
patients compared to healthy controls in previous studies (37 ).
For example, it is conceivable that MS patients are more likely to
recall or report such experiences (a phenomenon known as
“effort after meaning”). However, the large population-based
by Song et al. (39 ) used documented diagnoses of stress-related
disorders (including PTSD) preceding the MS diagnosis by
several years and thus cannot be explained by “effort after
meaning”. This may suggest that direct or indirect effects of
childhood adversity may increase the risk of subsequently
developing MS (or other autoimmune diseases). Currently
these mechanisms remain unknown but they may include
behavioral factors [e.g. altered health behaviors such as diet,
exercise, or smoking, the latter of which is a known risk factor for
MS, see (42)]. Moreover, there might be biological pathways (e.g.
altered stress response system regulation or inﬂammatory
mechanisms) that have been linked to childhood trauma (43)
and might also play a role in MS (44). Similarly, these
mechanisms could also contribute to MS symptoms such as
fatigue. However, at this point, this remains speculative and
detailed studies, ideally longitudinal in nature, are required to
probe this hypothesis and explore potential behavioral or
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FIGURE 3.4 | Path coefﬁcients from all variables with direct effect on fatigue symptoms as the primary outcome variable PDDS. CTQ, Childhood Trauma
Questionnaire; TAS-26, Toronto Alexithymia Scale 26; YSQ, Young Schema Questionnaire S3; STAI-State, State Trait Anxiety Inventory State Scale; BDI-FS, Beck
Depression Inventory II FastScreen; PDDS, Patient Determined Disease Steps; FSMC, Fatigue Scale for Motor and Cognitive Functions. For a better visual
presentation, only signiﬁcant direct paths from the various predictor variables on the FSMC primary outcome variable are printed in black. Standardized beta
coefﬁcients are displayed.

biological mechanisms that might contribute to the association
between childhood adversity and MS risk or symptom severity.
Based on the present analysis, the reported childhood
adversities may not only be more common in MS than the
general population but could indirectly contribute to symptom
severity, particularly concerning depression and fatigue. The
presented model suggests that these associations could be
mediated via Early Maladaptive Schemas as measured by
the YSQ.
These results are in line with studies in which early adversities
predicted the development of EMS in particular in affective
disorders (45) and individuals with personality disorders (46).
Similarly, research on different psychopathologies, such as
affective disorders (47), personality disorders (48), or adult
dissociation (49), has reported a relation between emotional
abuse/neglect and the development of alexithymia as a trait
characteristic. The MS literature also consistently describes
moderate associations between symptoms of anxiety,
depression as well as disability, and fatigue (50, 51), which the
proposed path model from our study conﬁrms. Intriguingly, trait
characteristics predicted current self-reported disability, which
may reﬂect an overlap between psychological and somatic
phenomena. However, while the associations were statistically
signiﬁcant in this large cohort, the magnitude of the contribution
of YSQ and alexithymia to fatigue scores was rather small and a
sizeable portion of variability in fatigue severity remained

unexplained, suggesting that other factors not included in our
model likely contribute to MS-associated fatigue.
Considering the relation between adverse childhood
experiences and MS-related fatigue indicated by our data, it is
tempting to hypothesize that Schema Therapy could provide a
useful taxonomy to understand and link the functional aspect of
fatigue to childhood adversities. Schema Therapy provides a
trans-diagnostic conceptual and empirically validated framework
(32, 51). A central aspect of schema therapy is the concept of
EMS, thought to develop in childhood (52). While this might be
interesting from a conceptual point of view, the cross-sectional
associations between schemas and fatigue alone are not sufﬁcient
to claim causality, and no clinical trial to date has explored the
potential of schema therapy for neuropsychiatric aspects of MS
(including fatigue).
However, further research is required in order to elaborate a
profound etiologcal working model on how early life adversities
could manifest in MS and contribute to associated symptoms
such as fatigue or psychopathology. While Young’s Schema
Questionnaire assesses EMS, it does not capture the functional
or dysfunctional nature of these concepts. Measures, such as the
OPD conﬂict questionnaire (53) or the Schema Mode Inventory
(54) could deepen our understanding of the psychosomatic or
psychodynamic nature of fatigue. Fatigue could for example
constitute a potential defense mechanism according to
psychodynamic theories. Moreover, interactions on both the
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psychological and the biological level could account for the
speciﬁc relation between adverse emotional experience and
MS-fatigue found in this study and should be targeted by
future research strategies.
The major limitation of the present study is that all data were
obtained cross-sectionally and are correlational and the path
model’s hierarchical structure does not necessarily imply a causeeffect relationship between the three levels. Moreover, responses
in the CTQ speciﬁcally may be prone to recall bias or effort-aftermeaning effects.
The present study was web-based and all MS diagnoses and
clinical data rely on participants’ self-reports A selection bias for
the PwMS sample can also not be excluded. The advertisement of
the study as a survey on fatigue in MS may explain the high
average levels of fatigue in our sample. In a related matter,
depression scores were quite high, and the percentage of
patients who had depressive symptoms above the clinical cutoff was higher than what is common in MS (55). Structured
clinical interviews would have been helpful to validate anxiety
and depression symptoms. Bed-ridden patients or patients who
do not have access to the internet might also not have
participated. Biased sample characteristics could limit the
generalizability of the present ﬁndings.
Moreover, MS has a genetic component and can cluster in
families (56). Although the majority of MS patients do not have
ﬁrst-degree relatives with the disease, it is conceivable that
genetic or environmental factors linked to family history of MS
can affect childhood experiences. In our study, we did not assess
and thus could not explore the effect of parental MS on any of the
measures obtained.
Taken together, the present study revealed a path model based
on a large sample of PwMS from an online-survey. Among
different childhood adversities, only emotional neglect and
emotional abuse predicted certain personality traits, current
disability, and psychopathology, as well as MS fatigue
symptoms. Alexithymia, as well as EMS, play a mediating role
in the relation between childhood emotional abuse/neglect and
current disability, as well as symptoms of depression and anxiety.
Current disability and symptoms of depression and anxiety were,
in turn, associated with fatigue symptoms. Thus, the current study
not only conﬁrms the well-established relation between
psychopathology and fatigue in MS but is -to the best of our
knowledge- the ﬁrst to also establish a link to early adversities and
speciﬁc trait characteristics. If early abuse and neglect increase the
probability for the development of individual personality
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3.6 Supplementary Material
Supplementary Material
Supplement 3.1
Supplement 1. Inter-correlations between the fatigue measures FSMC and CFQ, the BDI-II,
BDI-FS, PDDS, and the STAI-State.
FSMC

