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“[In] most of the patients affected by multi-locular sclerosis 

whom I have had occasion to observe … there is marked 

enfeeblement of the memory; conceptions are formed slowly; 

the intellectual and emotional faculties are blunted in their 

totality. The dominant feeling in the patients appears to be a sort 

of almost cheerful indifference in reference to all things.” 

(Charcot, 1877) 

1. Introduction 

Multiple sclerosis (MS), the most common neurological disease that causes 

disability in early life, does not only influence physical functioning but is also related to 

cognitive impairment, fatigue, depression, and anxiety and can significantly impact 

quality of life (QoL). Social dimensions such as education, work and income, social life, 

interpersonal relationships and family life are also involved in the process of adaptation 

to the chronic illness. People with MS might experience isolation and reduced social 

support. Patients may need to alter their working patterns, type of work or give up 

employment, creating a heavy economic cost to individuals and their families. Taken 

together, it is beyond question that this chronic disease imposes a significant burden on 

individual, family, community and on economy at large.  

Understanding the complex interplay between various factors concerning the nature 

of MS is of utmost importance in the management of MS. Adjustment to disease burden 

in different life domains creates challenges for both patients and their family members. 

The need for MS specific psychological interventions cannot be called into question. 

However, literature on the development of interventions based on the biopsychosocial 

model of the disease is missing and even less attention has been paid to interventions 

dedicated to young adults with MS. 
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1.1 About multiple sclerosis 

 

1.1.1 Pathophysiology and symptoms 

 

Multiple Sclerosis is a chronic autoimmune neurological disease that produces 

demyelination and axonal loss of the central nervous system (CNS). Multifocal 

inflammation results in the formation of CNS plaques in both white and grey matter. 

These lesions can influence the transmission of nerve impulses and lead to neuronal 

dysfunction such as sensorimotor defects, visual disturbances, ataxia, autonomic 

symptoms, fatigue, cognitive dysfunctions and emotional problems. MS symptoms are 

unpredictable and uncertain. They differ among individuals and over time. Symptoms can 

be mild or severe, and temporary or persistent. Common symptoms of MS include sensory 

disturbances (numbness, tingling, itching, burning), walking difficulties (due to fatigue, 

weakness, spasticity, loss of balance, tremor), vision problems (diplopia, blurred vision, 

pain on eye movement), dizziness and vertigo, intestinal and urinary system dysfunction 

(constipation, bladder dysfunction), cognitive impairment, depression, or sexual 

problems. Less common symptoms are dysarthria and dysphagia, breathing problems, 

hearing loss, seizures and headache (Gelfand, 2014). 

The functional systems can be quantified with the Expanded Disability Status 

Scale (EDSS) in the range between 0 (normal neurological exam) and 10 (death due to 

MS) (Kurtzke, 1983). However, it is the most widely used disability score, cognitive 

impairment seems underrepresented, while neuropsychiatric and cognitive symptoms are 

a major cause of loss of employment, and poor QoL of patients (Clemens & Langdon, 

2018). 

 

1.1.2 MS types and courses 

 

In MS pathophysiological changes occur before the first clinical sign of the 

disease (Kurtzke, 2000). The clinical heterogeneity of MS implicates that MS might be a 

spectrum of diseases representing different processes. MS can be categorized in different 

phenotypes, and can be subclassified according to its clinical and radiological activity 

(Lublin et al., 2014). These phenotypes are associated with hypothetically different 
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pathological disease mechanisms, including acute or chronic inflammation, axonal, 

neuronal loss and gliosis, and variable degrees of tissue recovery, including plasticity and 

clinical recovery (Macías Islas & Ciampi, 2019). 

In case of radiologically isolated syndrome (RIS) – or asymptomatic MS – lesions 

are detected on magnetic resonance imaging (MRI) done for distinct reasons. Clinically 

isolated syndrome (CIS) refers to a first at least 24-hour-long neurological episode that 

can be mono‐ or poly‐symptomatic (Dobson & Giovannoni, 2019). During the course, 

relapses are defined as new or deteriorating neurological symptoms lasting longer than 

24 hours, in the absence of fever or infection.  

Based on the course of the disease three major subtypes can be distinguished: 

relapsing remitting MS (RRMS), primary progressive MS (PPMS), and secondary 

progressive MS (SPMS). 

RRMS is the most common form, affecting approximately 85% of MS patients. It 

is characterized by acute relapses followed by periods of remission, when symptoms 

improve or disappear. SPMS develops in around 65% of patients with RRMS 10-15 years 

after disease onset. The disease course continues to worsen to a slowly progressive 

disease. PPMS affects approximately 5-15% of MS patients. From the beginning it is 

characterized by gradually worsening symptoms (Lublin et al., 2014).   

A subgroup of patients show little or no disease progression and minimal disability 

minimum a decade after the clinical onset. This condition is named as benign MS (BMS). 

As BMS remains an “a posteriori” definition based on the EDSS, it has been receiving 

growing attention in order to accurately diagnose and predict benign cases (Correale, 

Ysrraelit, et al., 2012; Razzolini et al., 2018). Despite preservation of motor functioning, 

the prevalence of significant cognitive impairment, depression and fatigue in BMS is 

comparable to those reported in MS patients at large (Correale, Peirano, et al., 2012) 

which may be as disabling as motor impairment resulting in an adverse effect on QoL 

(Gajofatto et al., 2016). These findings confirm that a simple definition of BMS on the 

basis of EDSS score may be misleading and the proportion of benign subjects may be 

overestimated (Amato et al., 2006).  
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1.1.3 Epidemiology and aetiology 

 

MS is the most common disabling neurological disease, usually diagnosed in 

young adulthood. The prevalence of MS in Hungary has been reported to be 

130.8/100000. The female/male ratio of prevalent cases is 2.6 (Iljicsov et al., 2020). 

The aetiology of the disease is multifactorial and there is a complex interplay 

between genetic and environmental factors – not yet fully understood. Migration studies 

indicate that the susceptibility is determined by the residence of the childhood. Viral 

infections, such as Epstein-Barr virus, and certain autoimmune diseases have been linked 

to MS. Low vitamin D level, cigarette smoking and obesity have been identified as risk 

factors (Thompson, Baranzini, et al., 2018). 

 

1.1.4 Diagnosis and treatment 

 

There is no definite measure or laboratory marker for the diagnosis of MS. It is 

based on the diagnostic criteria proposed by McDonald in 2001, revised in 2005, 2010, 

and 2017. The diagnosis relies on the clinical features of the disease, comprehensive 

history taking, neurological examination and paraclinical tests, such as MRI, evoked 

potential studies and cerebrospinal fluid (CSF) analyses in the absence of a better 

explanation (Thompson, Banwell, et al., 2018). 

Management of MS includes treatment of relapses, disease-modifying therapies 

(DMT) and controlling symptoms associated with the illness. DMTs have proven to be 

beneficial in reducing the rate of relapses and MRI activity affecting their QoL (Gombos 

et al., 2017), with a more discrete efficacy over reducing disability progression or the 

brain atrophy (Montalban et al., 2017; Thompson, Banwell, et al., 2018). A recent study 

provides evidence that, for RRMS patients, long-term – over 15 years – exposure to 

immunotherapy is effective in improving disability outcomes (Kalincik et al., 2021). New 

therapies with higher-efficacy and more convenient administration in treatment of all 

forms of MS have improved tolerability and adherence (Hauser & Cree, 2020). 
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1.2 Cognitive impairment in MS 

 

Cognition includes several correlated and interdependent cognitive domains: 

� complex attention: sustained attention, divided attention, selective attention, 

processing speed, 

� executive functions: planning, decision making, working memory, responding to 

feedback/error correction, overriding habits/inhibition, mental flexibility, 

� learning and memory: immediate and recent memory, including free recall, cued 

recall and recognition memory, very-long-term memory, including semantic, 

autobiographical memory, implicit learning, 

� language: expressive language including naming, word finding, fluency and 

grammar, and syntax, and receptive language, 

� perceptual-motor function: visual perception, visuo-constructional, perceptual-

motor, praxis and gnosis, and 

� social cognition: recognition of emotions, theory of mind (American Psychiatric 

Association, 2013).  

Dysfunction of different domains may result in impairment of the global cognitive 

function (Woodruff, 2011).  

Cognitive impairment (CI) affects 40-65% of MS patients (Amato et al., 2006), 

partly independent from the course and stage of the disease (Johnen et al., 2017). Most 

frequently involved cognitive domains are information processing speed, learning and 

episodic memory with additional difficulties in executive functions, working memory, 

verbal fluency and word list generation, complex attention, and visuospatial skills 

(Benedict et al., 2006; Benedict et al., 2002). Core language abilities (Chiaravalloti & 

DeLuca, 2008), semantic memory, and attention span are rarely impaired (Hegedüs, 

Kárpáti, Szombathelyi, Simó, 2015; Benedict et al., 2020). However, among elderly 

patients semantic fluency seems to be more affected that may suggest other aetiology 

(Jakimovski et al., 2019). Social cognition has been demonstrated to be affected, as well, 

with a larger impact in theory of mind (ToM) and in the recognition of negative facial 

emotional expressions (Cotter et al., 2016). This cognitive domain plays an important role 

in developing and maintaining deep social interactions (Labbé et al., 2018) and affects 

moral evaluation of others’ actions (Patil et al., 2017).  
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Table 1 Cognitive dysfunction in MS: frequency of cognitive impairment in different 

cognitive domains.  

(Benedict et al., 2006; Chiaravalloti & DeLuca, 2008; Jack Cotter et al., 2016; Macías 

Islas & Ciampi, 2019; Rao et al., 1991) 

Cognitive domain Frequency (%) 

Complex attention 5-25 

Information processing speed 15-50 

Executive function 15-25 

Working memory 15-60 

Inhibitory control 15-30 

Learning and memory 40-65 

Visual episodic memory 20-75 

Verbal episodic memory 15-80 

Language 20-58 

Verbal fluency 15-25 

Visuospatial skills 12-19 

Social cognition 20-40 

 

Recently word-finding difficulty (Brandstadter et al., 2020) and multitasking 

deficit (Glukhovsky et al., 2020) have been reported in early MS. Considering the life 

task of young adulthood (effectively managing multiple simultaneous aims), multitasking 

is more related to real-world functioning compared to monotasking. Hence it would be 

an important field to explore (Sumowski et al., 2018). 

Information processing speed is one of the basic elemental cognitive functions, 

therefore it may interfere with higher cognitive processes such as learning, memory, word 

retrieval, and executive functions (Benedict et al., 2017; Costa et al., 2017) which has an 

implication regarding rehabilitation. Furthermore, it can be the first cognitive domain to 

be affected in MS (Van Schependom et al., 2015). 

Impaired learning of new information seems to be the primary problem for 

explaining memory deficits (Deluca et al., 2013), while encoding, storing, and recall from 

long-term storage seems to be less affected in MS patients. Apart from slow processing 

speed, executive dysfunction and perceptual deficits may also influence it (Macías Islas 



12 
 

 

& Ciampi, 2019). Furthermore, impaired executive functions may be explained by a 

general fluid intelligence loss (Goitia et al., 2020). 

 

1.2.1 Prevalence of cognitive impairment in different MS phenotypes 

 

Cognitive impairment can occur in all MS subtypes even in the absence of other 

neurological symptoms (Johnen et al., 2017; Ruano et al., 2016): prevalence rates are 20-

25% in RIS and CIS, 30–45% in RRMS, and 50–75% in SPMS. While prevalence in 

PPMS varies greatly due to small proportion and sample sizes in studies. In BMS patients 

the prevalence of significant CI is comparable to those reported in MS patients at large 

(Correale, Peirano, et al., 2012). In a 12-year follow-up study (Portaccio et al., 2009; 

Razzolini et al., 2018), patients with BMS and cognitive impairment were more likely to 

have clinical progression on the basis of EDSS scores (defined as no longer benign) than 

were MS patients with preserved cognition. 

Regarding neuropsychological profile, information processing speed is mainly 

involved in patients with RIS, CIS or RRMS, whereas, attention, memory and executive 

functions are more affected in progressive subtypes (Branco et al., 2019). A recent meta-

analysis has shown that PPMS patients exhibit significantly more CI in almost every 

cognitive domain compared to RRMS patients, particularly verbal learning and verbal 

memory are affected (Johnen et al., 2017). 

Detected differences seem to be related to patient age and physical disability 

(Ruano et al., 2016). However, the phenotype itself, probably because of its specific 

pathological mechanism, might play an important role in the cognitive profile of patients 

(Brochet & Ruet, 2019).  

 

1.2.2 Assessment of cognitive functioning 

 

Assessment of cognitive functioning in MS patients targets the continuous 

monitoring of cognitive abilities in the routine clinical practice. After diagnosing MS, a 

systematic neuropsychological assessment should be carried out and cognitive 

dysfunction should be routinely screened throughout the disease course to detect 

clinically meaningful changes.  
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Neuropsychological tests included in a screening battery should be standardized, 

reliable, sensitive, specific, and accurate in the discrimination of patients from healthy 

individuals, have normative data and alternative forms (Benedict et al., 2002). 

Cognitive impairment is defined as a performance that falls 1.5-2 standard 

deviations (SD) below normative expectation, after accounting for demographics such as 

age and education, in one or more cognitive domains (Macías Islas & Ciampi, 2019). 

 

1.2.2.1  Assessment of cognitive processing speed 

 

The Symbol Digit Modalities Test (SDMT) effectively represents the core 

cognitive domain of information processing speed. It is the most sensitive measure to MS 

cognitive dysfunction and correlates with MRI measures of atrophy, lesion burden, and 

microstructural pathology.  It has an excellent test-retest reliability, with a sensitivity of 

82% and a specificity of 60%. In order to eliminate incidental learning, alternate forms 

are available that are equivalent in difficulty and in reliability (Benedict et al., 2012; 

Benedict et al., 2017). However, the performance on SDMT is also determined by 

patient’s working memory, paired-associate learning, and visual scanning. This is the 

reason why it can be the most sensitive measure in MS (Rocca et al., 2015). 

Evolving from the Wechsler Digit Symbol Test (WDST) (Wechsler, 1944), the 

test consists of single digits paired with abstract symbols at the top of a page, with rows 

of the nine symbols arranged pseudo-randomly with a blank space underneath. For 90 

seconds, the patient needs to write the number that corresponds with each symbol. The 

SDMT can be completed within 5 minutes, including instructions, practice, and testing 

(Smith, 1982). Oral version is administered in case of upper extremity weakness and 

ataxia. It is well tolerated by patients.  

Regarding interpretation, there are available benchmarks:  MS work disabled – 

45, MS employed but work challenged – 55, MS employed and stable – 63 (Benedict et 

al., 2016) and a raw score change of 4 points, or a 10% in magnitude, can be understood 

as clinically meaningful change (Benedict et al., 2017). The test’s ecological validity has 

been proven as SDMT scores significantly correlate with several activities of daily living 

(ADLs) and employment status (Benedict et al., 2017). Therefore SDMT is recommended 

for baseline testing, and for regular screening in clinical practice (Sumowski et al., 2018). 
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Processing Speed Test (PST) application is a self-administered version of SDMT. 

Its advantages are its efficient administration, scoring without technician, and potential 

for medical record or research database integration. Additional data (e.g., inter-response 

times and learning curves) can be measured. It has multiple forms to minimize practice 

effects. Its psychometric properties are comparable with the ones of SDMT. Therefore 

PST could be a practical tool for routine screening of cognitive processing speed (Rao et 

al., 2014; Rao et al., 2017). 

As ocular motor functions and visual acuity can influence the SDMT performance 

(Costa et al., 2017), Paced Auditory Serial Addition Test (PASAT) (Gronwall, 1977) is 

recommended instead to assess cognitive processing speed in case of visual impairment 

(Sumowski et al., 2018). It measures specifically auditory information processing speed 

and flexibility, working memory, and sustained attention. Although the performance 

might be influenced by calculation ability. PASAT has high sensitivity, however, 

continuous utilization might reduce its validity (Tombaugh, 2006). Two alternate forms 

are available. 

In PASAT, single digits are presented either every 3 s (or every 2 s) and the patient 

has to add 60 pairs by adding each digit to the immediately preceding one. The test score 

is the number of correct sums given in each trial (Rao et al., 1989). 

Although it has been widely used in MS studies and neuropsychological batteries, 

it is not recommended for cognitive monitoring in clinical practice, nor for clinical trials 

designed with multiple administrations because of practice effect, poor tolerability by 

patients, and test-related anxiety (Sumowski et al., 2018).  

 

1.2.2.2  Assessment of episodic verbal memory 

 

California Verbal Learning Test-II (CVLT) is a verbal learning and memory test 

(Delis et al., 2000). It has high sensitivity with age and sex adjusted normative data 

(Sumowski et al., 2018). One standard and one alternate form is available. It uses a 16-

item word list, with four items belonging to four semantic categories, arranged randomly. 

The list is read aloud five times in the same order to the patient. In each trial, the 

participant is required to recall as many items as possible, in any order. It is followed by 

an immediate and a delayed recall task, in which the patient recalls the same information 
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without another exposure to the word list. Scores include the sum of words recalled within 

each trial, and the sum of words recalled across the first five trials. It is recommended for 

clinical use, however, practice effect shall be considered when more than two 

administrations are required (Macías Islas & Ciampi, 2019). 

A valid and cost-effective alternative to the CVLT-II is the Rey Auditory Verbal 

Learning Test (RAVLT) (Beier et al., 2019). It is a widely-used and reliable assessment 

of auditory verbal learning and memory (Lezak, 1995). It has been validated in different 

neurological populations (Schoenberg et al., 2006). The only difference compared to 

CVLT-II is that 15 unrelated words are presented in the first five trials. 

As a result of the learning-deficit hypothesis of memory impairment in MS 

(Deluca et al., 2013), the first five trials of verbal memory tests are used in clinical 

practice for screening. Even an abbreviated version of the CVLT-II, the first two learning 

trials, has an accuracy of 97.5% compared with all five learning trials (Gromisch et al., 

2013). 

Selective Reminding Test (SRT) allows to separate long-term storage, retrieval 

from long-term storage, and recall from short-term storage in verbal-list learning tasks 

(Buschke, 1973). The test has high sensitivity (Benedict et al., 2017). Several alternate 

forms are available, however, further validation in MS is needed (Sumowski et al., 2018). 

Usually 12 unrelated words are presented in the first SRT trial. On the immediately 

preceding trial, only the items not recalled are said while the subject needs to repeat both 

reminded and not reminded words. The procedure is repeated until the recall of all 12 

words for three consecutive trials or the completion of 12 trials in case of unattainable 

performance.  

 

1.2.2.3  Assessment of episodic visuospatial memory 

 

Brief Visuospatial Memory Test Revised (BVMT-R) is a visual learning and 

memory test (Benedict, 1997). Among memory tests used in MS, it is the most sensitive. 

It has high sensitivity, good reliability and validity. It has six alternate forms. It is time 

efficient, and well tolerated by patients although severe motor impairment influences the 

assessment (Sumowski et al., 2018). It is nearly as effective as SDMT at distinguishing 

cognitive impairment in MS patients from otherwise healthy individuals (Benedict et al., 
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2020). Similarly to CVLT, only the learning trials of BVMT-R is recommended for 

routine clinical practice (Langdon et al., 2012). 

In the first three learning trials of BVMT-R, a 2x3 matrix of abstract geometric 

figures is presented for 10 s. After exposure, the patient is required to draw the matrix 

with the correct shapes in the correct position and to retain the same information over 20-

30 minutes.  

Rey-Osterrieth Complex Figure Test (ROCFT) (Rey, 1941; Osterrieth, 1944) 

examines perceptual organization and visual memory involving attention and executive 

functions (decision making, planning strategies), as well. Its advantages are the 

availability, easy application, standardization and language independence. In case of 

motor deficit of the dominant hand, non-dominant hand can be used as it does not 

influence test performance in memory task (Yamashita, 2010). ROCFT can differentiate 

patients with MS and healthy subjects (Dimitrov et al., 2015). It has an alternate form 

(Modified Taylor Complex Figure), which is considered similar to ROCF in terms of 

copy and recall scores (Hubley & Jassal, 2006). During the test, the patient is required to 

copy a complex figure with 18 elements, then to draw the same figure by memory, and 

later to reproduce it after an interference period. 

 

1.2.2.4  Assessment of executive functions 

 

Delis-Kaplan Executive Function System (D-KEFS) (Fine & Delis, 2011) Sorting 

Test serves as a measure of reasoning, categorization abilities, problem solving, 

abstraction, flexibility of thinking and concept-formation skills. It has good validity, 

adequate reliability, and moderate sensitivity. Alternate forms are available. As 

administration time is long, it is recommended for a comprehensive clinical evaluation 

(Sumowski et al., 2018). Compared to Wisconsin Card Sorting Test (WCST) (Lezak, 

2012), that has comparable results in MS (Parmenter et al., 2007), D-KEFS Sorting Test 

discriminates verbal and non-verbal modalities of concept formation and does not employ 

the right/wrong feedback procedure that could be discouraging. It can differentiate MS 

patients with increased self-perception of cognitive decline, depression and higher 

physical disability (Riccardi et al., 2019). 
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1.2.2.5  Assessment of social cognition 

 

An experts’ consensus is needed regarding the assessment of social cognition in 

MS with exploring sensitivity, specificity and reliability (Macías Islas & Ciampi, 2019). 

Usually Face Emotion Recognition Test (Ekman & Friesen, 1976) is used for social 

perception and Faux Pas Test (Stone et al., 1998) for ToM abilities. The Face Emotion 

Recognition consists of pictures of faces displaying the six primary emotions. The 

participant needs to recognize and point the label that best describes the facial expression. 

While the Faux Pas Test is comprised by ten short stories in which a character 

involuntarily hurts or offends another. Using ToM, patient is expected to recognize the 

other’s mental state, beliefs and emotions. Half of the test contains control stories. 
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Table 2 Summary of neuropsychological tests used in MS by cognitive domains. 

Cognitive domain Test Validated in Hungarian 

Cognitive processing speed SDMT Y 

Cognitive processing speed, 

working memory, complex 

attention 

PASAT Y 

Verbal memory CVLT-II Y 

 RAVLT Y 

 SRT N 

Visuospatial memory BVMT-R Y 

 10/36 SPART N 

 RCFT Y 

Visuospatial processing JLO Y 

Verbal fluency COWAT Y 

 Word List 

Generation Test 

Y 

Executive function D-KEFS Sorting Test N 

Social cognition Face Emotion 

Recognition 

Y 

 Faux Pas Test Y 

BVMT-R = Brief Visuospatial Memory Test, Revised; COWAT = Controlled Oral Word 

Association Test; CVLT-II = California Verbal Learning Test, second edition; D-KEFS 

= Delis-Kaplan Executive Function System; JLO = Judgment of Line Orientation; 

PASAT = Paced Auditory Serial Addition Test; RAVLT = Rey Auditive Verbal Learning 

Test; RCFT = Rey Complex Figure Test; SDMT = Symbol Digit Modalities Test; SPART 

= Spatial Recall Test; SRT = Selective Reminding Test. 

