Cognitive impairment in multiple sclerosis

Zohari, Meytar

Master's thesis / Diplomski rad
2021

Degree Grantor / Ustanova koja je dodijelila akademski / strucni stupanj: University of
Zagreb, School of Medicine / SveuciliSte u Zagrebu, Medicinski fakultet

Permanent link / Trajna poveznica: https://um.nsk.hr/urn:nbn:hr:105:991354

Rights / Prava: In copyright /Zasti¢eno autorskim pravom.

Download date / Datum preuzimanja: 2024-05-14

Repository / Repozitorij:

Dr Med - University of Zagreb School of Medicine
Digital Repository

DIGITALNI AKADEMSKI ARHIVI I REPOZITORLIL

zir.nsk.hr


https://urn.nsk.hr/urn:nbn:hr:105:991354
http://rightsstatements.org/vocab/InC/1.0/
http://rightsstatements.org/vocab/InC/1.0/
https://repozitorij.mef.unizg.hr
https://repozitorij.mef.unizg.hr
https://zir.nsk.hr/islandora/object/mef:3886
https://repozitorij.unizg.hr/islandora/object/mef:3886
https://dabar.srce.hr/islandora/object/mef:3886

UNIVERSITY OF ZAGREB
SCHOOL OF MEDICINE

Meytar Zohari

COGNITIVE IMPAIRMENT IN MULTIPLE
SCLEROSIS

Graduate thesis

Zagreb, 2021



According to the graduation requirements, the following thesis was completed at the University
Hospital Center Zagreb, Department of Neurology, under the mentorship of Tereza Gabeli¢, MD

PhD, and was submitted for evaluation in the academic year 2020/21.



Abbreviations
AChEI — Acetylcholinesterase Inhibitors
AD — Alzheimer's Disease
AAN - American Academy of Neurology
APT — Attention Process Training
BENEFIT — Betaseron/Betaferonin in newly Emerging Multiple Sclerosis for Initial Treatment
BICAMS — Brief International Cognitive Assessment for Multiple Sclerosis
BRB-N — Brief Repeatable Battery of Neuropsychological Tests
BVMT-R — Brief Visuospatial Memory Test Revised
CBT — Cognitive Behavioral Therapy
CHILP — Chitinase-Like Proteins
CHI3L1 — Chitinase-3-Like 1 Protein
CHI3L2 — Chitinase-3-Like 2 Protein
Cl — Cognitive Impairment
CIS - Clinically Isolated Syndrome
CL — Cortical lesions
CNS — Central Nervous System
COGIMUS — Cognitive Impairment in Multiple Sclerosis
CPS — Cognitive Processing Speed
CSF — Cerebrospinal Fluid
CVLT-1I — California Verbal Learning Test-Second Edition
DD - Differential Diagnosis
DMDs — Disease Modifying Drugs

DMT - Disease-Modifying Therapy



DKEFS - Delis-Kaplan Executive Function System
EDSS - Expanded Disability Status Scale

fMRI — functional Magnetic Resonance Imaging
GM — Grey Matter

IFNDb — Interferon Beta

IFG - Inferior Frontal Gyrus

IPS — Information Processing Speed

IQ — Intelligence quotient

MACFIMS — Minimal Assessment of Cognitive Functioning in Multiple Sclerosis
MASC — Movie Assessment Social Cognition

MBI — Mindfulness-Based Intervention

MMSE — Mini-Mental State Examination

MoCA — Montreal Cognitive Assessment

MRI — Magnetic Resonance Imaging

MS — Multiple Sclerosis

NfH — Neurofilament Heavy chains

NfL — Neurofilament Light chains

NSBMS — Neuropsychological Screening Battery for MS
OCT - Optical Coherence Tomography

PASAT — Paced Auditory Serial Addition Test
PPMS — Primary Progressive Multiple Sclerosis
PwMS — Patient with Multiple Sclerosis

QoL — Quality of Life

RNFL — Retinal Nerve Fiber Layer



RRMS — Relapsing Remitting Multiple Sclerosis
SD — Standard Deviation

SDMT — Symbol Digit Modalities Test

SPART — Spatial Recall Test

SPMS — Secondary Progressive Multiple Sclerosis
SRT — Selective Reminding Test

SVD — Small Vessel Disease

TNF — Tumor Necrosis Factor

WHO — World Health Organization

WLGT - Word List Generation Test

WM — White Matter



Table of contents

N o111 - Tod PRSP 1
V] 1 SR 2
T T [N o4 A o] o PSSP RRTOPRPST 3
LITEIATUIE TEVIBW ...ttt sttt sttt ettt et et e e e s e s et e te e st e et e e beeneesbeenseeneenbeanee s 6
1. Cognitive functions in MS - Background ............c.coieiiiiiiiieieee s 6
1.1. NeuropsychologiCal PALtEIN .........coviiiiiie s 6

2. Prevalence, cognitive profile, and phenotypes ..........ccccoveieiiiiie i 7
3. Pathophysiology of cognitive IMPairmMent..........ccccceiveeiiiie i 8
4. Cognitive dysfunction in MS - most affected cognitive domains............ccccccevveveiiieieennne 8
4.1, INTOrmMation PrOCESSING .......cveiieiiicieieeie ettt et e ste e e e nraeee s 9
A |V T8 T Y O RPUPR PSPPI 9
O N 1 (=101 {[o] o IS USSP PRRPRORIS 9

4.4, EXECULIVE FUNCHIONS ..ottt bttt 10
4.5. Language and INtHlIgENCE........coi e 10
4.6. ViISUOPEICEPLIVE FUNCLIONS .....c.eeivieiicticcieete ettt 10
o Tor T- | I @o T | 0T o] ST OR 11

5. Assessment of cognitive impairment i MS .........cooiiiiiiieeee e 11
5.1. NeuropsyChologiCal ASSESSIMENT ........cc.ciiiiiiiiiieieee e 12
5.2. Brain imaging @SSESSMENT ........uiueiiieieieieriesie sttt bt 13
5.3. Multiple Sclerosis Biomarkers Related to Cognitive Dysfunction ...........cc.ccocevvvvnene. 16

6. Risk factors and protective factors for cognitive impairment..........c.ccocevevereneneniennninns 17
6.1. Demographical and CHNICAL...........ccooiiiiiii s 17

6.2. Comorbidities and other disease-related factors..........ccooeveiiiiniinininicee e 18

6.3. Environmental and Lifestyle faCtors.........ccoiiiiiiiniiieise s 21
6.4, COGNITIVE TESEIVE ...ttt sttt ettt sttt bbbt bbbt et e bbb bbb enes 23

6.5, PRYSICAI BXEITISE. ....cueititiiti sttt ettt bbb 23



5.8, GBINEBLICS ..ttt ee e ettt e oo ettt e e et e e e ettt eee e e e e e e —teaaeeeeaaa e ————aaaaaaaaa 23

7. Treatment of Cognitive Impairment in MS ... 24
7.1. Pharmacological INtErVENTIONS .........ccciveiieiieieee et 24
7.2. Non-Pharmacological INterVENtIONS ...........cooveiieiiie e 26

(070] T 11 S]] 0 S F RSSO SO RO P PR PRTRRO 29
ACKNOWIBAGMENES. ... .eciiiiecie et e et e s e teeteere e s beebeaneesreenreanee e 32
RETEIBINCES ... ettt r et e bt e s e s Re e bt e r e e e b e e be e e e ere e beenteeneenre et 33

BaOgIa Y .. ..ot e 53



Abstract
Title: Cognitive impairment in multiple sclerosis
Author: Meytar Zohari

Multiple sclerosis (MS) is a neuroinflammatory, potentially disabling demyelinating disease of the
central nervous system (CNS), with neurodegeneration being the most prominent in progressive
phenotypes. The disease results in motor, sensory and cognitive symptoms, all of which can occur
independently of one another.

Patients with multiple neurological signs or CNS lesions that are separated in time are diagnosed
with relapsing-remitting (RR) or primary progressive multiple sclerosis (PPMS). A progressive
course refers to worsening of the neurological disability, independent of relapses.

