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Abstract

Multiple sclerosis (MS) is a chronic inflammatory condition of the central nervous
system characterised by lesions throughout the brain and spinal cord. Up to 70% of
people with MS experience cognitipeoblemsincluding difficulties with memory,
attention, problensolving, and language. These cognitive difficulties are debilitating
and reduce the quality of life of people with MS and their families.

Cognitive rehabilitation is a type of therapy that helps retrain cognitive skills. It is a
specialised intervention that focuses on providing people with MS with the
knowledge of and information about their cognitive difficulties, and in turn teaching
themto use both internal and external aids to address themPhbiproject aimed to
establish the effectiveness of cognitive rehabilitation for people with MS and
understand which groups of people with MS are most likely to benefit from this

intervention.This PhD involve three main studies.

The first study involved the update of a Cochrane review investigating the
effectiveness of cognitive rehabilitation fmemory problems iMS. This Cochrane
review was first published in 2012 and updated in 38¥id¥ to our current pdate.

We selectedandomised controlled tria(RCTs)or quasiRCTs of memory

rehabilitation or cognitive rehabilitation for people with MS in whiicé

rehabilitation treatment group was compared with a control gi¢emperformed a

'best evidence' synthesis based on the methodological quality of the primary studies
included. Outcomes were considered separately for 'immediate’ (within the first month
after completion of intervention), 'intermediate’ (one to six moaftes intervention
completior), and 'longeterm’ (more than six montladter intervention completign

time pointsForty-four studies comprising 27 3farticipants were analysed in the
systematic reviewr he risk of bias amongst the included studies was generally low,
but we found eight studies to have high risk of bias related to certain aspects of their
methodology(e.g., poor outcome reporting}ll outcomesexcept foranxiety

symptoms and activities of daily living were found to be improved following

cognitive rehabilitationWe found that improvements in subjective memory and
quality of life were sustained longtrm, thus supporting the effectiveness of

cognitive rehabilitation for people with MS.



The second study involved the analysis of the Cognitive Rehabilitation of Memory
and Attention in Multiple Sclerosis (CRAMMS) trial data to identify factors that may
predict how likely a person with MS is to benefit from cognitive rehabilitaiida.
grouped baseline data into four possible categosmsg¢demographicsclinical
characteristicsself-report cognitive symptomandobjectiveneuropsychologicakst
performance)We used regression models to identify specific factors/characteristics
that could predict the likelihood that an individual will benefit from cognitive
rehabilitation We found thayoungermpeople withrelapsingremitting or primary
progressiveMS, with highereducationno recent relapses in the six months prior to
receiving the cognitive rehabilitatiowith mild to moderate cognitive difficultieand
who lived withothers arenore likelyto benefit from cognitive rehabilitation
compared to people with MS who did not show these characteriBtiese findings
suggesthatit is possible tgredict which people with MS are most likely to show
moreimprovements in neuropsychological function following grda@sed cognitive

rehabilitation We then tested these findingsthe third study.

The third study involve a feasibility RCT to assess the feasibility and acceptability of
an online grougbased cognitive rehabilitation programrii@e aims of thigeasibility

RCT weretwofold: (1)to assess the feasibility andceptability of undertaking a
definitive RCT to investigate the clinical efficacy of an online grangsed cognitive
rehabilitation programme with specific groups of people with MS and, @yplore
preliminary signals of efficacgf thealgorithm developed in study We recruited 36
people with MS whaeported experiencing cognitive difficultieBhis trial took place
entirely remotely; all assessments and interventions were delivered online via
Microsoft Teams, which meant that we were able to recruit participants from across
the UK Participants were randomised to either receive therdé€k cognitive
rehabilitation programme plus their usual care or their usual care only. Participants
were randomised on a 3:1 ratio in favour of the intervention gRapicipants

reported that the intervention was acceptable inpbstvention interviews. We
identified five key themes which related to participants management of their cognition
before the trial, the online format of the intervention, experienced toagohanges,

perceived mechanisof change and potential improvements.

We determined that delivering grotyased cognitive rehabilitation online was

feasible however, we noted that some improvements are required for the recruitment



period, the outcome measures and the patient work booklet before a definitive trial
could take placée determined thateliveling group-basedcognitiverehabilitation
online wasacceptabléo people with MSOur analysis was @koratoryandwas not
poweredio determinestatisticalsignificance We found preliminary signals of

efficacy forthe Selective Reminding Te@RT)and the Multiple Impact of Multiple
SclerosisPhysical subscalevith large signals of efficacy. Walso found large

signals of efficacy for the EQD visual analogue scale (VAS) score, which measures
quality of life,and moderate signals of efficacy tbe MSIS-Psychological subscale
Furthermore,His study provided preliminary signals of efficacy for the algorithm
developed in study 2, age foundnotabledifferencesetween those predicted most
likely to benefit and those predicted less likely to benefit for the SRT, Everyday
Memory Questionnaire and E&D VAS, with large signals of efficacy

A further robust, largscale, multicentre RCT, using ecologically valid outcome
assessments (including health economic outcomes) assessed atdangene
pointsis neededo establish the effectiveness of online grdagsedcognitive
rehabilitationfor people with MSFurtherinvestigations are also eded taefine the

predictive algorithm and caluct further testing in larger samgle

The findingsof this thesis majead to the optimisation of limited neuropsychology
resources available as part of routine clinical care in the NHS by offering cognitive
rehabilitation to those most likely to benefit from it and offering othere
appropriateherapies to those less likely to bengifitich may includendividual

cognitive rehabilitation
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Chapter 1: Introduction & Aims of the PhD

1.1 Multiple sclerosis

1.1.1 What is multiplesclerosi®
Multiple sclerosis (MS) is a chronic inflammatory condition of the central nervous

system characterised by lesions or plaques throughout the brain and spifal cord.

These lesionéplaque} affect the myelin sheath, thus causing inhibitions of the

axonal transmissiohBecauséhese lesionarewidespread throughout the brain and

spinal cord, MS results in a wide array of symptoms including physicajnitive: ©

and neuropsychiatric problerfis? . Due to the variable location of those lesions,

even those diagnosed with the sasoétypes of MSat onsetwill still show variability

in their symptom profiles and/or disease codtddS symptoms casignificantly

impairani ndi vi dual 6s ability to conduct every
for the person with MS and their famf§f 14

It is estimated that 2.8 million people are now living with MS worldwide (35.9 per
100,000 populatiory and it is the most common cause of neurological disability in
young adults globally? In the United Kingdon{UK), approximately 130,000 people
have been diagnosed with Nith 7000 people newly diagnosed every yéaother
words,one in every 500 people in the UK has MS aadhweek, 130 people are
diagnosed’ The exact aetiology and pathogenesis of MS is currently unclear;
however, it is generally accepted that the cause of MS is multifactorial and includes
genetic predisposition together with environmental factors such as exposure to
infectious agents, vitamigeficiencies, and smokin§:'°Recent studies have

provided compelling evidence that the Epstein Barr Virus (EBV) plays a causal role in
the onset and development of ¥SVIS can occur at any age, but onset primarily
occurs between the ages of 20 and 40 year$ 8l affects 23 times moravomen

than men, this prevalence ratio has increased markedly in the last d&cCddEkile
theexacteffect gender has on clinical presentation of the disease is unclear, there is
evidence to suggest that women generally have an earlier onset and that they show

less disease progressicompared to mef?

MS presents in different formbat follow distinct patterns of evolution and rates of
disability progressior® Although there is continuing debate on the classificatfon

the disease course, most clinicians refdotw MS phenotypeselapsingremitting

MS (RRMS), primary progressive MS (PPMS), secondary progressive MS (SPMS),

16



and progressive relapsing MS (PRM%Themost common presenting phenotype
RRMS with approximately 85% of people with MS presenting with this type.
RRMS is defined by episodes of acute worsening of neurological furiotiowed

by full or partial recovery and approximately 80% of individuals diagnosed with
RRMS will later be diagnosed with secondary progressiveNPPMS is defined as
steadily worsening neurological function without the presentation of relapses or
recoveries and is the least common phenotype with only6%0 of people with MS
diagnosis with this type. SPMS is usually diagnaséelw years aftems RRMS
diagnosisand is defined as a steadilyprsening neurological function with or without
relapsesin PRMSthere issteadily worsening neurological function from the
beginning withno or only theoccasional relapsé8in the 2013 revision of the
phenotypes, a new course was added known as clinical isolated syréifdrise.
refers to the first episode of neurological symptoms that may result in an MS

diagnosis if additional activity occufs.

In 2020, Lublin et al. provided a clarification for the 2013 definitions which

highlighted the importance of time framing the disease course modiatraty and
progressionTraditionally, MS phenotypes had been categorised as either relapsing or
progressive based on the patient's current medical status and history. However, these
categories did not provide temporal information about the ongoing disease process.
The MS Phenotye Group recommended using additional descriptors such as disease
activity, detected by clinical relapses or imaging findings (e.g., gadolieinimncing
lesions or new/enlarging T2 lesions), and progression of disability. These descriptors
were significahas they reflected ongoing inflammatory or neurodegenerative
processes, thereby impacting prognosis, therapeutic decisions, and clinical trial

designs and outcomes.

Therefore, it is recommended that disease activity using clinical criteria and brain
imaging are reviewed annually for both relapsing and progressive MS. Disease
activity could be identified through clinical relapses or imaging findings, such as new
gadolnium-enhancing lesions or new/enlarging T2 lesions. Clinical evidence of
disease progression, independent of relapses, was noted as additional modifier of the
disease course. Progressive disease does not progress uniformly and could remain
relatively stalé over periods. Therefore, it was suggested that progression be

determined annually by history or objective measures of change. For instance, a

17



patient with PPMS who had not progressed over the past year would be classified as
"PPMS not progressing.” A patient with SPMS who had gradually worsened and had
gadoliniumenhancing lesions on MRI would be classified as "SPa¢sve and

progressing."

To provide a practical assessment period, the Group suggested at least annual
evaluations, though shorter or longer periods might be appropriate in certain
situations. It was crucial to specify the assessment period for both clinical and
imaging outcomed-or example, a patient with RRMS who showed a new
gadoliniumenhancing lesion on a current MRI would be classified ag s&Rve."
Conversely, a patient with no relapses, gadolinemhancing activity, or
new/enlarging T2 lesions during the assessmenbg&rould be considered "not
active." Patients who had not been assessed within a designated time frame were
categorised as "activity indeterminate."” The guidelines also highlighted the
importance of maintaining consistency in serial scanning procedures and
interpretation, particularly when assessing new or enlarging T2 lesions, to ensure

accurate and reliable assessments.

The revision also clarified the terminology for worsening disability, recommending

the use of "confirmed" rather than "sustained" worsening. Many studies had used the
term "sustained worsening" to describe a persistent increase in the EDSS score over a
speific period (usually 3 or 6 months), which had been interpreted as a measure of
worsening disability. However, "sustained” implied permanence, which might not
accurately characterise MS disease changes. Instead, "confirmed accumulation of
disability" wasdefined by a worsening of EDSS that persisted over a specified period,
regardless of the functional system affected. A more rigorous definition required that

the worsening be confirmed in the same functional system.

1.1.2 MS and the centrahervoussystem
MS is ademyelinating condition of theentral nervous system (CN8)The CNS

primarily consists of the brain and spinal c8fdThe bloodCNS barriefform a
physical barrier that separates the CNS from the circulatory sifsdachis important
to the pathophysiology of M% Activated leukocytes are bound and anchored by it,
allowing them to pass through thimod-CNS barrierand enter the CN¥.Once

there, these immune cells start a cascade of neuroinflammation that caildesdhe
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CNS barrietto break down and the development of perivascular platjoes, of

MS's defining characteristics.

Put simply, MS occurs when the immune system attacks the nerve fibres and myelin
sheathing in the central nervous syst@éimese attacks lead toflammation of the

nerve fibres and subsequentlye development of plaques or lesiofisese lesions

then disrupt the communication signals sent to and from the brain and it is this
disruption that causes the symptoms of 8cause these lesions can be so
widespreadoccurring in many different areas of the brain and spinal cord, the

symptoms of MS and the subsequent severity of these symptoms vary greatly.

Commonsymptoms of MS include sensory disturbances (numbness, itching and/or
tingling),*® weakness that can causalking difficulties?’ fatigue®*°disturbances of
vision,*®intestinal and urinary system dysfuncti@rt? cognitive difficultie$® and
swallowing problems (dysphagt4)Less commolbut at times very sevesymptoms
includespeecHdifficulties,* breathing problem& hearing los¥ and seizure® The
symptoms that a person with MS experiences depends on several factors, one of
which being the type of MS they are diagnosed with. For example, people diagnosed
with RRMS are more likely to experienpeoblems with their visionsensory
disturbances, fatigue, intestinal and urinary system dysfunefasticity,and

cognitive difficulties due to the inflammatory attacks on the myelin and nerve.ffores
People diagnosed with PPMS typically experience weakséffaess,and trouble

with their balanceasPPMS largely affects the nerves in the spinal €brd.

There are many disease modifying therapies for MS with different mechanisms of
action thatargetdistinct areas of the immusreediated disease process whaqipear

to improve short term and lostgrm outcomes! These include selhjecting

therapiespral therapiesand infusion therapieSimilarly, there are many

symptomatic treatments offered to people with MS, that can improve spagigity,

and other symptom3.aking amultidisciplinaryapproach is essential to effective MS
car, this involves the presence of specialisom different groups, who work

together with MS neurologists and nurses such as physiotherapists and occupational

therapistdo providepersonalised care plarfs.
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1.2 Cognition and MS
Cognitionrefers tathe function of several neural pathways which are responsible for

an i ndi vi datenddoacqurd process, stonetamipulateand retrieve
information® Cogpnitionplays a huge role in who we argiadividualsas the way in
which we process and understand information, directly impact$houghts and
subsequertbehaviour®* Various cognitive domains are responsible for regulating
behaviour or actions such as executive function, working mermlamning,
attention, problem solvingndinformation processing. These cognitiverocesses
arecommonly known akigherorderabilities,and they are subserved by the
prefrontal cortex® The prefrontal cortex regulates our thoughts, actions, and
emotions through extensive connections with other brain regidfBlowever, in
MS, thenervefibres are damaged, which leads to these connections being
compromisedThis means thahe signals being passed from the different brain
regions to the prefrontal cortex maydlewer or they may be inhibited For
exampleduring a conversatioa person with MS may find th#teir verbal skills are
strong,but they have difficulty finding the word that they want to Usether
example would be that it may take a person with MS longer to recall information such
as their addresbecause this request is being processed ipridfeontalcortex, but
theconnection between thefrontalcortex and thérain region wherein this

information is storethas been comprised by tlamage to the brain.

1.2.1Prevalence ofcognitive impairment in MS
Difficulties with these cognitive processes is a common symptom ohstSan

significantly impact the quality of life of people with MS and their familigse
prevalence of cognitive difficulties variesth exactfiguresdepending on the
country, however, most studies conclude that betweef020of people with MSwill
experience cognitive difficultiest some point following their diagno$fs83
Cognitive difficulties in MS most frequently present as impaired information
processing speed, as well as impagpisodic andvorking memory24People with
MS also may experience difficulties with verbal fluency and executive funtion.

Cognitive difficulties can be experienced by any person with MS, regardless of
disease duration and physical disabifityiowever, the type of cognitive problems
experienced by people with MS can be affected btitype they are diagnosed
with. Cognitive difficulties ardikely to be more frequent and more severe in
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progressive types of MS, compared to RR#S However, studies vary when
comparing progressive MS with secondary progressive AM8ltalian studyreported

that people with SPMS had a higher prevalence of cognitive difficulties, compared to
PPMS (57% vs 7%Hglthoughit is important to note that this study had a relatively
small sample siz& Similarly, astudy in the Netherlandsported that people with
SPMS experienced more cognitive difficulties than people with PPMS, who in turn
both experienced more severe cognitive difficulties compared to people with BRMS.
In contrast, larger population studies have found that-87% of people with PPMS
experienced cognitive difficulties, and in other studies, the degree of cognitive
difficulties experienced between SPMS and PPMS is compatable.

As MS is a progressive disease, once cognitive function is lost it is very difficult to
regain. Several longitudinal studies have shown that the degree of cognitive
difficulties experienced by people with MS increases over time. Duqué®t al.
assessed the cognitive function of 44 people with MS every three months ever a 2
year period? At baseline, 31%vereconsideredognitively impaired, and at 2 years,
this had increased to 41%, with difficulties in verbal memory and processing speed
being to most prominent change. These findings have been suppodtttby

studies’®"*

Amato et aP! followed 45 people with MS over 10 years, all of whom badiverage

been diagnosed within 1.5 years of participating in this sttidybaseline, 74% were
considered to have no cognitive difficulties, however, this decreased to 51% after four
years, and to 44% at ti€-year followup. The above studies conducted further
investigations to identify predictors of worsening cognitive difficulties over time, but

the only apparent predictor was the presence of cognitive difficulties at baseline.

All cognitive domains can be affected by MS, but the most commonly affected
cognitive domains are episodic mem@2¥-75%)and information processing speed
(15-50%). "> "®Working memory(15-60%), learning memory (465%),executive
function (15-25%), verbal fluency15-25%), complexattention(5-25%) and language
(20-58%)are also heavily affected by M&547780 Social cognition is also suspected
to be affected by MS, although this is a more recent fintlifgPhysical dsability

and ageespecially age at diseasesef may belinked to the severity and prevalence

of cognitive impairment® as well as gender, genetic factors, and cognitive reéérve.
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Cognitive reserve ithe bainé ability toimprovise and problem solv&he cognitive
reserve thegrsuggests thaieople develop a reserve of their thinking abilies

that this protects them against losses that can occur through ageitigeasi®
Intelligence and educatipwhich are commonly thought to Eectorswhich
determinecognitive reserve, may also affect the degree of cognitive impairment in

people with MS®

Benedict et af® conducted dive-yearlongitudinal study to determine whether

individual differences in estimated cognitive reserve can act as a protective factor
against the progression of cognitive impairment in MS. This study found that people
with MS with lower baseline cognitive resersteowed significant cognitivéecline,

in contrast to people with MS with higher a cognitive resarfie showed no

cognitive deficits over the fivgear period. The authors concluded thigher

cognitive reserves were determined bghar premorbid intelligence or more years of
education and that this subsequently protects people with MS against the progression
of cognitive impairment. These findings supported the previous efdskimwoski et

al®” who found that theelationship betweebrain atrophyandinformation

processing speegfficiency wasmoderated by cognitive reserve.

Age may also play a significant role predicting cognitive resilience or degree of
cognitive impairment as younger adults are thought to have higher cognitive reserves
compared with older adul®8 Studies have suggested that age can not only influence
initial cognitive abilitiesbut couldalso play a moderating role in the improvement of

cognition during rehabilitatiof*>°

Cognitive impairment in MS affectmanycognitive domainsThese cognitive

domains allow us to function in everyday society and thus, impairment in any of these
domains can have devastating I mpact peopl
everyday life Memory, attention, executiienction,and information processing

speedare themost affectedtognitive domains in MS.

1.2.1 Memory

1.2.1.1Definition
Memory is the term given to the structures and processes involved in the storage and

subsequent retrieval of informatidmong term memory refers to the ability to learn

store andhen later recalhewinformation.In theory, longterm memory represends
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potential unlimitedstorage to be maintained for an uncapped length offitneng-
term memory is achieved througlconsolidation procesgherebystructural and
molecular changes integrate information into a stable merbgre are two different
types of longterm memoryexplicit memory and implicit memory.

Explicit memory refers to information thate consciously attempt to recall, such as
memories involving personal experien¢episodic memorypr information about
facts (semantic memorypisodic memory is our ability to legrstore and retrieve
information about our pasindour unique experiencd$Semantic memory involves
the capacity to recall wordspnceptspr numbers, which is an essential skill for the
use and understanding of language.