Y = yes; N = no. 
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1.2.2.6  Neuropsychological batteries in MS 

 

The three most frequently used and validated neuropsychological test batteries for 

the assessment of cognitive impairment in MS are: 

(1) the 45-min Brief Repeatable Battery of Neuropsychological Tests (BRB-N) (Rao, 

1991), 

(2) the 90-min Minimal Assessment of Cognitive Function in MS (MACFIMS) (Benedict 

et al., 2006), and 

(3) the 15-min Brief International Cognitive Assessment for Multiple Sclerosis 

(BICAMS) (Langdon et al., 2012). 

The subtests of these batteries are shown in Table 3. 

 

Table 3 Summary of neuropsychological batteries for patients with MS. 

Cognitive domain BRB-N MACFIMS BICAMS 

Cognitive 

processing speed 

PASAT, SDMT PASAT, SDMT SDMT 

Verbal memory SRT CVLT-II CVLT-II 

five recall trials 

Visuospatial 

memory 

10/36 Spatial 

Recall Test 

BVMT-R BVMT-R 

three recall trials 

Visuospatial 

processing 

- JLO - 

Verbal fluency COWAT COWAT - 

Executive function - D-KEFS Sorting 

Test 

- 

BRB-N: Brief Repeatable Battery of Neuropsychological Tests, MACFIMS: Minimal 

Assessment of Cognitive Function in MS, BICAMS: Brief International Cognitive 

Assessment for Multiple Sclerosis, PASAT: Paced Auditory Serial Addition, SDMT: 

Symbol Digit Modalities Test, SRT: Selective Reminding Test, CVLT-II: California 

Verbal Learning Test, BVMT-R: Brief Visuospatial Memory Test Revised, COWAT: 

Controlled Oral Word Association Test, JLO: Judgement of Line Orientation test, D-

KEFS: Delis-Kaplan Executive Function System. 



20 
 

 

The advantages of MACFIMS are that it has a strong psychometric foundation 

and includes assessment of visuospatial processing and higher executive functions, 

however, the administration takes longer compared to the other batteries. While BICAMS 

is recommended to use for annual or bi-annual cognitive monitoring (Rocca et al., 2015), 

it allows to identify patients with possible CI (Corfield & Langdon, 2018). There is an 

attempt to develop the digital versions of the battery (Beier et al., 2020; Petrova-Antonova 

et al., 2020) in order to ease administration, scoring, collection and comparison of data. 

 

1.2.3 Correlates of cognitive impairment 

 

A large interpatient variability can be seen in the pattern and severity of cognitive 

deficits in MS. Therefore a number of biological and psychological factors has been 

investigated in order to explain this phenomenon. Fatigue and depression has been shown 

to be the main correlates of cognitive impairment in MS with domain-specific 

associations (Heesen et al., 2010).  

Symptoms of depression have been linked to cognitive multitasking in early MS 

(Glukhovsky et al., 2020), to memory (Heesen et al., 2010; (Hegedüs, Kárpáti, 

Szombathelyi, Simó, 2015), attention, executive functions (cognitive efficiency, 

executive control of attention, and planning) and information processing speed 

(Glukhovsky et al., 2020).  

Although the role of fatigue is still a matter of debate (Benedict et al., 2017), it 

has been linked to worse attention (Heesen et al., 2010) and to slower processing speed 

(Andreasen et al., 2010). Furthermore, patients’ perception about their cognitive 

functioning is related to depression and fatigue and it does not reflect the objective 

neuropsychological performance (Benedict et al., 2017). 

Nevertheless, the complex interplay among cognitive impairment, depression and 

fatigue needs to be hypothesized in patients with MS (Rocca et al., 2015). 
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Figure 1 Interplay between cognitive impairment, fatigue and depression/anxiety. 

(Bradshaw, 2008; Solaro et al., 2018) 

 

Further explanation for this variability could be the phenomenon of cognitive 

reserve, as both years of education and reading level are proved to improve predictions 

of cognitive decline over 5 years (Benedict et al., 2010). Individuals with intellectual 

enrichment, namely with greater vocabulary knowledge, and/or greater early life 

participation in cognitive leisure activities (e.g. reading, hobbies) are better able to cope 

with MS disease without cognitive impairment (Sumowski & Leavitt, 2013). 

 

1.3 Psychological consequences 

 

Among individuals with MS, mental health comorbidities contribute to secondary 

disability and detract from QoL. A significant incidence and prevalence of psychological 

disorders in MS has been described. Depression is the predominant psychological 

disturbance. Anxiety is also frequent, occurs in newly diagnosed patients, and its co-

morbidity with depression contributes to the increase of the rate of suicidal ideation. Other 

psychiatric illnesses, as bipolar affective disorder, pathological laughing and crying, or 

psychosis, occur less frequently in MS. Therapeutic strategies include psychotherapy, 

strengthen of coping mechanism, and specific medications (Sa, 2008). 
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1.3.1 Depression and suicide 

 

The prevalence of depression is higher in the population with MS than in general 

public or in many other chronic patient populations (Feinstein et al., 2014). The accurate 

quantification is difficult because of different assessment methods used in the literature. 

In general, up to 50% of people with MS is reported to experience major depressive 

disorder in their lifetime (Solaro et al., 2016). Regarding benign MS patients, around one 

in five patients has been found to have moderate to severe depression when longitudinally 

followed (Sayao et al., 2011) that is comparable with the yearly proportion of 20 % in the 

whole MS population (Sa, 2008). Women and people younger than 45 years seem to be 

more at risk for depression (Masuccio et al., 2021). 

Results concerning its prevalence within the different forms of MS are 

inconsistent. A higher rate in SPMS has been reported than in RRMS or in PPMS, 

independently from disease duration (DD) and physical disability (Solaro et al., 2016), 

whereas a lower life time risk of depressive disorders has been found in PPMS compared 

with RRMS (Zabad et al., 2005), or no association between the prevalence of depression 

and the disease course has been established (Koch et al., 2015). 

The suicide risk in the MS population is twice larger than that in the general 

population. Risk factors for suicidality in MS include a high incidence of depression, 

social isolation, and reduced function, or independence (Kalb et al., 2019). Young males 

within the first 5 years of their MS diagnosis are particularly vulnerable. While the 

frequency with which intent is followed by suicide is not known (Feinstein & Pavisian, 

2017). 

Aetiology of depression in MS is multifactorial with a complex interplay between 

biological and psychosocial variables. It might be a natural reaction to the unpredictable 

course of the disease. MS patients could be predisposed for depression by several 

psychosocial risk factors such as insufficient social support (Boeschoten et al., 2017) or 

emotion-focused coping (Lynch et al., 2001; Solaro et al., 2018). These inadequate coping 

styles seem not to improve over time (Lode et al., 2010). Lower emotional and social 

intelligence – as the ability to evaluate one’s own and others’ emotions and utilizing 

essential information for determining thoughts and actions – and alexithymia – 

characterized by difficulty identifying and describing feelings – are present in patients 
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with MS. Difficulty in social interaction could be a risk of future affective disorders 

(Ghajarzadeh et al., 2014; Jougleux et al., 2021). 

Gay et. al. (2010) studied physical and psychological factors in one model in order 

to find predictors of depression in MS. They found that physical status, trait anxiety, 

alexithymia and satisfaction with social support system were predicting factors. Trait 

anxiety and physical status were two predictors that independently and simultaneously 

led to the appearance of depression symptoms, with trait anxiety playing a predominant 

role. Alexithymia and social support indirectly influenced the appearance of these 

symptoms. 

Furthermore, genetic and immune-inflammatory factors (Solaro et al., 2018), and 

structural and functional brain impairment might be potential causes of depression, as 

well. In fact, depression itself can be a symptom with a neuro-biological basis (Masuccio 

et al., 2021). Brain MRI variables might contribute to approximately 40% of the 

depression variance (Feinstein et al., 2010), a percentage corresponding to a constellation 

of psychological factors (Lynch et al., 2001). 

Depression has been associated with interpersonal isolation and working problems 

(Dorstyn et al., 2019), cognitive impairment (Portaccio, 2016), especially, in the field of 

working memory, executive function and information processing speed (Feinstein et al., 

2014), and elevated suicide risk (Kalb et al., 2019). Depression may adversely affect 

health status by increasing symptom burden, decreased medication adherence or by direct 

pathophysiological effects on immunity (Katon et al., 2007; Solaro et al., 2018). 

Regarding QoL, its lower level is related to depression, along with depressive 

temperament and anxiety (Gil-González et al., 2020). 

Among the scales available for scoring depressive symptoms, Beck Depression 

Inventory (BDI) (Beck et al., 1961) is recommended for evaluating depression in MS 

according to the evidence-based guidelines of the American Academy of Neurology 

(AAN) (Minden et al., 2014). The question of the possible overestimation of the 

prevalence of symptoms of depression due to the overlap with MS symptoms, such as 

fatigue, sleeping problems, etc., has been investigated: the clinical phenotype of 

“idiopathic” major depressive disorder and MS-associated depression appears similar. 

Therefore the screening tools employed to identify depression in patients without MS 

might be used to measure depression also in MS (Hasselmann et al., 2016). 
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1.3.2 Anxiety 

 

Although depression is the dominant mental health comorbidity in MS, the high 

levels of stress and perceived lack of control due to the nature of the disease may lead to 

anxiety. The lifetime prevalence of anxiety symptoms and disorders is reported to be 

35.7%. The most commonly recognized disorders are generalized anxiety disorder 

(18.6%), panic disorder (10%), and obsessive compulsive disorder (8.6%) (Korostil & 

Feinstein, 2007). When analysing data regarding the prevalence of clinically significant 

anxiety symptoms (34%) compared to the prevalence of anxiety disorders (10%), a higher 

rate can be found (Boeschoten et al., 2017). The rates of anxiety are more elevated among 

people with MS compared to both the general population and people with other chronic 

disorders, as observed in case of depression (Gill et al., 2018). The comorbidity rates 

between anxiety and depression are high: 65% for depression among those meeting 

criteria for anxiety symptoms and 75% for anxiety among those meeting criteria for 

depressive symptoms (Askari et al., 2014; Jones et al., 2014).  

Anxiety plays a large role in individuals’ perceived health and well-being, which 

subsequently impacts the severity of symptoms and overall QoL. Regarding predictors, 

social support appears to be an important factor (Berrigan et al., 2016; Hanna & Strober, 

2020). 

Data concerning associations of anxiety are contradictory. Higher levels of 

anxiety symptoms were associated with longer disease duration (Hartoonian et al., 2015), 

while younger age and shorter disease duration were found to be related to anxiety in 

another study (Hanna & Strober, 2020). It may be more common in SPMS (Askari et al., 

2014) and among women with RRMS (Jones et al., 2014; Théaudin et al., 2016). 

Furthermore, adverse health behaviours (alcohol dependence and smoking) may be 

associated with anxiety (McKay et al., 2016). 

Unfortunately valid and reliable anxiety screening measures are lacking for use 

with people with MS. Commonly applied tool is the Hospital Anxiety and Depression 

Scale (HADS) (Turner et al., 2016; Zigmond & Snaith, 1983). 

As high level of anxiety can lead to temporary physiological symptoms that mirror 

those of the illness, it can easily result in the misinterpretation of these symptoms as signs 

of severe threat, i.e. as signs of MS relapse, in which case health anxiety (HA) evolves 
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(Carrigan et al., 2018). The rate of HA in MS is found to be approximately 25% (Kehler 

& Hadjistavropoulos, 2009), and it is associated with lower QoL independent of physical 

disability (Hayter et al., 2016). 

The level of HA can be assessed with a modified version of the Short Health 

Anxiety Inventory (SHAI). The SHAI is a reliable and valid measure among the general 

population and the modified version, which includes the statement ‘other than MS’, can 

be interpreted by MS patients (Kehler & Hadjistavropoulos, 2009; Köteles et al., 2011). 

 

1.3.3 Psychological interventions 

 

Psychological treatment may be beneficial for people with MS to gain skills to 

cope with emotions, thoughts and to adjust to MS diagnosis and symptoms. Several 

studies show the effectiveness of different psychological interventions (Malcomson et al., 

2007; Thomas et al., 2006), e.g. cognitive behaviour therapy (CBT) (Askey-Jones et al., 

2013; Dennison & Moss-Morris, 2010; Graziano et al., 2014; Hind et al., 2014; Lincoln 

et al., 2011; Moss-Morris et al., 2013), acceptance and commitment therapy (ACT) 

(Moss-Morris et al., 2009; Nordin & Rorsman, 2012), dialectical behaviour therapy 

(DBT) (Blair et al., 2017), stress management (Artemiadis et al., 2011; Artemiadis et al., 

2012; Reynard et al., 2014), relaxation techniques (Ghafari et al., 2009; Sutherland et al., 

2005), or mindfulness based intervention (Simpson et al., 2014).  

Apart from reducing depressive symptoms and anxiety (Fiest et al., 2016; Sesel et 

al., 2018), positive impacts may include outcomes such as prevention of new brain lesions 

in patients with MS (Mohr et al., 2012), improvement in adherence to treatment, decrease 

in fatigue, and increase in mental and total health related QoL (Mohr et al., 1997; Sesel 

et al., 2018).  

A significant finding is that peers and peer support is an important component in 

rehabilitation from the perspective of individuals (Salminen et al., 2014) therefore group-

based intervention might have an extra benefit (Borghi et al., 2018). Further suggested 

consideration when developing psychosocial interventions for people with MS is that 

sharing one’s thoughts and feelings, and learning specific strategies for living with MS 

proved to be important processes for change (Dennison et al., 2013). 
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The AAN guidelines (Minden et al., 2014) state that there is an evidence 

supporting the efficacy of pharmacologic and non-pharmacologic therapies for depressed 

mood and anxiety in individuals without MS. Despite the lack of evidence in individuals 

with MS, these therapies are frequently used to treat emotional disorders in this 

population. They recommend a 16-week program of individual telephone-administered 

CBT to treat depressive symptoms in MS. 

Although the United Kingdom National Institute of Clinical Excellence (NICE) 

encourages the routine psychosocial management in the care of MS patients, when it 

comes to the treatment of psychological disturbances it refers to NICE guideline on 

depression in adults with a chronic physical health problem and NICE guideline on 

generalised anxiety disorder and panic disorder in adults (National Institute for Health 

and Care Excellence, 2014).  

The importance of psychological support of MS patients including MS-specific 

considerations is justifiable. As the adjustment process including perceived disease 

burden starts with the diagnosis, the early stage of MS can be considered a good time for 

a psychological intervention (Calandri et al., 2017). 

 

1.4 Fatigue 

 

Fatigue is a complex and multifactorial symptom of MS that is defined 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” (Multiple Sclerosis Council for 

Clinical Practice Guidelines, 1998). Patients report it to be the most debilitating symptom 

which influences cognitive, psychological, social, and physical functioning, while 

significantly impacts QoL and employment (Bakshi, 2003; Moore et al., 2013). 

Depending on study populations and applied outcome measures, prevalence of 

fatigue varies between 40% and 70%, with a higher prevalence rate in progressive forms 

of MS (Fiest et al., 2016; Rooney, McFadyen, et al., 2019; Rooney, Wood, et al., 2019). 

Fatigue can be a consequence of the primary pathological mechanisms of MS 

including inflammation and neurological damage (Langeskov-Christensen et al., 2017), 

while secondary mechanisms independent of MS pathophysiology, such as sleep 

problems, depression or disability, may contribute to the development of fatigue. 
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However, the association between these factors may be a bi-directional relationship, as 

higher level of fatigue could be the cause or consequence of impaired physical, cognitive, 

and psychological functioning (Kos et al., 2008). 

Due to the subjective nature of fatigue, patient reported outcome measures are 

commonly used in studies to assess the severity and impact of fatigue. Two of the most 

frequently used are the Fatigue Severity Scale (FSS) (Krupp et al., 1989) and the Modified 

Fatigue Impact Scale (MFIS) (Fisk et al., 1994; Ritvo, 1997). The clinical features of MS 

have been found to be more strongly associated with fatigue impact in comparison to 

fatigue severity, which may suggest that the MFIS is a more sensitive measure of MS-

related fatigue due to its multidimensional nature (Rooney, Wood, et al., 2019). 
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2. Aims 

 

2.1 Neuropsychological characteristics of BMS patients1 

 

The aim of our two-year follow-up study (Hegedüs et al., 2019) was to investigate 

the pattern of cognitive functioning and depression in patients with BMS compared to a 

comparison group of treated RRMS patients and healthy controls. We were hoping to 

provide further insight into the different aspects of truly remained benign cases. We were 

interested in the difference between the cognitive status of patients with benign course 

without any DMT and the profile of RRMS patients treated from the beginning of the 

disease onset. 

We hypothesized that cognitive functions of BMS patients would differ from 

those of healthy controls, whereas RRMS patients would present the same cognitive 

performance. The level of depression would be higher in both MS groups than in the 

healthy group and it would not differ in the two patient groups. As for the two-year 

follow-up, we hypothesized that there would not be any change in cognitive performance 

of treated patients, that is, therapeutic efficacy of DMT on somatic symptoms would not 

be confirmed in relation to cognitive functions. In BMS group the cognitive performance 

would remain stable. Without treatment, the level of depression would not change. 

 

2.2  Psychological characteristics of MS patients 

 

Considering that the prevalence of depression is higher in the population with MS 

than in general public and it is associated with several psychological factors, we aimed to 

study the nature of the interactions between factors, as well as their impact on depression. 

Thus the aim of our study was to explore the differences in psychological characteristics 

(anxiety, fatigue, coping style, dysfunctional attitudes, emotional-social intelligence and 

alexithymia) between MS patients and healthy population, to determine the correlates of 

                                                 
1 Incorporated publication: Hegedüs K, Kárpáti J, Iljicsov A, Simó M. (2019) 

Neuropsychological characteristics of benign multiple sclerosis patients: A two-year 

matched cohort study. Mult Scler Relat Disord. 35: 150-155. 
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depression and to clarify the relationship between depression and the factors associated 

with it. 

2.3 Integrative group therapy for people in early MS 

 

There is growing evidence that psychological interventions have a significantly 

positive impact on depressive symptoms, anxiety, fatigue, and health related QoL. They 

can improve adherence to treatment (Sesel et al., 2018). Regarding cost-effectiveness, 

group psychotherapy could be a more favourable setting compared to face-to-face 

intervention. Besides, group intervention could embrace peer support that is an important 

component in rehabilitation from the perspective of individuals (Salminen et al., 2014). 

The importance of psychological support for MS patients, including MS-specific 

considerations, has been proved. The early stage of MS could be a reasonable time to 

support patients’ adjustment to the illness (Calandri et al., 2017), preventing further 

severe psychological consequences, and reducing the risk of suicide (Hind et al., 2014). 

The aim of this study was to design an integrative intervention group protocol for 

MS patients in the early stage, having depressive symptoms or anxiety. Furthermore, we 

aimed to evaluate the feasibility of the program before conducting a study focusing on 

effectiveness. 
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3. Materials and methods 

 

3.1 Neuropsychological characteristics of BMS patients2 

 

3.1.1 Participants and study design 

 

The study was conducted based on the analysis of clinical data acquired from a 

registry of 400 MS outpatients from the year of 2014 at the Department of Neurology in 

Semmelweis University. Patients were included in the BMS group based on a definite 

diagnosis of MS (according to 2010 McDonald diagnostic criteria) and a benign course 

defined as an EDSS score ≤ 3.0 after at least 10 years from the clinical onset of the disease 

(Polman et al., 2011). These patients have never been treated with immunomodulatory 

drugs. They follow the natural course of the disease. Of 30 eligible patients (7.5%), 22 

gave consent for neuropsychological assessment.  

A comparison group of 22 MS patients was recruited. Inclusion criteria were: (1) 

a definite diagnosis of MS (according to 2010 McDonald diagnostic criteria); (2) 

relapsing remitting course (Polman et al., 2011); (3) receiving of disease modifying 

treatment. In the beginning of disease course, the disease activity was higher in this group 

compared to BMS group. Therefore each patient started drugs after their first relapse in 

the setting of everyday clinical practice (based on the legislation of National Health 

Insurance Fund of Hungary). Controlling for demographic and clinical characteristics, 

cases in the patient groups were matched in terms of age, gender, education and disease 

duration.  

Exclusion criteria for both MS groups included: (1) an acute MS relapse; (2) 

corticosteroid treatment within 90 days before the cognitive assessment; (3) other 

significant neurologic or psychiatric illnesses; (4) treatment with psychoactive drugs for 

depression or fatigue and (5) alcohol or drug abuse. 

                                                 
2 Incorporated publication: Hegedüs K, Kárpáti J, Iljicsov A, Simó M. (2019) 

Neuropsychological characteristics of benign multiple sclerosis patients: A two-year 

matched cohort study. Mult Scler Relat Disord. 35: 150-155. 
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After a 2-year period patients were clinically re-evaluated. In both groups patients 

had the same disease course remaining in the same MS group. RRMS patients continued 

to receive the DMT. None of them were treated especially for cognitive impairment or 

depression. They were reassessed through the use of the same neuropsychological testing 

battery that had been initially administered. 

Healthy volunteers matched with the sample for gender, age and education were 

also studied at baseline. None of them referred to any previous neurological or systemic 

diseases potentially affecting the CNS function, and the neurological exam was normal 

in all cases. 

All participants gave an informed consent. The study was approved by the 

Semmelweis University Regional and Institutional Committee of Science and Research 

Ethics. 

 

3.1.2  Neuropsychological assessment 

 

Participants underwent a neuropsychological evaluation exploring the cognitive 

domains most frequently impaired in MS: complex attention [Paced Auditory Serial 

Attention Test 3 seconds (PASAT-3)] (Rao et al., 1989); visuo-spatial memory [Rey-

Osterrieth Complex Figure Test (CFT)]; learning, verbal memory [Auditory-Verbal 

Learning Test (AVLT)]; working memory [Digit Span (DS)]; information processing 

speed [Wechsler’s Digit Symbol Test (WDST)]; and executive function [Tower of Hanoi 

(TH)] (Lezak, 2012). The neuropsychological battery was administered in 45 minutes by 

a trained psychologist in a preordered sequence.  