Cognitive impairment (CI) is a common but still challenging expression of MS and a frequent
cause of socioeconomic decline and disability for MS patients. There is still no data regarding the
direct relationship between cognitive impairment and the clinical course of the disease. Thus,
cognitive deficits which occur during the early stages of the disease are the ones that need to be
specially identified and addressed, to prevent worsening of CI, implicating a poor prognosis in
MS.

The Symbol Digit Modalities Test (SDMT) test is a valuable screening tool for Cl and can be the
starting point when assessing Cl in MS patients when other comprehensive screening tools are not
available. The neuropsychological assessment should also discriminate between CI and other
causes of perceived deficits, including quality of life (QoL), depression, and anxiety.

A healthy diet, no addiction lifestyle, regular physical exercise and the proper control of co-
morbidities can positively affect cognition in patients with MS. Recent data also indicate that
proper disease-modifying therapy (DMT) implemented early in the course of RRMS can stabilize
or even improve cognition.

Since there is no standardized protocol for identification and assessment of ClI, further studies are
needed in order to elaborate a "golden standard” for screening and diagnosing of cognitive deficits
in MS, and for the development of evidence-based effective preventive methods and treatment
approaches.

Keywords: multiple sclerosis; cognitive impairment; SDMT; neuropsychological assessment;
treatment of cognitive impairment



Sazetak

Naslov rada: Kognitivno o$teéenje u multiploj sklerozi

Autor: Meytar Zohari

Multipla skleroza (MS) je upalna, potencijalno onesposobljavaju¢a demijelinizirajuc¢a bolest
srediSnjeg ziv€anog sustava (CNS), a neurodegeneracija je najistaknutija u progresivnim
fenotipovima bolesti. Bolest rezultira motorickim i kognitivnim simptomima, koji se svi mogu
pojaviti neovisno jedni o drugima. Bolesnicima s visestrukim neuroloskim znakovima ili lezijama
CNS-a koje su vremenski odvojene dijagnosticira se relapsno-remitirajuca (RR) ili primarno
progresivna multipla skleroza (PPMS). Progresivni tijek bolesti odnosi se na pogorsanje

neuroloskih simptoma i onesposobljenosti, neovisno o relapsima.

Kognitivno osteCenje (KO) cest je, ali i dalje izazovan simptom MS-a i Cest uzrok losijeg
socioekonomskog statusa i invaliditeta MS bolesnika. Jo§ uvijek nema podataka o izravnoj vezi
izmedu kognitivnih osteéenja i klinickog tijeka bolesti. Kognitivni deficit, pogotovo u ranoj fazi
bolesti, je onaj koji treba identificirati i lijeciti kako bi se sprijec¢ilo pogorsanje KO-a, koje implicira

losiju prognozu u MS-u.

SDMT test je dragocjen alat za provjeru KO-a i moze biti pocetna tocka za procjenu KO-a u
bolesnika s MS-om kada drugi sveobuhvatni alati nisu dostupni. Neuropsiholoska procjena takoder
bi trebala razlikovati kognitivna oSte¢enja i druge moguce uzroke ukljucujuci kvalitetu Zivota,

depresiju i anksioznost.

Zdrava prehrana, Zivotni stil bez ovisnosti, redovita tjelovjezba te pravilna kontrola komorbiditeta
mogu pozitivno utjecati na kogniciju u bolesnika s MS-om. Nedavni podaci takoder ukazuju da
pravovremena terapija za modificiranje tijeka bolesti koja se uvodi rano tijekom RRMS-a moze
stabilizirati ili ¢ak poboljSati kogniciju.

Buduc¢i da ne postoji standardizirani protokol za identifikaciju i procjenu KO, potrebna su daljnja
istrazivanja kako bi se razvio "zlatni standard" za probir i dijagnosticiranje kognitivnog deficita u

MS-u te razvile u¢inkovite preventivne metode i pristupi lijeCenju utemeljenom na dokazima.

Kljuéne rije¢i: multipla skleroza; kognitivno oste¢enje; SDMT; neuropsiholoska procjena,

terapija kognitivnog oStecenja.



Introduction

Multiple Sclerosis (MS) is a chronic, neurodegenerative and neuroinflammatory disease of the
Central Nervous System (CNS), involving both cortical and subcortical grey matter
(GM) and white matter (WM). The neurodegenerative part of the disease is playinga key
role in contributing to cognitive and physical disability which negatively affects multiple aspects

of the patient’s QoL and daily living activities!.

Usually, the disease affects the brain, optic nerves and spinal cord, with an acute inflammation
seen during early phases and relapses, and with different degrees of neurodegenerative processes
and chronic inflammation related to disability progression in later stages of the disease?. In about
85% of the patients, MS begins as a relapsing-remitting (RR) course and later evolves to a
progressive stage (secondary-progressive ((SP)) MS) in roughly 50-60% of untreated patients after
15-20 years®*.

The diagnosis of MS is established according to McDonald 2017 criteria®. Recently published data
show that by applying these criteria, MS can be diagnosed more frequently at the time of first
clinical event as compared to the 2010 McDonald criteria. However, to avoid misdiagnoses,
careful differential diagnosis (DD) is essential in patients with atypical clinical manifestations®.

Around 15% of the MS patients will develop a primary progressive (PP) course after the onset of
the disease’. Most MS patients experience their first symptoms between the ages of 20 and 40.
The clinical heterogeneity of the disease, as well as having different pathological patterns,
suggests that MS may be a spectrum of diseases representing different processes, rather than a
single disease®. It can be clinically categorized into different phenotypes, including RRMS, PPMS
and SPMS, and the first presenting symptom without fulfilment of complete criteria is
called clinically isolated syndrome (CIS)®°. The different phenotypes are related to potentially
different disease mechanisms, including axonal/neuronal loss and gliosis, acute/chronic
inflammation, and variable degrees of tissue repair, as well as plasticity and clinical

recovery, mainly related to each individual°.

The most common symptoms and affected neuroanatomical system in MS are urinary/bowel
hesitancy, incontinence, or retention; tremor, dysmetria, or ataxia (cerebellar); numbness
(sensory); motor dysfunction (pyramidal); diplopia or nystagmus (brainstem); disturbances in

vision and cognitive impairment (ClI). The affection of functional systems and severity of MS can
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be measured with the Expanded Disability Status Scale (EDSS), which ranges from 0 — normal

neurological examination, to 10 — which refers to death due to MS*?.

EDSS (EXPANDED DISABILITY STATUS SCALE)

A

2 4

LA
e

0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10
no minimal moderate relatively disability assistance restricted restricied confined death
disability disability disability severe affects required fo tobedor tobed from
disability  daily to work wheelchair wheelchair MS

- .. toutine

Fig. 1| Expanded disability status scale!?. The neurologist John Kurtzke came up with the scale in 1983 as an
advance from his previous 10 step Disability Status Scale (DSS). The EDSS scale focuses mainly on the ability to

walk. It is a basic measure of other types of multiple sclerosis disability.

Although EDSS scale is the most widely used disability score around the world, CI related to the
disease is under-represented, even when neuropsychiatric and cognitive symptoms are a major

cause of loss of employment, disability, and overall poor QoL of the patients and their families®®.

About 40-70% of adults with MSand around 30% of pediatric patients®™® are
handling CI symptoms. It can be detected in all disease subtypes, in all stages of the disease and
even in subjects with low physical disability, as measured on the EDSS*.

The following graduate thesis aims to raise awareness on the CI in MS patients. It will
discuss about importance of cognitive dysfunction in affected patients with MS, what is

known regarding the underlying pathology based on neuroimaging studies and neural
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correlates, including the most affected cognitive domains and related neuropsychological batteries
for their assessment. Moreover, it will focus on the known and hypothesized risk factors and
protective factors for Cl, discussing the latest research findings in the field. Finally, this thesis is
going to address prevention strategies for Cl, patient counselling, clinical management, and

available treatment strategies.