Implicit memory encompasses all unconscious memasasell as the skills or
abilities we have developedhere are four types of impliamemory: procedural,
associative, noassociative, and primintj.Procedural memory involves recalling
motor or executive skills that are required to perform certain thskse memories
are retrieved automaticaltg allow the execution of thes#ills e.g., walking
Associative memoryefers to the storage and retrieval of information through
association with other informatiomhereas nomassociative memory refers to newly
learned behaviour® The acquisition of associative memory is carried out with two
types of conditioning: classical conditioning and operant conditiolli@gassical
conditioning is associative learning between stimuli and behaviour. Meanwhile,
operant conditioning is a form of learning in which new behaviours develop in terms
of their consequencéé®®Lastly, the priminginfluenceis an effect whereby exposure

to certain stimuli influences the response given to stimuli presented later.

Working memory refers to the processes in the brain that maintain and manipulate
information for a short period of tin¥@ This issometimes referred to by researchers

as information processirgfficiency ands often linked with the speed at which one

can process this information (processing sp&edjorking memory facilitates

planning, comprehensiorgasoningand problem solving®® Working memory

depends on neural mechanisms that allow for the encoding, upkeep, and modification
of information that is stored as well as the integration of that knowledge with present

and future objective¥?
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1.2.1.2Anatomy and Neural mechanisms afiemory
Episodic memory is thought to involeertical and subcortical structureEmedial

temporal lobeand mainlythe perirhinalandthe entorhinal cortexhe hippocampus
andparahippocampal cax.1%2 As theprimary point of contact between the
hippocampus and the neocortex, the entorhinal cortex is linked to the flow of
information to and from the hippocampt8The peirhinal cortex is linked to visual
object recognition, while the parahippocampal coigdinked to perception and
processing of information relating to the environméhthe hippocampus itself is
responsible fothe formation and retrieval of memories. Thus, all structures
mentioned aboveend information to the hippocampus wherein it can be processed,

stored, and later retrieved episodic memorig§>106

Semantic memoris thought to involve large areas of tieteromodal corte¥’

Recent neuroimagingndtranscranial magnetic stimulatigtudies have

demonstrated two primary findingsre participation of modalitgpecific sensory,

motor, and emotion systems in language comprehension, aexistence of large

brain regions that participate in comprehension tasks but are not meaaldific1°d

112 These latter areas, which encompass a large portion of the temporal lobe and the
inferior parietal lobe, are where different perceptual processing streams merge. These
convergences make it possible to represent perceptual experience in increasingly
abstrat, supramodal ways, supporting a range of conceptual abilities like object
recognition, social cognition, language, and the amazing ability of humans to recall

the past and imagine the futdré.

Working memory processes are mediated through distributed subcortical and cortical
networks that include different subregions of the prefrontal cotfe%? Recent

models suggest that brain regions that are involved in perceptual and mnemonic
processing can temporarily maintain representations of sensory information; however,
prefrontal cortex is selectively involved in linking such upheld representations with
taskrelevant information about goals, actions, rules, and strategies to achieve these
goals!?*1?4These findings suggest that the neural networks supporting working
memory include several crucial hubs such as the dorsolateral prefrontal cortex
(DLPFC), the anterior cingulate cortex (ACC), and the posterior parietal cortex
(PPC)!29128 Recent studies have proposed that the prefrontal cortex is not necessarily
responsible for information storageworking memory instead postulating that the
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PFC facilitatesvorking memoryprocesses by differentiating relevant information

from irrelevant information (differentiating capacifyy

Neuroimaging studies in humans showed that, during the delay period of cognitive
tasks, the prefrontal cort€RFC)did not encode stimulespecific information to be

held inworking memory**®13instead the posterior sensory areas encoded stimulus
specific information for that purpo$& 134 This idea is further supported by PFC

lesion studies in humans and monkeys showing that individuals with large lesions in
lateral PFC did not always exhibit deficits in verbal memory, and/or delayed
recognition task$® Similarly, monkeys with lesions in the ventral PFC exhibited
impairments in stimulus selection and attention, but not the working memory
component in the context of a modified visual association task with delay periods
rangi ng f P Previod studies aBo isdicate a close interaction bettheen
PFC theparietal cortex, and posterior sensory regions and subcortical brain structures

in supportingworking memoryprocesse$3? 134137140

1.2.1.3Theory/Model related tanemory difficulties
Working memory is a limited capacity system responsible for the processing,

manipulation, and storage of information during the performance of cognitive tasks.
There are three primary aspects within the working memory model that are of
particular importane; these are the vistgpatial scratch pad, the central executive,

and the phonological loof! The visuespatial scratch pad stores and processes visual
or spatial information, the central executive drives the whole system by allocating
data to a specific subsystem, and the phonological loop stores and processes spoken

and written material.

More recently, the model has been updated to include the episodicftiffee
episodic buffer is theorised b capable of storing information in a multidimensional
code thus providing a taporry interface between the visuospatial sketchpad and
phonological loop to longermmemory(Figurel). This buffer is thought to be
separate frontong-term memorybut it isrecognised aan important stage long

term episodic learning. In the model belothe shaded areas represent cognitive
systems that are wedistablished and capable of storing ldagn knowledgaevhereas
the unshaded areas represent more fluid systaoisas attention and temporary

storage.
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Figure 1 The current multcomponent Worlﬂr;g memory model. Adapted from Baddeley et
al.

Working memory and longerm memory were once considered tesbparatethis

was becauspatients with clear sheterm memory deficits appeared to have intact
long-term memoryHowever,subsequent research has shown phasients with
phonological loop deficits have great difficulty acquiring novel vocabulary
Researchers now consider working mentorgct as a gateway to loigrm memory.
Working memory is an Hbetween space wherein sensory information can be
processedinformation can only be held in working memory for a limited time,
therefore, information that enters working memory eithastbe moved into long

term memoryor forgotten.

Maintenance
rehearsal

A"

Attention Encodin
Sensory input Sensory Short-term ® | Long-term
memory memory memory
Retrieval
Unattended Unattended Some
information is information is information may
lost lost be lost over time

Figure 2 Memory processes. Adapted frékinson et at*

Memory is anincrediblycomplex system ancreating new memories involves a

series of linkegrocessegFigure?2). The firstis attention which involves the ability
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to focus on the information that is important and filter out irrelevant stjrimisi

process is what allows information to enter working memory in the first instance.
Once the information is in working memory, it must then be encoded. Encoding
involves understandingnaking sensef, and later storing the informatiot.the
information has been encoded correctly, it will then move into-teng storage to be
storedand consolidated. Howevaef the information being held temporarily in

working memory isot properly rehearsed, then it will be lost making it impossible to
retrieve laterlf information is encoded and stored correctly, then it can be retrieved
from longterm memory, held in working memory when needed and then sent back to
long-term memory. In MS, often it is these earlier processes of attention and encoding
which aremoredifficult due to the damaged connections in the brain, leading to

memory impairment.

1.2.14 Extent of memory difficulties inrMS
One of the most frequently reported cognitive impairments in MS is memory decline.

Long term memory and working memory are thest reportedmpairments.

Clinically, these often manifest various ways, with patientsteh struggling to

recallpast events cgvenwords leadingd the commonly referred to problem of it
beingdn the tip é their tongué There has been some debate about the underlying
cause of this, earlier research suggested that retrieval difficulties in long term storage
was the primary cause for this impairméfthowever, more recent research

suggested the problem occurs much earlier in the process during the initial learning of
information4614’DelLucaet al**’ found that in 44 peplewith MS, brain atrophy

was associated with inefficient learning across initial acquisition trials, and unrelated
to delayed recall among, and proposed that this indicated that initial learning mediates
the relationship between brain atrophy and subsegeagi@val. Weak initial learning

refers to the difficulty in acquiring new information efficiently and accurately at the
first exposure. This can be due to various factors, including attentional deficits,
slowed information processing, and impaired working memolpf ahich are

common in MS.

When initial learning is weak, the subsequent consolidation and retrieval of
information are compromised. This means that even if a patient tries to learn new
information, the efficiency with which this information is stored and later recalled is
significantly reducedDel.uca et af*’ therefore suggested that people with M@y
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require more repetitions of information to reach a predetermined learning criterion,
but that once the information has been acquired successfully, recall and recognition

are on par with those without MS.

1.2.1.5Impact of memory difficulties in MS
Memory impairments are very common for people with ¥138with negative

consequences for employméfitpsychological wellbeing>° and overall quality of
life.1°1152pegple withMS who are more cognitively impaired are more likely to
report lower selesteem, participate in fewer social activiti@sdhavehigher rates of
divorce!®31>*Memory impairments have a negative association with other areas of
cognition, such as slow processing speed, executive dysfunction, and perception,
which can be a source of frustration and distress for people with MS.

There has been some debate regarding the impact of memory impairment in MS.
Some researchers argue tivag an impairment of the retrieval proces$§€swhile

others argue it is due to an inefficient initial learning as the core d&fetiermining

the core memory deficit is important for explaining the true impact of memory
impairment in MSRecent findings have demonstrated & is associated with

weak initial learning, which then leads to poor retri¢aAs demonstrated

previously in the working memory models, if the early memory processes of attention
and encoding cannot be carried out correctly due to damage in thethigaigs a
significant i mpact on peopl e Magneth MSd s
Resonance ImagindARI) findings have supported this by demonstrating that brain
atrophy accounts fapproximatelyl0-15% of the variance in memory tasksnitial

learning and delayed retrieval in M3:1%8

1.2.2 Attention

1.2.2.1 Definition
The ability to actively analyse specific environmental information while blocking out

unrelated stimuli is referred to as attentibtodulation refers to the process whereby
attention influences other functions such as memory, perceptiwtjon,and

languagée?>® Different processes within cognitive functions will be given varying
amounts of attention depending on the goals. It has been suggested that not only is
attention capacity limited and therefore,stiobe consciously divided in a geal

weighted waybut it may also be controlled in a selective W2/°!Selective

attention has been the focus of research for decades. Selective attention refers to the
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process of directing oneb6s attention towa
stimuli, such as focusing on writing an essay while simultaneously ignoring

construction noisé&®?

1.2.22 Anatomy and neural mechanisms involved attention.
The role of attention is to prior## incoming sensory processing to enable ogéthi

behavioural responses given the task at R&hd*The main neural mechanisms
associated to the attentional modulation of sensory processing are target amplification
and distractor suppressidBly combining these two mechanisms, sensory regions

would be able to selectively amplify targelated neural signals to facilitate the
transmission of targeelated information further along the information processing

chainl®®

1.2.23 Theories/models of attention
Treisman® developed a model of attention that was based on the earlier work of

Broadbent®’ who developed the bottleneck moddiswever, the main difference was

that in tre Treismammode| unattended material is attenuated rather than eliminated.
Attenuation is like turning dowthe volume on multiple stimuli to allow you to focus

on one, which suggests that people can still process the meaning of the attended
messages. Tinan'®® later demonstrated in her experiments that participants were

still able to identify the contents of both the attended and unattended messages. The
Attenuation Model accounts for the O6cockt
of the br aioncduss aobnieldist yautdda t ory attention
filtering out a range of other stimuli, s
a conversation whilst filtering out the background négé®®

1.2.24 Extent of attention difficulties inMS
Attention difficulties in MS are often linked to multitasking and quickly switching

attention back and forth between competing thoughts andtask¥Attention is a
complex cognitive function as it is closely linked with information processing speed
and working memory anblecause othis, it is a difficult cognitive domain to measure
independently. The cause of attention deficits in MS is thought to be routed in the
thalamus a# plays an important role in attention. This is supported by studies that
have reported significantly lowéhnalamic volumesn people with MS compared to

controls’2173
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In MS, attention difficulties are often variable and linked to cognitive fatigue and
demyelination, causing selective and sustained attention issues that can fluctuate with
disease activity’* This contrasts with othereurologcal disorders such as

Alzheimeits whereby attention deficitgogressively worsedue to

neurodegenerative processes, leading to a consistent decline in sustained and divided
attention.Similar patterns can be seen for other cognitiedicitsexperienced by

people with MSand hose with alzhimers

1.2.2.5 Impact of attention difficulties in MS
Attentiondifficulties are very common for people with M% These attention

difficulties can negatively impact a person wittsdls ever yday | i fe in
struggle to do several jobs at once or to hold a conversation with a friend or family
membert’® Attention difficulties can affect peoplewi t h MSés daasl y f unc
attention isessential for efficiently processing information from the environment and

carrying out tasks. Individuals with attentidifficulties might struggle with tasks that

require sustained focus, divided attention (juggling multiple tasks simultaneously),

and selective attention (focusing on specific stimuli while ignoring others). This can

affect their ability to manage daily activities, bBuas following conversations,

reading, cooking, and organizing their surroundings.

Attention is closely linked to memory processes. Individuals with attedifficulties
might have difficulty encoding new information and experiences into memory. This
can affect their ability to learn and remember new names, facts, and instructions.
These attention difficulties cdre impacted by fatigue which éxperienced by up to
90% of people with MS’"178Cognitive fatiguds associated with significant
impairment in daily functioning and quality of lilendthus,can further impact people
with MSO6s abi |I.¥°The impact ofatkegtionadiffitutties iniM8 can
vary significantlydepending on thdegreeof impairment but can have negative

consequences for employmermlationshipsand activities of daily living®°

1.2.3 Executive functions

1.2.3.1 Definition
Executive functions refer to a set of higlmeder cognitive processes that are

responsible for controlling, coordinating, and regulating other cognitive and
behavioural functions to achieve specific goals and adapt to different situations. These

functionsare crucial for effective problessolving, decisiormaking, planning,
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organizing,goal settinginitiating, and inhibiting actions, shifting between tasks, and

monitoring one's own behaviatf*#2

1.2.3.2 Anatomy and neural mechanisms of executive function
Executive functions are primarily associated with the prefrontal cortex and its

connections to othearortical and subcorticatructures through tegown signalling.
These functions develop over time and play a crucial role in various aspects of daily
life, including academic and occupational success, interpersonal relationships, and
independent living®3 The precise neural mechanisms in the prefrontal cortex that are
responsible for executive functions are not fully understood, however, it is generally
accepted that the prefrontal cortex is responsible for higher cognitive functions such
as judgement andecision making84188

Neurotransmitters like dopamine, serotonin, and norepinephrine also play a critical
role in modulating executive functions by influencing neural activity and
communication within these networ.It is important to note that executive

functions are not locaked in a single brain area but emerge from the dynamic
interactions between multiple regions and networks. Damage or dysfunction in any of
these areas or their connections can lead to deficits in executive functions, as seen in
MS.

1.2.3.3 Theory/model related to executiumction.
There are several theories and models that may explain executive function, but there

is no one accepted modélis generally agreed that there are three core execution
functions: inhibition, working memory armbgnitive flexibility 1°>***Inhibition or

inhi bitory control refers to a personds
impulses. Cognitive flexibility builds on inhibition and working memory in that it

allows a person to change their perceptions by considering a@difiemwpoints or
information®2 From these three core executive functions, higher order executive
functions are then built including planning, reasoning and problem solving. Executive
functions are essential skills for cognitive, social, and psychological developthent.

195 Executive dysfunction isften attributed to demyelination and neural damage in
regions of the prefrontal cortex and associated neural netaondtsas profound

implications for daily functioning and quality of life.
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1.2.34 Extent of executive dysfunction in MS
Executive dysfunction, encompassing deficits in cognitive processes such as planning,

decisionmaking, problersolving, and goatlirectedbehavioursemerges as a

significant cognitive impairment ipeople withMS 1% Studies have reported varying
prevalence rates depending on the methods used to assess executive function and the
specific characteristics of the MS sample being stutfiebhe wide range in

prevalencenay be due téactors such as disease duration, disease subtype (relapsing
remitting, primary progressive, etc.), and the sensitivity of the cognitive assessment
toolsused Additionally, the severity of executive dysfunction can vary, ranging from

mild to more severe impairments that significantly impact daily life activitfes.

1.2.3.5 Impact of executive dysfunction in MS
Executive dysfunction in MS can have a profound impact on various aspects of an

individual's life, affecting their daily functioning, quality of life, and overall
independence. Some of the key impacts of executive dysfunction in MS include
activities of daily living asecutive functions are crucial for organizing, planning,

and executing everyday task8Individuals with executive dysfunctionaystruggle

with activities such as managing finances, meal planning and preparation, maintaining
personal hygiene, and adhering to medication sche#il€bese difficulties can lead

to increased reliance on caregivers and decreased autdffomy.

Work and employment can also be significantly affecteckasigive dysfunction can
hinder an individual's ability to perform complex tasks, make decisions, and ggioriti
work-related activitieg! This can lead to decreased job performance, difficulties in
multitasking, and challenges in adapting to changes in the work envirofffient.
some cases, individuals with M8lated executive dysfunction might need to modify

their work responsibilities or even consider early retirerf&nt.

Overall, the impact of executive dysfunction in MS isreaching and muki

dimensional. It underscores the importance of comprehensive assessment,
rehabilitation strategies, and support systems tailored to address the specific cognitive
challenges facelly individuals with MS.

1.2.4 Processing speed

1.2.4.1 Definition

Processing speed refers to the ability of an individual to perform cognitive tasks

quickly and efficiently. It encompasses the rate at which the brain can receive,
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process, and respond to incoming information from the environt¥itocessing
speed is a fundamental cognitive function that underlies a wide range of cognitive

processes, including perception, attention, memory, and deoisiking2°420°

In more technical terms, processing speedlves the speed at which neurons

transmit signals, synapses relay information, and different brain regions communicate
with each other to complete a cognitive t484t's closely related to reaction time

which is thetime it takes to respond to a stimufiReaction time can ses\as a
practicaland objective indicator of procasg speedo provide valuable insights into

a person with N3 cognitive statu&€’® Processing speed is crucial in many aspects of
daily life such as reading, conversations, problem solving, decision makidg,

learning

1.2.4.2 Anatomy and neural mechanisms of processing speed
Processing speed involves intricate neural mechanisms that facilitate the rapid

transmission of information within the brai¥.A variety of neurological processes,
including rapid neural transmission, improved synaptic connectivity;ceethected
neuronal networks, effective white matpathways, synchronised neural oscillations,
and neurotransmitter system regulation, work together to control these mectahisms.
Myelination, which improves the conduction of action potentials along axons, speeds
up neuronal transmissidh: Rapidcommunication between neurons at synapses is
ensured by synaptic transmission, which is driven by neurotransmitters with rapid
onset of action like glutamaf&* While white matter pathways serve as conduits for
rapid communication between distant areas, neural networks made of interconnected
neurons allow for the seamless coordination of information across many brain
regions?®®213The precise timing of signals is made possible by brain synchronisation

and oscillations, which improves the effectiveness of neural proce&s$fiy.

1.2.4.3 Theories/models relating to processseed.
Several theories and scientific models have been proposed to explain the phenomenon

of processing speed and its underlying cognitive and neural mechanfseseural
hypothesis theorwhich has been support by sevestaidiesposits that individuals

with higher cognitive abilities exhibit more efficient neural processing, requiring
fewer neural resources to complete cognitive t&$</In other words, more
intelligent individualscanprocess information more quickly and accurately by using

optimised neural pathways and strateglestithermore, the cognitive r@srce
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allocation theory suggests ti@bcessing speed is influenced by the allocation of
cognitive resources to different task&2'°Individuals with greater cognitive
resources can allocate more attention and mental effort to a task, resulting in faster

processing.