Our evaluation incorporated the recommendations of the latest battery for 

cognitive assessment to be applied in clinical routine, the BICAMS (Benedict et al., 2012; 

Langdon et al., 2012; Sandi et al., 2015). It detects cognitive changes in the domains of 

information processing speed, verbal and visual memory including SDMT, CVLT and 

BVMT-R. It was completed with testing complex attention, working memory and 

executive function.  

Test failure was defined as a performance of <1.5 SD below healthy control 

subjects (Borghi et al., 2013; Jonsson et al., 2006). Patients failing at least two tests or 

subtests were considered cognitively impaired, failing 0–1 test meant cognitively 
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preserved status (Amato et al., 2010; Lopez-Gongora et al., 2015). The 

neuropsychological performance was classified as worsened at 2-year follow-up if the 

patient failed at least two more tests compared to baseline assessment (Sayao et al., 2011). 

 

3.1.3 Depression assessment 

 

Depression was assessed using the Zung Self-Rating Depression Scale (SDS) 

(Zung, 1965). It is a 20-item questionnaire that has been shown to have good construct 

validity for measuring depression in medically ill populations and has been used for 

patients with MS (Skokou et al., 2012). SDS scores are classified as normal (<50), mild 

depression (50 to 59), moderate to marked major depression (60 to 69), and severe to 

extreme major depression (>70). 

  

3.1.4  Statistical analysis 

 

Demographic and clinical characteristics of the participants were summarized as 

mean ± SD. Data were tested for normal distribution using the Shapiro-Wilk test. Group 

differences in EDSS score were determined using non-parametric Mann-Whitney U-test. 

Differences in cognitive parameters and depression between groups were determined 

using the multivariate analysis of variance tests. At baseline, Kruskal-Wallis H test was 

applied in case the assumption of normal distribution failed. The Bonferroni correction 

adjusted multiple comparisons between groups. Analysing follow-up data, between group 

comparisons were assessed using the 2-tailed t-test for unpaired samples or the non-

parametric Mann-Whitney U-test. The Wilcoxon test or 2-tailed t-test for paired samples 

was used for within group comparisons. Pearson’s correlation was performed to evaluate 

the association between depression and the different cognitive domains. All analyses were 

carried out using the SPSS software (version 25.0 for Windows; SPSS Inc., Chicago, 

Illinois, USA). In all cases p values < 0.05 were taken as significant. 
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3.2 Psychological characteristics of MS patients 

 

3.2.1 Participants and study design 

 

Patients attending regularly scheduled appointments at the Department of 

Neurology of Semmelweis University were asked to participate in the study. Patients 

were recruited consecutively provided they matched the inclusion criteria: (1) a definite 

diagnosis of MS (according to 2010 McDonald diagnostic criteria); (2) relapsing 

remitting course (Polman et al., 2011) for homogeneity of the population. Exclusion 

criteria included: (1) an acute MS relapse; (2) corticosteroid treatment within 90 days 

before the assessment; (3) other significant neurologic or psychiatric illnesses; (4) 

treatment with psychoactive drugs for depression or fatigue and (5) alcohol or drug abuse. 

The battery required approximately one hour to complete and patients completed it by the 

end of their clinic appointment or returned it in a distributed envelope by mail.  

The sample consisted of 68 patients (51 females, 17 males), who ranged in age 

from 22 to 60 with the mean level of education of 14 years. Disease duration ranged from 

1 year to 21 years and EDSS scores ranged from 0.0 to 6.0. Sixty-two percent of the 

patients were receiving disease modifying treatment.  

Sixty-six healthy volunteers matched with the sample for gender, age and 

education were recruited. None of them referred to any previous neurological or systemic 

diseases potentially affecting the CNS function, and the neurological exam was normal 

in all cases. 

All participants gave an informed consent. The study was approved by the 

Semmelweis University Regional and Institutional Committee of Science and Research 

Ethics. 

 

3.2.2 Measures 

 

In addition to an initial page eliciting demographic and disease-related 

information, the battery included the following questionnaires and measures: 
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Beck Depression Inventory (BDI) (Beck et al., 1961) to measure the level of 

depression. It is an objective self-report assessment tool comprising 21 items, and it is 

recommended by AAN. 

Short Health Anxiety Inventory (SHAI) (Köteles et al., 2011; Salkovskis et al., 

2002) to assess the level of health anxiety. The SHAI is a reliable and valid measure 

among the general population and the modified version, which includes the statement 

‘other than MS’, can be interpreted by MS patients (Kehler & Hadjistavropoulos, 2009).  

Modified Fatigue Impact Scale (MFIS) to assess the effects of fatigue. It is a 21-

item questionnaire, which is a modified version of the 40-item Fatigue Impact Scale (FIS). 

The FIS was originally developed to assess the effects of fatigue on the QoL of patients 

with chronic diseases, specifically MS. By eliminating items which appeared both 

content-redundant and had high inter-item correlations MFIS evolved (Fisk et al., 1994; 

Ritvo PG, 1997; Losonczi et al., 2011). It is recommended by the clinical practice 

guidelines of the Consortium of Multiple Sclerosis Centres (Ayache & Chalah, 2017). 

Items on the MFIS can be gathered into three subscales (physical, cognitive, and 

psychosocial), as well as into a total MFIS score. 

Ways of Coping (Folkman & Lazarus, 1980), a 22-item questionnaire to analyse 

the coping strategies, which people use in stressful situation: problem-focused strategies 

(problem analysing, goal directed behaviour) and emotion-focused strategies (emotion-

centred behaviour, adaptation, support seeking, emotional balance seeking and 

withdrawal). 

Dysfunctional Attitude Scale (DAS) (Burns, 1980; Weissman & Beck, 1978). The 

35-item scale is used to identify and measure cognitive distortion in seven major value 

systems: approval, love, achievement, perfectionism, entitlement, omnipotence and 

autonomy.  

Emotional Quotient Inventory (EQ-i) (Bar-On, 2006) to assess emotional-social 

intelligence. According to Bar-On, “it includes the following key components: (a) the 

ability to recognize, understand and express emotions and feelings; (b) the ability to 

understand how others feel and relate with them; (c) the ability to manage and control 

emotions; (d) the ability to manage change, adapt and solve problems of a personal and 

interpersonal nature; and (e) the ability to generate positive affect and be self-motivated” 

(Bar-On, 2006). It consists of five scales and 15 subscales, as follows: I-Intrapersonal 
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(self-regard, emotional self-awareness, assertiveness, dependence, and self-

actualization), II-Interpersonal (empathy, social responsibility, and inter-personal 

relationship), III-Stress Management (stress tolerance and impulse control), IV-

Adaptability (reality testing, flexibility, and problem solving), and V-General Mood Scale 

(optimism and happiness). 

Toronto Alexithymia Scale (TAS-20) (Bagby et al., 1994). This 20-item measure 

evaluates three dimensions of alexithymia: difficulty in identifying feelings (DIF), 

difficulty in describing feelings (DDF) and externally oriented thinking (EOT). 

 

3.2.3 Statistical analysis 

 

Demographic and clinical characteristics of the participants were summarized as 

mean (SD) or median (interquartile range). Data were tested for normal distribution using 

the Shapiro-Wilk / Kolmogorov-Smirnov normality test. Analysing data, between group 

comparisons were assessed using the 2-tailed t-test for unpaired samples or the non-

parametric Mann-Whitney U-test. The prevalence of psychological symptoms was 

estimated by cut-off scores: BDI score ≥ 10 (Butcher et al., 1998), SHAI score ≥ 27 for 

HA (Deacon & Abramowitz, 2008), SHAI score ≥ 15 for A (Kocjan, 2016; Salkovskis et 

al., 2002), and MFIS score ≥ 38 (Larson, 2013). Regarding alexithymia, cut-off values 

were: no-clinical alexithymic (scores ≤51), borderline alexithymic (scores of 52-60), or 

alexithymic (scores >60) (Bagby et al., 1994). Correlation analyses (using Pearson’s r for 

variables with a normal distribution or Spearman’s rank correlation for non-parametric 

variables) were performed to evaluate the association between depression / anxiety / 

fatigue and the different psychosocial variables. Additionally, variables with a p-value 

below 0.20 in a bivariate analysis were selected for multivariate forward stepwise linear 

regression analysis to explain depressive symptoms. All analyses were carried out using 

the SPSS software (version 25.0 for Windows; SPSS Inc., Chicago, Illinois, USA). In all 

cases p values < 0.05 were taken as significant. 
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3.3 Integrative group therapy for people in early MS 

 

3.3.1 Patients and process   

 

The pilot study was conducted at the Department of Neurology, Semmelweis 

University, Budapest and it was approved by Semmelweis University Regional and 

Institutional Committee of Science and Research Ethics.  

The recruitment process intended to imitate clinical practice for identifying MS 

patients in the early stage who needed psychological counselling due to depressive 

symptoms or anxiety. After giving informed consent, patients were referred to a baseline 

evaluation conducted by a psychologist. Inclusion criteria were a definite diagnosis of 

MS (according to 2010 McDonald diagnostic criteria) (Polman et al., 2011), early stage 

(disease duration: 0.5-5 years) and subthreshold to moderate depressive symptoms on a 

validated depression scale and/or symptoms of health anxiety on a validated health 

anxiety inventory. Exclusion criteria were any other significant neurological or 

psychiatric illnesses, treatment with psychoactive drugs for depression or fatigue, and 

alcohol or drug abuse.  

After examining inclusion and baseline assessment, six patients were assigned to 

the group intervention therapy. They were reassessed at post-intervention (six months 

after pre-treatment evaluation) and six months after post-intervention including the same 

tests as in the baseline data collection. 

Primary outcome measures were: (1) 21-item Beck Depression Inventory (BDI) 

(Beck et al., 1961), to measure the level of depression; (2) Short Health Anxiety Inventory 

(SHAI) (Kehler & Hadjistavropoulos, 2009; Köteles et al., 2011), to assess the level of 

health anxiety; and (3) Modified Fatigue Impact Scale (MFIS) (Fisk et al., 1994; Ritvo 

PG, 1997; Losonczi et al., 2011), to assess the effects of fatigue. Secondary outcome 

measures were: (1) Emotional Quotient Inventory (EQ-i) (Bar-On, 2006), to assess 

emotional-social intelligence; (2) Ways of Coping (Folkman & Lazarus, 1980), to analyse 

the coping strategies; and (3) Toronto Alexithymia Scale (TAS-20) (Bagby et al., 1994), 

to evaluate the level of alexithymia. 
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Feasibility of the designed integrative group intervention protocol was 

characterized by recruitment rate, number of cancellations, attrition rate, and potential 

adverse events. 

 

3.3.2  Intervention 

 

The intervention consisted of 20 group sessions administered on a weekly basis 

for 1.5 hour. All group sessions were conducted by a psychologist having five years of 

experience in group therapy, which was supervised by two clinical neuropsychologists.  

The intervention group program was designed for people with MS based on the 

information gathered from previous studies (Fiest et al., 2016; Hind et al., 2014; Reynard 

et al., 2014; Sesel et al., 2018), based on the results of our study on psychological 

characteristics of MS patients and based on the experience in relaxation and supportive 

group therapy for MS patients at the Department of Neurology, Semmelweis University 

(Hegedüs, Kárpáti, Szombathelyi, Iljicsov, Simó, 2015). The goal was to introduce a 

combination of evidence-based therapies in order to better serve the needs of MS people 

in the early stage and to ease the adjustment difficulties associated with depression or 

anxiety.  

The series of sessions meant to be an integrative group therapy based on psycho-

educational, cognitive behavioural framework (including elements of acceptance and 

commitment therapy, and dialectical behaviour therapy) combined with autogenic 

training, imagination, stress and change management, and peer support. The sessions 

were designed to encourage acceptance of MS, promote adequate coping mechanism and 

adjustment, increase self-efficacy, self-motivation and optimism, experience positive 

emotions, facilitate the development of social support, identifying, expressing and sharing 

feelings, addressing maladaptive thoughts, beliefs and behaviours, developing social 

skills for dealing with other people’s reactions and preparing for difficulties in the future. 

The topics covered are presented in Table 4. The sessions involved an opening 

relaxation exercise, homework reflection and presentation, discussion and practice of a 

new topic involving new skills. Homework based on session topics was assigned to 

encourage the participants to practice new skills at home. They were asked to perform 

relaxation exercises every day. 
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Table 4 Topics of the intervention sessions. 

Session Topic Description 

1 Introduction  Introduction of MS and adjusting to MS. 

Assessment of current strengths and difficulties. 

Keeping a diary. 

2 Target setting Problem sheet and realistic target setting in different areas 

of life. 

How to relax? Introduction of Autogenic Training (AT). 

Contact with the present moment. 

3-5 Representation 

of illness  

Experience of MS diagnosis. 

Concealment. 

Representation of illness and self – PRISM (Buchi & 

Sensky, 1999). 

Identity/role change and redefinition of identity. 

Gaining self-efficacy over symptoms. 

Identifying the benefits. 

AT – Heaviness exercise. 

6-7 Mood, 

emotions 

Identifying and describing feelings. 

Dealing with negative emotions, e.g. sadness, grief, loss, 

frustration, anger, anxiety, depression, shame, and 

embarrassment. 

Acceptance. 

Values. 

Emotion-regulation strategies. 

AT – Warmth exercise. 

8-9 Cognition Cognitive behavioural model of adjusting. 

Cognitive restructuring. 

Management of negative thoughts and beliefs. 

Analysing thinking errors. 

AT – Heart exercise. 

10-11 Behaviour Behaviour evaluation. 

Dysfunctional attitudes. 
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Session Topic Description 

What are health behaviours (positive activities, exercise, 

diet, rest, sleep, etc.)? 

AT – Breathing exercise. 

12-13 Stress What is stress? 

Distress tolerance. 

Analysing stressful situations. 

Identifying warning signs. 

AT – Abdominal exercise. 

14-15 Coping  Stress/change management: problem solving, planning, 

prioritizing, external and internal distraction. 

Acceptance. 

Committed actions. 

AT – Forehead exercise. 

16-17 Interpersonal 

effectiveness 

Social support network. 

Assertive communication. 

Saying no. 

Asking for help. 

AT – Self-generated formula. 

18-19 Needs and 

goals 

Definition of needs. 

Accepting limitations. 

Definition of new, realistic and meaningful life goals. 

Reinforcing a sense of coherence. 

Relaxation combined with imagination exercises (inner 

pictures of nature, e.g. medicinal spring, mountain). 

20 Future Summary of strategies to reach goals. 

Summary of strengths, values, newly acquired useful 

aspects and skills. 

Sense of personal realization. 

How to face and cope with difficult situations or problems 

in the future. 

Formation of a peer support group. 



40 
 

 

In order to evaluate the group experience, participants who had attended the 

intervention group were asked to fill out a questionnaire that included the following 

questions: 

1. How satisfied are you with the experience? (5-point scale.) 

2. Do you think this experience is useful for your life? (5-point scale.) 

3. Did you perceive a positive personal change after the group experience? (Yes/no/don’t 

know.) 

4. Would you repeat this experience? (Yes/no/don’t know.) 

5. Would you recommend this experience to other patients? (Yes/no/don’t know.) 

 

3.3.3 Statistical analysis 

 

Demographic and clinical characteristics of the participants were summarized 

using mean (SD) or median (IQR). Mean differences in outcome measures from baseline 

to 6-month follow-up were calculated. Descriptive statistics were used to analyse 

outcome variability. 
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4. Results 

 

4.1 Neuropsychological characteristics of BMS patients3  

 

Demographic and main clinical data of the subjects included in the study at 

baseline and at 2-year follow-up are shown in Table 5 and Table 6. The mean level of 

EDSS was 1.2 (SD=0.9) in BMS group and 1.7 (SD=1.5) in RRMS group. There was no 

significant difference between them. Clinical characteristics including EDSS scores of 

MS patients did not change after two years (1.2, SD=0.9; 1.8, SD=1.7), they were 

considered still benign or relapsing-remitting.  

The mean level of depression was elevated in the BMS group compared to the 

RRMS group, however, significant differences were found only between BMS and 

healthy groups (43.4 (SD=10.1) vs. 35.9 (SD=5.7), p=0.008). At two-year follow-up, 

mean level of depression did not change significantly in the MS groups.  

 

Table 5 Demographic and clinical characteristics of the study sample, baseline 

(Hegedüs et al., 2019). 

 
BMS-1 

n=22 

RRMS-2 

n=22 

Control-3 

n=22 

p: 

1-2 

 

1-3 

 

2-3 

Gender, n (men/women) 5/17 5/17 5/17 n.s. n.s. n.s. 

Age, y, mean (SD) 44.9 (9.5) 45.1 (9.2) 44.9 (9.6) n.s. n.s. n.s. 

Education, y, mean (SD) 13.6 (2.1) 14.1 (2.2) 13.9 (2.5) n.s. n.s. n.s. 

Disease duration, y, mean (SD) 14.9 (6.1) 13.7 (6) n.r. n.s. - - 

EDSS score, mean (SD) 1.2 (0.9) 1.7 (1.5) n.r. n.s. - - 

DMT, n       

Interferon beta 1b 0 5 n.r. n.r. - - 

Glatiramer acetate 0 6 n.r. n.r. - - 

Natalizumab 0 2 n.r. n.r. - - 

                                                 
3 Incorporated publication: Hegedüs K, Kárpáti J, Iljicsov A, Simó M. (2019) 

Neuropsychological characteristics of benign multiple sclerosis patients: A two-year 

matched cohort study. Mult Scler Relat Disord. 35: 150-155. 
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BMS-1 

n=22 

RRMS-2 

n=22 

Control-3 

n=22 

p: 

1-2 

 

1-3 

 

2-3 

Fingolimod 0 1 n.r. n.r. - - 

Teriflunomide 0 3 n.r. n.r. - - 

Dimethyl fumarate 0 5 n.r. n.r. - - 

Depression score, mean (SD) 43.4 (10.1) 39.4 (7.5) 35.9 (5.7) n.s. 0.008 n.s. 

Note. y: years, SD: standard deviation, EDSS: expanded disability status scale, DMT: 

disease modifying treatment, Depression score measured by SDS, n.s.: not significant, 

n.r.: not relevant.  
 

Table 6 Demographic and clinical characteristics of the study sample, 2-year follow-up 

(Hegedüs et al., 2019). 

 
BMS 

n=22 

RRMS 

n=22 
p-value 

Gender, n (men/women) 5/17 5/17 n.s. 

Age, y, mean (SD) 46.9 (9.5) 47.1 (9.2) n.s. 

Education, y, mean (SD) 13.6 (2.1) 14.1 (2.2) n.s. 

Disease duration, y, mean (SD) 16.9 (6.1) 15.7 (6) n.s. 

EDSS score, mean (SD) 1.2 (0.9) 1.8 (1.7) n.s. 

DMT, n    

Interferon beta 1b 0 5 n.r. 

Glatiramer acetate 0 6 n.r. 

Natalizumab 0 2 n.r. 

Fingolimod 0 1 n.r. 

Teriflunomide 0 3 n.r. 

Dimethyl fumarate 0 5 n.r. 

Depression score, mean (SD) 44.6 (9.0) 40.9 (7.9) n.s. 

Note. y: years, SD: standard deviation, EDSS: expanded disability status scale, DMT: 

disease modifying treatment, Depression score measured by SDS, n.s.: not significant, 

n.r.: not relevant. 
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Cognitive scores at baseline are presented in Table 7. Non-significant differences 

between MS groups were noted in the measured cognitive domains. In comparison with 

the healthy control group, there were significant differences in the BMS group in the 

following mean scores and domains: CFT (18.34 (SD=5.3) vs. 24.43 (SD=7.5), p=0.005) 

– visuo-spatial memory; AVLT-L (51.82 (SD=8.8) vs. 58.23 (SD=8.4), p=0.04) – 

auditory-verbal learning; and WDST (42.05 (SD=10.5) vs. 52.00 (SD=10.8), p=0.017) – 

information processing speed. Scores of complex attention, verbal memory, working 

memory and executive function did not differ significantly between the two groups. In 

RRMS group significant differences were found compared to healthy group in terms of 

PASAT-3 (35.55 (SD=12.5) vs. 45.82 (SD=11.5), p=0.032) – complex attention; CFT 

(19.72 (SD=5.7) vs. 24.43 (SD=7.5), p=0.044) – visuo-spatial memory; and WDST 

(38.23 (SD=13.2) vs. 52.00 (SD=10.8), p=0.001) – information processing speed. Scores 

of verbal learning, verbal memory, working memory and executive function did not differ 

significantly between the two groups. 

 

Table 7 Neuropsychological scores at baseline, comparison between groups (Hegedüs et 

al., 2019). 

Domain and test 

BMS 

1 

n=22 

RRMS 

2 

n=22 

Control 

3 

n=22 

p-

value 

1-2 

 

1-3 

 

2-3 

Complex attention        

PASAT-3 40.09 (11.1) 35.55 (12.5) 45.82 (11.5) n.s. n.s. 0.015 

Memory       

CFT 18.34 (5.3) 19.72 (5.7) 24.43 (7.5) n.s. 0.005 0.044 

AVLT-L 51.82 (8.8) 55.14 (8.8) 58.23 (8.4) n.s. 0.04 n.s. 

AVLT 10.73 (3.3) 11.41 (3.2) 12.36 (2.6) n.s. n.s. n.s. 

DS 12.05 (2.1) 12.27 (2.2) 12.18 (2.3) n.s. n.s. n.s. 

Information 

processing speed 

      

WDST 42.05 (10.5) 38.23 (13.2) 52.00 (10.8) n.s. 0.017 0.001 

Executive function       

TH* 26.86 (4.1) 29.23 (4.5) 28.00 (5.4) n.s. n.s. n.s. 
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Note. Scores are mean (SD). 

PASAT-3: Paced Auditorial Serial Attention Test 3 seconds; CFT: Rey-Osterrieth 

Complex Figure Test; AVLT-L: Auditory-Verbal Learning Test, learning; AVLT: 

Auditory-Verbal Learning Test, verbal memory; DS: Digit Span; WDST: Wechsler’s 

Digit Symbol Test; TH: Tower of Hanoi. 

n.s.: not significant 

*Lower value means better performance 

 

Cognitive scores at two-year follow-up compared to baseline are shown in Table 

8. The cognitive evaluation showed no significant differences between BMS patients and 

RRMS patients. In BMS group, significantly higher mean scores were found on AVLT-

L subtest (51.82 (SD=8.8) vs. 55.77 (SD=10.1), p=0.024) and on WDST test (42.05 

(SD=10.5) vs. 45.43 (SD=12.0), p=0.022) at two-year follow-up cognitive evaluation 

compared to baseline performance. Auditory-verbal learning and information processing 

speed improved. The cognitive performance of RRMS patients remained stable.  