Literature review

1. Cognitive functions in MS - Background
Until the last 30 years, Cl in MS was considered as occurring almost exclusively in the late stages
of the disease and in patients with high degrees of physical disability. Nowadays, it is recognized
that Cl can arise in all phases of the disease!® although it is most often influenced by patient’s
increasing age and physical disability!’. There is a different prevalence of Cl between studies, with
estimation usually ranging from 40 to 70% of the adult patients}* and of about 30% of

the pediatric patients®®.

Cognitive functioning can be affected during clinical relapses of the disease and a decreasing
cognitive performance can represent the only clinical expression of a relapse, so-called “isolated
cognitive relapse”’®. In this way, MS disease activity can be redefined by neuropsychology
tools. Present in the early stages of the disease Cl seems to be associated with a worse prognosis,

and CIS*® patients with Cl are at higher risk to develop clinically defined MS.

Overall, monitoring of cognition and systematic evaluation in clinical practice are highly
recommended, to better understand the disease activity and severity, and provide patient
counselling and management strategies. It is important to note, that different definitions of CI have
been used over time in the literature?®. Usually, a patient is defined as cognitive impaired if he/she
fails in two or more cognitive tests. Failure in a test is defined as a score below 1.5 standard

deviations (SD)?* or below the 5th percentile in comparison with normative values??.

1.1. Neuropsychological pattern

MS disease course variably affects cognitive functions, most often compromising working and
episodic memory (33-65%), information processing speed ((IPS), 20-50% of patients)), visuo-
spatial abilities (up to 25%), attention (12-25%) and executive functions (17-19%), whereas
language deficits are rarely involved®?*. Recently, researchers that were using an extensive
battery of neuropsychological tests, proposed a classification of Cl into four cognitive phenotypes:
a) not impaired; b) IPS-impaired; c) memory impaired; d) IPS+memory impaired. In the study’s

population of those researchers, Cl prevalence was 43.7%, while memory impairment was the



predominant pattern (18.8%), followed by IPS+memory impairment (17.2%) and lastly, IPS

impairment only (7,8%)%.

2. Prevalence, cognitive profile, and phenotypes
Cognitive deficits can occur in very early stages of MS, even in the absence of other neurological
deficits?®. After accounting for demographic criteria such as age and education, the convention in
neuropsychology is to ascribe Cl to a score where performance falls less than 1.5 SD below
normative expectation. In diagnosing ClI, clinicians should account for psychiatric comorbidities,

medication side effects, and MS symptoms that might affect cognitive performance as well?’.

The severity of CI differs among clinical courses of MS. It is assumed that cognitive dysfunction
is present in the early stage of the disease, even in patients with CIS, and progresses in parallel
to accumulating disability!’™a°)  Data indicates that cognitive decline is more prominent in
progressive forms of the disease?®. In one of the studies, an isolated decrease in phonemic fluency
was observed in RRMS patients with a disease duration of less than three years. In the group of
patients with a disease duration above 10 years, the digit span test and SDMT results indicated the
patients were impaired, whereas patients with a progressive disease scored below normal in all
neuropsychological tests except for the inhibition task. Interestingly, there was no significant
differences between the SPMS and PPMS forms?°.

In two large studies, patients were categorized as having Cl if their performance
was impaired on two of 11 tests*® or four of 31 tests®! in a multidomain neuropsychological test
battery. According to these standards for designating impairment, the prevalence of CI in adults
with MS ranges from 34% to 65%, varying by disease course and research setting'’("a%32 | jke
all symptoms of MS, CI is characterized by high variability between the patients. When results
were taken together for a group of people with MS — cognitive processing speed (CPS), learning
and memory were most frequently involved. Deficits in executive function and visuospatial
processing are also reported, but less frequently®®3L. In particular, in a representative sample of
291 adult patients with different types of MS, the frequencies of CI (varying by test) were as
follows: 27-51% in CPS, 54-56% in visual memory, 29-34% in verbal memory, 15-28% in
executive function, and 22% in visuospatial processing. Attention span, basic

language and semantic memory are rarely impaired — only in about 10% of patients with MS¥,



Cl occurs in all MS phenotypes?®3? and estimates are that 20-25% of the CIS patients, 30—45% of
RRMS patients and 50-75% of SPMS patients are suffering from CI?’. The prevalence in PPMS
varies greatly, as this phenotype comprises less than 15% of the overall disease population and
study samples are very small. In patients with radiologically isolated syndrome, in which MRI
findings suggestive of MS are incidentally found in an asymptomatic individual, cognitive defects
can appear prior to the onset of other signs and symptoms and are associated with CNS lesions

seen on MRI®2.

3. Pathophysiology of cognitive impairment
Quantitative MRI techniques are used to estimate different aspects of MS pathology, while
different MRI metrics have been related to CIl. Both regional and global damage
of WM and GM in terms of focal lesions and diffuse microstructural damage® 3> have been
showed to be significantly related to the presence and severity of Cl. WM lesions (T1 hypointense
and T2 hyperintense lesions) volume, distribution and load have been associated with cognitive

dysfunction in patients with MS and different disease courses®.

In the earliest phases of the disease, cognitive dysfunctions might be clinically silent, a finding
that could be explained by the compensatory activations of other cerebral areas not involved
directly in the specific task, and then become evident over time. Accordingly, fMRI studies have
shown an altered activation pattern during cognitive tasks in CIS*” and RRMS patients®®. Changes
in the activation pattern can result from diffuse WM and GM damage and may also represent a
poor adaptation response to severe tissue injury, especially in the advanced stages of the

disease®®,

4. Cognitive dysfunction in MS - most affected cognitive domains
The cognitive impairment patternin  MS has been defined as “fronto-subcortical
syndrome” or “disconnection syndrome™. The most affected cognitive domains in patients with

MS are reviewed in following sections.



4.1. Information Processing

In 40-70% of the patients with MS, the information processing speed can be affected. The
efficiency in information processing in MS refers both toworking memory —
to manipulate and maintain information for a short period, and to the processing speed — the
speed at which a certain series of cognitive operations can be performed. Both are affected in MS
and interact with each other, although some researchers believe that it is more common to find the

processing speed affected, especially in patients with a SPMS*.

The slowing in information processing seems to be the most frequent cognitive change in MS and
one of the first cognitive symptoms that can be detected* 2, This can also affect the ability to

follow a certain conversation.

Among the tests used to evaluate processing speed are SDMT - evaluates visual processing
speed, and PASAT (Paced Auditory Serial Addition Test) - evaluates auditory processing speed.
When comparing the performance between patients with MS and healthy controls, greater effect
sizes were evidenced with the SDMT*3, That is why, the SDMT is the measure of choice for MS
trials in assessing cognitive processing speed*.

4.2. Memory

Memory difficulties have been found in 40-65% of MS patients, with 30% of patients having
severe memory problems®. In those patients, the alterations occur mainly at the explicit memory
(declarative), having to do with deliberate recall and the recovery about the knowledge of the
world and personal experiences. Generally, there is preservation of implicit memory (nhon-
declarative), in which previous experiences facilitate the execution of a task, with conscious
perception of it*®.

Tests that evaluate this domain include both auditory-verbal such as the Selective Reminding Test
(SRT) and California Verbal Learning Test while for visuospatial information the Spatial Recall
Test (SPART) is used*’.

4.3. Attention
Between 20-50% of MS patients have specific attentional difficulties®®. The most affected
components of attention in MS are selective, sustained, alternating and divided attention. On the

other hand, focused attention and alert level are components not so frequently impaired. People



with MS most frequently refer to have difficulties with following a television program or
a conversation, keep doing a task at work, maintaining focus on a particular stimulus when other

competing stimuli exist, or resuming a certain activity after an interruption®®.

Alterations at the attention level have been related to difficulties both in processing
speed and working memory. Thus, most of the tests that evaluate attention components also take

into consideration working memory and processing speed*®.