1.2.4.4 Extent of processing speed difficulties in MS
Processing speed is the most common domain of cognitive problems in people with

MS and can be used to predict letegm cognitive decliné?’ Processing speed

deficits oftenoccurconcurrently with both working memory and letegm memory
deficits. Notably, information processing speed deficits are very likely to be an early
indicator of MS?2! This may be attributed to a correlation between the reduction in
grey matter within the posterior lobes of the cerebellum and a decline in information
processing speed. Previous research has established a connection between the
cerebellum in the posterior laband both cognitive impairment and motor deficits in
individuals with MS??2224 Grey matter damage has been detected in the earliest
stages of MS by MRI sequencing and this accrues with disease progrésBiecent
autopsy studies have also demonstrated significant grey matter demyelination and

microglia activatiorf?®

1.2.4.5 Impact of processing speed difficulties in MS
Processing speed impairment is a common cognitive deficit in individuals with MS

and can have significaithpactacross various aspects of their liveg26:22

Processing speed deficits can affect an individual's ability to perform everyday tasks
efficiently. Activities that require quick decisianaking, multitasking, and managing
information become challengirté® This can lead to difficulties in managing

schedules, following instructions, and orgamg daily routinesProcessing speed
deficits can impact learning abilitié€-??°Individuals might have trouble processing
and retaining new information quickly, which can affect academic performance and
the ability to learn new skill€° Struggling with processing speed impairments can
alsolead to frustration, anxiety, and lowered ssdteent>! These emotional

responses can contribute to overall stress and negatively impact mentagwg!|
Overall, processing speed impairments can lead to reduced independence, increased
reliance on others, and decreased overall quality of?fifEhese challenges can

impact an individual's sense of control, autonomy, and-etig.
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1.25 Cognitive phenotypesn MS
Cognitive phenotypes may be the keyd&velopingour understanding of

pathophysiological mechanisms ofSMelatedcognitivechangesCognitive

phenotypes differ from the cognitideomainsdetailed aboveas cognitive phenotypes

may include several cognitive domains as well as other behavioural synfdtoms.
Recently, there has been an increase in research to identify these distinct cognitive
phenotypes in MSA promising approach in this area was introduced by Leavitt et
al22who identified threeognitively homogenous subgroups oépplewith MS that

they defined as cognitive phenotypes. These cognitive phenotypes were isolated
memoryimpairment, islatedinformation processingpeed impairment, and

combined deficits in processing speed and memory. However, as mentioned above,
deficits inseverakcognitved o mai ns have been i dentified i
classification was based on the dichotomous definition of impairment for each domain
which did not consider people with Mo have reported mild decreased cognitive

performance.

Anotherlimitation to highlight is the issue of measuring these cognitive domains.

Typically, cognitive measures capture more than one cognitive domain which means
that the measures are not O6pured of any o
al2%3chose to use the Symbol Digit Modalities Test (SDMT) and The Stroop Colour

and Word Test (SCWT) as measures of processing speed, however, the SDMT and

SCWT are also considered to be measures of attention and concentration with the

SCWT test also measurimgecutive functioft* and general cognitive efficienéy®

This is means that the cognitive phenotypes identified may be more complex than

stated in this papgeinvolving multiple cognitive domains.

Following on from thisDe Meo et af3® conducted @rosssectionakstudywith the

aim of identifying cognitive phenotypes in a clinical cohori212 MS patients
ensuring they included a broad spectrum of disease subtypes, and further aimed to
characteris¢heir clinical and MRI featuresJsinglatent profile analysis, the authors
reported a five profile mode{l) preserved cognitiofpeople with MS who showed

no cognitive impairment)2) mild-verbal memory/semantic fluenc{8) mild-
multidomain(people with M5 who showed mildly decreased performance in several
cognitive domains)(4) severeexecutive/attentiofpeople with MS who showed
severely de@ased perfimance irexecutive function and attention domairemd (5)
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severemultidomain(people with MS who showed severely decreased performance in

several cognitive domains)

De Meo et af*® stated thathe first phenotype included people with MS who had
shorter disease durations dads severe disability compared with other phenotypes
They also speculated that those with this phenotype may have a higher cognitive
reserve due tpeople with MS with this phenotype having a lower thalamic volume
compared with controldt is well established that the thalamus is involved in
cognitive functioning?®’ Therefore, the higher cognitive reserve may expidig
people with MS with this phenotype are exhibiting normal cognitive functioning
despite their reduced thalamic volunidis isin line with previous research
suggesting that a higher cognitive reserve protects people with MS against cognitive
decline?®® Understanding these cognitive phenotypes will allow researchers and
clinicians tomeasure the cognitive status of people with MS more meaningiudly

encourage the development of personalised treatments

In summary, Leavitt et & identified four cognitive phenotypes while De Meo et

al?®i dentified five cognitive p-hempatypdé. E
phenotype and usesbme of the sameognitive tests including the SDMT, the

SCWT, and the selective Reminding Test (SR8 Meo et af® appears to

acknowledge that the cognitive tests measure multiple domaihegsar t i ci pant s 6
performances in these cognitive tests is outlinednioitiple phenotyps. But the

degree of impairment on each test led to the creatibotbimild andsevere

impairment phenotypes. Furthermaottge phenotypesere namedfterthe cognitive

test performancedatcorrelated with each other rather than being decided

beforehand, i.e., identifying the SDMT as a processing speed measure so therefore,

poor performance in this test means impairment in processing speed phenotype.

Understanding and identifying cognitive phenotypes in MS could be useful for the
development and implementation of targeted cognitive rehabilitation strategies. By
classifying MS patients into specific cognitive phenotypes, clinicians can tailor
rehabilitaion programmes to address the unique cognitive challenges faced by each
subgroup. For example, individuals with isolated memory impairment may benefit
from memoryspecific interventions such as mnemonic strategies and spaced

repetition, while those withsolated information processing speed impairment may
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require exercises designed to enhance processing speed and attentional control.
Additionally, people with MS with combined deficits in processing speed and
memory, or those with severe multidomain impairments, may need comprehensive,
multi-faceted rehabilation approaches that simultaneously target multiple cognitive
domains. This personalised approach could ensure that resources are allocated
efficiently, ultimately leading to better outcomes for individuals with MS. By
integrating cognitive phenotypingto clinical practice, researchers and healthcare
professionals can advance the field of cognitive rehabilitation and provide more
effective, individualised care for people with MS. However, more research is needed

into establishing distinct phenotypes.

1.3 Cognitive rehabilitation
Cognitive rehabilitation is a specialised neuropsychological intervention that focuses

on providing people with MS with the knowledge of and information about their
cognitive problems, and in turn teaching them to use both internal and external aids to
addess thent3924°Attention and memory rehabilitation are major components in this
type of intervention and are especially important as they are common cognitive
difficulties reported by people with M Attention rehabilitation teaches people

better ways of paying attention, reducing distraction, and improving concentration
Memory rehabilitation teaches different strategies for encoding, storing, and retrieving

memories*!

Studies have examined the effectiveness of memory rehabilitation using different

met hods. Single case and small group stud
memory rehabilitation, but the results obtained filR@ITs,and some systematic

reviews have been less positive and reported inconclusive evithdte*® Some

reviews have concluded that there is compelling evidence for memory strategy

training with participants with mild memory probleni$ese reviews further

suggestedhat the use of external memory aids may be beneficial for people with

moderate to severe memory problems, and that errorless learning may be effective for
those with severe memory impairments (albeit with limited generalisability to new

tasks or overalinemory problems}*®2°2Ciceroneet al®®*al so suggests tha
based interventions may be considered as part of a comprehensive neuropsychological
rehabilitation of memory deficits. However, these reviews focused mainly on people

with traumatic brain injury. Cochrane Reviews by Majtchl?>® and das Naiet al?43
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found insufficient evidence to support or refute the effectiveness of memory

rehabilitation following strokeThe previousersionof this Cochrane revieydas

Nair et al?>* found that the evidender cognitive rehabilitation for multiple sclerosis

was inconclusive Some reviews have focused on generic psychological interventions

for people with MS® or neuropsychological interventions for people with #5,

however these were not specific to memory rehabilitation. The Thenaa&®

review did not consider grey literature and was unable to draw any "definite

concl usi ons" . effarrevkRw fecused oD hearppdychological
rehabilitation across multiple cognitive
factors and emot i on a ktalWeeaviéw wasesimitagin thalih e Go v
focused on cognitive rehabilitation in six cognitive domains: attention, learning and
memory, processing speed and working memory, executive functioning,

metacognition, or nonspecific/combined.

1.3.1 Types of cognitive rehabilitation
Cognitive rehabilitatiopprogrammegan be implemented in a variety of ways,

depending on the goal of the intervention and the populafiognitive rehabilitation
encompasses a range of interventions and strategies aimed at improving or
compensating for cognitive deficits resulting frém$. Different types of cognitive
rehabilitation approaches are tailorechttiiress specific cognitive functions and
challengeslindividual cognitive rehabilitation involvgseople with MS meeting with

a healthcare professionagularlyfor several weeks or monthBhe cognitive
rehabilitation programmes vawith some studies including training programmes
such as the modified Story Method Techniétfand others focusingn teachinghe
use of memory aig®ften these programmes are individualised depending on the
individuald s  nlrbeenddified Story Memory Technique & cognitive rehabilitation
method designed to enhanoemory and learning bgreating a narrative or story that
integrates the information to be remembered. This helps by providing a meaningful
context, making the information more relatable and easier to rEcaipensatory
strategies for attention difficultiesich as breaking tasks into smaller steps, using
external reminders, and creating structured routines, can help individuals manage

attention difficulties and mitigate their impact on daily life.

Groupbased cognitive rehabilitation involves people with MS meeting with a
healthcare professional on a regular basis, but instead of attending alone, the meetings
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are held with small groug$® This type of cognitive rehabilitatigprovide individuals

with opportunities to practice cognitive skills in a supportive and social setting.

recent RCTinvestigated the clinical and cost effectiveness of a ghaged cognitive
rehabilitation programme for people with M3 Four hundred antbrty-nine

participants were randomly allocated to either receive the cognitive rehabilitation or to
receive their usual carkincoln et al?®°found somesignificant differences at-6

months postandomisation between the cognitive rehabilitation group and the usual
care group for impact of MS and cognitive functioning, suggesting that there is
evidence to support thgtoupbased cognitive rehabilitation waffective for people

with MS.

Computerised cognitive rehabilitatigmogrammesypically involve acomputer

programme that has been specifically designed to the target popultierof the

main advantages of these programmes is that they can often be completed by people

with MS at homeComputerbased programs offer interactive exercises to target

cognitive deficits. These programs can be custediio individual needs and provide

reattime feedback on performandgehaCom is a computerised software that was
designed to i mprove peopTTherewsomeevidldScét® c ogn
suggest thait is effective for people with M® improve their cognitive functioras

Naeeni Davrani et at®! showed thattsboth 5weekand 16week follow-ups,

participantssignificantly improved omultiple cognitive outcme measures.

It's important tanote that cognitive rehabilitation should be tailored to the individual's
specific cognitive deficits, goals, and preferences. A multidisciplinary approach

involving neuropsychologists, occupational therapists, spie@guage pathologists,

and other releant professionals can provide a comprehensive and effective cognitive
rehabilitation planAdditionally, the efficacy of cognitive rehabilitation approaches

can vary based on the underlying condition, severity of cognitive deficits, and

individual responsieness to the interventiorSreating an individualised treatment

plan that is tailored to the person with

the relevance, engagement, and overall impact of the cognitive rehabilitation process.

1.3.2The underlying mechanisms otognitive rehabilitation.
There is uncertainty about the precise mechanisms by whaphtive
rehabilitation interventions work. However, it is widdlglieved that they provide

people with the knowledge of, andformation about, their memory problems, by
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teaching them taseinternalandexternalmemoryaids,differentstrategieso pay
attention, and alternative ways of encoding, storing, and retri@viagnation.
Targetedrepeatedtimulationof certainbrainareasising drill and practice
cognitive exercises are thought to trigdperactivationof neuralnetworks For
groupbasednterventionsthetherapeutieffectsof beingwith otherswith similar
problemsnayalsohelp26%:263 Someof thesebehavioural strategies (referred to as
'restitution’ orcompensation') are believed to map onto the neural networks

engagedn performingmemoryfunctions.

Behavioural strategies refer to any type of strategy that is used to change a

p e r shelmadasyin this caseto help them better cope with cognitive

difficulties. Compensatory strategies are the most common strategy taught in
cognitive rehabilitatioprogrammesg® These can include internal aids such as
mnemonics, associations, visuralgery,or external aids such as smartphones,
diaries/calendarglarms,and smart home devicddsing internal memory aids

can lead to a deeper level of processutgch involves understanding and

attaching meaning to the information that youtayag torememberthis leads

to the memory becoming stronger memory trace which measibre likely to

be rememberetf® Restitution strategiso c us on restoring an
cognition based on the theory of Dbrain
to modify structure and function following changes in the body or in the external
environment®® In theory, it is possilelto rebuild neural pathways in theain

that have been damaged in MS, however, this can take a very long time and the
evidence for these restitutioagategiess limited. Thereforealthough they may

be mentioned in cognitive rehabilitation programmes, they are not the focus.

These behaviouralrsttegies form the basis of cognitive rehabilitatiGognitive
rehabilitation aims to improve cognitive function through structured and goal
oriented therapeutic activities, abdhaviouraktrategies are integral to this

process.

Maintaining motivation and engagement is crucial for the success of cognitive
rehabilitation. Therapists and intervention programs often incorporate engaging
and challenging activities to keep individuals motivated and committed to the
rehabilitation proces?®’ Successful cognitive rehabilitation requires active
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participation, patience, and commitment from both individuals undergoing

rehabilitation and the professionals guiding the prot®ss.

Cognitive rehabilitation is closely linked to cognitive theories, particularly those
in the domains of cognitive psychology and neuropsychology. Cognitive theories,
such as the Information Processing Model and the Theory of Multiple
Intelligences, providéhe framework for understanding how individuals process
information, learn, and adaf?2’°These theories guide cognitive rehabilitation
practitioners in tailoring interventions that address specific cognitive deficits,
utilising techniques aimed at improving attention, memory, profgelving, and
executivefunctions. The integration of these cognitive theories allows for a
personaked and targeted approach to cognitive rehabilitation, aligning the
interventions with an individual's unique cognitive profilea group setting,
participants will often be grouped according to those who report experiencing
similar levels of cognitive difficulties, so that the intervention can be tailored to
the needs of the group accordingfpr computerised interventions, baseline
assessments are often completegéople wih MS before they begin. This is so
thatthe content offered during the intervention can then be tailored according to

their level ofreporteddifficulties.

Neuroplasticity is a fundamental concept that forms the cornerstone of cognitive
rehabilitation. The theory of neuroplasticity posits that the brain has the
remarkable ability to reorganize and adapt, even after injury or damage. Cognitive
rehabilitation éverages this theory to drive therapeutic interventi6rBy

engaging individuals in structured and repetitive cognitive exercises, cognitive
rehabilitation harnesses the brain's plasticity to create new neural pathways and

optimise cognitive functioning’?

Cognitive rehabilitation is not solely confined to individual cognitive processes; it
also involves social cognitive theories, which consider the influence of social
interactions, selfegulation, and observational learning on cognitive functioning.
Socialcognitive theories, such as Bandura's Social Learning Theory, inform how
individuals acquire and apply cognitive stratedgfé$n the context of cognitive
rehabilitation, these theories underscore the importance of social support,

modeling, and seHefficacy in the acquisition and usétion of cognitive skills.
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Determining the effectiveness of cognitive rehabilitation can be challenging due
to various factors that impact the evaluation proddeterogeneity of the MS
populationis acommonproblem in that people with MS often have unique
cognitive profiles due to thextreme variability of the disease coufé&’® This
heterogeneity makes it difficult to apply a esieefits-all approach and compare
outcomes across different groufamilarly, cognitive dfficulties can manifest in
various ways, even within the same cognitive domain. For example, two
individuals with memory deficits might experience different types and degrees of
impairment. This variability makes it hard to establish stangaddnterventions

and measures.

Because there is nmiversally agreed upon definition for cognitive impairment
nor a gold standard for measuringgnitive deficitsmeasuring the effectiveness
of this interventions increasingly challengindrurthermore, @me cognitive
deficits may be subtle and not easily captured by starsgdrdssessment tools.
Small changes in cognitive performance might not be detected, leading to
difficulties in demonstrating meaningful improvemeriigaluating the longerm
effectiveness of cognitive rehabilitation is complex. Stenn gains might not
necessarily translate into sustained improvements over time, especially in real

world settings where various factors can influence cognitive funogoni

Addressing these challenges requires careful study design, appropriate outcome
measures, and consideration of the individual characteristics of participants.
Researchers must also acknowledge that the effectiveness of cognitive
rehabilitation can vary badeon factors such as the type and severity of cognitive
deficits, the chosen intervention approach, the duration and intensity of
intervention, and the individual's responsiveness to treatfamte research

should aimto refine assessment methods andrirentions to better understand

and improve the effectiveness of cognitive rehabilitation.

1.4 Rationale
There is a need to explore which subgroups of people with MS benefit most from

memory rehabilitation so that we can use this information to guide clinicians to help
make decisions as to whom the intervention is offered. Cognitive rehabilitation is not
routinely provided on thé&ational Health ServiceNHS) due to lack of resourcesd

the conflicting evidence surrounding its effectiveness for people withTiS
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research is important so that these resources can be optimised and made available to
those that need thermnd so thathe effectivenes®f cognitive rehabilitation can be
established. Furthermore, this reseamihalso allow clinicians to understand

whether their patient is likely to benefit from cognitive rehabilitation before it is

offered.

Before delving into subgroup analysisis imperative to establish the overall benefits
of this treatment and identify key areas of cognition where substantial improvement
can be achieved. The integration of clinical prediction tools becomes pivotal in
making informed decisions about matching gais with treatments for optimal
outcomes/’ suchasaligning with theStratified Medicineagend&.®

Thecurrent literature lacks clinical prediction tools, except for the subjective and
variable ‘clinical judgement,’ to identify those who would benefit most from group
based cognitive rehabilitatioWve! therefore airedto close this research gageeking

to provide a more objective and standsediapproach to determine the individuals

most likely to benefit from this intervention. This research not only addresses the need
for tailoredcognitive rehabilitation but also contributes to advancing persedadind
stratified approaches in the realm of medicine.

1.5 Aims of the PhD
The overall aim of this researglasto establish the effectiveness of cognitive

rehabilitation for people with MS and understand which groups of people with MS are
most likely to benefit from this intervention

Determining which groups of people with MS benefit most from cognitive

rehabilitationcould

1 Optimise limited NHS resources in a resouetcient way, and

1 Reduce the occurrence of treatment provision to those unlikely to benefit or
improve from them, reduce unnecessary travel to the therapy sessions, and
reduce any unnecessary distress or frustration of having participated in a

treatment thatid not work.

1| use the term ‘we' in this PhD because although I led the work, there was a team (which included my
supervisors) that supported this work. This is also in keeping with the Team Science philosophy, which
seeks to acknowledge thentributions of many people to answer scientific questions.
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Study 1:We conducted aystematic reviewo determine whether people with MS

who received memory rehabilitation compared to those who received no treatment, or
a placebo, showed better immediate, intermediate, or ldagaroutcomes in their:

(1) memory functions(2) other cognitive abilities, an@®) functional abilities, in

terms of activities of daily living, mood, and quality of life.

We conductedtudy 1first so that we could establigihetherthe existing research

supports the use abgnitiverehabilitation as an intervention for people WMl who

have experiencecbgnitive difficulties If this was the case, then we could move away
from asking the question Adoes memory reh
sclerosis?0 and move towardsinstgkd ng fAwho

Study 2: A secondary data analysis of @agnitive Rehabilitation foAttentionand

Memoryin Multiple SclerosiCRAMMS) trial that aimed to identify who benedd

most from cognitive rehabilitation and to further identify which factors/characteristics
(ifany) ouldbe used to predict an individual 06s
psychological wellbeing, or daily function following cognitikehabilitation. We

aimed tocreatean algorithmthat ould be used to predict whether an individual is

likely to benefit from cognitive rehabilitatiorhis would allow clinicians to target

cognitive rehabilitation toward those most likely to benefit.