CFQ

BDI-II

BDI-FS

PDDS

FSMC

1

CFQ

.70**

1

BDI-II

.53**

.60**

1

BDI-FS

.38**

.46**

.90**

1

PDDS

.35**

.19**

.11*

.07

1

STAI-State

.36**

.42**

.73**

.70**

-.01

STAIState

1

Note. ** p < .001; * p < .01. FSMC = Fatigue Scale for Motor and Cognitive Functions, CFQ =
Chalder Fatigue Questionnaire, BDI-II = Beck Depression Inventory II, BDI-FS = Beck
Depression Inventory II FastScreen, PDDS = Patient Determined Disease Steps, STAI-State =
State Trait Anxiety Inventory State Scale. Significant correlation coefficients are printed bold.
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Supplement 3.2
Supplement 2. Inter-correlations between the fatigue scales FSMC and CFQ, the BDI-II, BDI-FS, TAS-26,
PDDS, STAI-State and the CTQ subscales as well as the YSQ schema-domains.
FSMC

CFQ

BDIII

BDIFS

TAS26

PDDS

STAIState

CTQ emotional abuse

.22**

.20**

.39**

.36**

.14**

.01

.33**

CTQ physical abuse

.12*

.07

.18**

.15**

.03

.01

.14**

CTQ sexual abuse

.06

.05

.04

.01

-.03

-.03

.07

CTQ emotional neglect

.23**

.15**

.38**

.35**

.23**

.08

.35*

CTQ physical neglect

.21**

.15**

.32**

.27**

.20**

.15**

.27**

YSQ disconnection and rejection

.33**

.34**

.68**

.68**

.55**

.04

.61**

YSQ impaired autonomy and performance

.35**

.37**

.66**

.66**

.51**

.03

.63**

YSQ impaired limits

.24**

.21**

.43**

.39**

.37**

.02

.39**

YSQ over-vigilance and inhibition

.23**

.28**

.63**

.63**

.50**

-.10+

.57**

YSQ other-directedness

.22**

.25**

.53**

.50**

.42**

-.10+

.50**

Note. ** p < .001; * p < .01. +p < .05. CTQ = Childhood Trauma Questionnaire, YSQ = Young Schema
Questionnaire S3, FSMC = Fatigue Scale for Motor and Cognitive Functions, CFQ = Chalder Fatigue
Questionnaire, BDI-II = Beck Depression Inventory II, BDI-FS = Beck Depression Inventory II FastScreen,
PDDS = Patient Determined Disease Steps, TAS-26 = Toronto Alexithymia Scale 26, STAI-State = State Trait
Anxiety Inventory State Scale. Significant correlation coefficients are printed bold.

2

3. Study 2

47 47

Supplement 3.3
Calculation of scale scores

Fatigue Scale for Motor and Cognitive Functions (FSMC)
The FSMC is a 20-item fatigue measure. Ten items measure symptoms of motor and
cognitive fatigue, respectively [16]. PwMS had to score their responses on a five-point Likert
scale (from “1” = absolutely agree” to “5” = “absolutely disagree”). The global FSMC score
is the sum of the 20 item scores [range: 20-100]. The present study did not consider the two
sub-scores for motor and cognitive fatigue.

Chalder Fatigue Questionnaire (CFQ)
The CFQ [17] is awell-established measure to assess patients’ fatigue severity. It includes 11
items referring to symptom severity in the past month. PwMS had to score their responses on
a four-point Likert scale (“0” = “less than usual”, to “3” “much more than usual”) [18]. The
analyses in the present study made use of the CFQ global severity score (CFQ; sum of all
items; range: 0-33).

Beck Depression Inventory (BDI-II) and Beck Depression Inventory FastScreen (BDI-II-FS)
The BDI comprises 21 items. For each item, respondents have to select a response option. The
symptoms severity varies between the response options and can reach a value from “0” to “3”.
Higher values indicate a higher symptom severity. The total score for depression severity is
the sum of severity ratings of each depression item (range 0-63). For the inclusion into the
path model, we computed the seven-item Beck Depression Inventory FastScreen (BDI-II-FS)
and which is the sum of the respective seven items that omit vegetative and somatic
symptoms of depression (range: 0-21).

Patient-Determined Disease Steps (PDDS)
The PDDS utilizes a nine-point scale (“0” = “normal” to “8” = “bedridden”) Higher scores
also indicate a higher disability.

Toronto-Alexithymia-Scale-26 (TAS-26)
The Toronto-Alexithymia-Scale-26 (TAS-26) is a reliable and valid tool for the assessment of
alexithymia. The original version of the TAS-26 is a self-report scale and comprises 26 items.
Respondents rate each item on a five-point Likert scale (“1” = “not at all true” to “5” =
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“absolutely true”). The total alexithymia score is the sum of responses to 18 of the 26 items
(range: 18-90).

Childhood Trauma Questionnaire (CTQ)
The present study utilized the short-version of the German CTQ [27]. This version contains
28 items. It served to assess the exposure to different types of childhood adversities.
Respondents have to score each item on a five-point Likert scale (“1” = “never true”; “5” =
“very often true”). Each subscale contains five items. The sum score of the items for each
scale ranges from 5 to 25. Additional three items form the denial subscale of the
questionnaire (designed to detect socially desirable responses or false-negative trauma
reports). The present study did not consider the latter scale.