4.4. Executive Functions

Executive functions are the skills needed to carry out effective, creative, and socially accepted
behavior, and include a set of processes which are anticipation, planning, goal-setting, and self-
regulation. Between 15 to 25% of MS patients struggle with executive difficulties*®, and between

20 and 25% have difficulties in verbal fluency tasks®®, making executive alterations less frequent.

4.5. Language and Intelligence

Most studies showed that both intelligence and language skills are generally preserved in patients
with MS. However, some authors have shown a slight decline in the intelligence quotient (I1Q) —
specifically in the manipulative 1Q, vs. the preservation of verbal 1Q. When the disease begins

early in the life, a greater alteration in language and 1Q is manifested .

Basic verbal skKills, such as expression and understanding, are often preserved, except for
occasional difficulties in naming. If there are problems in verbal comprehension, these seem to be
related more to difficulties with working memory orin information processing. The most
prevalent verbal difficulty is the low performance in verbal fluency tasks — especially phonemic

fluency over semantic, which are more often related to executive functioning®.

4.6. Visuoperceptive Functions

The main alterations are observed with angle matching and facial recognition®. Although visual
disturbances such as optic neuritis may exert a negative influence on perceptual processing, in up
to 25% of patients, perceptual deficits have been observed regardless of the existence of primary

visual impairment®2,
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4.7. Social Cognition

Social cognition is the individual's ability to understand his own and others' minds and feelings to
give adequate answers in the person's social environment®3, Also, it can be defined as the way we
perceive the social world around us. MS has been associated with social cognition impairment,

which might have a drastic impact on the QoL and social relationships®*.

Social cognition can be evaluated using few different tests: Faces Test, Reading the Mind in the
Eyes Test, Faux-Pas Test, and the MASC - Movie Assessment Social Cognition examination. It
seems that fatigue, an invisible symptom of MS, might correlate with social cognition
performance, which could be due to common underlying neuronal networks®. Mindfulness-based

intervention (MBI), could be useful to improve social cognition®®.

5. Assessment of cognitive impairment in MS
There are many tools available to assess cognitive impairment that have been validated
during more than 40 years of research. These tools range from quick screening instruments to full
neuropsychological assessment batteries®’*8, This assessment is crucial given that patient self-
reporting of Cl does not correlate well with objectively measured impairment®®, and there is a
possibility that neurological assessment as ascertained by objective neuropsychological testing can

underestimate actual cognitive impairment®°.

Due to that, specific recommendations and guidelines are published, establishing the need for
regular objective assessment of cognition in patients with MS. For example, in the USA, the
National MS Society has published guidelines for cognitive assessment in both pediatric
and adult patients, recommending screenings at least annually, or more frequently if needed®®.
Regular assessments have been recommended also by the American Academy of Neurology
(AAN), the National Institute for Health and Care Excellence in the UK®2, and a consensus group

in Italy®3,

It is important to note, that tests such as the Mini-Mental State Examination (MMSE) or Montreal
Cognitive Assessment (MoCA), which mostly assess cortical function, are commonly used to
screen cognitive deficits in dementias, but are not sensitive or specific enough to test cognition in

MS patients because other domains are typically affected in this condition®.
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5.1. Neuropsychological Assessment

One of the first batteries of neuropsychological assessment presented to evaluate MS-related
deficits was the Neuropsychological Screening Battery for MS (NSBMS), developed
by neuroscientists from the USA’s Cognitive Function Study Group. This battery includes the
7/24 Spatial Recall Test (SPART), the Selective Reminding Test (SRT), PASAT, and the Word
List Generation Test (WLGT). Later, the same group proposed the applicability of the Brief
Repeatable Battery of Neuropsychological Tests (BRB-N), supplemented with the SDMT using
the 10/36 SPART instead of the 7/24 version®®.

Later on, due to the increased need for improved diagnostic accurateness, a new reliable test
battery named the Minimal Assessment of Cognitive Functioning in Multiple Sclerosis
(MACFIMS) emerged. In this assessment, the SRT was replaced with the California Verbal
Learning Test-Second Edition (CVLT-II) and the 10/36 SPART was replaced with the Brief
Visuospatial Memory Test Revised (BVMT-R). Moreover, two newly developed tests were
added: the Judgment of Line Orientation and the Delis-Kaplan Executive Function System,

which tests executive and visuospatial functions®®.

The BRB-N and MACFIMS performed similarly and suitably in the identification of cognitive
decline in MS®’. Even though these batteries have high sensitivity, their implementation in clinical
practice requires time and money, since these are long tests and a trained neuropsychologist is
needed to administer them. Thus, a more cost-effective way to assess cognition in MS is

still necessary®®.

Currently, the Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) is
becoming more and more popular, especially because it can be easily performed by clinicians and
takes 15 min to complete. The BICAMS includes the SDMT, CVLT-Il, and BVMT-R and is
currently regarded as a recommended and widely validated screening tool for CI in patients
with MS®. A diagnosis of Cl is established when a patient is performing at least two tests from a

battery below the normal range, of either 2 SD® or 1.5 SD below the control group®.

According to observations suggesting that information processing speed and attention may be
impaired in the early stages of MS, the SDMT seems to be the best single tool and the most
effective to assess cognition even in the initial stages of the disease’®. Due to this fact, clinical

neuropsychologists have abandoned lengthy, comprehensive test batteries for patients with MS, in
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favor of more targeted, sensitive tests that evaluate affected domains such asthe SDMT or
PASAT’®. Cognitive domains measured by tests included in neuropsychological batteries used in

MS are summarized in Table 172,

Table 1 | Commaon neuropsychological tests applied in MS research

Battery Purpose Time
Brief Repeatable Neuropsycho-  25-30min
Battery of logical test
Meuropsychological battery for M5

tests (BRB-M)*"!

Minimal Assessment  Neuropsycho-  90min
of Cognitive logical test

Function in battery for MS
Multiple Sclerosis

(MACFIMS)

Brief International ~ Cognitive 15min
Cognitive screening

Assessment for battery for M5

Multiple Sclerosis
(BICAMS) ™

M5, multiple sclerosis.

Individual tests included
Selective Reminding Test

10/36 Spatial Recall Test or 7/24
Spatial Recall Test

Symbol Digit Modalities Test
Paced Auditory Serial Addition Test

Word list generation test or Control-
led Oral Word Association Test

Paced Auditory Serial Addition Test

Symbol Digit Modalities Test
California Verbal Learning Test-I

Brief Visuospatial Memory Test
— Revised

Delis—Kaplan Executive Function
System Sorting Subtest

Judgement of Line Orientation

Controlled Oral Word Association
Test

Symbol Digit Modalities Test
California Verbal Learning Test-l

Brief Visuospatial Memory Test
— Revised

Targeted cognitive domain
Verbal learning and memory

Visuospatial learning and
memory

Processing speed

Working memory and/or
processing speed

Verbal fluency and/or word
retrieval

Working memory and/or
processing speed

Processing speed
Verbal learning and memory

Visuaspatial learning and
Memory

Executive functioning and
problem solving

Visuospatial processing

Verbal fluency or word
retrieval

Processing speed
Verbal learning and memory

Visuaspatial learning and
Memory

5.2. Brain imaging assessment

The relationship between CI and neuroimaging parameters in patients with MS is highly complex.
Clis associated with various structural imaging metrics in patients with MS, including cortical and
subcortical atrophy, lesion burden, and structural connectivity®. Early studies reported that greater
impairments in processing speed, memory, learning and executive function were associated with

increased  lesion burden and brain atrophy in affected patients”. More

recent longitudinal studies indicated that reduced cortical thickness, GM atrophy and increased

total lesion burden predict cognitive decline in people with MS™,
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Evidence shows that specific brain regions atrophy, particularly the thalamus and
hippocampus™’®, is  associated  with  specific  cognitive  dysfunctionsin ~ MS
patients, like processing speed, learning and memory’’. In addition to focal lesions and brain
atrophy, it is evidently clear that MS-related CI is a product of synaptic dysfunction

across several neuronal networks’®7°,

5.2.1. MRI

Cl can result from damage of various structures and connections in the CNS; for that reason, many
different techniques have been employed to seek appropriate imaging correlations. Magnetic
resonance imaging (MRI) allows the detection of Gd-enhancing lesions, T1 lesions (so-called
“black holes”), T2 lesions, and brain atrophy=°.