Cognitive scores of different domains were not correlated with depression scores 

either at baseline or at two-year follow-up. 

 

Table 8 Neuropsychological scores, 2-year follow-up, comparison within groups and 

between groups (Hegedüs et al., 2019). 

Domain and test 

BMS 

1(t1) 

n=22 

BMS 

1(t2) 

n=22 

 

p 

RRMS 

2(t1) 

n=22 

RRMS 

2(t2) 

n=22 

 

p 

p-value 

1(t2)-

2(t2) 

Complex attention        

PASAT-3 40.09 

(11.1) 

41.68 

(10.8) 

n.s. 35.55 

(12.5) 

39.23 

(12.7) 

n.s. n.s. 

Memory        

CFT 18.34 

(5.3) 

19.27 (6.5) n.s. 19.72 

(5.7) 

19.43 

(6.0) 

n.s. n.s. 

AVLT-L 51.82 

(8.8) 

55.77 

(10.1) 

0.024 55.14 

(8.8) 

56.45 

(9.4) 

n.s. n.s. 



45 
 

 

Domain and test 

BMS 

1(t1) 

n=22 

BMS 

1(t2) 

n=22 

 

p 

RRMS 

2(t1) 

n=22 

RRMS 

2(t2) 

n=22 

 

p 

p-value 

1(t2)-

2(t2) 

AVLT 10.73 

(3.3) 

11.23 

(3.8) 

n.s. 11.41 

(3.2) 

11.36 

(3.3) 

n.s. n.s. 

DS 12.05 

(2.1) 

11.45 

(2.3) 

n.s. 12.27 

(2.2) 

11.86 

(2.4) 

n.s. n.s. 

Information 

processing speed 

       

WDST 42.05 

(10.5) 

45.43 

(12.0) 

0.022 38.23 

(13.2) 

39.57 

(14.5) 

n.s. n.s. 

Executive function        

TH* 26.86 

(4.1) 

28.59 

(5.1) 

n.s. 29.23 

(4.5) 

29.73 

(7.9) 

n.s. n.s. 

Note. Scores are mean (SD). 

PASAT-3: Paced Auditorial Serial Attention Test 3 seconds; CFT: Rey-Osterrieth 

Complex Figure Test; AVLT-L: Auditory-Verbal Learning Test, learning; AVLT: 

Auditory-Verbal Learning Test, verbal memory; DS: Digit Span; WDST: Wechsler’s 

Digit Symbol Test; TH: Tower of Hanoi, t1: baseline; t2: 2-year follow-up, n.s.: not 

significant. 

*Lower value means better performance. 

 

Cognitive impairment related data by domains are summarized in Table 9. In BMS 

group at baseline assessment, the most frequently involved tests were those assessing 

information processing speed (WDST, 32%), verbal learning and memory (AVLT-L, 

27%; AVLT, 27%), visual memory (CFT, 23%) and complex attention (PASAT-3, 18%). 

Working memory and executive function was found to be less affected. At two-year 

follow-up slight improvement were observed in information processing speed (WDST, 

27%), verbal learning and memory (AVLT-L, 23%; AVLT, 18%) and visual memory 

(CFT, 18%). In RRMS group the most frequently involved domains were information 

processing speed (WDST, 45%), complex attention (PASAT-3, 32%), visual memory 

(CFT, 23%) and verbal memory (AVLT, 18%). At two-year follow-up the number of 
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failed tests decreased in the field of information processing speed (WDST, 32%), 

complex attention (PASAT-3, 27%) and visual memory (CFT, 14%).  

 

Table 9 Neuropsychological test results in BMS and in RRMS patients at baseline and 

at 2-year follow-up (Hegedüs et al., 2019). 

Number of failed cognitive tests in study groups, n (%) 

 Baseline 2-year follow-up 

Domain and test 
BMS RRMS BMS RRMS 

n=22 n=22 n=22 n=22 

Complex attention     

PASAT-3 4 (18%) 7 (32%) 4 (18%) 6 (27%) 

Memory     

CFT 5 (23%) 5 (23%) 4 (18%) 3 (14%) 

AVLT-L 6 (27%) 3 (14%) 5 (23%) 2 (9%) 

AVLT 6 (27%) 4 (18%) 4 (18%) 4 (18%) 

DS 1 (5%) 2 (9%) 2 (9%) 1 (5%) 

Information processing 

speed 
    

WDST 7 (32%) 10 (45%) 6 (27%) 7 (32%) 

Executive function     

TH 1 (5%) 2 (9%) 1 (5%) 3 (14%) 

Note. PASAT-3: Paced Auditorial Serial Attention Test 3 seconds; CFT: Rey-Osterrieth 

Complex Figure Test; AVLT-L: Auditory-Verbal Learning Test, learning; AVLT: 

Auditory-Verbal Learning Test, verbal memory; DS: Digit Span; WDST: Wechsler’s 

Digit Symbol Test; TH: Tower of Hanoi 

 

Table 10 shows the individual cognitive status and severity of impairment. The 

neuropsychological assessment allowed for the identification (failed at least two cognitive 

tests or subtests) of ten cognitively impaired BMS patients (45%), eight cognitively 

impaired RRMS patients (36%) at baseline and seven cognitively impaired BMS patients 

(32%), six cognitively impaired RRMS patients (27%) at two-year follow-up. In BMS 
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group one case, in RRMS group no case was found for worsening. Improvement was 

detected in three cases in both groups. 

 

Table 10 Number of failed cognitive tests per individual in patient groups at baseline 

and at 2-year follow-up (Hegedüs et al., 2019). 

 

CI, n (%) 10 (45%) 8 (36%) 7 (32%) 6 (27%) 

Note. CI: cognitively impaired. 

 

4.2 Psychological characteristics of MS patients 

 

Demographic and main clinical data of the subjects included in the study are 

shown in Table 11. A total of 68 RRMS patients (17 men, 51 women) and 66 healthy 

controls (19 men, 47 women) participated in this study. Mean age was 36.4±8.9 for the 

patients and 35.5±9.9 for the control participants. Level of education was 14.4±2.1 years 

for the patients and 14.8±1.9 for the controls. In RRMS group, mean disease duration was 

6.6±5.3 and median EDSS score was 1.0 (0.0, 2.0). Sixty-two percent of the patients 

received disease modifying therapy. 

 Baseline, n (%) 2-year follow-up, n (%) 

Number of failed cognitive tests 
BMS RRMS BMS RRMS 

n=22 n=22 n=22 n=22 

0 10 (45%) 10 (45%) 11 (50%) 11 (50%) 

1 2 (9%) 4 (18%) 4 (18%) 5 (23%) 

2 5 (23%) 4 (18%) 2 (9%) 3 (14%) 

3 2 (9%) 1 (5%) 2 (9%) 0 

4 3 (14%) 0 3 (14%) 1 (5%) 

5 0 1 (5%) 0 1 (5%) 

6 0 1 (5%) 0 1 (5%) 

7 0 1 (5%) 0 0 
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Table 11 Demographic and clinical characteristics of the study sample. 

 
RRMS 

n=68 

Control 

n=66 
p-value 

Gender, n (men/women) 17/51 19/47 n.s. 

Age, y, mean (SD) 36.4 (8.9) 35.5 (9.9) n.s. 

Education, y, mean (SD) 14.4 (2.1) 14.8 (1.9) n.s. 

Disease duration, y, mean (SD) 6.6 (5.3) n.r. n.r. 

EDSS score, mean (SD) 1.2 (1.4) n.r. n.r. 

EDSS score, median (IQR) 1.0 (0.0,2.0)   

DMT, n    

Cladribine 1 n.r. n.r. 

Interferon beta-1a 8 n.r. n.r. 

Interferon beta-1b 1 n.r. n.r. 

Glatiramer acetate 5 n.r. n.r. 

Natalizumab 21 n.r. n.r. 

Fingolimod 1 n.r. n.r. 

Teriflunomide 2 n.r. n.r. 

Dimethyl fumarate 3 n.r. n.r. 

None 26 n.r. n.r. 

Note. y: years, SD: standard deviation, EDSS: expanded disability status scale, 

IQR=interquartile range, 

DMT: disease modifying treatment, n.s.: not significant, n.r.: not relevant. 

 

Concerning psychological characteristics, RRMS patients had a higher mean 

depression score (11.57±8.48 vs. 5.74±5.2, p<0.001), a higher mean health anxiety score 

(19±8.89 vs. 15.33±6.61, p=0.009) and a higher mean fatigue score (29.75±21.09 vs. 

19.67±15.13, p=0.006) – including physical and psychosocial but not cognitive subscores 

– than controls (Table 12). Depressive symptoms occurred in 54.4% (n=37) of RRMS 

patients, and 67.6% (n=46) were considered anxious, out of them 13 patients (19.1%) had 

health anxiety. 38.2% of patients reported fatigue. In control group, 18.2% (n=12) had 

depressive symptoms, 48.5% (n=32) anxiety and 10.6% (n=7) health anxiety. The 

prevalence of fatigue was 10.6%. 
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In comparison with control group, RRMS patients used less problem-focused 

strategies (1.71±0.54 vs. 1.9±0.53, p=0.045), in general, and support seeking strategy 

(1.57±0.67 vs. 1.86±0.8, p=0.017) and were more prone to use withdrawal strategy 

(1.5±0.64 vs. 1.12±0.67, p=0.001). RRMS patients exhibited more elevated dysfunctional 

attitudes in the value systems of love (0.97±4.79 vs. -0.77±4.31, p=0.028), entitlement 

(3.33±4.37 vs. 1.86±4.1, p=0.025) and autonomy (0.79±4.11 vs. -1.44±3.69, p=0.002). 

The patients’ mean EQ-i score was significantly lower than that of the controls 

(418.28±56.76 vs. 457.95±46.13, p<0.001). The differences were significant in all five 

EQ-i scales – intrapersonal (120.24±23.33 vs. 134.92±19.15, p<0.001), interpersonal 

(90.54±12.4 vs. 97.12±9.86, p=0.001), stress management (56.56±8.91 vs. 60.76±8.21, 

p=0.005), adaptability (91.12±11.79 vs. 97.86±11.26, p= 0.001) and general mood 

(91.12±11.79 vs. 97.86±11.26, p=0.001) – and in almost all subscales, except for 

empathy, social responsibility, impulse control and problem solving. 

Relative to controls, RRMS patients had a significantly higher mean global score 

of alexithymia (48.57±13.35 vs. 40.12±9.57, p<0.001) and had significantly more 

difficulties to identify emotions (13.56±4.87 vs. 10.45±3.57, p<0.001), to describe 

feelings (16.35±5.08 vs. 11.92±4.02, p<0.001) and were characterized by significantly 

more externally oriented thinking (19.26±4.61 vs. 17.65±4.51, p=0.043). Alexithymia 

was found in 13 (19.1%) patients, 13 (19.1%) patients showed borderline alexithymia. In 

control group, two individuals (3%) were alexithymic and five persons were borderline 

alexithymic (7.6%). 

 

Table 12 Comparison of psychological characteristics between RRMS patients and 

controls. 

 
RRMS 

n=68 

Control 

n=66 
p-value 

BDI 11.57 (8.48) 5.74 (5.2) <0.001 

SHAI 19 (8.89) 15.33 (6.61) 0.009 

MFIS 29.75 (21.09) 19.67 (15.13) 0.006 

Physical subscale 15.1 (11.3) 7.61 (6.45) <0.001 

Cognitive subscale 11.9 (10.06) 10.33 (8.41) 0.530 

Psychosocial subscale 2.75 (2.37) 1.73 (1.78) 0.015 
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RRMS 

n=68 

Control 

n=66 
p-value 

Ways of Coping    

Problem-focused strategies 1.71 (0.54) 1.9 (0.53) 0.045 

Problem analysing 1.91 (0.67) 2.18 (0.56) 0.072 

Goal directed behaviour 1.51 (0.66) 1.62 (0.71) 0.456 

Emotion-focused strategies 1.34 (0.33) 1.25 (0.4) 0.143 

Emotion-centred behaviour 0.93 (0.63) 0.8 (0.55) 0.234 

Adaptation 1.41 (0.54) 1.37 (0.52) 0.381 

Support seeking 1.57 (0.67) 1.86 (0.8) 0.017 

Emotional balance seeking 1.29 (0.68) 1.11 (0.68) 0.082 

Withdrawal 1.5 (0.64) 1.12 (0.67) 0.001 

DAS    

Approval 0.69 (3.99) -0.74 (3.51) 0.039 

Love 0.97 (4.79) -0.77 (4.31) 0.028 

Achievement  -0.51 (6.22) -2.44 (5.09) 0.051 

Perfectionism  0.37 (4.86) -0.89 (3.16) 0.141 

Entitlement 3.33 (4.37) 1.86 (4.1) 0.025 

Omnipotence 1.1 (4.58) 0.39 (3.69) 0.294 

Autonomy 0.79 (4.11) -1.44 (3.69) 0.002 

EQ-i 418.28 (56.76) 457.95 (46.13) <0.001 

1-Intrapersonal 120.24 (23.33) 134.92 (19.15) <0.001 

Assertiveness 18.81 (4.51) 20.64 (3.85) 0.008 

Emotional self-awareness 25.16 (5.81) 27.83 (4.92) 0.005 

Self-regard 28.01 (8.08) 32.64 (7.54) <0.001 

Dependence 21.87 (4.63) 24.33 (4.72) 0.004 

Self-actualization 26.38 (5.35) 29.76 (3.97) <0.001 

2-Interpersonal 90.54 (12.4) 97.12 (9.86) 0.001 

Empathy 18.38 (3.14) 19 (2.81) 0.195 

Social responsibility 35.9 (4.46) 37.21 (3.98) 0.074 

Inter-personal relationship 36.26 (8.04) 40.91 (6.44) 0.001 

3-Stress Management 56.56 (8.91) 60.76 (8.21) 0.005 
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RRMS 

n=68 

Control 

n=66 
p-value 

Stress tolerance 27.06 (4.16) 30.15 (3.9) <0.001 

Impulse control 29.35 (6.89) 30.61 (6.63) 0.286 

4-Adaptability 91.12 (11.79) 97.86 (11.26) 0.001 

Reality testing 35.5 (5.59) 37.7 (5.3) 0.008 

Flexibility 24.75 (5.95) 27.79 (5.38) 0.002 

Problem solving 30.87 (4.17) 32.38 (4.37) 0.065 

5-General Mood 91.12 (11.79) 97.86 (11.26) 0.001 

Optimism 27.81 (5.46) 31.09 (5.22) <0.001 

Happiness 32.49 (7.13) 36.7 (5.28) <0.001 

TAS-20 48.57 (13.35) 40.12 (9.57) <0.001 

DIF 13.56 (4.87) 10.45 (3.57) <0.001 

DDF 16.35 (5.08) 11.92 (4.02) <0.001 

EOT 19.26 (4.61) 17.65 (4.51) 0.043 

Note. Scores are mean (SD). 

BDI: Beck Depression Inventory, SD: standard deviation, SHAI: Short Health Anxiety 

Inventory, MFIS: Modified Fatigue Impact Scale, DAS: Dysfunctional Attitude Scale, 

EQ-i: Emotional Quotient Inventory, TAS-20: Toronto Alexithymia Scale, DIF: 

difficulty in identifying feelings, DDF: difficulty in describing feelings, EOT: externally 

oriented thinking. 

The bold values indicate the P values of scales/subscales which their differences were 

significant. 

 

Relationships between depression and different variables are presented in Table 

13. In RRMS group, depressive symptoms were not associated with demographic and 

disease related variables. BDI score was strongly correlated with SHAI (r=0.512, 

p<0.001), MFIS (r=0.578, p<0.001), MFIS Physical subscale (r=0.541, p<0.001), TAS-

20 (r=0.547, p<0.001), DIF (r=0.568, p<0.001) and DDF score (r=0.578, p<0.001). BDI 

score was strongly and negatively associated with EQ-i (r=-0.729, p<0.001) and the five 

EQ-i scales score. BDI score was negatively correlated with all EQ-i subscale score 

except for Problem solving. Depression was moderately associated with Cognitive fatigue 
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(r=0.495, p<0.001), Psychosocial fatigue (r=0.461, p<0.001), Emotion-focused coping 

(r=0.360, p=0.003), Emotion-centred behaviour (r=0.442, p<0.001), Love (r=0.303, 

p=0.012), Achievement (r=0.334, p=0.005), Autonomy (r=0.380, p=0.001) and 

Externally oriented thinking (r=0.377, p=0.002). Depression was moderately and 

negatively correlated with Problem-focused coping (r=-0.244, p=0.045) and Goal 

directed behaviour (r=-0.312, p=0.01). Depression didn’t have any significant correlation 

with Problem analysing, Adaptation, Support seeking, Emotional balance seeking, 

Withdrawal coping styles, Approval, Perfectionism, Entitlement and Omnipotence. 

In the control group, depressive symptoms were not associated with demographic 

variables. BDI score was strongly correlated with DDF score (r=0.613, p<0.001). BDI 

score was strongly and negatively associated with EQ-i (r=-0.506, p<0.001), Self-regard 

(r=-0.501, p<0.001), Stress Management (r=-0.556, p<0.001), Stress Tolerance (r=-

0.551, p<0.001), General Mood (r=-0.533, p<0.001) and Happiness (r=-0.528, p<0.001) 

score. Depression was moderately associated with Health Anxiety (r=0.405, p=0.001), 

Fatigue (r=0.332, p=0.006) – including the three subscales – Emotion-focused coping 

(r=0.259, p=0.036), Approval(r=0.385, p=0.001), Perfectionism (r=0.276, p=0.025), 

Omnipotence (r=0.324, p=0.008), Autonomy (r=0.415, p=0.001), Alexithymia (r=0.483, 

p<0.001) and Difficulty in identifying feelings (r=0.351, p=0.004). BDI score was 

moderately and negatively correlated with Intrapersonal scale (r=-0.476, p<0.001), 

Assertiveness (r=-0.374, p=0.002), Dependence (r=-0.291, p=0.018), Self-actualization 

(r=-0.467, p<0.001), Impulse control (r=-0.386, p=0.003), Adaptability scale (r=-0.386, 

p=0.001), Reality testing (r=-0.366, p=0.002), Flexibility (r=-0.292, p=0.017) and 

Optimism (r=-0.436, p<0.001) score. Depression didn’t have any significant correlation 

with Problem-focused coping, Problem analysing, Goal directed behaviour, Emotion-

centred behaviour, Adaptation, Support seeking, Emotional balance seeking, Withdrawal 

coping styles, Love, Achievement, Entitlement, Emotional self-awareness, Interpersonal 

scale and subscales, Problem solving and Externally oriented thinking. 
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Table 13 The relationship between BDI score and different variables. 

 RRMS; n=68 Control; n=66 

 
Correlation 

Coefficient 
p-value 

Correlation 

Coefficient 
p-value 

Gender 0.043 0.726 0.123 0.327 

Age 0.09 0.465 -0.033 0.79 

Education -0.113 0.358 -0.174 0.162 

Disease duration -0.008 0.949 n.r. n.r. 

EDSS 0.003 0.982 n.r. n.r. 

SHAI 0.512 <0.001 0.405 0.001 

MFIS 0.578 <0.001 0.332 0.006 

Physical subscale 0.541 <0.001 0.355 0.003 

Cognitive subscale 0.495 <0.001 0.266 0.031 

Psychosocial subscale 0.461 <0.001 0.284 0.021 

Ways of Coping     

Problem-focused 

strategies 
-0.244 0.045 -0.049 0.695 

Problem analysing -0.087 0.481 -0.041 0.745 

Goal directed 

behaviour 
-0.312 0.01 -0.042 0.74 

Emotion-focused 

strategies 
0.360 0.003 0.259 0.036 

Emotion-centred 

behaviour 
0.442 <0.001 0.239 0.053 

Adaptation 0.05 0.683 0.127 0.311 

Support seeking 0.083 0.501 0.049 0.694 

Emotional balance 

seeking 
0.151 0.219 0.1 0.424 

Withdrawal 0.217 0.075 0.31 0.011 

DAS     

Approval 0.231 0.058 0.385 0.001 
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 RRMS; n=68 Control; n=66 

 
Correlation 

Coefficient 
p-value 

Correlation 

Coefficient 
p-value 

Love 0.303 0.012 0.164 0.188 

Achievement  0.334 0.005 0.025 0.844 

Perfectionism  0.158 0.197 0.276 0.025 

Entitlement 0.066 0.594 0.229 0.066 

Omnipotence 0.012 0.921 0.324 0.008 

Autonomy 0.380 0.001 0.415 0.001 

EQ-i -0.729 <0.001 -0.506 <0.001 

1-Intrapersonal -0.657 <0.001 -0.476 <0.001 

Assertiveness -0.443 <0.001 -0.374 0.002 

Emotional self-

awareness 
-0.530 <0.001 -0.163 0.191 

Self-regard -0.637 <0.001 -0.501 <0.001 

Dependence -0.331 0.006 -0.291 0.018 

Self-actualization -0.669 <0.001 -0.467 <0.001 

2-Interpersonal -0.542 <0.001 -0.061 0.629 

Empathy -0.390 0.001 0.007 0.953 

Social responsibility -0.286 0.018 -0.024 0.848 

Inter-personal 

relationship 
-0.524 <0.001 -0.081 0.517 

3-Stress Management -0.538 <0.001 -0.556 <0.001 

Stress tolerance -0.580 <0.001 -0.551 <0.001 

Impulse control -0.324 0.007 -0.364 0.003 

4-Adaptability -0.512 <0.001 -0.386 0.001 

Reality testing -0.497 <0.001 -0.366 0.002 

Flexibility -0.396 0.001 -0.292 0.017 

Problem solving -0.218 0.074 -0.191 0.124 

5-General Mood -0.712 <0.001 -0.533 <0.001 

Optimism -0.665 <0.001 -0.436 <0.001 

Happiness -0.668 <0.001 -0.528 <0.001 
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 RRMS; n=68 Control; n=66 

 
Correlation 

Coefficient 
p-value 

Correlation 

Coefficient 
p-value 

TAS-20 0.547 <0.001 0.483 <0.001 

DIF 0.568 <0.001 0.351 0.004 

DDF 0.578 <0.001 0.613 <0.001 

EOT 0.377 0.002 0.187 0.132 

Note. EDSS: expanded disability status scale, BDI: Beck Depression Inventory, SD: 

standard deviation, SHAI: Short Health Anxiety Inventory, MFIS: Modified Fatigue 

Impact Scale, DAS: Dysfunctional Attitude Scale, EQ-i: Emotional Quotient Inventory, 

TAS-20: Toronto Alexithymia Scale, DIF: difficulty in identifying feelings, DDF: 

difficulty in describing feelings, EOT: externally oriented thinking. 

n.r.: not relevant. 