Study 3: Results froratudy 2informedthe final study whichwasa feasibilityRCT.
Werecruieda samplef people with MShat includel participants who hdreported
experiencing cognitive difficultiesStudy 3aimed to understand the feasibility and
acceptability of conducting an online grebased cognitive rehabilitation for people
with MS. Furthermore, this study aimedidentify preliminary signals of efficacy of
thepredictivealgorithm developed in study 2
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Chapter 2. Memory rehabilitation for people with MS: A
systematic review.

The previous chapter gave an overview of MS including the symptoms, subtypes and
how MS affects cognition. Difficulties with cognition are experienced by up to 70%

of people with MS, thudjighlighting the need for an effective treatment. Cognitive
rehabilitation has consistently been highlighted asrnbstinvestigatedreatment for
cognitive difficulties, however, results of studies have yielded mixed re€uher
treatmentsuch apharmacologicalreamentsand psychosociahterventionscan be

used to address other\ymptoms such as pieession and anxiety which are often

linked to cognitive dificulties, but they do not target the root of the problem.

This chapter presents a systematic review exploring the effectiveness of cognitive
rehabilitation for people with MS in improving several cognitive domaimsd,and
activities of daily living. The findings of this review will not only inform the design of

subsequent studies, but also inform clinical practice.

2.1. Rationale
Studies have examined the effectiveness of memory rehabilitegiogdifferent

methods Single caseandsmallgroupstudieshavereportedpositiveresultsof
memory rehabilitation, buhe results obtained from RCasdsomesystematic
reviewshavebeenlesspositiveandreportednconclusiveevidence39242
245.241.24959mereviewshave concludethat there is compelling evidence for
memory strategy trainingith participants with mild memory problems
following traumatic brain injurythat the usef externalmemoryaidsmaybe
beneficialfor peoplewith moderate to severe memory problems, and that errorless
learningmay be effective for those with severe memory impairm@hbeit with
limited generalisabilityto new tasksor overallmemory problemsj51279:280
Ciceroneet al?®! also suggests that grotpasednterventions may be considered as
part of a comprehensivesuropsychological rehabilitation of memory deficits.

However,these reviews focused mainly on people with traumatic lomairy.

Some reviews hav@cused on generic psychological interventions for people
with MS,2%° or neuropsychological interventions for peopi¢h MS,2°® however
thesewerenotspecifictomemoryrehabilitation The Thomaset al**°reviewdid not

considegreyliteratureandwasunableto drawany"definite conclusions'The
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RostiOtajarviet al?®® review focused on neuropsychologicahabilitationacross
multiple cognitivedomains aswell asassociated heaklttelated factors and
emotional weHlbeing. TheGoveroveret al?®’ review was similar in that it focused
on cognitiverehabilitation in six cognitive domains: attention, learning and
memory,processingpeedandworking memory,executivefunctioning,

metacognition, or nonspecific/combined.

The currensystematic review focused solely on the effectiveness of memory
rehabilitation for people with MS; databases were searchedehaotsearched
aspartof the RostOtajarviet al>>® or Goverover et &’ reviews,and studies are
included that were not in theseviews. This is an updateof the Cochrane
Review 6 M e mehalilitationfor peoplewith multiples ¢ | e (firstpublsiged
intheCochrand.ibrary 2012,Issue3; dasNair 2012 which was last updated in
2016%%* The previous update of the systematic reviewnd inconclusive
evidence to support the effectiveness of memory rehabilitatiqrefgple with
MS.

2.2 Objectives
To determine whether people with MS wtezeivednemoryrehabilitation

comparedo thosewhoreceivedo treatment, or an active control, showed better

immediate jntermediateor longertermoutcomesn their:

memoryfunctions,
othercognitiveabilities,and
functionalabilities, in termsof activitiesof daily living, mood andquality

of life.

2.3 Methods
2.3.1 Criteria for considering studies for thisreview.

2.3.1.1 Types of studies
For inclusion in theeview, we sought randomised and queandomised

controlledtrials, asdefinedby the Cochranélandbook for Systematic Reviews of
Interventions’®! and the prerossover component of randomised crasger trials
with people with MS, in which memory treatment was comparteda control.
Where papers were based on the same sam@abeebf alargersamplewe

includedonly thestudywith thefull sampleto avoiddoublecounting.If astudy
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wasavailablethroughbothgreyliterature(for exampleconferencebstractanda

peerreviewedpublication,we usedthe peerreviewedpublication.

2.3.1.2 Types of participants
Trials included in this review were limited to those with peopta MS

(including relapsing remitting, secondamogressiveandprimaryprogressive
MS). We excludedrials with participantsvhose memory deficits were the result
of traumatic brain injurygrain tumour, stroke, epilepsy, or any other neurological
condition,unlesswe could define a subgroupof peoplewith MS of at least
75% for which there were separate data. Included stbdssl a diagnosis of MS
on wellestablished diagnostic criteria, fexamplePatyet al?®? andPoseret al?®®
(and revised versions of tivicDonaldcriteria).?8428®we did not define the type of
memory deficits participants neederhave in advance, because we assumed that
those people withlS whoweregiventreatmentor impairedmemoryhadmemory
deficits.We placednorestrictionson thetype of memorydeficitsparticipants
reported.

2.3.1.3 Types of interventions
We included trials in which there was a comparison betwdaesasiment group

that received memory rehabilitation strategaes] a control group that received
either a comparable standaftreatment (active control) or no memory
intervention. Weconsideredehabilitationto take place over more tharsingle
session; therefore, we did not consider laborab@sedexperimentgsuchas

singlesessiorist-recallor mnemonicstrategytraining)asrehabilitation.

Controlgroupsneededo havepeoplewith MS, or asubgroupf peoplewith MS
amongsthosewith otherdiagnosedor whomseparatelatawereavailable We
considered memory rehabilitation to be any attempt to moaé&gnory function

by means of drilandpractice, owusingnternaland/orexternaimemoryaids,or

by teachingpeoplewith MSstrategies to cope with their memory problems. We did

notincludepharmacologicastudies.

2.3.1.4 Types of outconmaeasures
Weincludedtrialsin whichtheinterventiongroupeitherreceiveanemory

rehabilitationor comprehensiveognitiverehabilitatiorwith amemory
componentWe consideredll trials thatmetthelistedinclusioncriteriaanddid

notdiscriminatebasednthetypeof memoryoutcomer othercognitive
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outcomegheyused Weconsidered memory outcomes to be any questionnaire or test
thatmeasures general memory or a specific domain such as westvalry. The

nine outcomes listeblelow were decided before thaalysisvasconductedo avoid

bias.

Primary outcomes

Primaryoutcomesveremeasuresf the extentof memoryproblems in everyday
life. There are several ways in which thiassessed in clinical practice and
research, but we only includegeasures that directly assessed this construct.
Where multipletests were used to assess the same construct, we followed a
hierarchy that we developed prior to data analy¥is.developed this hierarchy based
on the reliability and validity of the tests in the MS populatMhere tests had

similar reliability and validitywe prioritised those that were most commonly used
By developing a hierarchy based on reliability and validity, then considering
frequency of use, our apgach ensures that the outcome measures selected are both
scientifically rigorous and practically usefWle included th&llowing commonly

usedtests.

For subjective reports of memory: we considered Everjuiaynory
Questionnaire (EMQ}®’ over theCognitive Failures Questionnai& over the
SubjectiveMemory Questionnairé®® overthe Memory Assessment Clinics
Questionnairé® If morethanonequestionnairevasusedwe usedthefollowing
hierarchy:memoryproblemsn daily life, overgeneralfforgetting, over domain
specific questions. If a questionnawasusedthatwasnotin this hierarchy we

arrivedat aconsensuthroughdiscussiorprior to dataextractionto avoidbias.

For objectiveverbalmeasuref memory:we consideredCaliforniaVerbal
LearningTest(CVLT-II)2°t over SelectiveReminding Test (SRTY®? over
Doors and People Té&t For neuropsychological testtteries, we used verbal

domainspecific scores over composstores.

For objectivevisualmeasuresf memory:we consideredriefVisuospatial
Memory Test Revised (BVMTR),2*410/36SpatialRecall Test(SPART)?%
ContextuaMemoryText (CMT),2° Rey-Osterrieth Complex Figure text
(ROCF)?97:2%8Fqr neuropsychologicaéstbatterieswe usedvisual domain

specificscoresovercompositebatteryscores.
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For objectivemeasures ofvorking memory we considere®Rivermead
Behavioural Memory Test (RBMFF° overWechsleMemory Scale(WMS),3%°

over Cambridgdest of Prospective Memo#f)! over Doors andeopleTest?*?

Forinformationprocessingneasureswe consideredhe Symbol Digit Modalities

Test (SDMT§%? over othemeasuresyecauseve wereawarethatthis is oneof the
mostirequentlyusedtestsof informationprocessingn MS researci¥%® While

distinct, information processing speed and memory are interrelated. Slow processing
speed can affect the efficiency of memory encoding and retrieval, which is why

information processing speed is included in the primary outcomes.

Where studies included more than one test for each outgaue, we used a
hierarchy based on the tests' degree of sensitiviassess everyday memory
probl ems and t vakditytlfeve wesedunsere abdutonpichc a |
outcome measure twnsider in the analysis, we arrived at a consensus following
adiscussiorwith reviewauthorsvhich measureo considerastheprimary

outcome befor¢he statistical analyses werenductedo minimise bias
Secondary outcomes

Mood - depression, such as the General Health Questiori@i®@) 2°* Hospital
Anxiety andDepressiorscalgHADS);*® Beck Depression Inventoifyast
Screer’®® General mood outcomes such as the GHQ netadedin boththe

depressiomndanxietyscalef themoodoutcome.

Mood - anxiety, such as the General Health Questionnaire (G#®pspital
Anxiety and Depression Scale (HADS},State Trait Anxiety Inventory (STAI)
(Spielberget983.307

Functionalabilities, suchasthe Functionallndependenc&leasure (FIM)®
Functional Assessment Measure (FA¥MPNottinghamExtendedActivities of Daily
Living (EADL).3%°

Quiality of life, such as the Multiple Sclerosis Impact S¢M8IS), 3 World
HealthOrganizatiorQuality of Life assessmeftWHO-QoL),3!? 36-item Short
FormHealthSurvey(SF36) 313
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We also considered nestandardised measures, such as retumork and goal
attainment, if studies had included these amasure obutcome. If more than one

of these scales was reportedeachdomain,we usedthefirst scalein thelist.

We categorised all outcomes into three separatepgmmgs:ii mme di at e 0,
Ai nt er mendi aitt edn,gne r a n dseparate ahalysds rdeach of
these. We defined immediate assessments conducted within the first month after
completing thentervention intermediateasassessmentonductedetweerone to

six months later, and longéerm as any assessments conduntedethansix

monthdater.

2.3.2 Search methods for identification of studies
We conducted an electronic search withrestriction anddentifiedall potential

studiesWe included many terms in our search criteria, including attention. Including
attention in thesearch terms for the systematic review was a strategic decision to
ensure a comprehensive evaluation of cognitive rehabilitation interver@ogsitive
rehabilitation programmes frequently target multiple cognitive domains, including
both attention and memory. Including attention in the search terms ensures that
studies focusing on muldomain interventions/ere not overlooked, whictvas

crucial for a complete assessment of cognitive rehabilitation strategies. As long as
studies had a memory componenthair cognitive rehabilitatioprogrammesthey
were included in this review.

2.3.2.1 Electronic searches

We searched the Cochrane Central Register of Contrbilield (CENTRAL) (2

June 2015 to 6 September 2020) which contaiosrdsrom thefollowing

databases.

MEDLINE (PubMed).
EmbasgEmbase.com).

Cumulativelndexto NursingandAllied HealthLiteraturg CINAHL)
(EBSCOhost).

ClinicalTrials.gov

World HealthOrganizationWHO) InternationalClinical TrialsRegistry
Portal(http://apps.who.int/trialseargh/

The keywords used to search for studies for this review are listgapendix A.
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We alsosearchedhefollowing databases.

1 TheNIHR Clinical ResearciNetwork databas€2 June2015to 6 September
2020).
PsycINFO(2 June2015to 6 Septembe020).
Allied andComplementaredicineDatabas€éAMED) (2 June€2015to 6
SeptembeR020).

1 AmericanandCaribbearHealthSciencdnformationDatabas€LILACS)
(Bireme)(2 June2015to 6 SeptembeR020).

1 CAB Abstractg2 June 201%0 6 Septembe2020).

2.3.2.2 Searching otheresources.
We citationtrackedall primary studyarticlesandscannedeference lists from

book chapters and review articles. We agamined studies identified by the
Rosti-Otajarviet al?*® andThomaset al?®> MS reviewsfor inclusion.We only hand
searchedhereferencdists of identified studies, not the full scientific journals, as
until theearly 1990s cognitive impairments were not universally recogrised
common complaint in M8 and most RCTs haveeen reported (or updated) on
electronic databases or journdtsrthermore, we would have found relevant trials
from the searclf the CENTRAL databasefor which handsearchings
carriedout periodically, and we did not wish to duplicate this effdfthere
necessarywe contactedauthorsof relevantrials to enquiravhether their registered
trials had been published, andswlicit moredata wherelatarequired for the
metaanalysis were ngiresentedn the publishedpaperin aformatthatcouldbe

used.

We accessedreyliteratureby searchinghttp://www.greynet.organdthe British

Li br BETh@Suaabasé¢http://ethos.bl.ukHome.dq. Greyliteratureis "a field

in Library andInformationSciencethat dealswith the production, distribution, and
accesgo multiple documentypesproducedon all levelsof government, academics,
business, and organisation in electraamcl print formatsnot controlledby
commercialpublishingi.e., wherepublishing is not the primary activity of the
producingbody" 314
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2.3.3 Data collection and analysis

2.3.3.1 Selection of studies
We usedhesearchstratgy that was developeid consultation with a senior

librarian and the Cochrane Multipiclerosis and Rare Diseases of the CNS
Groupfor the previous review updafsee Appendidd). We evaluated abstracts
of the studies obtained by thisarch strategy and identified trials for inclusion in
the review usinfpur inclusion criteria (Handbodior Systemati®eviewsof

Interventiongsee AppendiB).28!
Thetableincludesthe following domains.

Randomsequencgeneration

Allocation concealment

Blinding (of participantspersonnelandoutcomeassessors)
Incompleteoutcomedata

Selectiveoutcomereporting

=4 =/ A 4 A

Othersourceof bias

Based orthe information provided in the studies or bydhéhorsof the primary
studiesfive review authorsindependently judged each of these domains as being
lowor highrisk of bias,or unclearf informationwasinsufficient. As the primary
author, | reviewed all abstra@sad the other reviewers reviewed a selection of
abstracts, so that all abstracts were judged by myself and one other person
Similarly, when it came to reviewing full texts and assessing risk of bias, |
reviewed all studies and the review authors reviewed a seleiemeview

authors were all acadersiwith expertisem MS researcland a range gdositions
including professors (RANDW), neurologists (NE)esearch fellows (LS, IMM)

Anydisagreements were arbitratedrby primary supervisorAs reviewauthors
working in thefield of memoryrehabilitation weare familiar with the studies
published in this area, and thwe couldnot be blindedto the namesof the
authorsjnstitutions,orthe publishingjournalof theincludedtrials. We madean
evaluatiorof theoverallrisk of bias,basedntherelativeimportanceof the
various domains listed. In addition to thek of bias table, wasedthe GRADE
approacho assessinguality of studies®'® This was completed across outcomes
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and isfound in the summary of findings table. This approach allows for

judgements to be made about the quality of the studies incluégathoutcome.

2.3.3.2 Measures of treatment effect
We plannedo useoddsratio (OR) with 95% confidencentervalgCls) for binary

outcomes if reported. We used standardised rdégamence(SMD) with 95%Cls

for thecontinuousoutcomes.

2.3.3.3Unit of analysis issues
Weincludedparalletgroup,clusterrandomisedgrossoverRCTsand quasi

RCTs, and included the data from all these typesunfies for the metanalysis.

For crossover studies (as mentionedderTypes of studiesection), we only
included the pre&ross over phase of these trials. We did not combine the first and
secondgphase®f thecrossoverstudiebecaus®f uncertaintyaboutthecarry

over effects in such trials, given that they are psychologteaventionswhere

thewashoutperiodis difficult to determine.

We included trials with more than two intervention groupsamalysed them by
pooling together the data on all ttieatmengroups(if appropriatejand
comparedhemwith the controlgroup. If there was more than one control group,
the resultsrom the control groups were pooled together and compared with

treatment.

We conducted separate analyses fovdr@us outcomes and ftre three different

time-points (i.e., immediate, intermediate, dodgerterm).

2.3.3.4 Dealing with missingata.
Wheredatawerenot availablefrom or unclearin thereports wecontactedhe

correspondin@uthorof thestudiesn questiorforfurther information. We

assessed the rates of attrition and misdatg from the included studies (where
available) and explored hotnese may have affected the results of the studies. If
following severahttemptdo contacthestudyauthorwe hadnotreceived
response, the missing data were not included in the andtysteermoreif
standardleviationgd SDs)werenotavailablefromthe papers, these values were
inputted using methods specifiedsection 16.1.3.1 of th€ochrane Handbook for

Systematic Reviewsf Interventions®!
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2.3.3.5 Assessment of heterogeneity
We considered heterogeneity by comparing the distribafionportant

participantfactors betweentrials (age, gendertypeof MS), andtrial factors
(sequencegenerationallocationconcealment, blinding, losses to follay). We
usedthe P statistic to statistically assess heterogernéity:® We further scrutinised
the studiesto explorethe reasons for theeterogeneity if the2lstatistic was

significant at >=50%.

2.3.3.6 Assessment of reporting biases
We consideredeportingbiasby conductinganexhaustivesearctof theliterature

thatincludedbutwasnotlimited to the CENTRALdatabase, EmbadesycINFO,
LILACS, grey literature, referendssts of includedstudiesandrelevantreviews.
We alsoconsideredeportingbiasby decidingwhatoutcomesvould beassessed

andreportedbeforethe metaanalysisvasconducted.

2.3.3.7 Data synthesis
We consultedthe CochraneHandbookfor SystematidReviewsof Interventions

to plan the data synthe<f8,andfollowed the proceduresutlinedtherein.As
mostpsychologicabndneuropsychologicabutcomemeasures memory
rehabilitation tend to berdinatlevel measures, weeated these as continuous
data (as recommended Bygginset al. 28*). The SMD wasusedasasummary
statistic,usingarandomeffects model, because \peedicted that multiple trials
would usevariousoutcomemeasure$o assessemoryandbecausef the

heterogeneitpf sampling.

As the primary author, | conducted all statistical analyses for this rekmw

analyses, we used RevM3dCochrané s i nt egr ated soft war e
analysing Cochraneviews The randomreffects model was set up in RevMan

to account for variability both within and between studies. This appmeash

appropriate given the anticipatedterogeneity in the included studies. The

model assuntkthat the true effects vary between studies, allowing for a more

generaksed conclusion.

If low scores represented a better outcome, the valence atdh@vaschanged
from positiveto negative We typically had to change the scores for
guestionnaires, suasthe EMQ,where lower scoerepresentetietter

everyday memoryin situationswherestudiescombinedscoresfrom scalesin
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which high scoresarein some instances good outcomes and in sostances
pooroutcomes, the signs of the discrepant scores were reversed thewmep

consistentWe only considerediatathatwe deemedo besimilar or comparable
enough to meaningfully pool based on of thecomemeasuresisedfor themeta

analysis.