In several studies focusing on the deep GM, mesial temporal cortex and neocortex, GM
volume correlated with cognitive performance. The clinical significance of damage to deep GM
structures was further established by studying atrophy and diffusivity changes of the thalamus,
which were both independently correlated with Cl. Besides the thalamus and the cortical GM,
hippocampal volume and function are changed in patients with MS, and the hippocampus is one

of the predilection sites for occurrence of demyelinated lesions?’.

Several studies evaluated associations between the T1 and T2 lesion load and cognitive deficits.
In a study of 62 patients with CIS, the researchers demonstrated that deterioration in the overall
cognitive score and executive function over seven years of observation could be correlated with
the number of T1 lesions in the first year following diagnosis of CIS. Moreover, an increased
number of T2 lesions in the first three months after CIS can predict the patient’s future executive
function performance®. Also, it was shown that a higher T2 lesion load obtained in a short
period following CIS was correlated with cognitive decline after five years'®. Another important
factor was early inflammatory activity, counted as the number
of Gd enhancing lesions. According to the literature, this parameter may predict memory,

executive, and overall scores on neuropsychological tests after seven years of follow-up®°.

On the other hand, few authors described a correlation between CI and the number of cortical
lesions. In one of the studies, GM pathology was associated with poorer cognitive outcomes in
MS, and the number of cortical lesions (CL) correlated positively with the level of decline in
the working memory (PASAT) and semantic word fluency (Regensburger Word Fluency Test)8?.
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Cortical thickness represents another imaging and anatomical parameter of potential value in the
context of assessing cognitive function. It is highly heritable, very stable, and is not affected by
pseudoatrophy but rather by neurodegenerative processes such as demyelination
and axonal, neuronal, and synaptic loss. Nevertheless, the association of cortical thickness with
cognitive performance has some controversy. It was demonstrated that cortical thickness was
related to clinical symptoms of MS, such as depression, cognitive deficits, physical disability and

fatigue®283,

Other MRI parameters and techniques have also been implicated as correlates of cognitive
function in MS, including diffuse axonal loss in normal appearing white matter 8284, Recently,
retinal thickness measured by OCT method was found to be potentially useful in clinical detection
and monitoring of axonal loss in MS, as a noninvasive and less expensive technique. In particular,
one parameter, the peripapillary retinal nerve fiber layer (RNFL), was associated with brain
atrophy®. The RNFL was shown to correlate positively with the result of the SDMT in the early
stages of MS®.

5.2.2. - fMRI

In addition to the described structural damage, studies in the last years have increasingly focused
on the functional connectivity of GM structures, such as the hippocampus, thalamus, and cerebral
cortex, by use of resting state functional MRI. According to these studies, there is an altered

connectivity patterns in patients with MS who have CI78,

In early stages of the disease, increased connectivity can signify that neuronal resources are
compensating for demyelination and neuronal loss. In later stages, once these reserve resources
are exhausted, connectivity diminishes, and CI is more apparent. Overall, these network fMRI
studies indicate that cognitive decline could be explained by an accruing destabilization of the

brain network physiology?’.

Different functional neuroimaging approaches involving task-related paradigms, like fMRI, have
been applied to examine other possible neural correlates of MS-related CI. Studies have reported
that people with MS who are in the early stages of the disease course demonstrate increased
prefrontal cortical activation during region specific tasks compared with healthy individuals® .
This finding suggests the existence of an adaptive compensatory mechanisms (neuroplasticity) in
people with MS.
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fMRI paradigms can be applied when there is a need to measure functional connectivity and
effective connectivity of different regions in  neural networks, that might be relevant
and important in understanding MS-related CI. Of note, effective connectivity, but not functional
connectivity, can demonstrate directionality and causality in brain connections. Some fMRI
research  suggests that functional connectivity is reduced in people with
MS versus healthy individuals, and is also reduced in cognitively

impaired compared with cognitively preserved MS patients®%2,

5.3. Multiple Sclerosis Biomarkers Related to Cognitive Dysfunction
There are several biomarkers measured in serum or in cerebrospinal fluid (CSF) that have been
implicated as potentially effective in monitoring the MS course from the earliest stages of the

disease®,

Neurofilaments have recently become biomarkers of the highest interest in this area. These are
axonal cytoskeletal proteins composed of three chains: light, medium, and heavy. They are
released into body fluids when axonal damage occurs; thus, in all stages of MS, increased levels
of neurofilaments have been observed in the CSF and blood serum. To date, most neurofilament
light and heavy chains (NfL and NfH, respectively) have been investigated in MS®. Higher levels
of NfL were found in CIS patients®® and NfH levels in CSF have been correlated with the brain

volume reductions and progressive disability over time®.

In a preliminary study of fMRI assessing 21 untreated, cognitively intact patients with CIS, higher
CSF NfL levels were associated with lower activity in the putamen, while performing a task that
required increasing levels of attentional control processing. This result may suggest that NfL can
be used as a marker of abnormal cognitive pathway recruitment even preceding the first clinical

signs of Cl in patients in the earliest stages of MS®’.

The other widely investigated biomarkers are chitinase-like proteins (CHILPS). The biological role
of these proteins is still unknown, but it is believed that they are involved in cell survival and tissue
remodeling inflammation. Moreover, higher levels of CHILP in CSF may reflect a high degree of
axonal damage®. Chitinase 3-like 1 protein (CHI3L1) on the other hand, is a molecule suggested

to play a role in inflammation and the way tissue responds to the injury®. It was found that its
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level in CSF may predict progression in early MS, illustrating neuronal damage from the beginning
of the disease®®. Another member of this protein family, chitinase-3-like 2 protein (CHI3L2), the
closest homolog of CHI3L1, was suggested as a biomarker of the transition from isolated optic
neuritis to MS. Moreover, after a 14-year follow-up period, the increased level of CHI3L2 in
patients diagnosed with optic neuritis as a first demyelinating episode was associated with poorer
performance in PASAT®,

6. Risk factors and protective factors for cognitive impairment
Several factors are known to influence the level of CI. Inthe following chapter, the main
documented or hypothesized risk factors and protective factors for ClI are going to be presented.
Some of these are disease-related and others may be involved in cognitive dysfunction
independently from MS. Factors pertaining to demographic, psychological and clinical, disease-
related variables; then environment and lifestyle-related factors, comorbidities, and genetic factors,

will be covered first3®,

6.1. Demographical and clinical

6.1.1. Age and age at onset of the disease

Aging in the general population is a known risk factor for Cl. In adult-onset MS, most of the
published longitudinal and cross-sectional studies have associated aging with increasing frequency
and degrees of CI'®, On the other hand, younger age of MS onset was suggested to be a risk factor
for CI and reduced 1Q in a cohort study of pediatric MS patients that were followed up for five
years'91%2 Moreover, comparing adult-onset and pediatric-onset patients, a pediatric onset of MS
was found to be associated with an increased risk of Cl in adulthood®. It has been suggested that
the development of the disease in early age may interfere with myelinization and ongoing brain
maturation, causing damage to the GM and WM networks and disrupts neuroplasticity, thus

reducing the brain reserv®®.

6.1.2. Sex and sex hormones

MS affects mainly females but has a more aggressive disease course in males. However, in animal
models, testosterone seemed to have a protective role on neurodegeneration and inflammation. A
study showed that male patients with low testosterone levels may have a more severe course

of disease!®.
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6.1.3. Disease course

It appears that CI is present in all disease subtypes; however, it tends to be prominent and more
severe in PPMS and SPMS patients due to the cortical involvement and extensive
neurodegenerative brain process'’?81%, Overall, the evidence shows that SPMS and especially
PPMS patients are at higher risk for CI°®.