The bold values indicate the p values of scales/subscales which their differences were 

significant. 

 

Regression analysis showed that in MS group, 68.4 % of the variation in BDI 

score can be explained using EQ-i score, Cognitive subscale score of MFIS, Adaptability 

scale score of EQ-i, Emotion-centred behaviour score of Ways of Coping and DIF score 

of TAS-20 (r2=0.684, p<0.001). In control group, 54.5 percent of the variation in BDI 

score can be explained using DDF score of TAS-20, Stress management scale score of 

EQ-i, Self-regard subscale score of EQ-i and SHAI score (r2=0.545, p<0.001). 

 

4.3 Integrative group therapy for people in early MS 

 

During the three-month recruitment period, eight patients were informed about 

the treatment trial. One patient refused to participate because of the required time 

commitment and one patient who was diagnosed less than six months before was 

excluded. Four out of six patients were women, mean age was 31.7 years, median of 

disease duration was 1 year, and the Expanded Disability Status Scale (EDSS) score 

ranged between 0.0 and 3.0. All patients were in the early stage of MS and all of them 
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had RR disease course. Four patients used immunomodulatory treatment. Demographic 

and main clinical data of the subjects are shown in Table 14. 

 

Table 14 Demographic and clinical characteristics of the patients. 

 
Intervention 

n=6 

Gender, n (men/women) 2/4 

Age, y, mean (SD) 31.7 (4.4) 

Education, y, mean (SD) 16.5 (2.0) 

Disease duration, y, median (IQR) 1 (0.875, 3.5) 

EDSS score, median (IQR) 1.25 (0.75, 2.25) 

Immunomodulatory treatment, n 4 

Note. y: years, SD: standard deviation, IQR=interquartile range.  

 

Patterns of change in the outcome measures across time are presented in Table 15. 

The analyses on primary outcome measures showed a decrease of the depressive 

symptoms according to BDI scores from a mean of 9.33 (median of eight) at baseline to 

a mean of 5.5 (median of six) at post-treatment, and then to a mean of 4.67 (median of 

5.5) at 6-month follow-up. Results stressed that the level of health anxiety decreased over 

time from a mean of 22.17 (a median of 20) at inclusion to a mean of 14.17 (a median of 

13) at post-treatment, and to a mean of 13.0 (a median of 12) at 6-month follow-up. 

Perceived fatigue tended to decline from a mean of 17.5 (a median of 17) at baseline to a 

mean of 15.5 (a median of 8.5) at post-treatment, and to a mean of 12.83 (a median of 

15.5) at 6-month follow-up. 

The analyses on secondary outcome measures showed a constant increase in EQ-i 

scores (from a mean of 432.83 at baseline to a mean of 453.33 at post-treatment, and to a 

mean of 464.33 at 6-month follow-up) across time. The frequency of problem-focused 

strategies tended to increase over time (from a mean of 1.74 at baseline to a mean of 1.81 

at post-treatment, and to a mean of 2.16 at 6-month follow-up), while the frequency of 

emotion focused strategies remained stable (with a mean of 1.22 at baseline, a mean of 

1.22 at post-treatment, and a mean of 1.3 at 6-month follow-up). Results stressed that the 
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level of alexithymia decreased over time from a mean of 44.33 at inclusion to a mean of 

38.83 at post-treatment, and to a mean of 38.00 at 6-month follow-up. 

 

Table 15 Scores on outcome measures at assessment time points. 

 Intervention Group (n=6) 

 Pre-treatment Post-treatment 6-month follow-up 

Depression    

BDI 9.33 (3.56) 5.5 (4.23) 4.67 (2.5) 

Health Anxiety    

SHAI 22.17 (6.18) 14.17 (2.32) 13.0 (5.76) 

Fatigue    

MFIS 17.5 (12.74) 15.5 (20.12) 12.83 (10.5) 

Physical subscale 8.83 (8.98) 10.67 (12.71) 7.83 (6.34) 

Cognitive subscale 6.5 (6.98) 4.00 (6.29) 4.17 (4.36) 

Psychosocial subscale 2.17 (1.72 1.33 (2.34) 0.83 (0.98) 

Emotional-social 

intelligence 
   

EQ-i 432.83 (36.71) 453.33 (28.18) 464.33 (43.14) 

EQ-i-1 126.83 (11.58) 132.67 (12.68) 137.50 (15.63) 

EQ-i-2 87.17 (6.97) 90.00 (6.32) 91.17 (7.88) 

EQ-i-3 59.67 (9.4) 63.00 (3.74) 64.50 (7.23) 

EQ-i-4 94.33 (13.02) 98.67 (8.78) 100.33 (11.83) 

EQ-i-5 64.83 (7.81) 69.00 (7.07) 70.83 (8.26) 

Coping    

Problem-focused 

strategies 
1.74 (0.65) 1.81 (0.41) 2.16 (0.46) 

Problem analysing 1.89 (0.81) 2.00 (0.3) 2.28 (0.44) 

Goal directed behaviour 1.58 (0.47) 1.63 (0.44) 2.04 (0.49) 

Emotion-focused 

strategies 
1.22 (0.58) 1.22 (0.58) 1.3 (0.7) 

Emotion-centred 

behaviour 
0.96 (0.58) 0.79 (0.37) 0.88 (0.61) 
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 Intervention Group (n=6) 

 Pre-treatment Post-treatment 6-month follow-up 

Adaptation 1.17 (0.49) 1.00 (0.45) 1.21 (0.62) 

Support seeking 1.58 (0.8) 1.42 (0.66) 1.75 (0.99) 

Emotional balance 

seeking 
1.08 (0.2) 1.63 (0.45) 1.33 (0.61) 

Withdrawal 1.33 (0.63) 1.28 (0.68) 1.34 (0.52) 

Alexithymia    

TAS-20 44.33 (4.37) 38.83 (4.54) 38.00 (8.20) 

DIF 13.50 (1.88) 11.67 (2.34) 11.00 (2.61) 

DDF 13.17 (3.31) 10.17 (2.79) 10.83 (2.32) 

EOT 17.67 (3.93) 17.00 (3.58) 16.17 (6.24) 

 Note. Scores are mean (SD). 

BDI: Beck Depression Inventory, SHAI: Short Health Anxiety Inventory, MFIS: 

Modified Fatigue Impact Scale, EQ-i: Emotional Quotient Inventory, EQ-i-1: 

Intrapersonal Scale, EQ-i-2: Interpersonal Scale, EQ-i-3: Stress Management Scale, EQ-

i-4: Adaptability Scale, EQ-i-5: General Mood Scale, TAS-20: Toronto Alexithymia 

Scale, DIF: difficulty in identifying feelings, DDF: difficulty in describing feelings, EOT: 

externally oriented thinking. 

 

During the three-month recruitment period eight potential participants were 

approached and six patients were included, giving an average recruitment rate of two 

persons/month. All patients finished the intervention group, giving a completion rate of 

100 %. Patients demonstrated good compliance with the treatment and the follow-up 

session (the attrition rate was 0%). The average number of sessions attended was 19 

(range 14-20 sessions). No adverse events were reported. Results of the evaluation 

questionnaires are shown in Table 16. The participants were satisfied with the experience 

and perceived positive changes in their lives. The success of the intervention group is 

proven by the evolution of a peer support group. 
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Table 16 Process evaluation. 

Questions Answers (n=6) 

Satisfaction (5-point scale), mean 4.5 

Usefulness (5-point scale), mean 4.3 

Positive change, no. of responses  Yes – 6 

Repetition of experience,  

no. of responses 

Yes – 6 

Recommendation, no. of responses Yes – 6 
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5. Discussion 

 

5.1 Neuropsychological characteristics of BMS patients4 

 

This study represents to our knowledge the first attempt of evaluating cognitive 

functions of BMS patients never treated compared to RRMS patients treated with disease 

modifying therapy (Hegedüs et al., 2019). We report a cohort of benign MS patients 

followed longitudinally for two years, with repeated disability measures and a battery of 

neuropsychological assessments, compared to healthy controls and RRMS patients. In 

our clinic the prevalence of BMS patients is in line with the occurrence rate revealed in 

other studies (Correale, Ysrraelit, et al., 2012). We tested the hypothesis that cognitive 

performance of BMS patients is similar to the capabilities of RRMS patients and both of 

them differ from the cognitive profile of people without MS. Furthermore, the level of 

depression is more elevated in both patient groups compared to healthy individuals.  

Cognitive impairment is common in MS including deficits in complex attention, 

information processing speed, executive function and long-term memory (Chiaravalloti 

& DeLuca, 2008). Similar cognitive profile in BMS patients was found as in the whole 

MS population (Correale, Peirano, et al., 2012). We found that both BMS and RRMS 

patients differed from healthy controls in terms of cognitive functioning. BMS patients 

showed worse performance in long-term visuo-spatial memory and information 

processing speed, whereas, complex attention, working memory, long-term verbal 

memory – despite slower verbal learning – and executive function were found to be intact. 

RRMS patients showed significant difference in complex attention, long-term visual 

memory and information processing speed compared to people without MS. While 

working memory, long-term verbal memory – even verbal learning – and executive 

function were not affected. This may support the finding that executive function is a less 

frequently involved domain than memory and information processing speed. The most 

frequently affected complex attention, information processing speed and learning can 

                                                 
4 Incorporated publication: Hegedüs K, Kárpáti J, Iljicsov A, Simó M. (2019) 

Neuropsychological characteristics of benign multiple sclerosis patients: A two-year 

matched cohort study. Mult Scler Relat Disord. 35: 150-155. 
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significantly influence the performance in other domains, meaning these functions could 

be targeted with cognitive rehabilitation. 

As previously reported (Chiaravalloti & DeLuca, 2008), we did not find 

differences in cognitive functioning between BMS and RRMS patients. This result did 

not change after two years despite the improvement of the BMS group in verbal learning 

and information processing speed. Here we may consider practice effect, however, it was 

ferreted out by the study design, re-evaluating two patient groups. The verbal learning 

may improve due to intact executive function and less involved complex attention 

compared to RRMS group, thus, patients can generate reconstituted learning strategy in 

the repeated test situation. In case of information processing speed, individual cases may 

bias the result (two BMS subjects had a performance of 1.55 standard deviations above 

mean BMS value). Our findings are in line with those studies suggesting that 

immunomodulatory treatment may not result in significant reductions in cognitive 

symptoms (Haase et al., 2004; Sundgren et al., 2016) and cognitive deficits can occur 

independent of physical disability. 

Cognitive impairment in the patient groups was in the range previously reported 

(BMS: 45%; RRMS: 36% at baseline) (Rao et al., 1991; Borghi et al., 2013). This aspect 

of cognitive performance supports the findings that information processing speed is the 

most involved in both MS groups, complex attention is more involved in RRMS patients 

than in BMS patients, working memory and executive function is less involved in both 

MS groups.  

A high prevalence rate of depression (31%) in MS was demonstrated (Boeschoten 

et al., 2017). A twelve-month prevalence rate of about 20% and a lifetime prevalence rate 

of 50% were reported (Sa, 2008). Untreated depression is associated with suicidal 

ideation, impaired cognitive function and poor adherence to immunomodulatory 

treatment (Ziemssen, 2009). The presence of depressive disorder does not correlate well 

with the level of neurological disability (Goldman, 2005). However, we observed an 

elevated level of depression in the BMS group compared to people without MS. Herein 

we may consider that this patient group does not receive DMT and they do not attend 

regular check-up resulting in the lack of external control of the disease. It would underline 

the importance of involving them in the clinical routine in order to strengthen their feeling 

of security (Vattakatuchery et al., 2011). 
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Previous studies have demonstrated that the association between depression and 

cognitive impairment affects specific cognitive domains, such as working memory, 

processing speed, attention and executive functions (Arnett et al., 2008; Sundgren et al., 

2013; Morrow et al., 2016). Herein, we did not find correlation between depression and 

the different cognitive domains in any patient groups. However, further investigation 

could give deeper insights into the relationship. 

Our study presents some strengths. The study design allowed a detailed 

neuropsychological assessment of matched cohorts followed longitudinally. The 

inclusion criteria of BMS group involved the natural course of the disease enabling the 

examination of the effect of disease modifying therapy on cognitive functioning. The 

presented cognitive profile provided implication for cognitive rehabilitation apart from 

DMT. It outlined the higher level of depression in BMS patients. 

We need to mention some limitations that may have an impact on the findings of 

present study. Our design was clinic-based instead of population-based with relatively 

low sample size. However, all registered patients were involved, including those not 

necessarily returning to the clinic for regular check-ups. The two-year follow-up and the 

low number of patients involved allowed us to present preliminary data and tendency. 

Paraclinical factors, such as fatigue, were not investigated, which could have an impact 

on cognition itself. Further limitation of our study could be the absence of MRI data, 

however, our aim included the focus on clinical – more precisely – on neuropsychological 

status. Further study should include the MRI parameters of the patient groups in order to 

have a better understanding of cognitive functioning. 

 

5.2 Psychological characteristics of MS patients 

 

In the study we aimed at investigating psychological characteristics of MS patients 

compared to healthy population, determining the correlates of depression and clarifying 

the relationship between depression and the factors associated with it. By identifying risk 

and protective factors, we intended to design an adequate intervention program to prevent 

an eventual depression and the associated risk of suicide. 

We did not find a relationship between depression and demographic factors (age, 

gender, education) nor between depression and illness related factors (disease duration, 
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functional status). This underlines the hypothesis that psychological factors play an 

important role in the emergence of depression in RRMS patients (Lynch et al., 2001). 

With regards to psychological characteristics, more than half of MS patients 

presented depressive symptoms that is a much higher prevalence rate compared to general 

population, being in line with previous results (Feinstein et al., 2014). It can be as high as 

the lifetime prevalence rate of major depressive disorder (Solaro et al., 2016) because we 

used the cut-off score/threshold for mild depression in order to include those patients who 

have clinically significant level of mood disorder.  

One-fifth of the participants showed health anxiety, thus demonstrating twice as 

high prevalence rate as the general population did. It is equal to the one of generalized 

anxiety disorder (Korostil & Feinstein, 2007) and it is unrelated to physical status. 

We found that the prevalence rate of fatigue (38.2%) was as high as the incidence 

of fatigue over 2 years in the study of Fiest et al. (2016). Compared to general population 

physical and psychosocial fatigue was significantly higher while cognitive fatigue was 

not more elevated. Four times more MS people present fatigue compared to healthy 

people, making it the most debilitating symptom. 

Our result did not show a preference for the use of a specific coping method, MS 

patients had a normal and diversified use of these strategies. However, they tended to use 

less support seeking strategy and were more prone to use withdrawal strategy compared 

to general population. These coping strategies would be important for adjusting to the 

adaptive demands of the disease (Goretti et al., 2010). While depression was associated 

with emotion-centred behaviour and had an inverse link with goal-directed behaviour. In 

our control sample there were no relationships between depression and different coping 

strategies. Our results confirm the traditional link between emotion-focused coping and 

depression in MS population (Gay et al., 2010; Lynch et al., 2001). 

It is well-supported that dysfunctional attitudes are a stable marker of cognitive 

vulnerability to depression and do not react according to changes in mood (Fresco et al., 

2006). In our study, RRMS patients exhibited different pattern of dysfunctional attitudes 

compared to general population, they more frequently used cognitive distortion in the 

value systems of love, entitlement and autonomy. Depression was linked with love, 

achievement and autonomy, while in general population it is associated with approval, 
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perfectionism, omnipotence and autonomy. Cognitive distortions and dysfunctional 

attitudes related to love and autonomy could be addressed in psychological interventions. 

Although alexithymia, a difficulty in identifying, describing feelings and an 

externally oriented cognitive style, cannot be considered a psychopathological feature, it 

is a personality construct that can lead to misinterpretation of emotional arousal as 

symptoms of physical illness (Taylor, 1984). Moreover, alexithymia might influence the 

way in which patients perceive and experience disease-related somatic symptoms 

(Lumley et al., 1997). We found that RRMS patients showed a significantly higher level 

of alexithymia, had significantly more difficulties to identify and describe emotions and 

used more frequently externally oriented thinking compared to general population. More 

than one-third of the participants had alexithymia or borderline alexithymia while this 

proportion was only one-tenth in healthy control, which is consistent with the results of 

other research (Bodini et al., 2008). There was a strong positive correlation of alexithymia 

with depression and with fatigue in patients with RRMS in line with the findings by other 

authors (Chahraoui et al., 2014; Eboni et al., 2018). Scores on different subscales of TAS-

20 (DIF, DDF, EOT) showed that all three subscales correlated with depression as found 

by Stojanov and Stojanov (2020). It means that alexithymia, namely difficulty in 

identifying and communicating emotions and externally oriented thinking, might play a 

role in the development and the severity of depression. 

Regarding the relationship between alexithymia and fatigue, we found that 

alexithymia was associated with fatigue which might support the hypothesis that MS 

patients with alexithymia may tend to amplify somatic sensations such as fatigue (Bodini 

et al., 2008). 

Considering the wide range of difficulties in physical, emotional, cognitive and 

social part of MS patients’ lives, emotional-social intelligence could play an important 

role in adjustment. Since being emotionally and socially intelligent means to effectively 

manage personal, social and environmental change by realistically and flexibly coping 

with the immediate situation, solving problems and making decisions. The competences 

of emotional-social intelligence are significantly related to physical and psychological 

health (Bar-On, 2006). 

Our results showed that total EQ-i score and its subscales except four items 

(empathy, social responsibility, impulse control and problem solving) were significantly 
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lower in MS patients than in controls. It means that RRMS patients have lower 

competencies in the following fields:  

� to accurately perceive, understand and accept themselves,  

� to be aware of and understand their emotions,  

� to express their emotions and themselves effectively and constructively,  

� to be self-reliant and free of emotional dependency on others,  

� to strive to achieve personal goals and actualize their potential,  

� to establish mutually satisfying relationships and relate well with others,  

� to effectively and constructively manage emotions,  

� to objectively validate their feelings and thinking with external reality,  

� to adapt and adjust their feelings and thinking to new situations,  

� to be positive and look at the brighter side of life, and  

� to feel content with themselves, others and life in general.  

It confirms previous findings (Ghajarzadeh et al., 2014), however, we did not find 

differences in impulse control and problem solving but did find differences in 

interpersonal relationship. 

As hypothesised based on the findings in general population (Bar-On, 2006), in 

RRMS patients, depression was strongly and negatively associated with emotional-social 

intelligence and the competencies of (a) the ability to recognize, understand and express 

emotions and feelings; (b) the ability to understand how others feel and relate with them; 

(c) the ability to manage and control emotions; (d) the ability to manage change, adapt 

and solve problems of a personal and interpersonal nature; and (e) the ability to generate 

positive affect and be self-motivated except for problem solving. It means that emotional 

social intelligence could be identified as a protective factor. 

In sum, RRMS patients present lower emotional and social intelligence, 

alexithymic characteristics, use less problem-focused coping strategies and support 

seeking, and tend to withdraw. Their attitude is driven by the desire for love, entitlement 

and less autonomy compared to general public. In RRMS patients, depression was 

associated with health anxiety, fatigue, emotion-focused coping, cognitive distortions in 

the value systems of love, achievement and autonomy, alexithymia and emotional-social 

intelligence. 
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Among these factors we wanted to determine the main predictors for vulnerability 

to depression. We found that a combination of lower level of global emotional-social 

intelligence, cognitive fatigue, lack of competencies in change management 

(adaptability), emotion-centred coping and difficulty in identifying emotions allow the 

prediction of the appearance of depression. While in general public, difficulty in 

describing emotions, lack of competencies in stress management, lower self-regard and 

higher level of health anxiety influence the appearance of depression. These results 

support that different therapeutic approach is necessary in prevention and treatment of 

depression in MS.  

In conclusion, these psychological features should be addressed in the prevention 

and treatment process of depression given priority to emotional-social competencies, 

change management, adaptive coping mechanism and identifying emotions. Furthermore, 

a successful treatment of depression can in turn decrease fatigue (Solaro et al., 2018) and 

health anxiety by targeting cognitive biases (Hayter et al., 2016). 

 

5.3 Integrative group therapy for people in early MS 

 

In the past two decades several new immunomodulatory therapies were introduced 

which reduce relapse rate and slow progression of the disease. Patients’ QoL has 

significantly improved, however, acceptance of a chronic illness still causes difficulties. 

People with MS frequently report low mood, anxiety problems (Hanna & Strober, 2020) 

and adjustment difficulties (Giovannetti et al., 2017) that impact individuals’ perceived 

health and well-being. Significant distress is often experienced in the early stage of MS 

as during this period people start learning about MS and its consequences and developing 

management strategies.  

As there is growing evidence that psychosocial interventions are effective in 

improving psychological well-being (Sesel et al., 2018), our aim was to develop an 

integrative intervention group protocol for people in the early stage of MS to support the 

adaptation process and to prevent the development of severe psychological consequences. 

The program could be included in the routine clinical practice as part of the 

multidisciplinary management of MS. Although we cannot draw a conclusion regarding 
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treatment effects, we may note that the levels of both depression and health anxiety 

decreased over time.  

Regarding fatigue, clinically significant difference (Rooney, McFadyen, et al., 

2019) could be experienced in response to the intervention. Cognitive fatigue could be 

decreased that was identified as predictor for susceptibility for depression. Our result 

confirms the findings of a recent review that the use of psychological interventions for 

MS-related fatigue management may reduce fatigue in people with MS (Phyo et al., 

2018). 

Concerning protective and risk factors for depression, emotional-social 

intelligence – including the competencies and skills in self-awareness, self-expression, 

social awareness, interpersonal relationship, stress and change management, and self-

motivation – could improve over time. The use of problem-focused strategies and the 

coping mechanism of support seeking tended to increase, while the frequency of emotion 

focused strategies remained stable. However, a priori the group members used these types 

of coping style only occasionally. The level of alexithymia decreased over time, the 

participants could improve in identifying and describing feelings. 

During the recruitment procedure we tried to imitate current clinical practice by 

involving patients who reported psychological problem. However, the recruitment rate 

should be improved. Implementing a screening process from the onset of the disease 

would be an option. Once patients had been included, the intervention seemed to be 

feasible. There was no attrition during the study that can be explained by voluntarism in 

seeking treatment. The participants reported satisfaction and positive personal change due 

to the group experience. These findings were independent of the severity of the disease 

(some patients had mild, others more active disease course). The patients generally 

appreciated the opportunity to learn adjustment strategies, to share experiences, and to 

meet people who had a similar condition. After the intervention they established a 

monthly peer support group meeting (still functioning at 12-month follow-up) which 

indicates the importance of social interactions and peer support (Salminen et al., 2014). 