2.3.3.8 Subgroup analysis and investigation of heterogeneity
We plannedsubgroupanalysesvhereatleasttwo trials hadseparate data available

for people with different subtypes of M8/here significant heterogeneity was
observed, wattempted taleterminghe cause®f heterogeneityandexplainthisin
our discussionWe did not planon conductingsubgroupanalysedasen
heterogeneity.

2.3.3.9 Sensitivity analysis
We considered sensitivity analyses to assess the impsittdyfquality

(whethertherewasa differencebetweerstudiesusinganintentionto-treat

analysis and an etmeatment analysis) whedata needed to perform such
analyses were available from tineluded papers. We also considered a sensitivity
analysis to asse$ieinfluenceof methodologicatjuality ontheintervention
effectfor eachoutcomeby comparingheoutcomef thosetrialswithlow risk

of bias with the outcomes of all the included studiedlowing the Cochrane
Handbookfor SystematidRkeviewsof Interventions8we madeonly informal
comparisonélable20) anddid notconductindividual forestplotsfor each
sensitivity analysis but provided a summary table. Sensitiwigtysisvasalso
conductedo assessheimpactof inputtingtheSD values as advised in the

Cochrane Handbook for Systemaeviewsof Interventions8?

2.3.3.10 Summary of findings and assessment of the quality of the evidence
We used the GRADE approach to interpret findings and présemin a

'Summaryof findings'table,asadvisedn the Cochrane Handbook! We
considered all our outcomeseschtime pointtheyweremeasuredo be
importantin thetable andthuspresenthemin the'Summaryof findings'table
(Table19; Appendix Q.

The GRADE approach allows the quality of the evidence tasbessed clearly
and without bias using four possible ratings: higloderate, lowand very low?*®

This rating systemmeasurethe degreeof confidencehatthetrue effectis close
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tothatof theestimateof the effect,with highindicatingvery confidentand very low
indicating little confidence in the effect estimaldere are severéhctors that
can lead to the downgrading efidencesuchasrisk of biasin included
studies,inconsistencin results, and imprecision of effect estimates. If an
outcome igdowngraded, the reasons for this are detailed in the foothetes

the'Summaryof findings'table.

2.4 Results
2.4.1 Description of studies

2.4.1.1 Results of search
We identified a total of 29 studies using the abmentionedsearch strategy.

Fifteen studies from the previous review2016wereaddedo the29 newstudies

in thefinal analysisPleasesee Figure3.
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15 studies included in the ‘ 28903 records 120 additional

previous version of review identified records
through identified
database through other
searching sources
| |
!

duplicates removed

1887 records after ‘

¥

1887 records 1825 records
screenad excluded

¥

62 full-text 31 full-text
articles articles
assessed for excluded, with
eligibility reasons

T
28 new studies ‘

included

!

44 studies
included in
qualitative
synthesis

38 studies
included in
quantitative
synthesis
(meta-analysis)

Figure 3 Flow diagram showing article screening process.

2.4.1.2 Includedstudies.
Forty-four studies,comprising2714 participantsin total, mettheinclusion

criteriafor this review?42:2432483193% gndthree additional studiesere included in
thereview%9 3% putexcludedrrom the metaanalysisbecauseaw datawere
unattainablel contacted the authsiof these studies requesting ta¢a(means
and standard deviationgequred for analysis but they declined to response,

therefore these studies could not be included inrttetaanalysis We checked
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all studies to ensure that no samples were duplicate, ibund that samples

were duplicated, thetiose studies were excluded.

Twenty-eight of the included studies were undertaken in Eu¢apstria, Denmark,
Germany, Italy, Norway, Spain, Greece, CzRapublic, the UK), seven were from
Iran, and nine were from théSA. All the Europeanstudieswere recruitedat
hospital clinicsor rehabilitationcentreswith sevenof theseEuropearstudies
recruiting frommultiple centres?60:330:331,341,343,348 3%h e maximumnumberof
recruitmentsitesusedwas 1034 Severof the USA studiesrecruitedparticipants
fromboth clinic and community settings, with two of these USA studiesuiting

from multiple centreg?234

There were nine multicentre trigd®330,332,341,343,344,348,352. 344 terms of
randomisation and stratification by sitbtee studiesised a sitestratified
schedule®344:359 incoln et al?*® hada 6:5 randomisationatio, stratified by
siteandminimisedby type of MS. Stuifbergeret al*** useda closedenvelope
method but did not specify stratificatioB.h me | @t&lé*y FerezMartin et

al 3% Rahmaniet al®°, did not specify theimethod of randomisation.
Chiaravallotiet al®??, Goodwinet al®*°andMattioli et al3** used random number
generators, but did not spec#ratification, andStuifbergeret al®>* used the
closed envelopmethod Hancocket al®*? useda block-stratifiedrandomisation
procedure to ensure that equal types of each MS subtypengkragedin the

interventionandcontrolgroups.
There were 3§inglecentre trial§42'245 248,319 324,326 329,331,33B335,337,338,34B42,34%

347,349:351,353,355,356,358, 3%y e studiesdid not mentionthe methodof generating

the random schedufé>327:342:347.359ne study reported thandomisationvas

quote:i p e r f loymlattergbythedirectoof t he rehalB*¥ |l itati o
Four studies useguasirandomisationChiaravallotiet al>?° used odekven
randomallocation,Hildebrandtet al®>**andPusswaldet al®*° allocated by

alternating between intervention and control, Andn Darestanet al3?® quote:

Afdi vided [the particiexperimestd(n=3) o cont r
groupso. Si x tr i aahdomisaterfCarm20l4Chiaravallatie p e nd e |
2013 dasNair 2012 Lincoln2002 Solari2004 Tesar2005,262:321,336,338,352,3%3n(

Jonssort al*®*®andStuifbergen et al>® used a closednvelope methodMendozzi
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et al** randomisedhe first 30 participants, and purposefully assigned the last 30
tobalance age, gender, and education between groups; all datacheded in our

analysis Gich et al®?° stratified by level of cognitivienpairment.

Participants were diagnosed with MS using the Poser cfftéimaseven studies,
using the McDonald criteriim 18 studieg®* andthe Schumachecriteria®®in one
study. Eighteen studies did not report tikeria used to diagnose MS, but
merely stated that participahtsd clinicallydefinite MS. Twentysix studies
included participantaith mixed types of MS (relapsing remitting MS (RRMS)
andsecondaryprogressive MS (SPM)2:329.336,338,342,345,347,355.38hd 14 studies
included participants witRRMS, SPMS, and primapyogressive MS
(PPM.246:248:260.262,32823,332,340,348,351,356.358. 3 ht studlies included participants
with RRMS only?47:327,328,334,341,343,350.3§8y0 studiesChiaravalloti et af??and
Huiskamp et af>3included participants witRRMS, SPMS, PPMS and
progressivaelapsing MSwhile Goodwin et at¥°includedthese participantand
participantswith benignMS andfi u n k n typegsiTbetypeof MS wasnot
reportedn eightstudies’?#325:345.349.352,353,359.3¢y ne of MS was important to
understanding theffectiveness of cognitive rehabilitation as it is possible that
cognitive rehabilitabn may besffectivefor relapsingM S but not progressive or
vice versaHowever, it could be argued thed the aim of tis review was to
determine the overall effectivenesscofynitive rehabilitationtather tharthe
differential impact orvarious types of MShen knowing the type of MS may not be
necessaryWhile type of MS can mvide us with broader context for understanding
the benefits of cognitive rehabilitatioihjs more of a seondary factar

Thenumberof participantsn thestudiesrangedirom 16, in Huiskampet al333,

to 449, inLincoln et al?®®, and the number gfarticipants in treatment or control
groups ranged from seven,das Nairet al®>*® andHuiskampet al33 to 245, in
Lincoln et al?®° Most participants were in their 40s. Varied gender ratios were
reported,with the percentagef womenrangingfrom 36.7%jn Impellizzeriet

al 3492020 to 100%, inMani et al?*®> andRahmaniet al**° Theparticipantshad
aminimumof elementaryeducatiorin moststudies, with the participants in the
Chiaravallotiet al>?® havingthe highestnumberof yearsof education(16.07in
intervention, 16.46 in controlpPe Lucaet al®®*® andPerezMartin et al**®had

thelowestnumberof yearsof education(10.8in intervention,11.3incontroland
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10.2in intervention,11.6in control,respectively) Sixstudiesdid notreport
educatior47:248:324,345,355,365

Thegroupswerecomparabl®@nassesseblaselinecharacteristics 32 studies,
and in the other studies wherdfdrences werebserved, they wergatistically
correctecf?0:332334.336,352.35%ith the exceptionof Mendozziet al**? and
Stuifbergeret al**3 Arian Darestani et & and Rahmani et &°bothappearedo
bematchedor baselinecharacteristichutno statisticsverereported and
Charvet et af*® had unequal groupdue tostratification requirements but overall

was wellmatched.

Thirty-sevenstudiesusedtwo-groupcomparisongtreatmentersus control),
and six studies used thrgeoup comparison¥.’:336:338.342.345.38incoln et al338
used assessment verassessment plus feedback versus assessment plus
feedback antreatmentMendozziet al**?> examinedspecificcognitiveretraining
versus nofspecific cognitive retraining versus control; atasNair et al36
investigated restitution versus compensation versustadicontrol. Rahmaniet
al>*usedcomputerbased/ersusmanual basedsersusmixedcognitive

rehabilitationversugplaceboversusontrol,five groupsin total.

Twenty-nine studies used individual treatment, including clib&sed and
homebased interventiOn?§2,257,322325,328,3312335,338,341344,350,352,354,35858,364,36'6371
and 13 had group interventiOné47,245,248,260,262,320,336,340,345,353,355,365H76€nssen et
al>*®used a mix of both group amdividual sessionsandStuifbergen et al>®

usedbothgroupsessionsandindividual computerisedsessions.

The structure and content of the treatment programmes vitietiinterventions
wereof four to eightweeksdurationt47:243247,320,32325,330,332
334,337,338,340,342,344,345,347,349,352,354,355,358,364,36@%?& et aEGZ ’ das Nair et al :336’
Lincoln et al?®®, andMessinis et af*® had 10-week programmesCharvetet al>°®
andPerezMartin et al®*® had 12week programmed\attioli et al** had a 15veek
programmeRahmaniet al®*° had a 2iweekprogrammeandGich et al®?° useda
six-monthprogrammeFourstudiesdid not specify set durationsof their treatment
but either selectedeverakessions to be completed when plagticipantswvere

availabl&*®327328%r specified a timeframe for the sessions to be complet&d in.
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Sessions ranged from 30 minut&&34**? and two hours?#>:246.2483nd
participants met one to six timesvaek in all studies excependozziet al4?,
where the treatmemtas biweekly. TheGoodwinet al3*° study lasted for two
months,andthe sessiorfrequencyvariedasit wasdependenon the typesof
text message reminders each participant requltesllowest number of total
sessionsvas six?"328331and the highestumberof total sessionsvas60.3°°
Fourteerstudiediad between eight and 10
Sessionéfw,245,248,260,262,320,322,323,325,345,364,365,37?\ﬁﬁe StUdieS had between 12 and
18 sessiong!?:247,336,342,348,349,352,355.3%yen studies had between 20 and 30
sessiong34:335,343,344,350,353,38x stydieshadbetween 32 and 48
sessiong?4:329:332,340.351.3% o1 two studies threquency of sessions depended on

individual need*30-338

In threestudiesthe contentf thetreatmenprogrammesvere
individualised?#6-28:37¢depending on the needs of the participant. Seven studies
usedcomprehensivenemoryrehabilitationprogrammegincludingteaching
participants to usiternal and external memory aid§y:262-336.338,358,370,377
Sixteen studies used computerisaeimory andattentionretraining
package§4112,247,324,325,334,342,354,356,364]’35!1,373,378380 andChiaravallotiet a|_SZO’
Chiaravallotiet al®?, andChiaravallotiet al®®! used the Story Memory
Technique, which involved these of imagery and story generati®e Lucaet
al 3% used botlrtomputerised and papandpencil training strategies but did not
explain the specifics of what this entail&@bodwinet al*3*° usedmobile phones
to deliver reminders throughout the day, anctimberof messagedelivered

varieddependingpneachp e r sneedsd s

Studies that had a sham or attention control group reported revéugedhat

thesegroupshadminimalmemorycontenttherebyeducing
contami nati0r§20,321,328,332,336,345,350,352,358,365

Lincoln et al?®® assessed fidelity of intervention using three methiidgly, a the
cognitive rehabilitation followed a manual that veeevelopedandtestedn a
pilot study3'® secondlythe training was delivered tpsychology graduates
with clinical experienceindtheyreceivedrainingfrom aclinical psychologisas

well asmonthlyteleconferencet® discussspecificchallengesand thirdly, the
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intervention sessions were recorded and codeahlydependent researcher using
the timesampling procedure aridundthattheinterventionwasdeliveredas

intended Howeverpnly threeotherstudiesassessefidelity of intervention.

The 44 included studies used a range of outcome measurstididls included
at least one measure of learning or memexgept forHansseret al?*¢, where
outcomeswvererelatedtopsychologicafunctioningandimpactof disease.

Seventeestudiesusedsubjectivemeasures®f memory.Six studiesusedthe
EverydayMemory QuestionnairdEMQ),248:260.262,330.336.383nqdasNair et al33°
usedhe Internal and External Memory Aids Questionnairebaseadn the
Memory Aids Questionnairé? Four studie¥®320331.384)sed the Memory
Failures Questionnaire (MFG5® and three studié€ 35336 usedthe Multiple
SclerosidNeuropsychologic@Duestionnaire (MSNQ3° Chiaravallotiet al®?2
used the Awareness Questionnaire (AB)Chmels o et &l%** used the Cognitive
Failures Questionnai@CFQ) 288 Stuifbergen et al** used thestrategy subscale
of the Multifactorial Memory Questionnai(®MQ).388

Twenty-five trials used listearning taskstwo studie$?®®1used theéHopkins Verbal
LearningTaskRevised (HVLTFR);*®° Tesar et af>® used the/erbal Learning
Test (VLT)32° 10 studie&*?321323,325,331,334,353,354.3{}sed theCaliforniaVerbal
LearningTaskll (CVLT);?°! Messinis et at** used theGreek Verbalearning
Trial (GVLT) (Messinis 202]) Hancock et at/® used theAuditory Verbal
LearningTest (AVLT);*% eight studie®?0:340.341,343,348,367,369.3g50( theSelective
RemindingTest and the lisiearning task used hignssoret al®*8 Seven
studies used neuropsychologiest batteries or subtests of these. One study,
Mendozziet al®*?, usedthememoryscaleof the Luria-Nebraska
Neuropsychologicdattery (LNNB) consisting of 13 iten¥83 Subtestgrom
other test batteries included Buscl8@ective Remindingest from an Italian
version of the Brief Repeatable BatteryN#uropsychologicalests
(BRBNT),3***unspecifiedestdrom the Rivermea@ehavioural Memory Test
(RBMT-E),2*® andthe DoorsandPeopleTest3% Pusswaldet al>*° used the
MUSIC assessme#ft® andJgnssoret al**®usedanunspecifiedbattery.Non-

verbalmemorywasassessed using individual tests or part of a battery.
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Individual tests included the Noverbaler Lerntest (NVILBed byTesaret al®,

andanunspecifiedb0-facesrecognitiontestwas used bygnssoret al3%®

Seventeefrials usedvisual objectivememorymeasureseight studies uselrief
VisuospatiaMemory Test(BVMT -R);242:247,322,323,354.371.373.38pyen studies used
the 10/36SpatialRecall Test(SPART)?260.295.:337,340,341,347,348 3¢9 ntextual memory
test (CMT)2%6331Rey-Osterriethcomplexfigure (ROCF)2°7:361

Fourteentrials usedworking memory measuresPacedauditoryserial addition
test (PASAT)Z00.261:340,341,347,348,350,354.359 (g studies used tHé-back tes£33347

Digit span WAISsubtesf48351

In termsof 6 o t dognitiveo u t c otheenesffrequentlyassessedognitive
domainwasinformationprocessingNineteerstudies included information
prOCESSing measuresb Studi8242*247*260'325*332'340*341'343'344*347'348*354'357used
the Symbol DigitModalities Test (SDMT)Rahmani et at>° used theStroop
colour test (SCWT)Stroop 1938 Ch me | at&B*us8d thdrail Making Test
(TMT); Hanssen et &f° used théBehaviourRatinginventory of Executive Functici
Adult version (BRIEFA).

Themostfrequentlyusedmoodmeasuraevasthe Beck Depressionnventory
(BD'),306 usedin 11 Studie82_48,320,324,332,334,335,340,344,345,355,§8( StudieSCarr et
al.?%2, das Nairet al®*®, Goodwinet al3*, Lincoln et al3 Lincoln et al?®®, and
Mousaviet al®*®, usedthe GeneraHealthQuestionnairdGHQ-28)2%three,
Chiaravallotiet al'*’, Chiaravallotiet al®?, andGoveroveret al®3!, usedthe
ChicagoMood Depressiomnventory (CMDI)3°® and two of these studies also
used the STAI (depression and anxiety subsc&leigravallotiet al?® and
Goveroveret al®*%, andanother Solariet al®*2 usedthe Italian versionof the
CMDI.3%° Mattioli et al3*! usedthe MontgomeryAsberg Depression Rating Scale
(MADRS, depressioandanxietysubscale)Stuifbergen et al** usedthe Centrefor
EpidemiologicalStudiesDepressior(CESD).

Nine studieg?*8332:337,338,340,341,348,352,33% sesseduality of life usingthe Multiple
Sclerosis Quality of Life (MSQO154) % threestudies Carret al?®?, Hansseret
al.2%¢ andLincoln et al?®® usedthe Multiple SclerosidmpactScale(MSIS-29) 31

two studies Goodwinet al®3*° andMessiniset al*** usedthe EQ-5D-5L, one,
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Chiaravallotiet al®%® used the SB6 and oneGoveroveret al®3! usedthe
Satisfactiorwith Life ScaleSWLS).

Only two studie$®®-238examinedvhethertheir rehabilitationprogramme
affectedinstrumentalADL, by usingthe ExtendedActivities of Daily Living
scale(EADL).*! Four studie¥’242323.33hgsessed functiorintiependence with
the Functional Assessment of Multiple Sclerd&§iaMS).2°2 Onestudly,
Stuifbergeret al®® usedthe InstrumentaActivities of Daily Living (IADL).

Eighteen studies were obseni@inded RCTs or quasandomised
tria|s’245,247,260,262,329,330,334,336,338,340,342,344,348,355,358,361,3%314 stated that they
were Observerandparticipantblinded248,320,321,33’]333,345,352,354,356,359,364,381,384
Hanssen et &' reportedthat blinding ofparticipants wasot possibledue to
the natureof the intervention,and therevas no mention of observer blinding.
However,all outcomesvereself-reportquestionnairdasedthereforelinding
washotdeemedhecessaryl welvestudiesitherdid notuse blinding procedures
or were unclear in their methodologfi;324:325:327,341,343,347,3881,355,358 harefore
we determinedhesestudiesto be at highrisk of bias.Ernst et af?’ reportedthat
while themainscorewasnotblinded,ablindedraterverified the scoring accuracy
for 20% of memories randomly choseith areliability of .95whenassessedith

intraclasscorrelationstherefore we determingdis to be a low risk of bias.