In comparison of PPMS and RRMS patients, different disease duration may represent a
confounding factor. A retrospective population-based study, showed that even after 10 years of
disease duration, PPMS and SPMS patients were more severely and frequently impaired than
RRMS patients®. A recent meta-analysis of published studies demonstrated that PPMS patients
exhibited prominent CI, highlighting that these patients may need a more specialized disease
management, not only for the accumulation of physical disability, but also for the greater degree
of cognitive dysfunction®.

6.1.4. Disease duration

The relationship between duration of the disease, clinical disability and CI depends on few factors,
including also the age of the disease onset. For instance, in the pediatric patients also a short
disease duration could have a greater impact than in older MS patients. A study with a long follow-
up has reported that a disease duration of 10 years or more was significantly associated with CI1%7,
Others studies, on the contrary, have failed to identify any significant association®. In a large
cross-sectional study of 1040 patients representing different subtypes of the disease, Cl was
mainly driven by increasing age and physical disability, but not by disease duration: this might
be because of the effect of ageing on cognition and due to the reduction of cognitive reserve (CR)
in older population®’.

6.2. Comorbidities and other disease-related factors

Comorbidities represent an area of high interest in MS research'®, Physical (i.e., hypertension,
diabetes, thyroid dysfunction) and psychiatric comorbidities (i.e., anxiety, depression, bipolar)
might be associated with an increased prevalence of cognitive deficits in patients with mild
cognitive impairment (MCI) or other neurodegenerative diseases!'. Patients with MS may have
an increased risk of anxiety and depression and more frequent consuming of antidepressant and

anxiolytic drugs compared to the general population!!,
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As for physical comorbidities and MS, there is some evidence that more than three comorbidities
as well as self-reported CI are associated with low QoL and increased health service usage.
Moreover, comorbidities in MS have been associated with a worse disease
outcome'®. Specifically, cardiovascular risk factors have been associated with brain lesion burden
and brain atrophy!*?. In a study that was conducted recently, small vessel disease (SVD) was

identified as a potential contributor to neurodegeneration and possibly to CI*%2,

6.2.1. Depression

People with MS in general have a greater prevalence of psychiatric comorbidities compared with
the general population, most commonly depression. The prevalence of depression in MS patients
ranges from 20 to 40% 4. It is not clear, however, whether in MS depression is simply reactive
to the chronic disease condition, due to the organic damage in relevant brain regions or it is due to
the dysimmune, inflammatory status. Most probably, etiology of depression has a diverse,
multifactorial origin in different subjects'*>!1®, Depression and anxiety are associated with poorer
QoL and low work performance (absenteeism and presenteeism) in MS patients®®,

Moreover, depressive symptoms are independently associated with increased physical disability
and more aggressive disease course!’. Depression has both direct and indirect effects on cognitive
functioning by slowing processing speed and reducing the subject dedication to leisure activities,
a determinant of CR. Furthermore, depression contributes to attention deficits, partly explaining
the lower working performances of this group of patients*®, Lastly, depression has been associated
with higher frequency of self-reported cognitive deficits'*®. Given its prevalence and influence on
various disease outcomes, including cognitive performance, depression represents an important

therapeutic target to improve cognition in MS patients°,

6.2.2. Anxiety

Anxiety is reported to affect 23-41% of the MS patients'?! and higher anxiety levels have been
associated with MS physical severity and greater incidence of self-reported cognitive deficits'?*.
Anxiety is more prominent in the initial phases of the disease, more in female patients than in
male and often associated with depression and fatigue, a relationship that is difficult to untangle
when trying to assess the impact of the single variables on CI*?2. In a study of 140 patients with
MS, anxiety was demonstrated to be the major influencing factor of poor performances in tests

assessing complex attention and IPS*?3,
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6.2.3. Fatigue

Mills and Young had defined fatigue in MS as a “reversible, motor and cognitive impairment with
reduced motivation and desire to rest, either appearing spontaneously or brought on by mental or
physical activity, humidity, acute infection and food ingestion!%. Fatigue can present itself as
‘physical/general/peripheral” or ‘cognitive/mental/central’. The first presentation is more related
to the disability level while the latter becomes evident when performing cognitive tasks and is
more related to CI'?, Fatigue is reported by around 80% of adult MS patients and is
evaluated subjectively by two-thirds of them as one of the most disabling MS symptoms!?>126,
Central fatigue is a characteristic of hypothalamic, pituitary, and diencephalic syndromes. In
hypothalamic-pituitary diseases, it is associated with endocrine disturbances and changes in sleep
pattern and bodyweight. Fatigue, anorexia, and sleepiness are the most frequent symptoms of
neurological disorders, which are attributable to reduced concentrations of substance

P, cytokines, prostaglandins, and leptins'?412°,

6.2.5. Pain

According to a review of 17 studies, the prevalence of pain in MS patients was 62.8%%’. Pain can
be classified as chronic or acute and further into generalized, localized and neuropathic. The most
common form of pain in MS is neuropathic pain, classified in Lhermitte’s sign, trigeminal
neuralgia and neuropathic pain within the extremities. Chronic pain may cause cognitive deficits
via indirect mechanisms, such as worsening QoL, reducing leisure and physical activities,
increasing intake of painkillers, and via direct mechanisms such as functional exertion of cognitive

areas used for pain processing, lowering of attention and IPS*?8,

Even if there is some evidence of a role of pain as a risk factor for Cl in MS, due to its link to
inflammation and its disrupting role on attention, decision making and memory*?°, there are no
studies directly assessing this relationship in MS patients. Other studies, however, have
presented pain and cognitive dysfunction as part of a cluster of symptoms next to depression

and fatigue, and suggested a common etiology™*°.
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6.3. Environmental and Lifestyle factors

6.3.1. Smoking

Smoking is a risk factor for Alzheimer’s disease and is related to preclinical changes in the brain,
higher risk of cognitive decline and increased risk of dementia®!. It seems that smoking in MS
hasa role as risk factor for the development of the disease as well asa prognostic
role, negatively influencing the disease course!® and cognitive functions!®® of the
patients through its effects on nicotinic acetylcholine receptors. MS patients who were heavy
smokers compared to non-smokers showed poorer performance on the SDMT and PASAT®* and

this could be due to the pro-inflammatory substances inside cigarettes.

Moreover, Zivadinov et al. proved the association of smoking with an increased blood-brain
barrier disruption, higher brain lesion volumes, and more recognizable brain atrophy, all factors
that may contribute to the loss of brain tissue and brain reserve, thus accelerating the development

of cognitive deficits in MS patients?3°,

6.3.2. Cannabis

Cannabis, ingested or inhaled, is used in up to 20% of MS patients to treat a different symptoms,
especially pain and spasticity. Many trials have investigated the effects of cannabis in MS, some
of them also considered the cognitive effects of this therapy, reporting no association between
usage of cannabis and reduced cognitive functions!®. On the other hand, in the general
population effect of cannabis usage is associated with important implications on various
neurobehavioral processes, including anxiety and mood regulation, learning, motivation, reward

processing, motor control, memory and executive functions.

Furthermore, Sagar et al. reported that cannabis use is associated with negative health outcomes,
poor psychosocial and CI as well as other different neurobehavioral consequences!®’. Besides
this trial results, in MS patients, inhaled or ingested cannabis has been associated with a doubled

probability to develop ClI in cannabis users in comparison with non-users*®,

6.3.3. Alcohol

Alcohol is an importantrisk  factor in various diseases such  as cancer, infectious
diseases, neuropsychiatric diseases, diabetes, liver and pancreas disease, cardiovascular disease,

and unintentional and intentional injury'*®. Moreover, chronic heavy intake of alcohol is a cause
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of dementia and brain atrophy later in life}*°. Anxiety and depression have been associated with
increased alcohol consumption among MS patients, making their disease
course more complicated'®®. In MS patients, the relation between alcohol consumption and Cl has
been poorly explored and results appear to be controversial. In a study that was conducted within
MS subjects, heavy alcohol usage was present in 14% of participants and was associated

with mild cognitive deficits in these patients'#.