The intervention program was accepted by the participants who were in the early stage of 

MS, which implies that the psychological service was sensitive and supportive for them 

(Dennison et al., 2010). Despite the promising results and feedback, the number of 

cancellations could be decreased by considering flexibility in treatment schedule. 
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Further investigation is needed to determine the effectiveness of our protocol. 

Future studies should have a randomized controlled design with a larger sample size using 

a screening process for inclusion and including outcome measure for QoL. Cognitive 

impairment and psychological dysfunction are well-known phenomena in MS. It could 

be investigated whether improving emotional well-being by using this intervention 

protocol has any influence on cognitive functioning. 

In conclusion, this integrative group intervention program might be beneficial for 

and accepted by people in the early stage of MS, it might reduce depressive symptoms, 

health anxiety and fatigue. It may reinforce social support, protective factors such as 

emotional-social intelligence, change management, promote adaptive coping mechanism 

and reduce risk factors such as alexithymia. Including the program in the management of 

recently diagnosed MS patients could play an important role in the prevention of 

developing depression or adjustment difficulty and as a result in improving their QoL. 

 

  



69 
 

 

6. Conclusions  

 

In our study we used a multidimensional approach to understand the cognitive and 

psychobehavioural dimensions of multiple sclerosis, to reveal their complex interplay 

with the intention of designing a psychological preventive intervention program to be 

included in the routine clinical practice. 

The results of our study confirm that cognitive functions and mood can be affected 

in MS independent of disease course. Therefore the “benign” label should be treated only 

as a reference to the physical status. Cognitive and psychological status should be 

assessed and managed irrespectively to MS subtype, meaning the need for routine 

monitoring of non-motor symptoms in MS in order to detect clinically meaningful 

changes and to start a timely and effective treatment. Thus a younger patient age could 

be targeted, when compensatory abilities, brain plasticity, and cognitive reserve may be 

better exploited. 

Although the clinical relevance of BMS is said to be limited (Reynders et al., 

2017) we consider this patient group with longstanding minimal disability without DMT 

as an existing entity. Prognostic factors of BMS status still need to be identified. The 

ability to predict clinical course would be important in order to optimize patient 

management and to select the most appropriate therapeutic interventions. 

As previously reported, the prevalence of depression, anxiety, and fatigue is high 

in the MS population. Left untreated, they do not seem to improve spontaneously. With 

respect to the pathogenesis of depression in MS, a multifactorial aetiology can be 

supposed. Studying different psychological characteristics of MS patients, we can 

conclude that lower emotional and social intelligence, alexithymia, emotion-focused 

coping strategies are present in this population. Their attitude is driven by the desire for 

love, entitlement and less autonomy compared to general public. Therefore a different 

therapeutic approach is necessary in psychological interventions in MS.  

We have identified lower level of emotional-social intelligence, cognitive fatigue, 

lack of competencies in change management, emotion-centred coping and difficulty in 

identifying emotions as predictors for the susceptibility of depression in MS. Therefore 

we can conclude that these psychological features might play an important role in the 
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vulnerability to depression and they should be addressed in psychological intervention 

programs. 

Implementing the findings of previous studies and our results, we aimed to design 

an integrative intervention group protocol for people at the early stage of MS to support 

the adjustment process and to avoid severe psychological complications. Preliminary 

findings show that our program might be beneficial for and accepted by MS patients, and 

it might reduce depressive symptoms, health anxiety and fatigue. Furthermore, it may 

reinforce social support, protective factors – such as emotional-social intelligence, change 

management – promote adaptive coping mechanism and reduce risk factors, i.e. 

alexithymia. A future effectiveness study could include outcome measures for cognitive 

functioning as well. 

As stated in the introduction, considering the challenges imposed by MS in the 

early stage, delivering care and early interventions for this group can substantially reduce 

disease burden. These support strategies may improve cognitive, emotional, and social 

functioning, and enhance the adjustment process resulting in a positive spill-over effect 

on family and economic burdens. 
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7. Summary  

 

Multiple sclerosis, the most common neurological disease that causes disability in 

early life, does not only influence physical functioning but is also related to cognitive 

impairment, fatigue, depression, and anxiety and can significantly impact quality of life. 

Disease burden may manifest at individual, family, community and economic levels. 

Understanding the complex interplay between various factors concerning the nature of 

MS is of utmost importance in the management of the disease. Adjustment to disease in 

different life domains creates challenges for both patients and their family members. The 

need for MS specific psychological interventions cannot be called into question. 

Therefore we studied different still interacting aspects of MS. First, we aimed to 

investigate the pattern of cognitive functioning and depression in benign MS and 

relapsing remitting MS patients following them for two years. Second, we intended to 

explore the differences in psychological characteristics between MS patients and healthy 

population. Third, we aimed to design an integrative intervention group protocol for MS 

patients in the early stage to support the adjustment process and to prevent the 

development of severe psychological consequences. 

The results of our study confirm that cognitive functions and mood can be affected 

in MS independent of disease course. Therefore the “benign” label should be treated only 

as a reference to the physical status and cognitive and psychological status should be 

assessed and managed irrespectively to MS subtype. Regarding different psychological 

characteristics of MS patients, we can conclude that lower emotional and social 

intelligence, alexithymia, emotion-focused coping strategies are present in this 

population. Our preliminary findings show that the designed integrative intervention 

group program might reduce depressive symptoms, health anxiety and fatigue. It may 

reinforce social support, protective factors, promote adaptive coping mechanism and 

reduce risk factors. 

Considering the challenges imposed by MS in the early stage, delivering care and 

early interventions for this group can substantially reduce disease burden. These support 

strategies may improve cognitive, emotional, and social functioning, and enhance the 

adjustment process resulting in a positive spill-over effect on family and economic 

burdens.  
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8. Összefoglalás 

 

A sclerosis multiplex a leggyakoribb, általában fiatal felnőttkorban kezdődő, 

neuroimmunológiai megbetegedés. A betegség szomatikus tünetei mellett gyakran 

észlelhető kognitív funkciócsökkenés, fáradékonyság, hangulatzavar vagy szorongás, 

ami jelentős befolyással bír az életminőségre. A betegségteher nemcsak egyéni szinten, 

hanem családi, társadalmi és gazdasági szinten is megnyilvánulhat. A betegség 

kezelésében ezért fontos szerepe van a különböző tényezők közötti összefüggések 

megértésének. A betegséghez való alkalmazkodás az élet különböző területein kihívást 

jelent mind a páciensek, mind a családtagok számára. 

Így célul tűztük ki az SM különböző aspektusból való megvizsgálását. Először 

benignus és relapszáló-remittáló SM betegek kognitív működését és hangulatát követtük 

két évig. Másodszor SM betegek pszichés jellemzőinek feltárását kíséreltük meg, hogy 

előkészítsük harmadik célunk megvalósítását: egy olyan integratív csoportterápiás 

program kidolgozását a betegség korai szakaszában lévők számára, amely segítheti az 

alkalmazkodás folyamatát, illetve prevenciós hatása lehet a különböző pszichés zavarok 

kialakulásában. 

Az eredményeink azt mutatják, hogy mind a kognitív funkciók, mind a hangulat 

érintett lehet függetlenül a betegség lefolyásától. Tehát a benignus megjelölés leginkább 

a fizikai állapotra vonatkoztatható, illetve a kognitív és pszichés státuszt is célszerű 

folyamatosan követni, szükség esetén pedig a megfelelő beavatkozást beilleszteni a 

kezelésbe. A pszichés jellemzőket tekintve megállapítható, hogy az SM betegeket 

alacsonyabb szociális-érzelmi intelligencia, alexitímia és érzelem-fókuszú megküzdési 

stratégiák jellemzik. A tervezés során ezen tényezőket is figyelembe véve, a kidolgozott 

integratív csoportterápia javíthatja a hangulatot, csökkentheti az egészségszorongást és a 

fáradékonyságot. Megerősítheti a társas támogatást, a protektív tényezőket, segíthet 

adaptív megküzdési módok elsajátításában és csökkentheti a hangulatzavar kockázati 

tényezőit. 

Az SM kezelésében a korai intervenciók jelentősen csökkenthetik a betegségterhet 

a kognitív, az érzelmi és a szociális működésmód javításával, illetve az alkalmazkodás 

elősegítésével. Mindez pedig továbbgyűrűzve pozitív hatással lehet a családi és gazdasági 

terhek tekintetében.  



73 
 

 

9. References  

 

Amato, M. P., Portaccio, E., Goretti, B., Zipoli, V., Iudice, A., Della Pina, D., 

Malentacchi, G., Sabatini, S., Annunziata, P., Falcini, M., Mazzoni, M., Mortilla, M., 

Fonda, C., & De Stefano, N. (2010) Relevance of cognitive deterioration in early 

relapsing-remitting MS: a 3-year follow-up study. Mult Scler, 16(12), 1474-1482. 

https://doi.org/10.1177/1352458510380089  

 

Amato, M. P., Zipoli, V., & Portaccio, E. (2006, Jun 15). Multiple sclerosis-related 

cognitive changes: a review of cross-sectional and longitudinal studies. J Neurol Sci, 

245(1-2): 41-46.  

 

Andreasen, A. K., Spliid, P. E., Andersen, H., & Jakobsen, J. (2010) Fatigue and 

processing speed are related in multiple sclerosis. Eur J Neurol, 17(2): 212-218. 

 

Arnett, P. A., Barwick, F. H., & Beeney, J. E. (2008) Depression in multiple sclerosis: 

Review and theoretical proposal [Review]. J Int Neuropsychol Soc, 14(5): 691-724. 

 

Artemiadis, A. K., Anagnostouli, M. C., & Alexopoulos, E. C. (2011) Stress as a risk 

factor for multiple sclerosis onset or relapse: a systematic review. Neuroepidemiology, 

36(2): 109-120.  

 

Artemiadis, A. K., Vervainioti, A. A., Alexopoulos, E. C., Rombos, A., Anagnostouli, M. 

C., & Darviri, C. (2012) Stress management and multiple sclerosis: a randomized 

controlled trial. Arch Clin Neuropsychol, 27(4): 406-416. 

 

Askari, F., Ghajarzadeh, M., Mohammadifar, M., Azimi, A., Sahraian, M. A., & Owji, 

M. (2014) Anxiety in patients with multiple sclerosis: association with disability, 

depression, disease type and sex. Acta Med Iran, 52(12): 889-892. 

 



74 
 

 

Askey-Jones, S., David, A. S., Silber, E., Shaw, P., & Chalder, T. (2013) Cognitive 

behaviour therapy for common mental disorders in people with Multiple Sclerosis: A 

bench marking study. Behav Res Ther, 51(10): 648-655. 

 

American Psychiatric Association. Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition (DSM-5), American Psychiatric Association, Arlington, VA, 

2013: 592-595.  

 

Ayache, S. S., & Chalah, M. A. (2017) Fatigue in multiple sclerosis – Insights into 

evaluation and management. Clin Neurophysiol, 47(2): 139-171. 

 

Bagby, R. M., Parker, J. D. A., & Taylor, G. J. (1994) The twenty-item Toronto 

Alexithymia scale—I. Item selection and cross-validation of the factor structure. J 

Psychosom Res, 38(1): 23-32. 

 

Bakshi, R. (2003) Fatigue associated with multiple sclerosis: diagnosis, impact and 

management. Mult Scler, 9(3): 219-227.  

 

Bar-On, R. (2006) The Bar-On Model of Emotional-Social Intelligence. Psicothema, 18 

Suppl: 13-25.  

 

Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., & Erbaugh, J. (1961) An inventory 

for measuring depression. Arch Gen Psychiatry, 4: 561-571. 

 

Beier, M., Alschuler, K., Amtmann, D., Hughes, A., Madathil, R., & Ehde, D. (2020) 

iCAMS: Assessing the Reliability of a Brief International Cognitive Assessment for 

Multiple Sclerosis (BICAMS) Tablet Application. Int J MS Care, 22(2): 67-74. 

 

Beier, M., Hughes, A. J., Williams, M. W., & Gromisch, E. S. (2019). Brief and cost-

effective tool for assessing verbal learning in multiple sclerosis: Comparison of the Rey 

Auditory Verbal Learning Test (RAVLT) to the California Verbal Learning Test II 

(CVLT-II). J Neurol Sci, 400: 104-109. 



75 
 

 

 

Benedict, R. (1997) Brief Visuospatial Memory Test-Revised: Professional manual. 

Psychological Assessment Resources.  

 

Benedict, R., Deluca, J., Enzinger, C., Geurts, J., Krupp, L., & Rao, S. (2017) 

Neuropsychology of Multiple Sclerosis: Looking Back and Moving Forward. Journal of 

the International Neuropsychological Society, 23: 832-842. 

 

Benedict, R. H., Amato, M. P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 

Hamalainen, P., Hartung, H., Krupp, L., Penner, I., Reder, A. T., & Langdon, D. (2012) 

Brief International Cognitive Assessment for MS (BICAMS): international standards for 

validation. BMC Neurol, 12(1): 55. 

 

Benedict, R. H., DeLuca, J., Phillips, G., LaRocca, N., Hudson, L. D., & Rudick, R. 

(2017) Validity of the Symbol Digit Modalities Test as a cognition performance outcome 

measure for multiple sclerosis. Mult Scler, 23(5): 721-733.  

 

Benedict, R. H., Drake, A. S., Irwin, L. N., Frndak, S. E., Kunker, K. A., Khan, A. L., 

Kordovski, V. M., Motl, R. W., & Weinstock-Guttman, B. (2016) Benchmarks of 

meaningful impairment on the MSFC and BICAMS. Mult Scler, 22(14): 1874-1882.  

 

Benedict, R. H., Morrow, S. A., Weinstock Guttman, B., Cookfair, D., & Schretlen, D. J. 

(2010) Cognitive reserve moderates decline in information processing speed in multiple 

sclerosis patients. J Int Neuropsychol Soc, 16(5): 829-835.  

 

Benedict, R. H., Smerbeck, A., Parikh, R., Rodgers, J., Cadavid, D., & Erlanger, D. 

(2012) Reliability and equivalence of alternate forms for the Symbol Digit Modalities 

Test: implications for multiple sclerosis clinical trials. Mult Scler. 2012 Sep;18(9):1320-

5.  

 



76 
 

 

Benedict, R. H. B., Amato, M. P., DeLuca, J., & Geurts, J. J. G. (2020) Cognitive 

impairment in multiple sclerosis: clinical management, MRI, and therapeutic avenues. 

Lancet Neurol, 19(10): 860-871.  

 

Benedict, R. H. B., Cookfair, D., Gavett, R., Gunther, M., Munschauer, F., Garg, N., & 

Weinstock-Guttman, B. (2006) Validity of the minimal assessment of cognitive function 

in multiple sclerosis (MACHMS). J Int Neuropsychol Soc, 12(4): 549-558.  

 

Benedict, R. H. B., Fischer, J. S., & Archibald, C. J. (2002) Minimal neuropsychological 

assessment of ms patients: a consensus approach. Clin Neuropsychol, 16. 

 

Berrigan, L. I., Fisk, J. D., Patten, S. B., Tremlett, H., Wolfson, C., Warren, S., Fiest, K. 

M., McKay, K. A., Marrie, R. A., Epidemiology, C. T. i. t., & Impact of Comorbidity on 

Multiple, S. (2016) Health-related quality of life in multiple sclerosis: Direct and indirect 

effects of comorbidity. Neurology, 86(15): 1417-1424.  

 

Blair, M., Ferreria, G., Gill, S., King, R., Hanna, J., Deluca, D., Ekblad, A., Bowman, D., 

Rau, J., Smolewska, K., Warriner, E., & Morrow, S. A. (2017) Dialectical Behavior 

Group Therapy is Feasible and Reduces Emotional Dysfunction in Multiple Sclerosis. Int 

J Group Psychother, 67(4): 500-518.  

 

Bodini, B., Mandarelli, G., Tomassini, V., Tarsitani, L., Pestalozza, I., Gasperini, C., 

Lenzi, G. L., Pancheri, P., & Pozzilli, C. (2008) Alexithymia in multiple sclerosis: 

relationship with fatigue and depression. Acta Neurol Scand, 118(1): 18-23. 

 

Boeschoten, R. E., Braamse, A. M. J., Beekman, A. T. F., Cuijpers, P., van Oppen, P., 

Dekker, J., & Uitdehaag, B. M. J. (2017) Prevalence of depression and anxiety in Multiple 

Sclerosis: A systematic review and meta-analysis. J Neurol Sci, 372: 331-341. 

 

Borghi, M., Bonino, S., Graziano, F., & Calandri, E. (2018) Exploring change in a group-

based psychological intervention for multiple sclerosis patients. Disabil Rehabil, 40(14): 

1671-1678.  



77 
 

 

 

Borghi, M., Cavallo, M., Carletto, S., Ostacoli, L., Zuffranieri, M., Picci, R. L., Scavelli, 

F., Johnston, H., Furlan, P. M., Bertolotto, A., & Malucchi, S. (2013) Presence and 

significant determinants of cognitive impairment in a large sample of patients with 

multiple sclerosis. PLoS One, 8(7), e69820.  

 

Branco, M., Ruano, L., Portaccio, E., Goretti, B., Niccolai, C., Patti, F., Chisari, C., Gallo, 

P., Grossi, P., Ghezzi, A., Roscio, M., Mattioli, F., Bellomi, F., Simone, M., Viterbo, R. 

G., & Amato, M. P. (2019) Aging with multiple sclerosis: prevalence and profile of 

cognitive impairment. Neurol Sci, 40(8): 1651-1657.  

 

Brandstadter, R., Fabian, M., Leavitt, V. M., Krieger, S., Yeshokumar, A., Katz Sand, I., 

Klineova, S., Riley, C. S., Lewis, C., Pelle, G., Lublin, F. D., Miller, A. E., & Sumowski, 

J. F. (2020) Word-finding difficulty is a prevalent disease-related deficit in early multiple 

sclerosis. Mult Scler, 26(13): 1752-1764.  

 

Brochet, B., & Ruet, A. (2019) Cognitive Impairment in Multiple Sclerosis With Regards 

to Disease Duration and Clinical Phenotypes. Front Neurol, 10: 261. 

 

Buchi, S., & Sensky, T. (1999) PRISM: Pictorial Representation of Illness and Self 

Measure. A brief nonverbal measure of illness impact and therapeutic aid in 

psychosomatic medicine. Psychosomatics, 40(4): 314-320. 

 

Burns, D. D. Feeling good : the new mood therapy. William Morrow and Company, New 

York, 1980.  

 

Buschke, H. (1973) Selective Reminding for analysis of memory and learning. J Verbal 

Learning Verbal Behav, 12: 543-550.  

 

Butcher, J. N., Taylor, J., & Cynthia Fekken, G. Objective Personality Assessment with 

Adults. In Bellack, A. S. & Hersen M. (Eds.), Comprehensive Clinical Psychology. 

Elsevier, New York, 1998: 403-429.  



78 
 

 

 

Calandri, E., Graziano, F., Borghi, M., & Bonino, S. (2017) Improving the quality of life 

and psychological well-being of recently diagnosed multiple sclerosis patients: 

preliminary evaluation of a group-based cognitive behavioral intervention. Disabil 

Rehabil, 39(15): 1474-1481.  

 

Carrigan, N., Dysch, L., & Salkovskis, P. M. (2018) The Impact of Health Anxiety in 

Multiple Sclerosis: A Replication and Treatment Case Series. Behav Cogn Psychother, 

46(2): 148-167.  

 

Chahraoui, K., Duchene, C., Rollot, F., Bonin, B., & Moreau, T. (2014) Longitudinal 

study of alexithymia and multiple sclerosis. Brain and Behavior, 4(1): 75-82. 

 

Charcot, J. M. (1877) Lectures on the Diseases of the Nervous System. Br Foreign Med 

Chir Rev. 60(119):180-181.  

 

Chiaravalloti, N. D., & DeLuca, J. (2008) Cognitive impairment in multiple sclerosis. 

Lancet Neurol, 7(12): 1139-1151.  

 

Corfield, F., & Langdon, D. (2018) A Systematic Review and Meta-Analysis of the Brief 

Cognitive Assessment for Multiple Sclerosis (BICAMS). Neurol Ther, 7(2): 287-306.  

 

Correale, J., Peirano, I., & Romano, L. (2012) Benign multiple sclerosis: a new definition 

of this entity is needed. Mult Scler, 18(2): 210-218. 

 

Correale, J., Ysrraelit, M. C., & Fiol, M. P. (2012) Benign multiple sclerosis: Does it 

exist? Curr Neurol Neurosci Rep, 12(5): 601-609. 

 

Costa, S. L., Genova, H. M., DeLuca, J., & Chiaravalloti, N. D. (2017) Information 

processing speed in multiple sclerosis: Past, present, and future. Mult Scler, 23(6): 772-

789.  

 



79 
 

 

Cotter, J., Firth, J., Enzinger, C., Kontopantelis, E., Yung, A. R., Elliott, R., & Drake, R. 

J. (2016) Social cognition in multiple sclerosis: A systematic review and meta-analysis. 

Neurology, 87(16): 1727-1736. 

 

Deacon, B., & Abramowitz, J. (2008) Is Hypochondriasis Related to Obsessive-

Compulsive Disorder, Panic Disorder, or Both? An Empirical Evaluation. J Cogn 

Psychother, 22: 115-127.  

 

Delis, D. C., Kramer, J. H., Kaplan, E., & Ober, B. A. California Verbal Learning Test 

Manual: Second Edition, Adult Version. Psychological Corporation, San Antonio, 2000.  

 

Deluca, J., Leavitt, V. M., Chiaravalloti, N., & Wylie, G. (2013) Memory impairment in 

multiple sclerosis is due to a core deficit in initial learning. J Neurol, 260(10): 2491-2496.  

 

Dennison, L., & Moss-Morris, R. (2010). Cognitive behavioural therapy: what benefits 

can it offer people with Multiple Sclerosis? Expert Review of Neurotherapeutics, 10(9), 

1383-1390.  

 

Dennison, L., Moss-Morris, R., Yardley, L., Kirby, S., & Chalder, T. (2013) Change and 

processes of change within interventions to promote adjustment to Multiple Sclerosis: 

learning from patient experiences. Psychol Health, 28(9): 973–992. 

 

Dennison, L., Yardley, L., Devereux, A., & Moss-Morris, R. (2010) Experiences of 

adjusting to early stage Multiple Sclerosis. J Health Psychol, 16(3): 478-488. 