2.4.1.3 Excludedstudies.
We excluded 64tudies based on the exclusion criteria spedidiethis review.

Two were studies of Al “%H%urwmere vdrslatetl tos e a s e,
memory*°94% and one was a systematwiew, notaninterventionstudy?2°®
Sixteenstudiesvere not specific to memory, but general neuropsychological
rehabilitation attention,or informationprocessing**4°7421 Seven studies used
healthy controls instead of an MS congmup??24?8 andWilson et al*?8 also did
not distinguish between results for people with MS and othersaadghired
progressivéraininjury. ElevenstudiesverenotRCTsorquastRCTs (one
quasiexperimental waitindist control: Rodgerset al*?%, one small group study:
Allen et al*3% six without randonallocation:Barkeret al3!; Barbaruloet al32
Brenket al?33, Brissartet al*3% Pineauet al®®> Shatilet al*3*°threewith no
controlgroup:Boveet al*3’; Brissartet al*3% Giicli Altunet al®*9. Bonavita et

al.**%was a brain imagingtudyandhadanactivecontrolgroup.Thaut et af**
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used a "music interventionMoore et at**2was notconsideredo bea
rehabilitationstudyaccordingo ourinclusioncriteriabecausd only involved
onehourlongsessiorof memoryretraining. Three studi#s 44> used the same
sample, or aubgroupof thesample of Chiaravallotiet al®?!which was an RCT
included in this revienandanotherMartin et al*%, wasasubgroupanalysisof das
Nair et al®3¢, andwasthereforenotincludedTwo studies had abstracts in English
but no fulkttext in Englishavailable?*”44®Fourstudieswere studyprotocolsand
thereforehadno resultsattachedo them?494%2 Finally, 12 studies were conference

poster presentations, and/orfalbtexts could be found??249.437.45361

2.4.1.4 Risk of bias in includestudies.
The risk of biasin the 44 included studieswas generallylow (seeFigure4

andFigure51 for individual study risk of biaassessmentdjlowever, high risk

of selection and detection biaasfoundin thefollowing: randomsequence
generation irffour studies allocationconcealmenin two studies blinding
procedures in 14 studies, incomplete outcome data in four stadidgpssible
selectivereportingin four studies Furthermorewejudgedtherisk of bias to be
unclear in some instances doénsufficient reporting of methods for:

randomised sequengeneration in 11 studiesllocation concealment in 14
studies plinding procedure# two studiesandincompleteoutcomedatan 10
studies Studies with high risk of bias may overestimate treatment effects due to
issues such as inadequate blinding, selective reporting, or small sample sizes.
We did not remove any studies based on tisis of biasanalysisbut included

this breakdown so th#tefindings could be interpreted with cautiontine

context ofthese methodological limitations.

Random sequenceedene ) QM BN
Allocation (seheet) (NI N

Bl ingiemdgormance bias )and ooty
Incomplete oa@atcoimpiAddat mivdlEY B
Selective(reppot )

Ot her I

0% 2% 56 7% 10%
ELOW risk of bi[Jénclear risk offl Hhighsrisk of bl

Figure 4 Methodological quality graph: review authors' judgments about each
methodological quality item presented as percentages across all included studies.
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Figure 5 Methodological quality summary: review authors' judgements about each
methodological quality item for each included study.
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2.4.1.5 Random sequence generation
Seventeen studies were judged to have a low risk of seld@ii®due to having

adequate random sequence generation, hagad a computerised random number
generator by an independemt,242,248,319,32'1323,328,333,338,340,341,343,344,351,352,363,462
two usedarandomnumbergeneratofrom thestudydataanalyst that was created
prior torecruitment and kept in sealedvelope®33**andsix usedablock
randomisatiomeneratedby ablind statistician?60.330:331.337.356.35¢ hree studies
used fArandomi sed assgfparticipantgodhreégmupsadn d o ml y
thereforewvasdeterminedo have low risk of bia&*®34637IFgur studies were
judged not to have adequate sequgeceration and therefore a high risk of
bias, as three of thestdies involved quasandom 'odeeven' or alternating
allocation32033434%ndMendozzi et af*2 only randomisedhalf the samplewith no
generatiomethod stated. The method used for randequence generation and

the risk of bias in 11 other studies vf&s324:325.327,329,347,348,350,355,358,364

2.4.1.6 Allocation
We judged 19 studies to have a low risk of selection bias deféettively

concealingallocationinto groupsusinga computerizedandom number generator
by an independent un?ﬂ’2,248,319,32]1323,328,333,336,338,340,341,3@36,351,352,361%5l closed
envelope systerff 35335435 having a separate ftanember who was not
otherwise involved in the study completiéocation?6°330:331.355.35¢ye judged two
studies as not having conceabdtbcation to groups, suggesting a high risk of
bias:Chiaravalloti et af?° used "odeeven" allocation completed by the principal
investigator andHanssen et &f staedthatallocationconcealmentas not
possible. Fourteen studies wergclearmtheir explanation of allocation
concealmenttildebrandtet al®**informed participants whether they were to
receive the intervention @ssessment onli¥lendozzi et af*? stated thagroups
were allocated byhe principalinvestigatorbut theirother involvemenin the

study was not clearly explained; andst@diesdid notmentionallocation
Concea|merﬁ24,325,332,337,347,348,350,359,364,367,370,463

2.4.1.7 Blinding
Sixteenstudiesvereobserveblinded 245,247,260,319,329,330,334,3388,340,342,344,353,359,458

14 studiesstatedthey were fi d o ubbl| i &> & Fp20323331333,346,352,354,356,364

however Mousavi et al>*° Davarani et a’®* and Stuifbergen et &*were judged
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to be high risk of bias due to lack of evidencéoiv they blinded the personnel

and/or participants.

Ernst etal 328 reportedthatwhile themainscoremwasnotblinded,a blindedrater
verified the scoring accuracy for 20% of memories randomly chaisiera
reliability of .95whenassessedith intraclasscorrelationstherefore we
determined this to be a low risk of bigdanssen et & reported that blinding
of participants was nqiossible due to the nature of the interventaomg there
was no mention of observer blinding, but becauseutmmesvereself-report
guestionnairesye deemedhis studyto have an unclear risk of biakgnssoret
al3*®was rated unclear biakie to discrepancies in the blinding procedures
found when thetudystatedhat"Healthcareproviderswerenottold of patients'
allocation, but a few words would have giveawtay". It wasnot clearwhether
thisoccurredor whethertheauthorgnade any attempt to prevent it by asking
patients not to discusiteir experience with the assessors. Eleven stediesr did
not use any blinding procedures or were uncle#neir methodology,
suggesting high risk of biag?42:324,325,327,341,343,347,3881,355\1oysavi et af*®
statal the patientsandstatisticiansvere blind to group allocation, but it is
unclear whether thassessor was blind, theref@@ggesting an unclear risk of
bias.

2.4.1.8 Incomplete outcome data
We deemed four studies to be at high risk of attrition biaGhiaravalloti 2013

etal’*Ch me | a S cevaf? Nafidi Q016et al®* there was a post
randomisation attrition rate of 12%, 25% &6, respectivelyand/orno
discussiorof how missingdataweredealt with, and the study did not use
intentionto-treat analysisin Hancock et at®?the postrandomisation attrition
level was44%. Eight studies did not address incomptettcome data and did
not use intentiofto-treat analysis, whictve deemed to be at unclear risk of
bias:Chiaravallotiet al*>?° reported ondropout, twostudies reported two
dropouts?*43®lthreestudiesreportedhreedropouts?*2:24532two studies
reportedsix dropouts’?23%4Arian Darestanet al3?° seven dropouts; iMendozzi
et al®>*? anotherparticipant outcome data wereplaced with midrial data if a
participant dropped out; and two studies nadexplainhow dropoutdatawere
handled®>2%8Lincoln et al**® conducted analyses on data for those participants
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who completed the outcome assessmelats Nair et at>® usedist-wise
deletionandbaselinedataimputedfor any missingollow-up data, and in two
studies®®23>*missingvalueswereimputedaccordingo thelastobservation
carriedforwardmethodIn Carr et af'®onestudy,wherelesghan 10% of items
were missed on a questionnaire, these wegkacedvith themeanfor the

guestionnaire.

2.4.1.9 Selective reporting
We deemed four studies to have a high risk of reporting®frdd.34°-346

Hancock et af*2 only reportedonthe memoryoutcomesgdespiteotheroutcomes
havingbeenassessedtfollow-up,anddatawereonlyreportedor "good
adherersto theinterventionPedulla et at*’ did notreportoutcomecomparisons
for controlgroup,only the intervention group. Three studies did negort several

of their outcomeg?#-34>:346

2.4.1.10 Other potential sources of bias
Wejudged39 studieso havealow risk of otherpotentialsourcesf bias.

Mendozzi et af*? hadapotentialsourceof bias,asoneparticipantin the
treatmengroupdiscontinued cognitive retraining and was replaced by a new entry
without further explanatiorArian Darestani et &° had apotential source of
bias ast was unclear what the control grameretold aboutthe study.Messinis et

al 2*3did notcollectsix-monthfollow-up datafor the controlgroup,thereforewe

determined thiso be high riskof potentialbias.

2.4.2 Effects of intervention
In thissection, we first present studpecific information regardirigtervention

effect on memory outcomes, and then presenmié@analysissynthesising
resultsonvariousdomains As the primary authowof thisreview, | conducteall

analysisncludingthe metaanalysisusing ReWan software

Nine studiesconcludedhattherewereno significantdifferencebetweerthe
treatmentandcontrolgroupson measuresf memory, particularly after
adjustments were made for multipéesting?42-319.320.323,332,336,338,352,3g% ¢
Goodwinet al**°reported no significanwithin group improvements for the
intervention group. Twentynine studies reported significant differences on

memory measurdavouring the treatment grougdowever, it is crucial to note
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that many of these studies had varying levels of risk of bias, which could

influence the reported outcomes.

ForinstanceHanssen et &f* did not use memory outcomeSich et al?°
reportedsignificantdifferencedavouring treatment on some subteasitshe
Battery of Neuropsychological Tests (BRBN)jalthough no significant
differences were reported on the-ligtarning task of the BRBN used in this
metaanalysis Campbellet al?*?> showedno significantimprovemenbn the
CaliforniaVerbal Learningrest (CVLT-II) or Brief Visuospatial Memory Test
(BVMT). Chiaravallotiet al?2showedsignificantimprovementgorthe
interventiongroupin the CVLT -1l atimmediatefollow-up butnotin the Rivermead
Behavioural Memory Test (RBMTJ.hese inconsistencies highlight the
variability in outcomes and the potential influence of methodological

differences.

FurthermoreC h me | a S é4stgowesldignifdntimprovemenfor the
interventiongroup in the immediate memory component of the Repeatable
Batteryfor the Assessmenrdf Neuropsychologicabtatug RBANS) (Randolph
1998 butshowedno improvemenfor CognitiveFailures Questionnaire (CFQ).
Goveroveret al®3! showed significanimprovement for the intervention group in
CVLT-Il and: ContextuaMemoryText(CMT), butnotonthe MemoryFailures
Questionnair@MFQ). Hildebrandtet al®3*reported improvements for the treatment
groupin theLearningTrialsandLong DelayFreeRecallsubtest®fthe CVLT
(Niemann2003. These studies often employed different measures, further complicating

direct comparisons and synthesis of results.

Stuifbergeret al**3reportedmprovementi the CVLT total both over time and by
group and showesignificantly more use of memosgrategies in the
interventioncomparedvith control. Chiaravallotiet al®?* andChiaravallotiet

al 3?2 showed a greater learning slope for the treatment grooparedto the
control on the CVLT-II.%°* Lincoln et al?®® showed significant group
differences in Everyday MemoQuestionnaire (EMp) at both six and 12
months, in the Selectii@emindingTest(SRT)total recallatsix monthsand

delayedrecallat 12 monthswith no othersignificantgroupdifferencesHowever,
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the high risk of bias in these studies, including issues like inadequate blinding and

small sample sizes, may overestimate the effectiveness of the interventions.

Maggioet al®3’ showedsignificantgroupimprovemenin both groupswith
greater improvement in the intervention group for Sp&edall Test (SPART)
and a significant Group*Time interactiodessiniset al>*3showed significant
improvement for the interventigmoupin SRTandBVMT -R. Messiniset al3*4
showedsignificanimprovement in everyday memory at immediate fologvbut
this wasnotsustaineditlongertermfollow-up. Pedullaet al**’ showed
significant Group*Time interaction for six out of 10 subtestthefBRBN.
Tesaret al®>°reported improvements on the compuatedcardsortingtest
(CKV), DriiheWienholtet al*®*, andthe MosaicTestof theHamburgwechsler
IntelligenceTest(HAWIE-R),*> for the treatment grouhe potential biases in
these studies, such as selection bias and performance bias, must be considered

when interpreting these findings.

Chiaravallotiet al®?° observed naignificant difference between the treatment and
control groups otheir list-learningtask(HVLT -R), 28 but on subgroum@nalysis,

we observedignificant improvement on this task filtre moderateto-severe
memoryimpairedsubgroupput notforother groups. However, this subgroup
analysis was carried oahly on the treatment group, which had 14 participants.
Mendozziet al**?reported improvement in the specific cognitietraining

group on seven measures of memory (Spatial Spantfre@orsi, Digit Span
Forward and Backward, Visual Reproduction, &aired Associateslard from

the Italian Weschler Memory Scal¢/MS),2°° and the LNNB®®3 There wasan
improvement in Digit Span Forward only in the rgpecificcognitive
rehabilitationgroup.Again, the methodological quality of these studies,
including potential biases, should be taken into account when considering the

efficacy of the interventions.

In summary, while many studies reported positive outcdmesiringcognitive
rehabilitation, the identified levels of bias in these studies highlight the need for
cautious interpretation of the results. The methodological limitations and variability

in study quality underscore the importance of kagiality, rigorously onducted
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trials to more definitively ascertain the effectiveness of cognitive rehabilitation

interventions for people with MS.

2.4.2.1 Outcome 1: Subjective memory measures
Fifteenstudiesincludedsubjectivemeasuresfp ar t i anermpoaynt s 6

functioning. Ten of these studies provided immediate
outcomeg4°:320,322,324,330,331,345,354.373.458 of thesestudies provided intermediate
outcomeg8:260,319,320,323,336,338,353,354.363 30 five of these studies provided longer
term outcomeg?0-319:336.338.3%ye foundsmallto moderatalifferencebetween
groupsfor subjectivereportsof memoryfor immediateintermediate and longer
term follow ups: (standardised megifference(SMD) 0.32, 95% confidence
interval (Cl) 0.05 to 0.58; 568 participants,moderatequality evidence)Figure
6); (SMD 0.23,95% CI 0.11 to 0.35; 1045 participants,high-quality evidence)
(Figure7); and(SMD 0.16,95% CI 0.02to 0.30; 775participantshigh-quality
evidence)Figure8), respectivelyTheinterventiongroupperformedbetterthanthe
controlgroupateachfollow-up point
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Figure 6 Meta analysis for subjective memory measures at immediate fioiow
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Figure 8 Meta analysis for subjective memory measures at letager followup.

2.4.2.2 Outcome 2: Objective verbal memory measures

Twenty-one studies included objective verbal memory measufes par t i c i

memory functioning. Nineteen of these stugesvided immediate
outcome§42'247'320323'325’331’332’340’343'344'347'348'351'354'355’3%7’%301‘ these studies

provided intermediateutcomeg42:260:325.35855 gnd four ofthese studies provided

longerterm outcomed®0:322:341.354y/e found smalto moderatedifferences

betweengroupsfor objective verbakreportsof memory at immediate(SMD
0.40, 95% CI 0.221t00.58; 922 participants,low-quality evidence)(Figure9)
and intermediaté&llow-up (SMD 0.25,95%Cl 0.11to 0.40;753participants,
low-quality evidence}Figurel0), but no little tono difference at longeterm
follow-up (SMD 0.13, 95% C10.03to 0.29; 619 participants, moderajeality
evidence)Figurell). The intervention group performed better than the control

group aimmediateandintermediatdollow-up.
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Figure 10 Meta-analysis for verbal memory measures at intermediate falipw
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Figure 11 Metaanalysis for verbal memory measures at loagem followup.

2.4.2.3 Outcome 3: Objective visual memory measures
Nineteenstudiesincludedobjectivevisualmeasuresfp ar t i anerpogynt s 0

functioning.Sixteenof thesestudiesprovidedimmediateoutcomeg#2:322
324,331,337,340,343,344,348,353,354,369,371,37%&601: these Studies provided intermediate

outcomegA2:260,:326,353,354.3%0r of these studies providémhgerterm
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outcomes?2339:341.3%4y\e found a moderate difference betwegaupsfor

objectivereportsof visualmemoryatimmediatefollow-up (SMD 0.42,95% ClI

0.25t0 0.60; 799 participantsmoderae-quality evidence)Figure12), butlittle

to nobetweemgroup differences at intermediate (SMD 0.20, 95%0C11 to

0.50;751participants moderatequality evidence)(Figurel3), and longeterm
follow-up (SMD 0.12, 95% C10.13 to 0.37; 619articipantshigh-quality
evidence)Figurel4). Theinterventiorgroup performed better than the control

group at immediatéllow-up.
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Figure 12 Meta-analysis for visual memory measures at immediate falipw
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Figure 13 Meta-analysis for visual memory measures at intermediate felipw
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Figure 14 Metaanalysis for visual memory measures at lorgem followup.

2.4.2.4 Outcome 4: Objective working memory measures
Thirteenstudiesincludedobjectiveworkingmeasuresfp ar t i anerpogynt s 6

functioning.Twelve of thesestudiesprovidedimmediate
Outcomes’%122,324,326,337,340,345,347,348,350,351,354@?@htof thesestudiesprovided
intermediate outcome$§?:333.345.350,354,364.373.4fg/e of these studiegrovided
longerterm outcomeg80:336:341.354.38y/e founda moderate difference between
groups for objective reports aforking memory at immediate followp (SMD

0.45, 95% CI1 0.18 10.72; 655 participant$ow-quality evidencefFigurel15), but

little to no betweergroupdifferencesatintermediat SMD -0.16,95%CI -0.09 to
0.40;821 participantsmoderatequality evidencefFigurel16), or longefterm
follow-up (SMD 0.04, 95% C10.11 to 0.20665 participants, moderatgiality
evidence)Figurel?7). Theintervention group performed better than the control

group atmmediatefollow-up.
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Figure 15 Metaanalysis for working memory measures at immediate falipw
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Figure 16 Metaanalysis for working memory measures at intermediate falljpw
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Figure 17 Metaanalysis for working memory measures at lorigem followup.

2.4.2.5 Outcome 5: Information processing
In termsof 6 o t dognitiveo u t ¢ otheenssfirequentlyassessedognitive

domainwasinformationprocessingNineteerstudies included information
processing measures. Fifteen studegsortedmmediate
Outcome§42,247,322,324,332,343,344,348,’3562,354,364,369,37éight studies reported
intermediate outcome§?-244.260,350,352,354.364.3f,0 studies reported longéerm
outcomeg44:260.:341,354.38)\/e found moderate between group differences for
informationprocessing measures at immediate (SMD 0.51, 95% CI 00.82¢0
808 participants,low-quality evidencée (Figurel8), and intermediat&llow-up
(SMD 0.27,95% C1 0.00to 0.54;933participants)Figurel19), but little to no
difference at longertermfollow-up (SMD 0.21,95%CI -0.03to 0.45;723
participantsmnoderatequality evidencefFigure20). Theintervention group

performedbetterthanthe controlgroupatimmediateandintermediatdollow-

up.
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Figure 18 Meta-analysis for information processing measures at immediate faifpw
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Figure 19 Meta-analysis for information processing measures at intermediate falfw
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Figure 20 Metaanalysis for information processing measures at loxtgen followup.