State-Trait Anxiety Inventory (STAI)
The State-Trait Anxiety Inventory is a widely used measure of anxiety. It contains two
subscales with ten items per scale: 1. the State Anxiety Scale evaluates the current state of
anxiety, asking how respondents feel currently; 2. the Trait Anxiety Scale evaluates relatively
stable aspects of anxiety proneness. PwMS had to score their responses on an 8-point scale
(“1” = “almost never” to “8” = “almost always”). The present study aimed to focus on the
current symptoms of anxiety rather than on anxiety as a personality trait. Therefore, it utilized
the State Anxiety Scale (STAI-State, range: 10 - 80). The German version of Grimm [29] asks
not for the symptoms of anxiety at the very moment but the current symptoms. Therefore, it
matched the current psychopathology in relation to the aforementioned depression and fatigue
measures best.

Young Schema-Questionnaire – Short Form (YSQ)
The Young-Schema-Questionnaire utilizes a six-point Likert scale ranging from “1” =
“strongly disagree” to “6” = “strongly agree”. Higher values indicate a stronger presence of
the respective schema. The YSQ-S3 includes 18 early maladaptive schemas (EMS), with five
items per scale. In total, the YSQ-S3 consists of 90 items. In the present study, EMS
belonging to a so-called domain were summed according to the five domains, postulated by
Young: 1. YSQ disconnection and rejection (range: 25 – 150); 2. YSQ impaired autonomy and
performance (range: 20 – 120); 3. YSQ impaired limits (range: 10 – 60); 4. YSQ otherdirectedness (range: 10 – 60); and 5. YSQ over-vigilance and inhibition (range: 20 – 120).
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Association of Fatigue Severity With Maladaptive Coping in
Multiple Sclerosis: A Data-Driven Psychodynamic
Perspective
Gesa E. A. Pust, Jennifer Randerath, Lutz Goetzmann, Roland Weierstall, Michael Korzinski, Stefan
M. Gold, Christian Dettmers, Barbara Ruettner and Roger Schmidt

Abstract
Fatigue in persons with multiple sclerosis (PwMS) is severely disabling. However, the underlying
mechanisms remain incompletely understood. Recent research suggests a link to early childhood adversities and psychological trait variables. In line with these studies, this paper took a psychodynamic
perspective on MS-fatigue. It was hypothesized that fatigue could represent a manifestation of maladaptive coping with intense emotions. The schema therapeutic mode model served as a theoretical and
empirically validated framework, linking psychodynamic theory and empirical research methods. The
study was based on a data set of N = 571 PwMS that has also served as the basis for another publication. Data was collected online. The Schema Mode Inventory was used to quantify regulatory strategies to cope with emotionally stressful experiences. In addition, depressive symptoms (Beck’s Depression Inventory - FastScreen), physical disability (Patient Determined Disease Steps), alexithymia (Toronto Alexithymia Scale-26), adverse childhood experiences (Childhood Trauma Questionnaire), and
self-reported fatigue (Fatigue Scale for Motor and Cognitive Functions) were assessed. Latent profile
analysis revealed three distinct groups of PwMS, based on their coping mode profiles: (1) PwMS with
low maladaptive coping, (2) PwMS with avoidant/submissive coping styles, and (3) PwMS with
avoidant/overcompensatory coping styles. Multivariate comparisons showed no significant difference
in physical disability across the three groups. However, heightened levels of self-reported fatigue and
depression symptoms occurred in PwMS with maladaptive coping styles. A path model uncovered that
self-reported fatigue was robustly related to physical disability (β = 0.33) and detached/avoidant coping (Detached Protector; β = 0.34). There was no specific relation between any of the maladaptive
coping modes and depression symptoms. Detached/avoidant coping was in turn predicted by childhood emotional abuse and neglect. The results indicate that childhood adversity and detached/avoidant
coping styles may be associated with variability in MS-fatigue severity: PwMS that resort to detached/avoidant coping in response to negative emotions also tend to report heightened levels of fatigue, although they do not differ in their perceived disability from PwMS with low levels of fatigue
and maladaptive coping. A link between MS-fatigue and the psychodynamic traumatic conversion
model is discussed. The implications of these findings for therapeutic interventions require further
study.
Keywords fatigue, multiple sclerosis, conversion, schema modes, latent profile analysis
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Fatigue in persons with multiple sclerosis (PwMS) is severely disabling. However, the
underlying mechanisms remain incompletely understood. Recent research suggests
a link to early childhood adversities and psychological trait variables. In line with
these studies, this paper took a psychodynamic perspective on MS-fatigue. It was
hypothesized that fatigue could represent a manifestation of maladaptive coping with
intense emotions. The schema therapeutic mode model served as a theoretical and
empirically validated framework, linking psychodynamic theory and empirical research
methods. The study was based on a data set of N = 571 PwMS that has also served as
the basis for another publication. Data was collected online. The Schema Mode Inventory
was used to quantify regulatory strategies to cope with emotionally stressful experiences.
In addition, depressive symptoms (Beck’s Depression Inventory - FastScreen), physical
disability (Patient Determined Disease Steps), alexithymia (Toronto Alexithymia Scale-26),
adverse childhood experiences (Childhood Trauma Questionnaire), and self-reported
fatigue (Fatigue Scale for Motor and Cognitive Functions) were assessed. Latent profile
analysis revealed three distinct groups of PwMS, based on their coping mode profiles: (1)
PwMS with low maladaptive coping, (2) PwMS with avoidant/submissive coping styles,
and (3) PwMS with avoidant/overcompensatory coping styles. Multivariate comparisons
showed no significant difference in physical disability across the three groups. However,
heightened levels of self-reported fatigue and depression symptoms occurred in PwMS
with maladaptive coping styles. A path model uncovered that self-reported fatigue was
robustly related to physical disability (β = 0.33) and detached/avoidant coping (Detached
Protector; β = 0.34). There was no specific relation between any of the maladaptive
coping modes and depression symptoms. Detached/avoidant coping was in turn
predicted by childhood emotional abuse and neglect. The results indicate that childhood
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adversity and detached/avoidant coping styles may be associated with variability in
MS-fatigue severity: PwMS that resort to detached/avoidant coping in response to
negative emotions also tend to report heightened levels of fatigue, although they do not
differ in their perceived disability from PwMS with low levels of fatigue and maladaptive
coping. A link between MS-fatigue and the psychodynamic traumatic conversion model
is discussed. The implications of these findings for therapeutic interventions require
further study.
Keywords: fatigue, multiple sclerosis, conversion, schema modes, latent profile analysis
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TABLE 4.1 | Fit indices for the seven different latent profile analyses.
Modell