 

Dimitrov, I., Kirkova, V., Kaprelyan, A., Ivanov, B., Usheva, N., Grudkova, M., 

Arabadzhieva, D., & Deleva, N. (2015) Application of the Rey-Osterrieth complex figure 

test for assessment of cognitive impairment in multiple sclerosis. Scripta Scientifica 

Medica, 47, 59. 

 

Dobson, R., & Giovannoni, G. (2019) Multiple sclerosis – a review. Eur J Neurol, 26(1): 

27-40.  



80 
 

 

 

Dorstyn, D. S., Roberts, R. M., Murphy, G., & Haub, R. (2019) Employment and multiple 

sclerosis: A meta-analytic review of psychological correlates. J Health Psychol, 24(1): 

38-51.  

 

Eboni, A. C. B., Cardoso, M., Dias, F. M., da Gama, P. D., Gomes, S., Goncalves, M. V. 

M., Machado, S. C. N., da Nobrega, A. W., Jr., Parolin, M. F. K., Paz, S. C., Ruocco, H. 

H., Scorcine, C., Siquineli, F., Spessotto, C. V., Tauil, C. B., & Fragoso, Y. D. (2018) 

High levels of alexithymia in patients with multiple sclerosis. Dement Neuropsychol, 

12(2): 212-215.  

 

Ekman, P., Friesen W.V. Pictures of Facial Affect. Consulting Psychologists Press, 1976.  

 

Feinstein, A., Magalhaes, S., Richard, J. F., Audet, B., & Moore, C. (2014) The link 

between multiple sclerosis and depression. Nat Rev Neurol, 10(9): 507-517. 

 

Feinstein, A., O'Connor, P., Akbar, N., Moradzadeh, L., Scott, C. J., & Lobaugh, N. J. 

(2010) Diffusion tensor imaging abnormalities in depressed multiple sclerosis patients. 

Mult Scler, 16(2): 189-196. 

 

Feinstein, A., & Pavisian, B. (2017) Multiple sclerosis and suicide. Mult Scler J, 23(7): 

923-927. 

 

Fiest, K. M., Fisk, J. D., Patten, S. B., Tremlett, H., Wolfson, C., Warren, S., McKay, K. 

A., Berrigan, L. I., Marrie, R. A., Epidemiology, C. T. i. t., & Impact of Comorbidity on 

Multiple, S. (2016) Fatigue and Comorbidities in Multiple Sclerosis. Int J MS Care, 18(2): 

96-104.  

 

Fiest, K. M., Walker, J. R., Bernstein, C. N., Graff, L. A., Zarychanski, R., Abou-Setta, 

A. M., Patten, S. B., Sareen, J., Bolton, J. M., Marriott, J. J., Fisk, J. D., Singer, A., & 

Marrie, R. A. (2016) Systematic review and meta-analysis of interventions for depression 

and anxiety in persons with multiple sclerosis. Mult Scler Relat Disord, 5: 12-26.  



81 
 

 

 

Fine, E. M., & Delis, D. C. Delis–Kaplan Executive Functioning System. In J. S. 

Kreutzer, J. DeLuca, & B. Caplan (Eds.), Encyclopedia of Clinical Neuropsychology. 

Springer, New York, 2011: 796-801. 

 

Fisk, J. D., Pontefract, A., Ritvo, P. G., Archibald, C. J., & Murray, T. J. (1994) The 

impact of fatigue on patients with multiple sclerosis. Can J Neurol Sci, 21(1): 9-14.  

 

Folkman, S., & Lazarus, R. S. (1980) An Analysis of Coping in a Middle-Aged 

Community Sample. J Health Soc Behav, 21(3): 219-239. 

 

Fresco, D. M., Heimberg, R. G., Abramowitz, A., & Bertram, T. L. (2006) The effect of 

a negative mood priming challenge on dysfunctional attitudes, explanatory style, and 

explanatory flexibility. Br J Clin Psychol, 45(2): 167-183.  

 

Gajofatto, A., Turatti, M., Bianchi, M. R., Forlivesi, S., Gobbin, F., Azzara, A., Monaco, 

S., & Benedetti, M. D. (2016) Benign multiple sclerosis: physical and cognitive 

impairment follow distinct evolutions. Acta Neurol Scand, 133(3): 183-191. 

 

Gay, M. C., Vrignaud, P., Garitte, C., & Meunier, C. (2010) Predictors of depression in 

multiple sclerosis patients. Acta Neurol Scand, 121: 161-170. 

 

Gelfand, J. M. (2014) Multiple sclerosis: diagnosis, differential diagnosis, and clinical 

presentation. Handb Clin Neurol, 122: 269-290.  

 

Ghafari, S., Ahmadi, F., Nabavi, M., Anoshirvan, K., Memarian, R., & Rafatbakhsh, M. 

(2009) Effectiveness of applying progressive muscle relaxation technique on quality of 

life of patients with multiple sclerosis. J Clin Nurs, 18(15): 2171-2179. 

 

Ghajarzadeh, M., Owji, M., Sahraian, M. A., Moghadasi, A. N., & Azimi, A. (2014) 

Emotional intelligence (EI) of patients with multiple sclerosis (MS). Iran J Public Health, 

43(11): 1550-1556. 



82 
 

 

Gil-González, I., Martín-Rodríguez, A., Conrad, R., & Pérez-San-Gregorio, M. (2020) 

Quality of life in adults with multiple sclerosis: a systematic review. BMJ Open, 10(11), 

e041249. 

 

Gill, S., Santo, J., Blair, M., & Morrow, S. (2018) Depressive Symptoms Are Associated 

With More Negative Functional Outcomes Than Anxiety Symptoms in Persons With 

Multiple Sclerosis. J Neuropsychiatry Clin Neurosci, 31(1): 37-42.  

 

Giovannetti, A. M., Brambilla, L., Torri Clerici, V., Antozzi, C., Mantegazza, R., 

Cerniauskaite, M., & Confalonieri, P. (2017) Difficulties in adjustment to multiple 

sclerosis: vulnerability and unpredictability of illness in the foreground. Disabil Rehabil, 

39(9): 897-903.  

 

Glukhovsky, L., Kurz, D., Brandstadter, R., Leavitt, V. M., Krieger, S., Fabian, M., Katz 

Sand, I., Klineova, S., Riley, C. S., Lublin, F. D., Miller, A. E., & Sumowski, J. F. (2020) 

Depression and cognitive function in early multiple sclerosis: Multitasking is more 

sensitive than traditional assessments. Mult Scler, 27(8): 1276-1283. 

 

Goitia, B., Bruno, D., Abrevaya, S., Sedeño, L., Ibáñez, A., Manes, F., Sigman, M., Sinay, 

V., Torralva, T., Duncan, J., & Roca, M. (2020) The relationship between executive 

functions and fluid intelligence in multiple sclerosis. PLoS One, 15(4), e0231868. 

 

Goldman. (2005) The Goldman Consensus statement on depression in multiple sclerosis. 

Mult Scler, 11(3): 328-337. 

 

Gombos B., Iljicsov A., Barsi P., Hegedüs K., Simó M. (2017). Natalizumabkezeléssel 

szerzett tapasztalataink a Semmelweis Egyetem Neurológiai Klinikáján. Ideggyógyászati 

Szemle/Clinical Neuroscience: 70, 5-6. 

 

Goretti, B., Portaccio, E., Zipoli, V., Razzolini, L., & Amato, M. P. (2010) Coping 

strategies, cognitive impairment, psychological variables and their relationship with 

quality of life in multiple sclerosis. Neurol Sci, 31(Suppl 2): S227-30. 



83 
 

 

 

Graziano, F., Calandri, E., Borghi, M., & Bonino, S. (2014) The effects of a group-based 

cognitive behavioral therapy on people with multiple sclerosis: a randomized controlled 

trial. Clin Rehabil, 28(3): 264-274. 

 

Gromisch, E. S., Zemon, V., Benedict, R. H., Chiaravalloti, N. D., DeLuca, J., Picone, 

M. A., Kim, S., & Foley, F. W. (2013) Using a highly abbreviated California Verbal 

Learning Test-II to detect verbal memory deficits. Mult Scler, 19(4): 498-501. 

 

Gronwall, D. M. A. (1977) Paced Auditory Serial-Addition Task: A Measure of Recovery 

from Concussion. Percept Mot Skills, 44(2): 367-373. 

 

Haase, C. G., Tinnefeld, M., & Faustmann, P. M. (2004) The influence of 

immunomodulation on psycho-neuroimmunological functions in benign multiple 

sclerosis. Neuroimmunomodulation, 11(6): 365-372. 

 

Hanna, M., & Strober, L. B. (2020) Anxiety and depression in Multiple Sclerosis (MS): 

Antecedents, consequences, and differential impact on well-being and quality of life. 

Mult Scler Relat Disord, 44: 102261. 

 

Hartoonian, N., Terrill, A. L., Beier, M. L., Turner, A. P., Day, M. A., & Alschuler, K. 

N. (2015) Predictors of anxiety in multiple sclerosis. Rehabil Psychol, 60(1): 91-98.  

 

Hasselmann, H., Bellmann-Strobl, J., Ricken, R., Oberwahrenbrock, T., Rose, M., Otte, 

C., Adli, M., Paul, F., Brandt, A. U., Finke, C., & Gold, S. M. (2016) Characterizing the 

phenotype of multiple sclerosis-associated depression in comparison with idiopathic 

major depression. Mult Scler, 22(11): 1476-1484. 

 

Hauser, S. L., & Cree, B. A. C. (2020) Treatment of Multiple Sclerosis: A Review. Am J 

Med, 133(12): 1380-1390. 

 



84 
 

 

Hayter, A. L., Salkovskis, P. M., Silber, E., & Morris, R. G. (2016) The impact of health 

anxiety in patients with relapsing remitting multiple sclerosis: Misperception, 

misattribution and quality of life. Br J Clin Psychol, 55(4): 371-386. 

 

Heesen, C., Schulz, K. H., Fiehler, J., Von der Mark, U., Otte, C., Jung, R., Poettgen, J., 

Krieger, T., & Gold, S. M. (2010) Correlates of cognitive dysfunction in multiple 

sclerosis. Brain Behav Immun, 24(7): 1148-1155. 

 

Hegedüs K, Kárpáti J, Iljicsov A, Simó M. (2019) Neuropsychological characteristics of 

benign multiple sclerosis patients: A two-year matched cohort study. Mult Scler Relat 

Disord. 35: 150-155. 

 

Hegedüs K., Kárpáti J., Szombathelyi É., Iljicsov A., Simó M. (2015) Depression in 

multiple sclerosis focusing on treatment possibilities. Eur Neuropsychopharmacol, 25, 

S2: S440-S441. 

 

Hegedüs K., Kárpáti J., Szombathelyi É., Simó M. (2015). Depresszió és kognitív 

hanyatlás kapcsolata sclerosis multiplexes betegeknél. Neuropsychopharmacol Hung, 

XVII/1: 31-36. 

 

Hind, D., Cotter, J., Thake, A., Bradburn, M., Cooper, C., Isaac, C., & House, A. (2014) 

Cognitive behavioural therapy for the treatment of depression in people with multiple 

sclerosis: a systematic review and meta-analysis. BMC Psychiatry, 14, 5. 

 

Hubley, A. M., & Jassal, S. (2006) Comparability of the Rey-Osterrieth and Modified 

Taylor Complex Figures Using Total Scores, Completion Times, and Construct 

Validation. J Clin Exp Neuropsychol, 28(8): 1482-1497. 

 

Iljicsov, A., Milanovich, D., Ajtay, A., Oberfrank, F., Bálint, M., Dobi, B., Bereczki, D., 

& Simó, M. (2020) Incidence and prevalence of multiple sclerosis in Hungary based on 

record linkage of nationwide multiple healthcare administrative data. PLoS One, 15(7), 

e0236432. 



85 
 

 

 

Jakimovski, D., Weinstock-Guttman, B., Roy, S., Jaworski, M., Hancock, L., Nizinski, 

A., Srinivasan, P., Fuchs, T. A., Szigeti, K., Zivadinov, R., & Benedict, R. H. B. (2019) 

Cognitive Profiles of Aging in Multiple Sclerosis. Front Aging Neurosci, 11: 105. 

 

Johnen, A., Landmeyer, N. C., Bürkner, P.-C., Wiendl, H., Meuth, S. G., & Holling, H. 

(2017) Distinct cognitive impairments in different disease courses of multiple sclerosis—

A systematic review and meta-analysis. Neurosci Biobehav Rev, 83: 568-578. 

 

Jones, K. H., Jones, P. A., Middleton, R. M., Ford, D. V., Tuite-Dalton, K., Lockhart-

Jones, H., Peng, J., Lyons, R. A., John, A., & Noble, J. G. (2014) Physical disability, 

anxiety and depression in people with MS: an internet-based survey via the UK MS 

Register. PLoS One, 9(8), e104604-e104604. 

 

Jonsson, A., Andresen, J., Storr, L., Tscherning, T., Soelberg Sorensen, P., & Ravnborg, 

M. (2006) Cognitive impairment in newly diagnosed multiple sclerosis patients: a 4-year 

follow-up study. J Neurol Sci, 245(1-2): 77-85. 

 

Jougleux, C., Hennion, S., Outteryck, O., Vermersch, P., & Zéphir, H. (2021) 

Characterization of alexithymia in clinically isolated syndrome. Rev Neurol (Paris). 

177(9): 1145-1150. 

 

Kalb, R., Feinstein, A., Rohrig, A., Sankary, L., & Willis, A. (2019) Depression and 

Suicidality in Multiple Sclerosis: Red Flags, Management Strategies, and Ethical 

Considerations. Curr Neurol Neurosci Rep, 19(10): 77. 

 

Kalincik, T., Diouf, I., Sharmin, S., Malpas, C., Spelman, T., Horakova, D., Havrdova, 

E. K., Trojano, M., Izquierdo, G., Lugaresi, A., Prat, A., Girard, M., Duquette, P., 

Grammond, P., Jokubaitis, V., van der Walt, A., Grand'Maison, F., Sola, P., Ferraro, D., 

Shaygannejad, V., Alroughani, R., Hupperts, R., Terzi, M., Boz, C., Lechner-Scott, J., 

Pucci, E., Van Pesch, V., Granella, F., Bergamaschi, R., Spitaleri, D., Slee, M., Vucic, S., 

Ampapa, R., McCombe, P., Ramo-Tello, C., Prevost, J., Olascoaga, J., Cristiano, E., 



86 
 

 

Barnett, M., Saladino, M. L., Sanchez-Menoyo, J. L., Hodgkinson, S., Rozsa, C., Hughes, 

S., Moore, F., Shaw, C., Butler, E., Skibina, O., Gray, O., Kermode, A., Csepany, T., 

Singhal, B., Shuey, N., Piroska, I., Taylor, B., Simo, M., Sirbu, C. A., Sas, A., & 

Butzkueven, H. (2021) Effect of Disease-Modifying Therapy on Disability in Relapsing-

Remitting Multiple Sclerosis Over 15 Years. Neurology, 96(5): e783-e797. 

 

Katon, W., Lin, E. H. B., & Kroenke, K. (2007) The association of depression and anxiety 

with medical symptom burden in patients with chronic medical illness. Gen Hosp 

Psychiatry, 29(2): 147-155. 

 

Kehler, M. D., & Hadjistavropoulos, H. D. (2009) Is health anxiety a significant problem 

for individuals with multiple sclerosis? J Behav Med, 32(2): 150-161. 

 

Koch, M. W., Patten, S., Berzins, S., Zhornitsky, S., Greenfield, J., Wall, W., & Metz, L. 

M. (2015) Depression in multiple sclerosis: a long-term longitudinal study. Mult Scler, 

21(1): 76-82. 

 

Kocjan, J. (2016) Short Health Anxiety Inventory (SHAI)-Polish version: evaluation of 

psychometric properties and factor structure. Arch Psychiatry Psychother, 3: 68-78. 

 

Korostil, M., & Feinstein, A. (2007) Anxiety disorders and their clinical correlates in 

multiple sclerosis patients. Mult Scler, 13(1): 67-72. 

 

Kos, D., Kerckhofs, E., Nagels, G., D'Hooghe M, B., & Ilsbroukx, S. (2008) Origin of 

fatigue in multiple sclerosis: review of the literature. Neurorehabil Neural Repair, 22(1): 

91-100. 

 

Köteles, F., Simor, P., & Bardos, G. (2011) Validation and psychometric evaluation of 

the Hungarian version of the Short Health Anxiety Inventory (SHAI). Mentálhigiéné és 

Pszichoszomatika, 12: 191-213. 

 



87 
 

 

Krupp, L. B., LaRocca, N. G., Muir-Nash, J., & Steinberg, A. D. (1989) The Fatigue 

Severity Scale: Application to Patients With Multiple Sclerosis and Systemic Lupus 

Erythematosus. Arch Neurol, 46(10): 1121-1123. 

 

Kurtzke, J. F. (1983) Rating neurologic impairment in multiple sclerosis. An expanded 

disability status scale (EDSS), Neurology, 33(11): 1444-52.  

 

Kurtzke, J. F. (2000) Multiple sclerosis in time and space-geographic clues to cause. J 

Neurovirol, 6 Suppl 2: S134-140.  

 

Labbé, T., Ciampi, E., & Carcamo Rodríguez, C. (2018) Social cognition: Concepts, 

neural basis and its role in multiple sclerosis. J Clin Neurosci, 6(1): 3-8. 

 

Langdon, D. W., Amato, M. P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., 

Hamalainen, P., Hartung, H. P., Krupp, L., Penner, I. K., Reder, A. T., & Benedict, R. H. 

B. (2012) Recommendations for a Brief International Cognitive Assessment for Multiple 

Sclerosis (BICAMS). Mult Scler J, 18(6): 891-898. 

 

Langeskov-Christensen, M., Bisson, E. J., Finlayson, M. L., & Dalgas, U. (2017) 

Potential pathophysiological pathways that can explain the positive effects of exercise on 

fatigue in multiple sclerosis: A scoping review. J Neurol Sci, 373: 307-320. 

 

Larson, R. D. (2013) Psychometric properties of the modified fatigue impact scale. Int J 

MS Care, 15(1): 15-20. 

 

Lezak, M. Neuropsychological Assessment. Oxford University Press, Oxford: 1995.  

 

Lezak, M. D., Howieson, D.B., Bigler, & E. D., Tranel, D. Neuropsychological 

Assessment. Oxford University Press, Oxford: 2012.  

 



88 
 

 

Lincoln, N. B., Yuill, F., Holmes, J., Drummond, A. E., Constantinescu, C. S., Armstrong, 

S., & Phillips, C. (2011) Evaluation of an adjustment group for people with multiple 

sclerosis and low mood: a randomized controlled trial. Mult Scler, 17(10): 1250-1257. 

 

Lode, K., Bru, E., Klevan, G., Myhr, K.-M., Nyland, H., & Larsen, J. (2010) Coping with 

multiple sclerosis: A 5-year follow-up study. Acta Neurol Scand, 122: 336-342. 

 

Lopez-Gongora, M., Querol, L., & Escartin, A. (2015) A one-year follow-up study of the 

Symbol Digit Modalities Test (SDMT) and the Paced Auditory Serial Addition Test 

(PASAT) in relapsing-remitting multiple sclerosis: an appraisal of comparative 

longitudinal sensitivity. BMC Neurol, 15, 40. 

 

Losonczi E, Bencsik K, Rajda C, Lencsés G, Török M, Vécsei L. (2011) Validation of 

the Fatigue Impact Scale in Hungarian patients with multiple sclerosis. Qual Life Res, 

20(2), 301-306.  

 

Lublin, F. D., Reingold, S. C., Cohen, J. A., Cutter, G. R., Sørensen, P. S., Thompson, A. 

J., Wolinsky, J. S., Balcer, L. J., Banwell, B., Barkhof, F., Bebo, B., Calabresi, P. A., 

Clanet, M., Comi, G., Fox, R. J., Freedman, M. S., Goodman, A. D., Inglese, M., Kappos, 

L., Kieseier, B. C., Lincoln, J. A., Lubetzki, C., Miller, A. E., Montalban, X., O'Connor, 

P. W., Petkau, J., Pozzilli, C., Rudick, R. A., Sormani, M. P., Stüve, O., Waubant, E., & 

Polman, C. H. (2014) Defining the clinical course of multiple sclerosis: The 2013 

revisions. Neurology, 83(3): 278-86. 

 

Lumley, M., Stettner, L., & Wehmer, F. (1997) How are alexithymia and physical illness 

linked? A review and critique of pathways. J Psychosom Res, 41: 505-518. 

 

Lynch, S. G., Kroencke, D. C., & Denney, D. R. (2001) The relationship between 

disability and depression in multiple sclerosis: the role of uncertainty, coping, and hope. 

Mult Scler, 7(6): 411-416.  

 



89 
 

 

Macías Islas, M. Á., & Ciampi, E. (2019) Assessment and Impact of Cognitive 

Impairment in Multiple Sclerosis: An Overview. Biomedicines, 7(1): 22. 

 

Malcomson, K. S., Dunwoody, L., & Lowe-Strong, A. S. (2007) Psychosocial 

interventions in people with multiple sclerosis: a review. J Neurol, 254(1): 1-13. 

 

Masuccio, F., Gamberini, G., & Calabrese, M. (2021) Imaging and depression in multiple 

sclerosis: a historical perspective. Neurol Sci, 42 (3): 835-845. 

 

McKay, K. A., Tremlett, H., Fisk, J. D., Patten, S. B., Fiest, K., Berrigan, L., & Marrie, 

R. A. (2016) Adverse health behaviours are associated with depression and anxiety in 

multiple sclerosis: A prospective multisite study. Mult Scler, 22(5): 685-693. 

 

Minden, S. L., Feinstein, A., Kalb, R. C., Miller, D., Mohr, D. C., Patten, S. B., Bever, 

C., Schiffer, R. B., Gronseth, G. S., & Narayanaswami, P. (2014) Evidence-based 

guideline: Assessment and management of psychiatric disorders in individuals with MS: 

Report of the Guideline Development Subcommittee of the American Academy of 

Neurology. Neurology, 82(2): 174-181. 

 

Mohr, D. C., Goodkin, D. E., Likosky, W., Gatto, N., Baumann, K. A., & Rudick, R. A. 

(1997) Treatment of depression improves adherence to interferon beta-1b therapy for 

multiple sclerosis. Arch Neurol, 54(5): 531-533. 

 

Mohr, D. C., Lovera, J., Brown, T., Cohen, B., Neylan, T., Henry, R., Siddique, J., Jin, 

L., Daikh, D., & Pelletier, D. (2012) A randomized trial of stress management for the 

prevention of new brain lesions in MS. Neurology, 79(5): 412-419. 