2.4.2.6 Outcome 6: Moot depression
Twenty-two studiesincluded measureof depressionSixteerof thesestudies

provided immediate Outcome§42,320,321,324,330,334,337,340,343,344,348,352,354,355,362,379

10 ofthese studies provided intermediate outcqffreid?260:319,320,336,338,352,354,355
and seven of these studies provided lofigan outcomeg®0-319.321,336,338,341,354

We found a moderate differenbetween groups for mood measures of depression
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atimmediatéSMD 0.34, 95% CI 0.15 to 0.53; 853 participants, modegatdity
evidence)Figure21), but little to no difference at intermedié&MD 0.20,95%
C1-0.06t0 0.45;1003participantsmoderatequalityevidence)Figure22), or

longertermfollow-up (SMD 0.15,95% CI -0.04 to 0.34; 891 participants, high

quality evidencejFigure23). Theintervention group performed better than the

control group atimmediatefollow-up.
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Figure 21 Meta-analysis for depressive symptom measures at immediate-ighow
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Figure 22 Metaanalysis for depressive symptom measures at intermediate-igllow
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Figure 23 Meta-analysis for depressive symptom measures at leteger followup.

2.4.2.7 Outcome 7: Moot anxiety

Seven studies included measures of anxiety. Four of these gitnieded

immediateoutcomeg#2:330:348:36%q 1 of thesestudiegprovided intermediate
outcomeg*#?:260:319.465n( three of these studies provided lorigem
outcomeg319338 e found littleto no between grougifferences for mood
measures of anxiegtimmediate(SMD 0.29,95% Cl -0.01to 0.59;178
participantshigh-quality eviderce) (Figure24), intermediate(SMD 0.16, 95%CI

-0.15t0 0.46;502 participantshigh-quality evidencefFigure25), or longefterm
follow-up (SMD 0.27, 95% C10.12 to 0.65; 44®articipantshigh-quality

evidence)Figure26).
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Figure 24 Metaanalysis for anxiety symptom measures at immediate folfow
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Figure 25 Metaanalysis for anxiety symptom measures at intermediate foifow
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Figure 26 Metaanalysis for anxiety symptom measures at lottigan followup.

2.4.2.8 Outcome 8: Quality of Life (QoL)
ElevenstudiesncludedQoL measuresEight of thesestudiesprovided immediate

outcomeg48:330,340,344,348,352,362.38y of thesestudiesprovidedintermediate

outcomeg#4:248,260,319.338,35%jye of thesestudiesprovidedlongerterm

outcomeg#4260:319.341.383 /e found smallto moderatebetweengroup differences

for qualityof life measureatimmediate jntermediateand longertermfollow ups:
(SMD 0.42, 95% CI 0.15 to 0.68; 371 patrticipantshigh-quality evidencé
(Figure27), (SMD 0.30, 95% CI 0.02to 0.58; 683 participants, high-quality
evidence)Figure28), and(SMD 0.17,95%Cl 0.02to 0.32;687 participants,
high-quality evidencefFigure29), respectively The intervention grouperformed

betterthanthe controlgroupat everyfollow-up.
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Figure 27 Meta-analysis for qualityof-life measures at immediate follewp.
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Figure 28 Meta-analysis for qualityof-life measures at intermediate follayp.
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Figure 29 Metaanalysis for qualityof-life measures at longaerm followup.

2.4.2.9 Outcome 9: Functional abilities/Activities of daily living
Six studiesncludedADL measuresf participants'daily functioning. Four of these

studies provided immediate outcontés323331.3%0yr of thesestudiesprovided
intermediateutcomeg*2:336:354.363nd three of these studies provided lorigem
outcomes36:338354\e found little tono between group differences for ADL at
immediate jntermediateandlongerterm follow-ups: (SMD 0.02,95% CI -0.26to
0.29; 265 participantshigh-quality evidencg(Figure30), (SMD -0.06,95% CI-
0.36t0 0.24;400 participants high-quality evidence)Figure31), and (SMD-0.11,
95% CI-0.49 to 0.27; 369 participants, higluality evidence)Figure32),

respectively.
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Figure 30 Meta-analysis for activities of daily living measures at immediate folipw
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Figure 31 Metaanalysis for activities of daily living measures at intermediate folipw
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Figure 32 Meta-analysis for activities of daily living measures at lontgm followup.

2.5 Discussion

2.5.1 Summary of main results
In the last two decadesresearchgroupsglobally have begurto address

memory problems associated with MS. However, the literature base examining
the effectivenesef memory rehabilitation for MS has been weak. While single
caseanduncontrolledstudieshavefoundmemoryrehabilitatiorto be effective in
reducing memory or psychological problentsgseresultshadnotbeen
consistentlyreplicatedn RCTs. However, more recently, we have seeger,

more methodologically robudtials publishedin this area.

We included 44 RCTs or quasindomised trials in this reviewhesestudies
wereeithermemoryrehabilitationstudiesor cognitive rehabilitation trials with a
specific memory componethiatincludeda memoryintervention.Thesetrials
weremostly of relatively moderate quality, with many still not adhering to the
Consolidatetandardsf ReportingTrials (CONSORT)guidelines*®® we

included studies in the megmalysis regardless of whether they met CONSORT
guidelines to ensure a comprehensive assessment of the available evidence on
cognitive rehabilitation in MS. Excluding these studies would have significantly
reduced the samptze and potentially overlooked valuable data, which could impact
the generasability and robustness of the overall findin@®scriptions of the

randomisation protocol, blindingndcontentof treatmentandcontrolgroupswere
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poorin approximately50% of studies.Studiesgenerallyhadmodestsamplesizes
andusedimpairmentlevel outcomeassessmentedetermingheeffectivenessf

theintervention.

Twenty-nineindividual studiesreportedpositiveresultson memoryoutcomes

from their memoryrehabi|itationgroup52_47,248,260,321,322,32326,329331,334,337,3’40
345,341351,353355,359,363.36gwever theseresultsneedto beinterpretedn the

contextof themethodologicalimitationsandthemeasures used to assess

effectiveness, which may have influendbd outcomeln fact, mostof the studies
thatreporteda positivememory outcome for the participants in the intervention
groupwerealsoratedashavingahigh or unclearisk of biasin atleastoneareawith
theexception®f four studies?*”-248.26035pegpite the poor quality of many studies,

the more recent trials have shown improvements in methodological rigor, suggesting a

trend toward better quality research in the future.

The included studies displayed high heterogeneity in terms of the type of intervention,
frequency of delivery, and mode of delivefhe high heterogeneity among the

studies poses a challenge for reporting and synthesising the findings. It suggests that
any pooled estimates of effect should be interpreted with caution, as the differences in
intervention types, delivery frequencies, anddes could contribute to varying

outcomes. This heterogeneity underscores the need for stamtandiervention

protocosk in future research to allow for more meaningful comparisons and meta
analysesHowever there are positive implications for this also las inclusion of

diverse intervention types (e.g., compthased training, therapittd programmek

and their consistent positive outcomes across different settings support the robustness
of the findings. This diversity indicates that various approaches to memory

rehabilitation can be beneficial, enhancing the gersafality of the results.

Between group differences were found for quatifylife outcomesn favour of the
intervention group compared to the control grateach followup point, suggesting
that memory rehabilitation cdead to positive change in the overall perception of
quality of lifeof people with MSIt should be noted that this positive findings
not been observed in many other cognitive rehabilitagerews for people with
MS 2% or reviewsnvestigatingcognitive rehabilitationin other cohortssuch as

poststroke patient$?® This could be due tmorerecenttrials havingabroader
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focuson6 i mpaohaognifiveproblems on MS, and therefore, likely to affect
quality of life, while older trials mainly focused solely on memory impairments. It
couldalsobethatmemoryproblemsaremoredetrimentato thequality of life of
people with MS compared to people with otheurologicakonditionsand
thereforethetoolsto copeandself manageheir problemgthattheyaretaught
duringmemoryandattention rehabilitation) lead to a greater improvement in their

quality of life comparedo otherpatientgroups.

Theresultsof thisreviewsuggesthereis evidencaosupportthe effectivenessf
memoryrehabilitationon subjectivanemorymeasurestimmediatefollow-upin
favour of theintervention conditionand this result is sustained at intermedsatd
longertermfollow-upsof upto oneyear.Thisis asignificantthange compared to
the previous version of this review, whiébund no evidence to support that
memory rehabilitation had@ositive effect on subjective memory measures. In
this review between group differenséavouring the intervention groupere also
seenin the following outcomesobjective measuresf verbalmemory,both
immediateandintermediatdollow-ups;objective measure®f visual memoryat
immediatefollow-up; objective reports of working memory at immediate foHow
up; information processing anmediate and intermediate follewps;mood
measuresf depressiveaymptomsatimmediatefollow-up;quality of life measures
at immediate, intermediate and longrm follow-ups. Little to no between group

differences were found activitiesof daily living measuresr measuresf anxiety.

Lincoln et al?®°found a significant effect for memory outcomes at sionth
follow-up but did not find evidence of this effect at b@onth followup,

suggesting that the longevity sustainabilityof the positive effects of the
intervention cannot necessarily &gpectedn thelongrun. This supportghe
overalltrendof theseesults in that, there were only two outcomes that maintained
their significant effects dbongerterm follow-up, suggesting thahce the core
intervention has been completed, maintenance (daich as booster sessions)

should be put in place to ensure teehniques learnt during the intervention are

not forgotten oinconsistentlyusedovertime.

High heterogeneityl 2>=50%)wasseenin four statisticallysignificantoutcomes

(working memoryatimmediate(12 = 62%)follow-up, quality of life at intermediate
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(12=55%) follow-up, andinformation processing at immediat@£F7%) and

intermediatg12=69%) follow-up) and thus, these findings need to be treaitd
cautionand exploredfurther. Firstly, theredoesnot appeato be one or two

primary studiescontributingto the increasetieterogeneity for working memory
measures at immediafiellow- up, therefore this could be dueto the wide variation

in the typeof intervention used by each study. Two studies used the same Memory
Attention and ProblentSolving Skills in Multiple SclerosigMAPSSMS)
intervention®>33>whereas thether 10 studies all used different interventions from
each other. We found a large variation in both the type of metismds e.g.,
computerised versus fate-face, and the frequencywahich theinterventionwas
delivered,e.g., ranging from four to12 weeks in duration and from once to six times
per week. Theseesultssuggesthatvariationin bothtype of interventionand

frequency of delivery contributed to the high heterogeneity. fhleisry is supported

by the sensitivity analysis which shottet theheterogeneity drops to 0% when all

but the two studies that ustite sameinterventionmethodsareremoved.

Secondly, for the high heterogeneity for information processimgpmes
measured at immediate follewp, it appears that theagethreemainstudies
contributingtowardsthis 242:344466A| three studies useBehaConsoftwarefor
theirinterventionswvhichtook placeathomeand there was some variation in the
frequency of sessions betwesth study. The type of intervention usethiese
studies may hawantributed to the high heterogeneity however, without a-meta
regression we cannot be certain of the cause and thus theseshesuilibe

interpretedwith caution.

Lastly, for thehigh heterogeneitgeenn quality-of-life outcomesneasuredt
intermediatdollow-up, onestudyappearedo contribute towards thi€® One

possible cause coute that the outcomes were measured quote: "within 3 months
aftercognitiverehabilitationtherapy”(p. 113). This suggestshatsome

participants may have had their outcomes assessimentsliately after treatment
and others three months later, whaduldaccounfor thelargeclinical variancan

outcomescores.

However theseresultsmustbeviewedin relation to theguality of the evidence
for this outcome, with the GRADE ratirsinowingaslow for information
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processin@tbothimmediateandntermediate followup, low for working

memory at immediatiollow-up but highfor quality of life at intermediate
follow-up #%° Furthermoreimprovementsn outcomes are only maintained at
follow-up for subjective memomneasures and quality of life, which suggests that
regular boostegession®f cognitiverehabilitationarenecessaryo maintainthe
improvements made and without them participants appeawéot to where they
started. The degree to which this hasgbential to generalise to everyday life,
given the varying ecologicahlidity of theseestsjs questionabletHHowever,it is
importanttonote that the methodological quality of studies included inréview

hasimprovedcomparedo the previousreview.

2.5.2 Overall completeness and applicability of evidence
The size of the literatusrkase examined in this review allowesito addresthe

researclguestionsn asmuchdepthaspossible. The variety of outcomes in the
trials enabled us tmvestigate domakspecific memory such as visual, verbal and
working, thus this review not only showsthe positive effectdor general
memorybut alsoidentifiedwhich domains arbeing improved by the

rehabilitation intervention programmaad which of these improvements are
maintained. This revieully investigated all types of studies, participants,
interventionsandoutcome measures as stated in the methods. The posgivés

in trials usingcomputerisednterventionshaveimportanimplications for clinical
practice,asdelivering healthcare interventions virtually has become increasingly
common following the Covid 9 pandemicThis review examined the evidence
fromRCTsandquastRCTsandfoundevidencedo suggesthatmemory
rehabilitationis effective in improving memory performanoa subjective,
objective(verbal,visualandworking memory)assessmentcrossimmediateand
intermediatdollow-ups,andquality of life in the immediate, intermediate, and
longerterm, andeducing depression (but only immediately after the intervention).
However, this evidence should be interpreted irctiréext of thanethodological
quality as reported ithe Summary of findingsable [Tablel19) beforeit is applied

to aclinical setting.

2.5.3 Quiality of the evidence
We identified 44 RCTs of memory rehabilitation for people Wit®, and all but

five had small sample sizé¥"260:338.354.3%gwever,studies included in this review
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were more methodologically soutftanthe memoryrehabilitationRCTsincluded
in systematiaeviewsof strokeor traumaticbraininjury literature Despite this, the

CONSORT statement amphidelines were natlwaysfollowed in thesetrials.

Therandomisatiorprotocolwasinadequat@andwaspoorly reportedfor 15
Studie82_44,320,324,325,327,329|334,342,'8380,355,358,364,36@ich et a|r329 Hanssen et §|44
andTesar et at>>did not clearly mention how the randomisation list was created
or what procedures were undertak@ansson et a2 used close@nvelopes but
did not mention who created the random li§kjaravalloti et af?° usedodd-
evenrandomallocation;andHildebrandt et at** andPusswald et a*° used
alternatingallocationThese two latter forms of allocation are not always
consideredicceptable in RCT¥ but are classed by Cochraa®a quasi
randomised trial and wethereforeincludedin this review.Mendozzi et af*?
randomisedonly halfthe sample, with no stated random generation method.
Twentyseverstudiesreportedheirrandomisatiomprotocols
adequate|§42,247,248,260,262,3’2323,328,330,332,333,3‘8338,340,348346,351354,356,359,362The 29
studieswe have addedinthis update have improved in terms of quality of reporting
of trialsas far more of the trials addedthis update were at low risk bfas than
compared to previous studidsowever, more work is needed to ensure that trialists
follow the CONSORTstatement®®

Furthermoregiventhatmemoryrehabilitationis a complexintervention, much
more detail is required about whadrticipants experience in both the intervention
and the contrahrms of the trial. Indeed, the description of the interventizas
adequate in most studies, however the control groupsnwuere less well
described. Recently published guidelines sudhe&3emplate for Intervention
Description and Replication (TIDieRndtheCriteriafor Reportingthe
DevelopmenandEvaluationof Complex Interventions in healthcare: revised
guideline*”*4?may help improve the quality o&éportingof trials of complex

interventions.

Given the complex nature of the intervention, it is importanietermine whether
the intervention was delivered as intend@dly four studie®ut of 44 reported
whether a fidelity assessmemas completed. Where it was assessed, authors found

that theinterventionwasdeliveredwith fidelity. The fact that 40 studies did not
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asses fidelity has important implications for the robusss and validity of these
findings.Fidelity assessment is crucial for ensuring that interventions are
delivered as intended, which directly impacts the reliability of the study
outcomes. Without rigorous fidelity checks, it is difficult to ascertain whether the
observed effects are truly o the intervention or influenced by variations in its
implementation. This limitation highlights the need for future research to
prioritize fidelity assessments to strengthen the evidence base and enhance the
reliability of conclusions drawn from cogmnié rehabilitation studies in MS.

Futuretrials shouldconsiderincludingfidelity assessments.

Inclusion and exclusion criteria were relatively wadifined. Whilemoststudies
describedheflow of participantghrough therial, Tesar et at*®did not, and

onIy 14 of the 44 studiesad ﬂOWChart3242,244,260,262,320,321,329,330,332,336,338,349,352,353

Because MS is found in demographically diverse populationsxpexted to see
betterdescription of the samples. Only five amit44 papers described the

ethnicity of the sample, while 38 oot 44 paperdescribedhelevel of education.

No studieseportedvhetherparticipantsveredrawnfrom economically
disadvantagedroupsor whethertheyhadco-morbidconditionsWhile these

factors could be balanced out through randomisatienneed to know whether the
effects of the intervention are tsmme for these groupshis lack of clarity can lead

to difficulties in comparing results across studies and in determining the applicability
of the findings to the broader MS population. Moreover, inadequate sample
descriptions hinder the ability to assess potential confouridatgrs that might

influence the outcomes. To enhance the reliability and applicability of future research,
it is essential for studies to provide comprehensive and detailed descriptions of their
samples.Furthermore, while many studies recruited samplespaithle with

different types of MS, we note that several studiesianlyded people with relapsing
remitting multiple sclerosis (RRMSYWe recommend that future trials consider
including people witlbbther MS subtypes also, and outcomes described separately

for eachsubtype.

Most trials optedto useimpairmentlevel measuresr testswith modest ecological
validity and minimal chance of generalisatimiitreatmeneffectsto activities of

daily living. Fifteenstudiesusedsubjective measures of memory, which is a big
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improvement from the five studies in the last update as thessuretiavesome
degreeof ecologicalvalidity andwereactivity-level measures. However, these
are prone to subjectiveporting biases common to most PatiReported
OutcomeMeasures (PROMS). Furthermore, the cultural appropriateness
outcomes has improved since the previous review, with stadkes including
translated and adaptedsessment tools suat the GVLT which is the Greek
adaptation of the California VerbaéarningTest(CVLT-II), used by one study in

this review Suchadaptations have been validated in MS populations in the relevant
countries before they were used in theseistiithese adaptationisvolve translating
these tests in the required languagbde the content remains the sarfarther

details forthe types ofests used by each study can be found in section 2.4.1.2.

There has also been a shift in focus in some of the more tee¢gsifrom
assessing only cognitive outcomes to including otlwecomessuchas moodand
quality of life. This, we believe,isa positive step forward in memory and
cognitive rehabilitationT his review highlightstheimportanceof notonly
includingtheseauality-of-life measuresskey outcomes. Only three studies
assessed adverse events followimgmory rehabilitatiod®%:321-323nhile, the
likelihood of such adverse eventgénote trials shouldassesghemto becertain
of this. Adverseevents monitored includetistress during the assessments or
intervention and more severe events sucthaspitalisatioranddeath. Ay
(otable eventswvererecordedvhichincludedany event considered to be out of
theordinary Lincoln et ak®*®included a safety outconie which any participant
who increased on the GHED by 30points or more,werereported to the clinical

teams.

Both parametricand nonparametricstatisticaltestswere usedo comparegroups.
Change scores were compared in six stutdfe®d;320:321.329.3%3ndall studieswere
concernewvith significance testing. Contrary to the previous update ofdhiew
in 201624 the majority of the newly included studies includedaies in their
reporting of outcomes as opposed to the sévanincluded
them319.329.332,336,338,349.33¢ith many trials providing all P values in tables that
were readilyaccessiblén thepapersandonlineassupplementarinformation
Moststudiesalsomentioneaonfidence intervals and often reported the {host
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tests orstatistical corrections or adjustments performed on their Haght

studiesusedintentionto-treatanalysis?60:319.330,334,336,338,352,353

During risk of biasassessment, we observed that some stgthésd that they
wer e fhdloiurbd e st udi e hrowiheywérandactdquhlest i f yi ng
blind. Thisresultedn thesestudiesbeingratedashighrisk of bias.Suchdouble
blind studiesvere typicallythose where computerised memory rehabilitatiaa
theinterventionbeingtested Evenin thesesituationswhere participants could
potentially be blinded, it was not cldaow differentthe computerised
rehabilitationwasfrom the computeriseaontrol group. Therefore, it was difficult to
determinavhether the participants were truly blinded. In some instattvestudy
authors reported that either participants or theragadtgering the intervention
were blinded to group allocation, udm the studydescriptionjt wasnotalways
clearhowthis couldhavebeenthecaseln future,we would stronglyencourage

authorgo be moreexplicit in describingthe blinding proceduresised.