Log-likelihood

BIC

Entropy

LMR-A p

BLRT p

2 classes

−35,177.48

70,856.34

0.81

<.001

<.001

3 classes

–35,067.94

70,891.22

0.80

0.025

0.025

4 classes

−35,050.86

71,110.94

0.83

0.172

0.171

5 classes

−34,978.79

71,220.71

0.76

0.267

0.266

6 classes

−34,937.86

71,392.75

0.79

0.194

0.194

7 classes

−34,918.37

71,607.65

0.82

0.526

0.526

8 classes

−34,901.33

71,827.48

0.81

0.531

0.531

Bayesian information criterion (BIC), Lo-Mendell-Rubin adjusted likelihood ratio test (LMRA-A); bootstrap likelihood ratio test (BLRT). Fit indices for the selected 3 classes model are
printed bold.
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FIGURE 4.1 | Item response profiles of the three classes of PwMS in the five SMI maladaptive coping modes. The items belonging to the coping strategy of surrender
are colored in light gray. The items belonging to avoidance (Detached Protector and Detached Self-Soother) are colored white. Colored in dark gray are those items
belonging to overcompensation, i.e., the Self-Aggrandizer mode and the Bully and Attack mode. The estimated means were derived from the previous LPA.

TABLE 4.2 | Average posterior probabilities for the 3-class model.
class

N

1

2

3

class 1

301

0.95

0.04

0.01

class 2

194

0.07

0.89

0.03

class 3

76

0.04

0.15

0.81

Posterior probabilities represent the probability that an individual belongs to the respective
assigned class. Bold values represent the average probabilities of the corresponding
classes.
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TABLE 4.3 | Socio-demographic and clinical data (1) of the total sample, (2) and separated by LPA classes.
LPA class
Measure

Total sample

class 1

class 2

class 3

(n = 571)

(n = 301)

(n = 194)

(n = 76)

Statistics

Female

438 (76.7)

238 (79.1)

149 (76.8)

51 (67.1)

Male

133 (23.3)

63 (20.9)

45 (23.2)

25 (32.9)

43.4 (10.9)

44.0 (11.1)

42.8 (10.9)

42.5 (9.7)

F (2, 568) = 0.96, p = 0.385

9.1 (7.6)

9.7 (8.1)

8.4 (7.2)

8.4 (7.0)

F (2, 568) = 2.21, p = 0.111

Yes

399 (69.9)

211 (70.1)

139 (71.6)

49 (64.5)

Chi2 (2) = 1.35, p = 0.509

No

172 (30.1)

90 (29.9)

55 (28.4)

27 (35.5)

Sex n (%)

Age (M ± SD)
Disease duration in years (M ±
SD)

Chi2 (2) = 4.86, p = 0.088

Medication n (%)

Disease course n (%)
Primary manifestation
RRMS

7 (1.2)

3 (1.0)

3 (1.5)

1 (1.3)

392 (68.7)

210 (69.8)

130 (67.0)

52 (68.4)

PPMS

52 (9.1)

22 (7.3)

23 (11.9)

7 (9.2)

SPMS

75 (13.1)

45 (15.0)

21 (10.8)

9 (11.8)

Not specified

45 (7.9)

21 (7.0)

17 (8.8)

7 (9.2)

Chi2 (8) = 5.42, p = 0.712

Highest school degree
No school degree

2 (0.4)

0 (0.0)

1 (0.5)

1 (1.3)

Lower-secondary
qualification
(Hauptschulabschluss)

39 (6.8)

20 (6.6)

11 (5.7)

8 (10.5)

Intermediate general
qualification (Mittlere
Reife)

173 (30.3)

87 (28.9)

71 (36.6)

15 (19.7)

University entrance
qualification (Abitur)

357 (62.5)

194 (64.5)

111 (57.2)

52 (68.4)

25 (4.4)

12 (4.0)

9 (4.6)

4 (5.3)

Vocational training
(Lehre)

246 (43.1)

117 (38.9)

103 (53.1)

26 (34.2)

Technical school
(Fachschule)

97 (17.0)

49 (16.3)

27 (13.9)

21 (27.6)

University
degree/polytechnic
degree

203 (35.6)

123 (40.9)

55 (28.4)

25 (32.9)

274 (48.0)

151 (50.2)

84 (43.3)

39 (51.3)

Married, living apart

11 (1.9)

5 (1.7)

3 (1.5)

3 (3.9)

Same-sex union, living
together

2 (0.4)

2 (0.7)

0 (0.0)

0 (0.0)

Chi2 (6) = 12.15, p = 0.059

Highest degree
No vocational training

Chi2 (6) = 19.02, p = 0.004

Family status
Married, living together

Cohabiting

116 (20.3)

63 (20.9)

38 (19.6)

15 (19.7)

Divorced

21 (3.7)

15 (5.0)

4 (2.1)

2 (2.6)

Widowed

7 (1.2)

3 (1.0)

4 (2.1)

0 (0.0)

140 (24.5)

62 (20.6)

61 (31.4)

17 (22.4)

Yes

164 (28.7)

55 (18.3)

77 (39.7)

32 (42.1)

No

407 (71.3)

246 (81.7)

117 (60.3)

44 (57.9)

Single

Chi2 (12) = 16.13, p = 0.185

Current psychiatric disorder n (%)
Chi2 (2) = 34.11, p < 0.001 (Chi2 (1) = 0.13, p = 0.716)

RRMS, relapsing–remitting multiple sclerosis; PPMS, primary progressive multiple sclerosis; SPMS, secondary progressive multiple sclerosis. Test statistics refer to the comparisons
between the three LPA classes. For the variable “current psychiatric disorder,” test statistics in brackets refer to the comparison of class 2 and 3 only.
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FIGURE 4.2 | Differences in maladaptive coping modes between the three classes. For each coping mode, mean item scores (±SD) are displayed. Asterisks highlight
statistically significant differences across classes.