6.3.4. Sleep
Sleep disturbances in MS are very common. In a recent study, 19-67% of patients with

reported fatigue and sleepiness were found to have various cognitive difficulties!#?,

The association between sleep disturbances and CI in patients with MS has been hardly explored.
In a recent study, sleep difficulties were associated with more self-perceived cognitive
dysfunction, partially mediated by increased fatigue which was evident in organization, planning,
and prospective memory*3. Another study showed that excessive daytime sleepiness was linked
with a poorer performance in a computerized version of the SDMT with distracters, pointing out
the role of sleep in attention!*4. As sleep represents a potential modifiable risk factor for CI, more

research in the field is needed.

6.3.5. Other factors: sodium, caffeine intake, vitamin D

Cland diet in MS may be connected through the gut microbiota. High-fat consumption and sodium
intake have been connected in some studies to an increased frequency of Cl compared to the
general population'*® and to the dysbiosis implying the dysfunction of gut-brain-axis'*®. Other

studies on MS patients have reported no association between high salt intake in the diet and CI*#'.

As for caffeine intake, in healthy adults it has been reported that after low to moderate caffeine
doses, vigilance, alertness, reaction time and attention can improve, while less effects are
observed on memory and higher-order executive functions*®. Current data shows that a higher
mean number of coffees per day are related with preserved cognitive functions!®2. A preliminary

report suggested that caffeine intake may reduce MS-related disability and fatigue*°.

Vitamin D deficiency is being investigated as a risk factor for the development of MS and a
prognostic factor related toa worse disease course®!. In the BENEFIT trial in CIS
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patients, smoking, as well as lower levels of vitamin D at baseline, were associated with poorer

PASAT performance during the follow-up period*°.

6.4. Cognitive reserve

CR has gained attention also in the field of MS over the past decade, in order to account for the
differences between the clinical manifestations of the disease and the degree of brain
damage measured by MRI*, while trying to  translate the results obtained in  AD
research to MS*2, Educational level is one of the most relevant correlates of CR. In the general

population low levels of education have been connected with higher risk for dementia®®®

, although
socioeconomic status - commonly considered associated with education, has not been surely

associated with a higher risk of dementia®®,

As per today, only a few longitudinal studies have been conducted on this subject. A longitudinal
study of a 1.6 year follow-up showed that high CR index and cortical volumes were related with
better performances in neuropsychological tests at baseline but no longer at follow-up, due to
increasing degrees of cortical atrophy, stressing the importance of early interventions'®.
Furthermore, in a sample of 40 patients, a longitudinal study conducted over 4.5 years has shown
a significant association of high intellectual enrichment and large Maximal Lifetime Brain Growth

with lower rates of CI°,

6.5. Physical exercise

Physical exercise is linked to an increased hippocampal volume, as reported by a study on physical
exercise and mild CI in women aged 70-80 years™’. A recent systematic review about physical
exercise in MS patients concluded that there was an overall positive effect of physical activity and

physical fitness on cognition among MS patients'®,

6.6. Genetics

APOE - Apolipoprotein E, one of the most studied genes related to cognitive functioning, is the
main known genetic risk factor for sporadic and late-onset familial Alzheimer’s disease. In
MS, several studies investigated APOE &4 allele status related to disease severity, providing
mainly inconsistent or negative results. An MRI study found a relation between higher levels of
brain atrophy in MS patients carrying the APOE e4allele, however, in this study cognitive

assessment was not provided®®°,
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Nevertheless, considering recent data looking into detrimental effect of APOE &4 on late-life

160

cognition, independent of AD pathology~*", it remains possible that genetic variations in APOE

exert significant effects on the trajectories of Cl in late stages of MS.

Due to studies that found no cognitive differences between HLA-DR15- and HLA-DR15+
patients, HLA-DR15, even though is a main risk factor for MS, has been excluded as risk factor

for CI161,

Lastly, brain reserve isahereditary factor thatcan influence also CR. Brain reserve is
expressed as maximal lifetime brain accepted manuscript growth and can play an important role

as a protective factor against Cl, together with CR15%:162,

7. Treatment of Cognitive Impairment in MS
Interventions for treating CI can be classified as pharmacological and nonpharmacological. Even
though the disease modifying drugs (DMDs) can have a positive impact on the subject’s cognitive
outcome, by decreasing the progressive atrophy and lesion burden in the brain, or via potential
direct neuroprotective effects, the evidence existing from clinical trials is limited,
while published observational studies have some important methodological limitations63164,

7.1. Pharmacological Interventions

DMTs might improve cognition in patients with MS as these agents are primarily designed
to prevent relapses andarrest the disease, butifthey directly improve cognition
remains unclear. Evidence does exist of positive effects of DMTs on correlates of cognition — for
example, reduced progression of brain atrophy and decreased inflammatory activity in
MS patients, reductions in T2 and T1 brain lesion load*®®. Nevertheless, evidence supporting the
efficacy of DMTs for MS-related CI treatment is limited, and there is no approved therapy yet for

this purpose!®®.

RCTs investigating symptomatic pharmacological treatment including drugs such
as donepezil, modafinil, memantine and I-amphetamine sulfate, have shown conflicting effects on
MS-related CI*¢°, Dalfampridine has been identified as a possible pharmacological treatment for
Cl related to MS, given its effects on ambulation®’. The data regarding the effects of this drug on

cognition are mixed, with one RCT reporting no effect on processing speed*® and a second RCT
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reporting transient improvements in processing speed*®. A well conducted RCTs with cognition
as the primary outcome will be required in the future in order for any pharmacotherapy to be

approved for ClI related to MS™2.

7.1.1. MS Disease Modifying Therapies

MS specific DMTs the injectables glatiramer acetate and interferon beta; oral agents such
as teriflunomide, fingolimod, and dimethyl fumarate;  monoclonal antibodies  such
as ocrelizumab, alemtuzumab and natalizumab, have shown significant benefits in reduction
of the annualized relapse rate, with lower efficacy onthe brain atrophy rate or reduction in

disability progression®.

Nevertheless, their impact on CI specifically remains unclear, since most phase 11 clinical trials
did not established Cl as a primary outcome measure. Due to the different neuropsychological
batteries used, the differences between populations included in the trials and the different methods
for evaluation and outcome analysis, comparative efficacy on cognitive outcomes across trials is

more difficult?.

Pivotal glatiramer acetate and interferons clinical trials did not include cognitive evaluation as
primary outcomes. Intramuscular interferon beta 1a versus placebo included neuropsychological
evaluation as a secondary outcome measure and showed 52.7% improvement in comparison with
29% in the placebo group!’, including episodic memory outcomes and processing speed. In
the COGIMUS (Cognitive Impairment in Multiple Sclerosis) study, subcutaneous interferon
1a had a protective effect on RRMS patients on general cognitive decline when reevaluated at 317
and 5 years'’? after the beginning of therapy. As for interferon beta 1b, Pishkin reported only
improvement of delayed visual reproduction performance!’®, and the Betaseron/Betaferonin in
newly Emerging Multiple Sclerosis for Initial Treatment (BENEFIT) trial revealed that in patients
with CIS, interferon beta 1b had beneficial effects on working memory, and the effects lasted over
8 years'’®, Glatiramer acetate trials included BRB-N evaluation but did not show significant

differences versus placebo®”.