 

Montalban, X., Hauser, S. L., Kappos, L., Arnold, D. L., Bar-Or, A., Comi, G., de Seze, 

J., Giovannoni, G., Hartung, H. P., Hemmer, B., Lublin, F., Rammohan, K. W., Selmaj, 

K., Traboulsee, A., Sauter, A., Masterman, D., Fontoura, P., Belachew, S., Garren, H., 

Mairon, N., Chin, P., & Wolinsky, J. S. (2017) Ocrelizumab versus Placebo in Primary 

Progressive Multiple Sclerosis. N Engl J Med, 376(3): 209-220. 



90 
 

 

 

Moore, P., Harding, K. E., Clarkson, H., Pickersgill, T. P., Wardle, M., & Robertson, N. 

P. (2013) Demographic and clinical factors associated with changes in employment in 

multiple sclerosis. Mult Scler, 19(12): 1647-1654. 

 

Morrow, S. A., Rosehart, H., & Pantazopoulos, K. (2016) Anxiety and Depressive 

Symptoms Are Associated With Worse Performance on Objective Cognitive Tests in MS. 

J Neuropsychiatry Clin Neurosci, 28(2): 118-123. 

 

Moss-Morris, R., Dennison, L., Landau, S., Yardley, L., Silber, E., & Chalder, T. (2013, 

Apr). A randomized controlled trial of cognitive behavioral therapy (CBT) for adjusting 

to multiple sclerosis (the saMS trial): does CBT work and for whom does it work? J 

Consult Clin Psychol, 81(2): 251-262. 

 

Moss-Morris, R., Dennison, L., Yardley, L., Landau, S., Roche, S., McCrone, P., & 

Chalder, T. (2009) Protocol for the saMS trial (supportive adjustment for multiple 

sclerosis): a randomized controlled trial comparing cognitive behavioral therapy to 

supportive listening for adjustment to multiple sclerosis. BMC Neurol, 9(45): 1-17. 

 

Multiple Sclerosis Council for Clinical Practice Guidelines. Fatigue and Multiple 

Sclerosis: Evidence-based Management Strategies for Fatigue in Multiple Sclerosis. 

Multiple Sclerosis Council for Clinical Practice Guidelines, 1998. 

 

National Institute for Health and Care Excellence. (8 October 2014). Multiple sclerosis 

in adults: Management, Clinical guideline. Accessed: 09.07.2021., National Institute for 

Health and Care Excellence Guidance: 

https://www.nice.org.uk/guidance/cg186/resources/multiple-sclerosis-in-adults-

management-35109816059077 

 

Nordin, L., & Rorsman, I. (2012) Cognitive behavioural therapy in multiple sclerosis: a 

randomized controlled pilot study of acceptance and commitment therapy. J Rehabil Med, 

44(1): 87-90. 

https://www.nice.org.uk/guidance/cg186/resources/multiple-sclerosis-in-adults-management-35109816059077
https://www.nice.org.uk/guidance/cg186/resources/multiple-sclerosis-in-adults-management-35109816059077


91 
 

 

 

Osterrieth, P. A. (1944) Le test de copie d'une figure complexe; contribution à l'étude de 

la perception et de la mémoire. [Test of copying a complex figure; contribution to the 

study of perception and memory.]. Archives de Psychologie, 30: 206-356.  

 

Parmenter, B. A., Zivadinov, R., Kerenyi, L., Gavett, R., Weinstock-Guttman, B., Dwyer, 

M. G., Garg, N., Munschauer, F., & Benedict, R. H. (2007) Validity of the Wisconsin 

Card Sorting and Delis-Kaplan Executive Function System (DKEFS) Sorting Tests in 

multiple sclerosis. J Clin Exp Neuropsychol, 29(2): 215-223. 

 

Patil, I., Young, L., Sinay, V., & Gleichgerrcht, E. (2017) Elevated moral condemnation 

of third-party violations in multiple sclerosis patients. Soc Neurosci, 12(3): 308-329. 

 

Petrova-Antonova, D., Spasov, I., Petkova, Y., Manova, I., & Ilieva, S. (2020) CogniSoft: 

A Platform for the Automation of Cognitive Assessment and Rehabilitation of Multiple 

Sclerosis. Computers, 9(4): 93. 

 

Phyo, A. Z. Z., Demaneuf, T., De Livera, A. M., Jelinek, G. A., Brown, C. R., Marck, C. 

H., Neate, S. L., Taylor, K. L., Mills, T., O’Kearney, E., Karahalios, A., & Weiland, T. J. 

(2018) The Efficacy of Psychological Interventions for Managing Fatigue in People With 

Multiple Sclerosis: A Systematic Review and Meta-Analysis. Front Neurol, 9: 149. 

 

Polman, C. H., Reingold, S. C., Banwell, B., Clanet, M., Cohen, J. A., Filippi, M., 

Fujihara, K., Havrdova, E., Hutchinson, M., Kappos, L., Lublin, F. D., Montalban, X., 

O'Connor, P., Sandberg-Wollheim, M., Thompson, A. J., Waubant, E., Weinshenker, B., 

& Wolinsky, J. S. (2011) Diagnostic criteria for multiple sclerosis: 2010 revisions to the 

McDonald criteria. Ann Neurol, 69(2): 292-302. 

 

Portaccio, E. (2016) Differential diagnosis, discerning depression from cognition. Acta 

Neurol Scand, 134: 14-18. 

 



92 
 

 

Portaccio, E., Stromillo, M. L., Goretti, B., Zipoli, V., Siracusa, G., Battaglini, M., 

Giorgio, A., Bartolozzi, M. L., Guidi, L., Sorbi, S., Federico, A., Amato, M. P., & De 

Stefano, N. (2009) Neuropsychological and MRI measures predict short-term evolution 

in benign multiple sclerosis. Neurology, 73(7): 498-503. 

 

Rao, S., Alberts, J., Miller, D., Bethoux, F., Lee, J.-C., Stough, D., Reece, C., Mourany, 

L., Schindler, D., Hirsch, J., & Rudick, R. (2014) Processing Speed Test (PST): A Self-

Administered iPad®-Based Tool for Assessing MS-Related Cognitive Dysfunction. 

Neurology, 82(10 Supplement): S33.001.  

 

Rao, S. M. A Manual for the Brief, Repeatable Battery of Neuropsychological Tests in 

Multiple Sclerosis: National Multiple Sclerosis Society: 1991.  

 

Rao, S. M., Leo, G. J., Bernardin, L., & Unverzagt, F. (1991) Cognitive dysfunction in 

multiple sclerosis. I. Frequency, patterns, and prediction. Neurology, 41(5): 685-91. 

 

Rao, S. M., Leo, G. J., Haughton, V. M., Aubinfaubert, P. S., & Bernardin, L. (1989) 

Correlation of magnetic-resonance imaging with neuropsychological testing in multiple 

sclerosis. Neurology, 39(2): 161-166. 

 

Rao, S. M., Losinski, G., Mourany, L., Schindler, D., Mamone, B., Reece, C., Kemeny, 

D., Narayanan, S., Miller, D. M., Bethoux, F., Bermel, R. A., Rudick, R., & Alberts, J. 

(2017) Processing speed test: Validation of a self-administered, iPad(®)-based tool for 

screening cognitive dysfunction in a clinic setting. Mult Scler, 23(14): 1929-1937. 

 

Razzolini, L., Portaccio, E., Stromillo, M. L., Goretti, B., Niccolai, C., Pasto, L., Righini, 

I., Prestipino, E., Battaglini, M., Giorgio, A., De Stefano, N., & Amato, M. P. (2018) The 

dilemma of benign multiple sclerosis: Can we predict the risk of losing the "benign 

status"? A 12-year follow-up study. Mult Scler Relat Disord, 26: 71-73. 

 



93 
 

 

Rey, A. (1941). L'examen psychologique dans les cas d'encéphalopathie traumatique. 

(Les problems.). [The psychological examination in cases of traumatic encepholopathy. 

Problems.]. Archives de Psychologie, 28: 215-285.  

 

Reynard, A. K., Sullivan, A. B., & Rae-Grant, A. (2014) A Systematic Review of Stress-

Management Interventions for Multiple Sclerosis Patients. Int J MS Care, 16(3): 140-144. 

 

Reynders, T., D'Haeseleer, M., De Keyser, J., Nagels, G., & D'Hooghe M, B. (2017) 

Definition, prevalence and predictive factors of benign multiple sclerosis. 

eNeurologicalSci, 7: 37-43. 

 

Riccardi, A., Puthenparampil, M., Rinaldi, F., Ermani, M., Perini, P., & Gallo, P. (2019) 

D-KEFS ST Failure Identifies Multiple Sclerosis Patients With Worse Objective and 

Self-Perceived Physical and Cognitive Disability. Front Psychol, 10: 49. 

 

Ritvo PG, F. J., Miller DM, Andrews H, Paty DW, LaRocca NG. MSQLI: Multiple 

Sclerosis Quality of Life Inventory: A User's Manual. National Multiple Sclerosis 

Society, New York: 1997.  

 

Rocca, M. A., Amato, M. P., De Stefano, N., Enzinger, C., Geurts, J. J., Penner, I.-K., 

Rovira, A., Sumowski, J. F., Valsasina, P., & Filippi, M. (2015) Clinical and imaging 

assessment of cognitive dysfunction in multiple sclerosis. Lancet Neurol, 14(3): 302-317. 

 

Rooney, S., McFadyen, D. A., Wood, D. L., Moffat, D. F., & Paul, P. L. (2019) Minimally 

important difference of the fatigue severity scale and modified fatigue impact scale in 

people with multiple sclerosis. Mult Scler Relat Disord, 35: 158-163. 

 

Rooney, S., Wood, L., Moffat, F., & Paul, L. (2019) Prevalence of fatigue and its 

association with clinical features in progressive and non-progressive forms of Multiple 

Sclerosis. Mult Scler Relat Disord, 28: 276-282. 

 



94 
 

 

Ruano, L., Portaccio, E., Goretti, B., Niccolai, C., Severo, M., Patti, F., Cilia, S., Gallo, 

P., Grossi, P., Ghezzi, A., Roscio, M., Mattioli, F., Stampatori, C., Trojano, M., Viterbo, 

R., & Amato, M. (2016) Age and disability drive cognitive impairment in multiple 

sclerosis across disease subtypes. Mult Scler J, 23(9): 1258-1267. 

 

Sa, M. J. (2008, Nov). Psychological aspects of multiple sclerosis. Clin Neurol 

Neurosurg, 110(9): 868-877. 

 

Salkovskis, P., Rimes, K., Warwick, H. M. C., & Clark, D. (2002) The Health Anxiety 

Inventory: Development and validation of scales for the measurement of health anxiety 

and hypochondriasis. Psychol Med, 32: 843-853. 

 

Salminen, A. L., Kanelisto, K. J., & Karhula, M. E. (2014) What components of 

rehabilitation are helpful from the perspective of individuals with multiple sclerosis? 

Disabil Rehabil, 36(23): 1983-1989. 

 

Sandi, D., Rudisch, T., Fuvesi, J., Fricska-Nagy, Z., Huszka, H., Biernacki, T., Langdon, 

D. W., Langane, E., Vecsei, L., & Bencsik, K. (2015) The Hungarian validation of the 

Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) battery and 

the correlation of cognitive impairment with fatigue and quality of life. Mult Scler Relat 

Disord, 4(6): 499-504. 

 

Sayao, A. L., Bueno, A. M., Devonshire, V., Tremlett, H., & Neurologists, U. M. C. 

(2011) The psychosocial and cognitive impact of longstanding 'benign' multiple sclerosis. 

Mult Scler, 17(11): 1375-1383. 

 

Schoenberg, M. R., Dawson, K. A., Duff, K., Patton, D., Scott, J. G., & Adams, R. L. 

(2006) Test performance and classification statistics for the Rey Auditory Verbal 

Learning Test in selected clinical samples. Arch Clin Neuropsychol, 21(7): 693-703. 

 



95 
 

 

Sesel, A. L., Sharpe, L., & Naismith, S. L. (2018) Efficacy of Psychosocial Interventions 

for People with Multiple Sclerosis: A Meta-Analysis of Specific Treatment Effects. 

Psychother Psychosom, 87(2): 105-111. 

 

Simpson, R., Booth, J., Lawrence, M., Byrne, S., Mair, F., & Mercer, S. (2014) 

Mindfulness based interventions in multiple sclerosis-a systematic review. BMC Neurol, 

14: 15. 

 

Skokou, M., Soubasi, E., & Gourzis, P. (2012) Depression in multiple sclerosis: a review 

of assessment and treatment approaches in adult and pediatric populations. ISRN Neurol, 

2012:427102  

 

Smith, A. Symbol digit modalities test: Manual. Western Psychological Services, Los 

Angeles: 1982.  

 

Solaro, C., Gamberini, G., & Masuccio, F. G. (2018) Depression in Multiple Sclerosis: 

Epidemiology, Aetiology, Diagnosis and Treatment. CNS Drugs, 32(2): 117-133.  

 

Solaro, C., Trabucco, E., Signori, A., Martinelli, V., Radaelli, M., Centonze, D., Rossi, 

S., Grasso, M. G., Clemenzi, A., Bonavita, S., D'Ambrosio, A., Patti, F., D'Amico, E., 

Cruccu, G., & Truini, A. (2016) Depressive Symptoms Correlate with Disability and 

Disease Course in Multiple Sclerosis Patients: An Italian Multi-Center Study Using the 

Beck Depression Inventory. PLoS One, 11(9), e0160261. 

 

Stojanov, J., & Stojanov, A. (2020) A cross-sectional study of alexithymia in patients 

with relapse remitting form of multiple sclerosis. J Postgrad Med, 66(1): 23-27. 

 

Stone, V. E., Baron-Cohen, S., & Knight, R. T. (1998) Frontal lobe contributions to theory 

of mind. J Cogn Neurosci, 10(5): 640-656. 

 

Sumowski, J. F., Benedict, R., Enzinger, C., Filippi, M., Geurts, J. J., Hamalainen, P., 

Hulst, H., Inglese, M., Leavitt, V. M., Rocca, M. A., Rosti-Otajarvi, E. M., & Rao, S. 



96 
 

 

(2018) Cognition in multiple sclerosis: State of the field and priorities for the future. 

Neurology, 90(6): 278-288. 

 

Sumowski, J. F., & Leavitt, V. M. (2013) Cognitive reserve in multiple sclerosis. Mult 

Scler J, 19(9): 1122-1127. 

 

Sundgren, M., Maurex, L., Wahlin, Å., Piehl, F., & Brismar, T. (2013) Cognitive 

Impairment Has a Strong Relation to Nonsomatic Symptoms of Depression in Relapsing–

Remitting Multiple Sclerosis. Arch Clin Neuropsychol, 28(2): 144-155. 

 

Sundgren, M., Piehl, F., Wahlin, A., & Brismar, T. (2016) Cognitive function did not 

improve after initiation of natalizumab treatment in relapsing-remitting multiple sclerosis. 

A prospective one-year dual control group study. Mult Scler Relat Disord, 10: 36-43. 

 

Sutherland, G., Andersen, M. B., & Morris, T. (2005) Relaxation and health-related 

quality of life in multiple sclerosis: the example of autogenic training. J Behav Med, 

28(3): 249-256. 

 

Taylor, G. (1984) Alexithymia: Concept Measurement and Implications for Treatment. 

The Am J Psychiatry, 141: 725-732. 

 

Théaudin, M., Romero, K., & Feinstein, A. (2016) In multiple sclerosis anxiety, not 

depression, is related to gender. Mult Scler, 22(2): 239-244. 

 

Thomas, P. W., Thomas, S., Hillier, C., Galvin, K., & Baker, R. (2006) Psychological 

interventions for multiple sclerosis. Cochrane Database Syst Rev. 2006(1): CD004431.  

 

Thompson, A. J., Banwell, B. L., Barkhof, F., Carroll, W. M., Coetzee, T., Comi, G., 

Correale, J., Fazekas, F., Filippi, M., Freedman, M. S., Fujihara, K., Galetta, S. L., 

Hartung, H. P., Kappos, L., Lublin, F. D., Marrie, R. A., Miller, A. E., Miller, D. H., 

Montalban, X., Mowry, E. M., Sorensen, P. S., Tintoré, M., Traboulsee, A. L., Trojano, 

M., Uitdehaag, B. M. J., Vukusic, S., Waubant, E., Weinshenker, B. G., Reingold, S. C., 



97 
 

 

& Cohen, J. A. (2018) Diagnosis of multiple sclerosis: 2017 revisions of the McDonald 

criteria. Lancet Neurol, 17(2): 162-173. 

 

Thompson, A. J., Baranzini, S. E., Geurts, J., Hemmer, B., & Ciccarelli, O. (2018). 

Multiple sclerosis. Lancet, 391(10130): 1622-1636. 

 

Tombaugh, T. N. (2006) A comprehensive review of the Paced Auditory Serial Addition 

Test (PASAT). Arch Clin Neuropsychol, 21(1): 53-76. 

 

Turner, A., Alschuler, K., Hughes, A., Beier, M., Haselkorn, J., Sloan, A., & Ehde, D. 

(2016) Mental Health Comorbidity in MS: Depression, Anxiety, and Bipolar Disorder. 

Curr Neurol Neurosci Rep, 16(12): 106. 

 

Van Schependom, J., D'Hooghe M, B., Cleynhens, K., D'Hooge, M., Haelewyck, M. C., 

De Keyser, J., & Nagels, G. (2015) Reduced information processing speed as primum 

movens for cognitive decline in MS. Mult Scler, 21(1): 83-91. 

 

Vattakatuchery, J. J., Rickards, H., & Cavanna, A. E. (2011) Pathogenic Mechanisms of 

Depression in Multiple Sclerosis. J Neuropsychiatry Clin Neurosci, 23(3): 261-276. 

 

Wechsler, D. The measurement of adult intelligence (3rd ed.). Williams & Wilkins 

Co.:1944.  

 

Weissman, A. N., & Beck, A. T. (1978). Development and Validation of the 

Dysfunctional Attitude Scale: A Preliminary Investigation. ERIC Clearinghouse, 

Washington, D.C: 1978. 

 

Woodruff, B. K. (2011, Feb). Disorders of cognition. Semin Neurol, 31(1): 18-28. 

 

Yamashita, H. (2010) Right- and left-hand performance on the Rey-Osterrieth Complex 

Figure: A preliminary study in non-clinical sample of right handed people. Arch Clin 

Neuropsychol, 25(4): 314-317. 



98 
 

 

 

Zabad, R. K., Patten, S. B., & Metz, L. M. (2005) The association of depression with 

disease course in multiple sclerosis. Neurology, 64(2): 359-360. 

 

Ziemssen, T. (2009) Multiple sclerosis beyond EDSS: depression and fatigue. J Neurol 

Sci, 277: S37-S41. 

 

Zigmond, A. S., & Snaith, R. P. (1983) The hospital anxiety and depression scale. Acta 

Psychiatr Scand, 67(6): 361-370. 

 

Zung, W. W. (1965) A self-rating depression scale. Arch Gen Psychiatry, 12: 63-70.  

 

 

  



99 
 

 

10. Bibliography related to the PhD thesis 

 

Hegedüs K, Kárpáti J, Iljicsov A, Simó M. (2019) Neuropsychological characteristics of 

benign multiple sclerosis patients: A two-year matched cohort study. Mult Scler Relat 

Disord. 35: 150-155. 

 

Gombos B., Iljicsov A., Barsi P., Hegedüs K., Simó M. (2017). Natalizumabkezeléssel 

szerzett tapasztalataink a Semmelweis Egyetem Neurológiai Klinikáján. Ideggyógyászati 

Szemle/Clinical Neuroscience: 70, 5-6. 

 

Hegedüs K., Kárpáti J., Szombathelyi É., Iljicsov A., Simó M. (2015) Depression in 

multiple sclerosis focusing on treatment possibilities. Eur Neuropsychopharmacol, 25, 

S2: S440-S441. 

 

Hegedüs K., Kárpáti J., Szombathelyi É., Simó M. (2015). Depresszió és kognitív 

hanyatlás kapcsolata sclerosis multiplexes betegeknél. Neuropsychopharmacol Hung, 

XVII/1: 31-36. 

  



100 
 

 

12. Acknowledgements 

 

The production of this thesis would not have been possible without the help of 

many other people. First, I would like to thank my supervisor Dr Magdolna Simó for her 

continuous support and guidance. 

I would also express my special thanks to Professor Dániel Bereczki for his trust 

in my work and for his supervision.  

I would thank Dr Éva Szombathelyi for her guidance and supervision in group 

work. 

A huge thank you to my colleague and friend, Judit Kárpáti for her inspiration and 

encouragement throughout my studies. 

I would also like to thank Dr Anna Iljicsov and all of my colleagues at the 

Department of Neurology, in Semmelweis University who have provided support and 

help with recruitment. 

I also express appreciation to the participants who have taken part in the study, 

participating in cognitive assessment, joining group intervention, sharing their 

experiences, or filling in questionnaires. 

Special gratitude goes to my family and my friends for their ongoing emotional 

and practical support, and encouragement.  

  



101 
 

 

Appendix – List of Tables 

 

Table 1 Cognitive dysfunction in MS: frequency of cognitive impairment in different 

cognitive domains. .......................................................................................................... 11 

Table 2 Summary of neuropsychological tests used in MS by cognitive domains. ....... 18 

Table 3 Summary of neuropsychological batteries for patients with MS. ..................... 19 

Table 4 Topics of the intervention sessions. .................................................................. 38 

Table 5 Demographic and clinical characteristics of the study sample, baseline. .......... 41 

Table 6 Demographic and clinical characteristics of the study sample, 2-year follow-up.

 ........................................................................................................................................ 42 

Table 7 Neuropsychological scores at baseline, comparison between groups. .............. 43 

Table 8 Neuropsychological scores, 2-year follow-up, comparison within groups and 

between groups. .............................................................................................................. 44 

Table 9 Neuropsychological test results in BMS and in RRMS patients at baseline and 

at 2-year follow-up. ........................................................................................................ 46 

Table 10 Number of failed cognitive tests per individual in patient groups at baseline 

and at 2-year follow-up................................................................................................... 47 

Table 11 Demographic and clinical characteristics of the study sample. ....................... 48 

Table 12 Comparison of psychological characteristics between RRMS patients and 

controls. .......................................................................................................................... 49 

Table 13 The relationship between depression and different variables. ......................... 53 

Table 14 Demographic and clinical characteristics of the patients. ............................... 56 

Table 15 Scores on outcome measures at assessment time points. ................................ 57 

Table 16 Process evaluation. .......................................................................................... 59 

 
 