FIGURE 4.3 | Differences in disability, fatigue and depression symptoms between the three classes. For each measure, mean total scores (±SD) are displayed.
Asterisks highlight statistically significant differences across classes.

diﬀerence
SD
SD

=

p<

SD
F

p<

=
SD

SD

SD
η =
diﬀered
SD
SD

4.3.3 Predicting
Fatigue
and Depression
Predicting
Fatigue
and Depression
Symptoms
From
Disability
and
Symptoms From Disability and
Dysfunctional Coping
Coping Modes
Modes
Dysfunctional

η =
SD

F

=

p<

η =

post-hoc
diﬀerential
diﬀerent

4. Study 3

61 61

Pust et al.

Childhood Adversities, Coping, and MS-Fatigue

TABLE 4.4 | Results of the regression analysis on the relation between
childhood maltreatment, alexithymia and the SMI detached protector mode.
Detached Protector Mode
p

β
0.14

0.005

CTQ_S2_ physical abuse

CTQ_S1_ emotional abuse

−0.02

0.614

CTQ_S3_ sexual abuse

−0.03

0.318

0.17

<0.001

CTQ_S4_ emotional neglect
CTQ_S5_ physical neglect
TAS_26_total_score
Model

<-0.01

0.947

0.56

<0.001

F (6, 564) = 75.15,

<0.001

R2adj = 0.44
Standardized regression coefficients are displayed. Significant values are printed bold.

post-hoc

FIGURE 4.4 | Pathmodel for the relation between the five SMI
maladaptive coping modes, the PwMS’ disability and the fatigue as well as
depression symptoms.
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5.1 CONCLUDING DISCUSSION OF THE RESULTS
Taken together with study 1 (Pust et al., 2019) it could be shown that the proposed distinction
of fatigue into cognitive and motor fatigue was not supported for the two measures FSMC and
CFQ, which are both widely used in international fatigue research, in any of the four subsamples. Likewise, the three factor structure of the MFIS, including an additional psychosocial
factor, was not confirmed either. In terms of the research aim for study 1 it has to be concluded
that the construct validity of the three scales is not given. That was the reason why in the subsequent studies for this thesis only the total fatigue scores were used.
With study 2 (Pust et al., 2020) it was intended to provide a first step towards the applicability
of psychodynamic theory on MS-fatigue. It investigated the relations between early adversities,
certain personality characteristics, current (psycho-)pathologies, and MS-fatigue. It could be
demonstrated that among the different early adversities solely emotional abuse and emotional
neglect remained in the final path model. These two types of adversities significantly predicted
the trait variables (alexithymia and schemas). The trait variables in turn were associated with
the current psychopathology (depression and anxiety) and the physical disability. MS-fatigue
as the major outcome variable was predicted by the current psychopathology measures and the
physical disability as well as two of the trait variables (alexithymia and schema “impaired autonomy and performance”). In addition, significant indirect effects were obtained for the impact
of early emotional abuse and neglect on MS-fatigue. Thus, the results of study 2 are in line with
psychodynamic theory that proposes that early adversities may influence certain trait characteristics and manifest in psychosomatic symptoms.
Based on the results of study 2, study 3 (Pust et al., 2021) served to get a more granular understanding of the functional properties of MS-fatigue from a psychodynamic perspective. Three
different classes of PwMS could be distinguished based on their coping mechanisms: (1) Low
overall dysfunctional coping, (2) avoidance/surrender, and (3) avoidance/overcompensation.
There was no difference in subjectively reported physical disability across the three classes.
However, PwMS from the two classes involving maladaptive coping (classes 2 and 3) reported
higher depression and fatigue. For the prediction of depression, it was demonstrated that there
was no specific relation between any of the five different coping modes. All of the five coping
mechanisms significantly predicted depression. Self-reported physical disability was no significant predictor. Fatigue in turn was solely predicted by the detached protector coping mode and
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self-reported physical disability. In line with study 2, early emotional abuse and neglect predicted the detached coping mode. It was concluded that the present results support the assumptions made in the psychodynamic trauma model of conversion: In a first step early emotional
adversities have elicited overwhelming affects. Due to an unspecific inability to process the
corresponding excitation, the individual resorts to avoidance as an unconscious defence mechanism. At a later stage in life prior or during the MS disease, the emotional excitation is then
discharged into the body and manifests as MS-fatigue.
In this discussion section, essential and more general aspects are discussed that have not yet
been elaborated in detailed in publications.