The GOLDEN Study using oral fingolimod once daily, was compared with interferon beta 1b
using a trial design that included ClI as the primary outcome. This study showed improvement in
cognitive function (DKEFS and BRB-N) in both treatment arms, with fingolimod being
favored on MRI parameters’e.
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Natalizumab studies showed that compared with placebo, this treatment can reduce the risk of
progressive working memory impairment by 43%!7. In a long-term observational
study conducted by Jacques et al. using a computed test and the SDMT, natalizumab was reported
to preserve cognition over 7 years of continuous therapy. Over a 24-month period, no patient
showed evidence of prolonged cognitive deterioration®’®. In a study that was conducted during a
15-month follow-up period, including 21 patients, alemtuzumab showed a stable cognitive
function using an extensive neuropsychological battery'’”®. Compared with interferon beta
1a, ocrelizumab has shown improvement in MS Functional Composite Score (a composite

measure of upper-limb movements, walking speed and cognition assessed by PASAT),

7.1.2. Cognitive Impairment-Specific Treatment

Use of acetylcholinesterase inhibitors (AChEI) in MS patients is debatable. While Krupp in
2004 in a cohort of 69 patients reported the positive impact of donepezil on memory and verbal
learning, he also reported no significant effect in a 2011 conducted study that included 120 MS
patients’®!. Regarding memantine, similar findings were reported in a small number of
studies showing negative outcomes for this drug®. Amphetamines significantly improved verbal
memory and visuospatial ~ memory®, fampridine has shown to be able to
improve alertness, cognitive fatigue, verbal fluency and psychomotor speed®, while using
modafinil resulted in no additional benefit on learning®.

7.2. Non-Pharmacological Interventions

7.2.1. Cognitive rehabilitation

Only recently, the field of cognitive rehabilitation has been established as a beneficial therapeutic
tool. Cognitive and behavioral rehabilitation strategies are designed to enhance an individual’s
capacity to interpret and process information in order to function in all aspects of community and
family life’?. Computer-assisted training, cognitive-behavioral interventions, and combinations
of the two, have been showing consistently better results®®8 especially when adjusted to
individual needs. In a recent meta-analysis and review article including data from 2007 to 2016
only one intervention received support for a practice standard in memory and verbal learning
(modified Story Memory Technique—mSMT88), two computer programs received support as a

practice guideline for multi-cognitive domains and attention (RehaCom*® and Attention Process

26



Training—APT%), and several studies provided support for the practice option in learning,

memory and attention®®%,

Studies suggest that cognitive rehabilitation has a long-term impact beyond the treatment period
and might enhance cognition in the face of future brain changes®?. These effects have been
documented in the literature on ageing, where it was stated that cognitive rehabilitation
not only improved everyday life activities (reducing the incidence of driving accidents for
example)'%, but also resulted in a reduction of 29% in dementia risk 10 years
after treatment!®2. Such information will be crucial to legitimate the use of cognitive rehabilitation
in MS patients in order to protect against cognitive decline in the future as the disease progresses
(Fig. 1)
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Cognitive Long-term maintenance of Longitudinal maintenance
rehabilitation cognitive rehabilitation gains of cognitive health
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—— Cognitive function without cognitive rehabilitation
— === Cognitive function with cognitive rehabilitation
""" Cognitive impairment

Fig. 2 | Cognitive rehabilitation in multiple sclerosis. Theoretical model of the potential impact of cognitive

rehabilitation benefits in the progression of cognitive impairment over time in MS. The figure is not based on data but
could potentially be used to guide future research since it depicts theoretical trajectories that research can test

empirically in the future.
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7.2.2. Exercise training and cognition in MS

A lot of publications have shown a positive impact of physical exercise on different clinical
parameters, but  evidence still needsto be demonstrated, as clinical trials have
shown ambiguous results'®*1%° A systematic review by Sandroffet al. showed that a few
comparable studies did not yield a significant positive impact of physical exercise on CI

outcomes!®

. A different systematic review of the impact of yoga also failed to show any effect of
this discipline on CI*®". This can be the result of insufficient well-designed research, and also the
fact that cognitive impairment is maintained as a secondary outcome. The cognitive effects of
physical exercise in MSstill needs to be researched, as one relevant intervention both

in improving and preventing poor cognitive outcomes*€®.
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Conclusions

In the past 30 years, increasing knowledge in the field of MS-related CI has arisen. Improvements
in all areas have been make from defining the most sensitive neuropsychological tests and
compound batteries for research and clinical practice to better understanding the neural correlates
in specific populations. There is a valuable assistance from non-conventional/functional and
conventional-structural neuroimaging with better and more effective treatment, rehabilitation, and

prevention strategies.

More than 50% of MS patients have some cognitive deficits, which are among the most
disabling symptoms of the disease. Cognitive performance is a potential predictive marker of
progression of MS and serves also as a potential predictor for patient’s future employment status
and QoL. Identifying CI at the earliest stages should be a crucial part of the assessment of the
patient’s clinical status. Thereafter, when diagnosed at an early stage, cognitive dysfunction may
suggest implementing highly effective DMTs in addition to promoting a healthy lifestyle, focusing

on cognitive rehabilitation.

Currently, there is no absolute definition of the early stage of MS as well as specific criteria for
the diagnosis of CI. Therefore, further investigation and extensively characterization of cognition
in MS should be made. In parallel, novel effective methods for cognition assessment in MS
patients should be continuously developed to become an inseparable part of
the extensive examination of patients with a diagnosis of CIS, in early and further stages of the

disease.

Assessment of cognitive function should be included in the standard clinical evaluation of MS
patients and should be a part of clinical trials involving these patients. Furthermore, treatment
strategies should be implemented as supported by current evidence. Limitations are still present,
especially due to the standardization and validation of both therapeutic and diagnostic tools. Due
to the devastating impact over the self-care, social interaction and working status of MS patients,
improvement in all the aforementioned areas, as well as educationto the general

community, patients and their families, should be stated as a priority.
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Knowledge regarding protective and risk factors is of critical importance to implement prevention
strategies, identify patients with higher risk for developing cognitive dysfunction, and improve

patient’s medical counselling and clinical management.

Research should strive to understand the mechanisms of action of the protective and risk factors
for MS-related CI that are documented in the literature. Studies typically examine
few protective factors or risk factors at a time, but there is a need for larger studies of numerous
factors in the same large cohort to wunderstand whether and to what extent
each protective or risk factor contribute to the patient’s cognitive outcome and to assess possible

interactions between different environmental and genetic factors.

Furthermore, patient modifiable lifestyle factors to build or maintain cognitive and brain reserve
include mentally active lifestyles, management of psychiatric disorders, management of
cardiovascular risk factors and other comorbidities, physical exercise, smoking cessation and

treatment of pain and sleep abnormalities.

There is a need to improve the level of evidence that links cognition to these lifestyle factors and
explore better a few variables that were only preliminarily evaluated in research or were not
mentioned (e.g., stress, vitamin D, diet). The evidence for exercise, although promising, remains

preliminary and more work is to be done in order to establish a clear role in clinical practice.

Moreover, insufficient data is currently available to support pharmacological approaches for
treating CI. Therefore, there is a need for well designed, long-term studies to assess the effects of
currently available DMDs administered early in the disease course to delay or prevent cognitive

dysfunction in MS patients.

By contrast, although there is insufficient evidence, cognitive rehabilitation has shown consistent
beneficial effects in MS patients and currently counts as the best approach for treating MS-related
Cl. Nonetheless, there are still some challenges regarding treatment approaches, including
delineation of the setting, dosing, timing, and specificity of treatment, as well as the shortage of
trained professionals to provide these services. The complex interaction between depression,

fatigue and cognition must also be taken into account in future studies.

Relatedly, an important focus of future research should be on the degree of specificity of treatment

— meaning, generalized cognition treatment versus targeting specific cognitive domains. Given
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the evidence supporting exercise training approaches and cognitive rehabilitation for improving
multiple cognitive domains, it is not clear yet whether holistic or targeted training approaches

might be better for treating MS-related CI.

For conclusion, CI is a devastating and relatively common manifestation of MS, and the
application of successful treatment approaches is essential. Although some relevant data have been
published in this area, much work is still needed, as MS-related Cl is still poorly managed. Patients
with Cl and MS deserve effective treatment, and it is important to provide the most recently
available treatment options in clinical practice and to continually evaluate and develop optimized

pharmacological, exercise training therapies and cognitive rehabilitation for future consideration.
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