5.2 IMPLICATIONS FOR FUTURE RESEARCH BASED ON THE STUDY RESULTS
In the following, an advanced discussion is provided on the basis of the three studies. It serves
to link the results with classic theories and contemporary research findings in the field of fatigue
research and beyond, and future perspectives for subsequent studies are provided.
5.2.1 Implications for future assessment of MS-fatigue
The results of study 1 reveal a major shortcoming that is inherent to the current conceptualizations of MS-fatigue. As it was outlined in detail in the introduction section, a heterogeneous
aetiology of MS-fatigue is suggested (e.g. Penner & Paul, 2017). Moreover, several definitions
of what fatigue actually is, exist in the literature. These definitions have unclear conceptual
boundaries to overlapping symptoms that are described elsewhere in somatic medicine, psychiatry, psychology, and psychotherapy such as sleepiness or even depression (Flachenecker et al.,
2002; Patten, 2010; Penner, 2016). MS-fatigue lacks a coherent conceptual basis embedded into
a sturdy theoretical framework. Consequently, there are no unified criteria available that could
direct the development of psychometric measures. The definitions of fatigue vary within MS –
as for example indicated by the different number of proposed subtype between the FSMC, CFQ,
and MFIS (Pust et al., 2019). They also vary between disorders, such as in comparison to the
Piper Fatigue Scale (PFS; Piper et al., 1998) that is designed for the assessment of fatigue in
breast cancer and that even proposes four sub-constructs. The fatigue measures investigated in
study 1 produced apparently meaningful results in the exploratory factor analyses. However,
the results could not be confirmed by means of more rigorous measures, such as confirmatory
factor analyses. There are also no external criteria available that could serve as more objective
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measures for the validity (Krupp & Christodoulou, 2001; Schwied, Covington, Segal, & Goodman, 2002). Therefore, the assessment of the validity of such scales is limited to the calculation
of their factorial validity. Due to the fuzzy boundaries of the MS-fatigue definition, it is even
challenging to resort to measures of other constructs that would allow investigating the convergent or divergent validity (Braley & Chervin, 2010; Mathiowetz, 2003). To overcome these
obstacles, it would be recommended to rethink the conceptualization of fatigue and its delineation from other constructs. The proposed psychosomatic/psychodynamic approach taken in this
thesis would provide such a framework. It allows to derive a clear definition of what fatigue
actually covers, based on the conceptual and functional understanding of MS-fatigue, and how
MS-fatigue may be differentiated from other constructs.
5.2.2 Understanding fatigue in a broader framework
The present study was focused on investigating fatigue in Multiple-Sclerosis. However, the
phenomenon of fatigue has also been described in the context of other somatic diseases, such
as cancer and in particular breast cancer (e.g. Bardwell & Ancoli-Israel, 2008; Berger, Gerber,
& Mayer, 2012), stroke (e.g. Chen & Marsh, 2018; Paciaroni & Acciarresi, 2019), Parkinson
disease (e.g. Herlofson & Kluger, 2017; Stocchi et al., 2014), and recently also as a symptom
of the “long-Covid” syndrome, which is used to describe illness in individuals in the aftermath
of a Covid-19 infection (Halpin, O´Connor, & Sivan, 2021; Newman, 2021). To replicate the
present studies with patients suffering from other diseases with co-occuring fatigue would help
to disentangle as to which extend the present finding are specific to the disease of MS or rather
demonstrate a more general mechanism underlying fatigue across different somatic diseases. If
patients with fatigue across different diseases share a similar exposure to early adversities or
certain trait characteristics, this would support the hypothesis of a strong psychological component in the genesis of fatigue. Likewise, comparing the quality of the perceived fatigue symptoms and their relation to common disease markers that may be characteristic across all disease,
would also help to broaden the understanding of potential somatic mechanisms underlying fatigue. In addition to the diseases outlined above, the comparison with other selected diseases
yields the possibility to explore certain hypotheses that can be generated on the basis of the
present results:
Amyotrophic lateral sclerosis (ALS) is an idiopathic and fatal neurodegenerative disease that
affects the human motor system (Kieman et al., 2011). It is characterized by progressive muscular paralysis as a consequence of a degeneration of motor neurons (Wijesekera & Leigh,
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2009) and death ultimately represents the main hallmark (Corcia et al., 2008). However, although ALS can therefore be considered as probably one of the most devastating neurological
diseases, fatigue is not described as a common symptom or comorbidity in ALS. This means
that it would be of utmost interest to compare differences in coping between PwMS and people
suffering from ALS, in order to understand the impact of potentially different coping mechanisms in relation to a severe neurological disease on fatigue. In addition, the comparison between MS and a psychological disorder that shares a detached/avoidant coping mechanism provides the opportunity to understand similarities in trait characteristics and their relation to potential early adversities beyond the somatic disease mechanisms. Substance use disorders, such
as alcohol use disorder, are often associated with an increased prevalence of early adversities
(Brady & Back, 2012; Moustafa et al., 2021) as well as detached/avoidant coping in line with
the schema-therapeutic mode model (Bernstein & Clercx, 2018; Brotchie, Hanes, Wendon, &
Waller, 2007; Fassbinder, Brand-de Wilde, & Arntz, 2019). Ultimately, the comparison between PwMS and people suffering from a depressive disorder and heightened levels of early
adversities, as well as people suffering from a trauma-spectrum disorders associated with early
adversities, such as complex Post-traumatic Stress Disorder (cPTSD; Brewin et al., 2017)
would help to understand the psychodynamic peculiarities underlying MS-fatigue. These subsequent steps have already been initiated by the author of the present thesis and will serve to
discover the potential psychosomatic/psychodynamic basis of fatigue in a broader context, as
part of the continuation of this research initiative.
5.2.3 Stress-related biomarkers as a potential link between trauma and
MS-fatigue
Although the present thesis was not primarily concerned with biological factors of MS and MSfatigue, it would still be of interest to understand how psychological and biological factors
might interact in terms of a true psychosomatic approach to MS-fatigue. In the literature, a
relation between MS, as a disease with a significant immunological component (Kunkl et al.,
2020), and exposure to traumatic or adverse events is described (Spitzer et al.,2012). A potential
link between trauma exposure, MS, and immunological alterations could be seen in the wealth
of literature that has identified significant changes in immunological systems in patients suffering from trauma-associated disorders (Wang, Caughron, & Young, 2017; Wang & Young,
2016). Among the different inflammatory immune activities described in the course of traumaspectrum-disorders such as Post-traumatic Stress Disorder (PTSD; Gill, Saligan, Woods, &
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Page, 2009), there have also markers been identified which are also prominent in MS: this includes for example the role of T cell activity (Aiello et al, 2016; Sommershof et al., 2009), or
inflammatory cytokines (Kim, Amidfar, & Won, 2019; Wang et al. 2019). Immunological alterations have also been identified in relation to childhood adversities (do Prado, GrassiOliveira, Daruy-Filho, & Wieckbauer, 2017) and thus mark a potential risk factor shared in
specific trauma-associated coping and somatic correlated of MS. The author of this thesis suggests that the field of inflammatory and immunological processes, as a potential link between
trauma, MS, and ultimately MS-fatigue could provide a promising future research avenue that
could help to understand MS-fatigue in a broader psychosomatic context that considers mind
and body interactions (Ouakinin, Torrado, Eusébio, & & Barreira, 2017).
5.2.4 Treatment implications in the context of a psychodynamic framework
With studies 2 and 3, it could on the one hand be demonstrated that early emotional abuse and
neglect, as well as trait variables in terms of schemas and alexithymia, and detached/avoidant
coping are associated with MS-fatigue. On the other hand, self-reported physical disability was
another significant correlate. As discussed in the respective publications, these findings support
the general usefulness of a psychodynamic approach to MS-fatigue. However, due to utilization
of the schema-therapeutic framework, there is still relevant information missing that could serve
to specify which of the different psychodynamic theories on psychosomatic disorders actually
applies to MS-fatigue. For example, to disentangle symbolic conversion from dissociative phenomena or traumatic conversion in a more granular way, one would have to measure unconscious processes, which is not possible by means of conventional psychometric self-assessment
tools, yet (Cohen, 2011; Merikle & Daneman, 1998). To overcome this obstacle, more fundamental research would be required in this field (e.g. Rustin, 2010). Nonetheless, the present
thesis was indeed capable of demonstrating the significance of a psychosomatic/psychodynamic component in MS-fatigue. This has implications for the application of psychotherapeutic
treatment approaches: It has been demonstrated that mindfulness-based interventions (Scale,
2017; Ulrichsen et al., 2016) as well as CBT (e.g. Van den Akker et al., 2018) might have
beneficial effects on fatigue symptoms. However, it has also been demonstrated that treatment
effects can vanish when the treatment is discontinued (Van den Akker et al., 2016). The author
of the present thesis suggests that a robust aetiological model could be useful to specifically
select those treatment modules that are capable of targeting the risk factors identified in this
thesis. Based on the psychodynamic factors identified in studies 2 and 3, the following path-
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ways could for example be suggested and tested in subsequent studies: To overcome the proposed detached/avoidant coping mode that serves to suppress emotional distress, mindfulnessbased interventions could support the PwMS to increase their sensitivity for early warning signs
of stress-related adverse emotions, in line with one major mechanism of mindfulness-based
interventions (Evans et al., 2008; Sipe & Eisendrath, 2012; Smith et al, 2021). Alternative ways
of processing emotional distress could then be implemented, which otherwise for example
would have been discharged into the body and resulted in fatigue (Kaplan, 2014; Pust et al.,
2021). In order to find a curative way of dealing with the negative consequences of childhood
adversities, several treatment approaches are available that specifically target early trauma: On
the one hand, trauma-focused interventions, such as Imagery Rescripting and Reprocessing
Therapy (IRRT; Herzog, 2020; Schmucker & Riedeburg-Tröscher, 2019) or even schema therapy (see Roediger, 2016) are intended to aid the traumatized, abused, or neglected part of self.
They aim to promote the development of mastery and self-nurturing and ultimately facilitate
the effective coping with early adverse emotions (Corrigall, Payne, & Wilkinson, 2014;
Schmucker & Köster, 2015; Tottenham, 2020). In order to keep the balance between the autonomous self-nurturing and an attachment element, attachment-focused interventions would be
useful to complement such an approach. This involves the healing potential of a therapeutic
work with a complementary therapeutic relationship, outlined in schema therapy ( “limited
reparenting”; Gülüm & Soygüt, 2021; Zens & Jacob, 2013), psychoanalysis (Alexander &
French, 1946), or even as a common factor of psychotherapy by Grawe (2004) or Stucki and
Grawe (2007). To identify effective and efficient treatments, future research is required to
deepen the understanding of the aetiological factors underlying MS-fatigue and to investigate
the impact of specific treatments on the processes associated with these factors. Moreover, the
assessment of early adversities and certain personality traits or coping modes could help to
identify PwMS at risk for the development of fatigue early in their disease course. This would
require to analyse the sensitivity and specificity of certain markers in predicting MS-fatigue.

5.3 GENERAL LIMITATIONS

There are general limitations that must be addressed when interpreting and discussing the findings and evaluating the validity of the obtained results. Firstly, one limitation that has also been
raised in all three publications is that the data is predominantly based on online assessments,
except for study 1, which also contained data assessed in a clinical setting. Although online
assessments are widely used in the field of clinical psychology and psychotherapy, especially

5. Discussion

73

as they allow to collect large sample sizes, various publications have been concerned with potential limitations that may occur in these studies (DeMan, Campbell, Tabana, & Wouters,
2021; Treiblmaier, 2011) and which to some extend also apply to the present thesis. All somatic
variables, such as physical impairment or the confirmation of the MS diagnosis, were not verified by an objective and qualified rater, such as a physician. Even if re-running the analyses in
study 1 with data collected in a clinical setting did not lead to different results, it cannot be
excluded that this affects the external validity in terms of a selection bias. This refers for example to bed-ridden patients or patients who do not have access to the Internet, or to a bias towards
PwMS that were particularly attracted by the advertisements of the studies. The fact that depression scores in the data of study 2 and 3 were above the clinical cut-off that are common in
MS (Boeschoten et al., 2017) could indicate such a bias. It has also to be considered that the
accuracy of the physical complaints rating might be limited if a detached and avoiding coping
is characteristic in PwMS, as this would consequently impair the adequate self-evaluation of
one`s somatic complaints. This could in turn have led to an over- or underestimation of the
significance of somatic complaints in study 3. Likewise, a limited accuracy of the self-ratings
could have also affected the psychological measures, such as current psychopathology or the
schema-therapeutic measures. It can also not be excluded that a recall bias (Frissa et al., 2016)
has affect the PwMS` responses on the CTQ for the assessment of childhood adversities. According to psychodynamic theory (see chapter 1.4.1), this means that PwMS that utilize detached and avoidant coping strategies in response to adverse emotions might also suppress
memories related to early adversities. As coping mechanisms may be inherently interwoven
with the PwMS` responses, the validity of the obtained self-ratings and the internal validity of
the obtained relations between variables has to be carefully evaluated. The use of structured
clinical interviews could for example provide a solution to overcome these shortcomings.
Secondly, one of the major limitation of the studies 2 and 3 is that all data were obtained crosssectionally. The hierarchical structure of the calculated regression analyses and path models
does imply causality, although all relationships are only correlational in nature. This means that
reverse causalities could apply too. Future studies should also consider longitudinal research
designs (Kelloway & Francis, 2012). This could also serve to solve the aforementioned recall
bias in relation to detached/avoidant coping: An increase in the number of reported childhood
adversities over the course of a psychotherapeutic treatment could be one indicator that detached/avoidant coping indeed prevents the individual from being overwhelmed with adverse
emotions related to early trauma or abuse.
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Thirdly, regarding the external validity of the applied measures in studies 2 and 3, it has to be
considered that the present thesis relied on measures adopted from schema therapy. As already
outlined in the general introduction and the third publication, the application of the schematherapeutic framework is not necessarily valid to draw conclusions on the classic psychodynamic theories on psychosomatic and conversion disorders. Future studies could add to the
present research by applying standardized clinical interviews and specific psychodynamic
measures, such as the operationalized pychodynamic diagnosis (OPD; Arbeitskreis OPD & Cierpka, 2014). However, it has to be considered that for many psychodynamic constructs no
standardizes measures are available (Luborsky & Barrett, 2006).
Nonetheless, on should not forget that to the best of author´s knowledge, this thesis is the first
that is combining clinical observations, contemporary scientific medical and psychological evidence, classic psychodynamic theories, and empirical and quantitative research methods. It
provides a novel step towards rethinking the perspective on MS-fatigue. Despite the aforementioned limitations, the obtained model fits derived from large data sets clearly speak for the
robustness and accuracy of the obtained results.

5.4 CONCLUSION
In summary, one of the major findings is that the present thesis has demonstrated the need to
rethink the definition of MS-fatigue, its distinction from related or even overlapping constructs,
and eventually its measurement according to a unified definition. This also includes the consideration of a potential psychological genesis of MS-fatigue and a holistic psychosomatic perspective on MS-fatigue. Furthermore, it must be taken into account that, one the one hand,
different types of fatigue-symptoms (i.e. motor or cognitive fatigue) could indeed represent
distinct subtypes of fatigue. In this case, it would be recommended to refine existing measures,
such as the FSMC and CFQ utilized in the present thesis, as the distinction of different subtypes
of MS-fatigue could not be verified in the present thesis. On the other hand, the different symptoms of MS-fatigue described in the scientific literature could also present manifestations of
one underlying mechanism on different levels, such as a general defence strategy, that may even
apply to fatigue in general across different disorders. The continuation of the present research
initiative in other samples, and the aim to take a more granular perspective on general and MSspecific processes associated with fatigue will serve to shed more light in this field.
With the introduction of the psychodynamic/psychosomatic perspective on MS-fatigue and the
acknowledgment of the theory underlying traumatic conversion, this thesis provides a novel
approach that has not yet been considered in MS research. In particular, the results from study
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3 indicate that psychological and somatic factors, but also their interplay as indicated by study
2, are significant to the development of MS-fatigue and should therefore be considered in a
future holistic and integrative aetiological framework. There was a clarity in the obtained results
in terms of a distinct emphasize of early emotional abuse and neglect as potential predisposing
adversities and a rigorous link between MS-fatigue and detached/avoidant coping. These results
suggest that the aetiology of MS-fatigue –contrary to depression– might be less ambiguous than
described in the literature. Instead, a psychosomatic perspective yields the potential to reconcile
different approaches to MS-fatigue otherwise would appear to be conflicting. In a subsequent
study, the author currently focuses on the consideration of objective somatic markers, also in
order to overcome shortcomings that might derive from data that is solely based on self-reports.
This research would help to deepen the understanding of psychosomatic interactions.
This psychosomatic framework could provide the basis for the development of evidence-based
treatment recommendations. Future studies that serve to deepen the understanding of the proposed theoretical mechanisms suggested in this thesis would help to guide the selection of adequate treatment modules on a profound scientific and theoretical basis. The spectrum of potential applications ranges from the early detection of PwMS at risk, based on their exposure to
early adversities and characteristic coping strategies, to curative treatments that for example
could involve mindfulness-based or trauma-focused elements, as well as an attachment-oriented
focus that keeps the balance between attachment and the need for autonomy, utilizing the healing potential of a therapeutic work with a complementary therapeutic relationship. To achieve
this, future research avenues should be integrative in nature, considering classic theoretical approaches and latest research findings, as well as psychological and somatic factors. In particular, the exchange between practitioners and researchers would be vital to stimulate a reciprocal
exchange between clinical observations and contemporary scientific research methodologies,
as it was intended with the present thesis.

5.5 THE HAPPY END FOR THE CLINICAL CASE
In the subsequent years after first admission, the patient underwent repetitive inpatient
interval therapy and received outpatient psychotherapeutic care. The author of the present thesis was involved in her case during the period of initial treatment. Over the course
of the treatment, the patient was able to open up and develop a positive and successful
therapeutic relationship with her two main therapists. Body-oriented therapy became a
cornerstone of the holistic treatment approach. The treatment course was characterized
by multiple ups and downs and significant drawbacks, which the patient described as
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utterly emotional, very intensive and exhausting. However, the patient managed to maintain her willingness to continue the treatment.
Today, the patient reports almost no symptoms. She also continued to work. According to
her self-report, she no longer experiences any symptoms of fatigue, depression, and
memory impairments during daily activities, and there has been a decline in the number
of exacerbations and even her left leg is almost symptom-free. There would have been
days where she was dancing all night long. The patient stated to have significantly benefited from the psychotherapeutic and neurological treatment. She indicated that she eventually realized and understood that the repression of emotions and unresolved adverse
early experiences has had a strong negative impact on her symptoms. She would strongly
believe in a psychosomatic genesis of her complaints, although some of her difficulties to
remember certain biographic events remained. The patient expressed her deep satisfaction at the end of the treatment and gratitude for the significant improvement of her conditions.
One has to consider that the impact of psychological factors on MS-fatigue may probably vary
across PwMS and that probably PwMS will benefit differently from psychotherapy. Nonetheless, the present case –which is representative for other cases not only according to our clinical
observations but also to the present empirical findings– is in line with the obtained research
findings and suggests that psychotherapeutic treatments that address the pathological mechanisms described in the present thesis could indeed provide a promising new and potentially
evidence-based treatment option. Future studies have to systematically investigate the effectiveness and efficacy of a specifically composed psychotherapeutic approach for the treatment
of MS-fatigue along these lines, and define robust indicators for the identification of PwMS
that will likely benefit from psychotherapy.
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