We conducteda separateensitivityanalysisfor the studieswhere standard
deviations were inputted and found no clinidéferencesbetweerthe sensitivity
analysisandthe primaryanalysis, suggesting that inputting the standard
deviations hacho significant effect. Only.incoln et al®**® had a large sample size
andsufficient data available to complete a subgroup analysis. A subgroup meta
analysisbased onype of MS willtherefore need to be completed in a future
review update whemorestudiesbecomeavailable.

2.5.4 Potential biases in theeview process
Two of the review authors were lead investigators for threleeoincluded

studies?60-336:334ndnamedauthorson anotheiincludedstudy3!° but tomitigate
bias,we hadmultiple reviewauthorsvhoindependentlgppraised the
methodological quality of these studiés mentioned previous|yl searchedll
abstractsfull texts, extractedhe data from the included skesand carried out
risk of bias assessments for all included studies each stage the abstradtsl
texts andncludedstudies were divided amongst the review autsorthat all
papers were reviewed lnye and one other authdralsoconductedll analyses
and wrote the review up as a published manusa&iptreview authordiad the

opportunity to reviewvthe manuscript once | finished the write up
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We onlysearched for papers in English, and we could only include mixed
diagnosisstudiesvhereseparatelatafor thoseparticipantsvithMS were
provided. Therefore, there may be more data avatlaslee did nothaveaccess
to. Therewerealsopotentialoverlapdetween attention and memory retraining,
where an interventionouldbe describedasattentionwhenit addressedhemory,
sowe mayhavemissedsometrials. To mitigatethis,wechecked papers aill -text
review to ensure that they were eotcluded if a memory component was
presented as part of tireatment. Finally, we searched GreyNet and the EThOS
databasedjoweverwe arenot sureof the comprehensiveness these thuscreating
thepossibilityof furtherrelevantgreyliteraturethatwasnot obtainedvia the

searches.

2.5.5 Agreements and disagreements with other studies or reviews
Thisreviewcomplementshe 'Psychologicainterventionsor multiple sclerosis

intervention review>® In one oftheirmini reviews Thomas et af>°foundquote:
"someevidenceofeffectiveness of cognitive rehabilitation on cognitive outcomes,
although this was difficult to interpret because of the large nuoftmstcome
measuresised".Theirinterpretationavetherefordeen based on a narrative

review of results from individual studieBhomas et alcovered interventions that
were notspecific to ‘'memory rehabilitation’, however, their findings relabed
effectiveness of interventions to help people with cognitiveairmentsvere

inconclusive.

Similarly, the Rosti-Otajarvi et aP>® review found evidencethat memoryspan,
working memory,anddelayedmemoryweresignificantly improved for the
intervention compared with thentrolgroup.However their reviewfoundno
significantdifferenceshetweennterventionandcontrol for emotionalffunctions,
whereaghis review hasfound somesignificantdifferences, notably improved
mood on depression scales andlity of life. Any discrepancies are likely due to
the differencem inclusioncriteria,asour reviewwasspecificto memory
rehabilitation,or a cognitiverehabilitationwith amemorycomponentwhereas

the RostiOtajarvi et aP>® review evaluatee much larger breadth of

neuropsychological interventions aodtcomes.

TheGoverover et af°’ review found promising results to suppamgnitive

rehabilitation for improving memory function and statiedt there had been
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substantial progress made in increasingim@aber of cognitive rehabilitation
trials to allow for practiseecommendationgiowever theyalsosuggestlike we
do, therds still much work to be done to optimise cognitive rehabilitgimantial
by applying the most rigorous methodology to ensurejttadity of evidencds as
highaspossible.

2.6 Limitations
Onelimitation of this reviewwasthatwe could only obtaininformation on

whether the studies used intentiwAtreat orperprotocolanalysedor eight
studies?60.262:334,336,338,38254 thereforewe could notcompletea sensitivityanalysis
of intentionto-treatin comparisonvith perprotocol analysis. We were able to
conduct a sensitivignalysis comparing studies judged toabéow risk of bias to
all included studies, however, we were unable to run this anatydisur
outcomesdueto alack of studies with low risk dfiasin everyarea.This
suggestghat therecouldbe a correlation between trials that measure their
outcomesmmediately postntervention and high risk of bias within the
methodologyApproximately a third of studies included in this review adhered to the
CONSORT guidelinewhich notably impact the quality of the evidenCaur
interpretation of the sensitivity analysis suggtsis while the quality of the trials
did not affect most outcomespme differences were observed at immediate
follow-up, withstudies with higher risk of bias inflating the overall effect size
estimatedor theseoutcomesandthetestof overall effectchangingrom being
statisticallysignificantto notsignificantwhenstudies at high risk of bias were
excluded. This suggests thatver-quality studies may have positively influenced
the outcomedhowever,this could also be becauseonly a few studiesthat
measuredmmediateoutcomedadlow risk of biasin everyareaand therefore,
these results should be interpreted walition.Furthermore, removing the
studies with high risk of bias durinigis analysis often led to a reduction in
heterogeneity. This cousdiggest an association between studies that have high
risk of bias and increased heterogeneity. However mntase likely thathe
heterogeneityvascausedy wide variationin bothtype andrequency of
intervention. There also appeared to be an assodmtareerstudiegshatmeasure

longertermoutcomesandlow riskof bias.
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2.7 Conclusions

2.7.1Implications for practice
In thelasttwo decades increasing attention has been givieremory problems as

a frequent complaint for people withultiple sclerosis (MS). Memory
rehabilitation programmes aofferedto somepeoplewith MS, buttheir
effectivenes$asbeerguestionable. Small studies using a mixture of internal and
externalmemoryaids,errorlesdearning,andenvironmentaimanipulatiorhave
yielded positive results with mamf these using computedelivered
interventionsLargerandomiseatontrolledtrials (RCTsJusemostly groupbased
andcomputerdeliveredinterventionsandhavealsoyieldedpositiveresultswith
Improvementsn outcomeseen in these trials often being maintained at fellow
up. Thepositive results irtrials using computerised interventions hawportant
implications for clinical practice in the current COVII® pandemic, as cognitive
rehabilitation may have to be deliveréidually for the foreseeable future. This
review examined thevidencdrom RCTs and quasRCTs and found evidence to
suggesthatmemoryrehabilitationis effectivein improvingmemoryperformance
on subjective, objective (verbal, visual and workimgmory)assessmentross
immediateandintermediatdollow-ups, andjuality of life in the immediate,
intermediate, and longeterm, and reducing depression (but only immediately
after theintervention). Memory rehabilitation did not have an effect, atteng

point, on activities of daily living or anxiety. There appearduketoo indicationof
harmcausedy theinterventionsput severastudiesdid notroutinelyreport

adverse=ffects.

2.7.2 Implications for research
The research base from which to draw inferences for clipre&iticeregarding

the effectivenes®f memoryrehabilitationfor MS has improved since the previous
review?**RCTstended to be of modest sample size, and mostly used impairment
level outcome measures, which have limited value in assebs&rignctional
effects of neurorehabilitation. These trials did aletays adhere to the
CONSORT guideline$’® which makesit difficult to get a full and true picture

of the studiesandtherefordimits thereaderfrom makinganinformeddecision
regarding the fidelity of theitonclusions. Missing informatidinom such reports
also make collating information for a metmalysis difficult. Furthermore, results
from &éposi tbedifecdlttotimpleradntsn climiaay practice if
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sufficient detailsabouttheactualinterventionarenot clearlyspeltout. TheTiDieR
checklist and other more specific guidance for reporting of merabapilitation

trials may help improve the quality of reporting triafscomplex intervention&’47°
Given thatmemoryrehabilitationis acomplexintervention,andonly four studies
assessed the fidelity of the intervention, we would encourgists to consider
intervention fidelity assessments in futmnemory rehabilitation trials. The results

of this review indicate thatore research is required to arrive at a definitive answer
as towhethememoryrehabilitationfor MS is effectivein reducingactivity limitations

or restrictions to participation. It also highliglike need for moreell-

conceptualised, executed, and repoR&I's of memory rehabilitation that take

into consideration thissuegaisedin thisreview.

In this chapter we demonstrated that thervidence to support the effectiveness of
cognitive rehabilitation for people with M&owever it is important to consider the
limitations described abowend how the quality of evidence may have impacted the
corclusionsthatmay be drawnWe were able to show that people with MS improved
significantly in their cognition, quality of life and mood following cognitive
rehabilitation. We were also able to show that theggarements could be sustained
long term for quality of life and subjective measures of memory. Howeuesll|
people with MS appear to benefit fraragnitiverehabilitation uniformly, therefore,

the potentiateasorfor this variationis what | explore further in Chapter 3.
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Chapter 3: Determining who benefits most from cognitive
rehabilitation for multiple sclerosis: A secondary data

analysis.

3.1 Chapter overview
The findings of Chapter 2 highlightedidence in support of the effectiveness

cognitive rehabilitationsuch that the improvements made in subjective cognitive
measures and quality of lifgere sustained lonterm(6-24 months post

intervention)

This chapter presents a secondary data analysis exploripgdbible factors such as
demographics and clinical characteristielated to the likelihood of benefittirffigppm
cognitiverehabilitationcompared to other group&s the symptoms of people with
MS vary significantly(in terms ofnumber, type, and severity of symptonisis

logical to assume th#te degree to which people with MS benefit froognitive
rehabilitationwould also varyThis theory was supported by our Chapter 2 findings
where we observetthatnot everyone with MS benefitted uormly from cognitive
rehabilitation We, thereforejnvestigatedvhether we could predict how likely a
person with MSvasto improve or not improvan terms of theiicognition, mood and

quality of life outcomes following cognitiveshabilitation.

3.1.1. The CRAMMS trial
The data used in this study came fromG@uognitive Rehabilitation for Attention and

Memory in Multiple Sclerosis (CRAMMS) trigivhichinvestigated the clinical
efficacy and coseffectiveness of a grodpased cognitive rehabilitation programme

for people with MS%°

In short, 449 participants were randomised into the cognitive rehabilitation
programme1§=245) or the usual care group=04). To evaluate the clinical
effectiveness, the participantds memory,
of life were assessed using objective and subjective measuresnat 52months
postrandomisation; this assessed both immediatdangterm effects of the

intervention.

The cognitive rehabilitation consisted of 10 group sessions, each approximately 90
minutes long, with four to six people with MS per group. The intervention involved
both restitution strategies to retrain impaired memory and attention functions and

compenatory strategies to enable people to cope with these memory and attention
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problems However,asimprovingmemoryfunctionwas the primary focushe
intervention focused mostly on compensatory strategigstwo weeks dedicated to
attention training and ragition strategies whichcluded psychoeducation around
how attention processes work and somecpeandpaper taskslesigned to improve
attention.Compensatory strategies included internal memory aids, rehearsal
strategies, category grouping, mnemonics, and external memory aids as ways of

coping with cognitive problems in daily life.

Baseline assessments were conducted to
abilities. Each session was then tailored according to the needs of the participants in
each group. The control group received their usual clinical care, which included
general adice from MS specialist nurses and occupational therapists on how to
manage cognitive difficulties, as this was the standard NHS care pathway, but they

would not have received any specific interventions for cognitive problems.

Of the participants randomised, 214 intervention group participants and 173 control
group participants were included in the primary analysis. The primary outcome of the
CRAMMS trial was the Multiple Sclerosis Impact Se&gychological subscale
(MSIS-Psy)(20)at 12 months. No significant effect was found between groups for
this outcome (adjusted difference in medah$, 95% confidence interval.5 to 0.3)
p=0.20).However, the study did find a significant effect for the MK at 6

months (adjusted difference in medfs9, 95% confidence intervall.7 to-0.1;

p=0.03). Furthermore, significant between group effects were found for the Everyday
Memory Questionnairparticipant version (EM&), Everyday Memory
QuestionnaireRrelative version (EM€) and 30item General Health Questionnaire
(GHQ-30) at 6 months and 12 months

3.2 Rationale
Despite the effectiveness of cognitive rehabilitation highlighted by the systematic

review, the degree to which people with MS berfeditn this intervention appears to
vary. This could be due to extremely broad inclusion criteria in terms of-socio
demographics and clinical characteristiéariability in benefit could also be due to
type of cognitive rehabilitatioanddifferent modes of deliveryhowever in this case
we arefocusing orthe degree to whicheoplewith MS benefit fromthe same type of

cognitive rehabilitation in the sanséudy. Therefore, there is a need to determine
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which subgroups of people with MS benefit most from cognitive rehabilitation,

because this will help clinicians decide to whom this intervention is offered.

Clinical prediction tools help make such decisions, matching patients to treatments to
yield the optimum outcomes/benefits, in line with the principles of precision
medicine?’® This (i) helps optimise Health Service resources in an efficient way
(currently, very few centres offer cognitive rehabilitation due to limited number of
clinicians available to offer thatervention), and (ii) avoids offering unnecessary
interventions to those unlikely to benefit (reducing unnecessary travel to the therapy
sessions, and any frustration of having participated in a treatment that does not benefit
patients). There appearstie no developed clinical prediction tools to determine who
would benefit most from grodpased cognitive rehabilitation. We therefore aimed to

close this research gap within this study.

3.3 Aims and objectives.
The primary aims of this studyere to identify who benefitted most from the

CRAMMS trial and create statistical modéhat can predict the likelihood an
individual will benefit from cognitive rehabilitation. Understanding the groups of
people with MS who are most likely to benefit from this intervention will allow the
intervention to be targeted to those with a highanclke of improvement.

3.4 Methods

3.4.1 Study sample and design
This is a secondary data analysis of the Cognitive Rehabilitation for Attention and

Memory in MultipleSclerosis (CRAMMS) trial, the largest Phase Il randomised
controlled trial that evaluated the clinical and eefféctiveness of a grodpased
cognitive rehabilitation programme for people with MS, involving 449 patients. For a
detailed description of tkitrial please see CRAMMS monogr&$fiTo ensure our
results can be considereath their context, we have includeddescriptionof the
CRAMMS trial samplebelow (Tablel).

Tablel Description of CRAMMS triatogntive rehabilitation grougaken fromLincoln et

al.*°manuscript.
Characteristics Cognitive rehabilitation group
(N=245)
Age at randomisan
Mean (SD) 49.9 (9.8)
Minimum, maximum 18, 69

Gender, n (%)
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Men 67 (27)

Women 178 (73)
Ethnicity

White 237 (97)

Black 3(1)

Asian 3(2)

Mixed 2(1)
Marital status, r{%)

Single/divorced/widowed 81 (33)

Married/with partner 164 (67)

Participant reported time since diagndsisars)

Mean (SD) 12.1 (8.0)
Minimum, maximum 0, 36
Type of MS
Relapsingremitting 159 (65)
Primary progressive 22 (9)
Secondaryprogressive 64 (26)
Number of relapses in the previous 6 months, |
(%)
0 186 (76)
1 47 (19)
2 5(2)
3 7(3)
Relapses between baseline and randomisatior
(%)
No 220 (90)
Yes 24 (10)
Not known 1 (<0.5)
Years of education
Mean (SD) 14.2 (3.4)
Minimum, maximim 10, 35
Employment status, n (%)
Retired 80 (33)
Not employed or in educatn 82 (34)
Employedpart time 44 (18)
Employedfull time 31 (13)

Any employment (full or part time) 75 (31)

Living arrangements
Lives alone 49 (20)
Lives with others 196 (80)

3.4.2 Statistical analyses
For the current analyses, we explored all outcome measures in which improvement

was observed in the CRAMMS trial.

Directed acyclic graphs (DAGSs) were built to determine potential confounding factors

for individual regression analysd3AGS aregraphicalrepresentationgsed to
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illustrate and analyse thielationshipsetweervariables, particularly in the context of
causal inteflerenceln a DAG, nodes represent variables, and directed edges (arrows)
indicate the direction of causal influenéeseparate DAG was used for each
dependent variable and all possible predictoiglentify the possiblecausal
relationshipgseeFigure33). TheDAGs were used to identify which predictors could
potentially influence whether an individual is likely to improve in each dependent
variable.This method als@llowed me to identify potentigonfoundingvariables
which was essentiasconfounding variables have the potential to mask the true
relaionships between variablesaking it harder to identify the trymedictors of
improvementThese predicrswere then included in the regression moadgidany
identified confoundingvariables were controlled for according{yonfounders were
defined as varidbs thatwere associated with both the exposure (cognitive
rehabilitation) and the outcome (improvementsagnitive function opsychological

wellbeing but were not part of the causal pathway.

Number of Relapses

Time Since Diagnosis Doors and F’eople Test

Gender

: ™ Type of MS BRBN
Relationship Status

Trail Makmg Test

. GHQ-30
= MSIS Ps EQ-5D-5L
Ethnicity

EMQ-p \1"!’ ___———-""__®

A\\\ e

o —— Cognitive Rehabilitation

Improvement in Self-Reported Memory Function

Figure 33 Directed acyclic graph showinglationshipsbetween predicta cognitive
rehabilitation and improvement in seported memory function.

TheDAG highlights potential causal pathways and confounding relationships among
the variables. For instance, we posit that cognitive rehabilitation directly influences
improvement in seffeported memory function. Moreover, variables such as

employment statusdecation, and gender are interconnected and may confound the
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relationship between cognitive rehabilitation and memory function improvement. By
visualising these relationships, we gain insights into potential pathways through
which cognitive rehabilitation may impact memory function, informing the design
and interpretation of regression models aimed at assessing the effectivetiess of

cognitive rehabilitation programe.

Akaike information criterion (AIC) was used to ensure the final model was the best fit
for the data. We cal &whichindicdteskhexplanaterne r k e 0 s
power of the model (i.e., how much of the total variability of the dependent variable is
explained by the model). This value ranges from 0O to 1, with scores of 0.75, 0.5 and

0.25 indicating substantial, moderate, and weak explanatory powes ofddel,

respectively*’”

To explore the presence of potential predictors of change in the outcome measures,
univariate descriptive statistics of baseline demographics, clinical variables, self
report cognitive symptomandobjective neuropsychological tggrformancéTable

2) were used to create graphs to identify any interesting bieals distributions,
including very high or very low values. This also allowed us to understand how each
potential predictor related on its own, to each outcome measure, and other potential

predictors.

Table2 Primary categories of possible predictors.

Predictor category Predictors

Sociodemographics Age
Gender
Education
Ethnicity

Employment status
Relationship status

Clinical variables Number of years a person has been diagnose
Type of MS
Number of relapses six monthsior to initial
assessment
Number of relapses within six months of starti
the intervention

Self-reported cognitive symptoms Everyday Memory Questionnaiparticipant
version (EMQp)

101



Everyday  Memory  Questionnairelative
version (EMQr)

30-item General Health Questionnaire (GF3D)
Multiple Sclerosis Impact Scalesychological
subscale (MSISPsy)

European Quality of Life fivdevel version (EQ
5D-5L)

Objective neuropsychological test performanc Brief Repeatable Battery of Neuropsychologi
tests (BRBN)
Doors and people test
Trail making test

The dependent variables were the difference in scores akgpelft cognitive

measures and neuropsychological tests between baselinenamut!® followup

(Table3). We usedhis to determine whether a participant improved or not. Each
dependent variable was dichot@ad to include participants that improved and did
not improve following cognitive rehabilitation. From the final models, we were able
to understand which predictors contributed significantly to the improvement in each

cognitive area following cognitive rebiitation.

The classification of improvement following cognitive rehabilitation is a critical

aspect of our study methodology. While we acknowledge potential concern regarding
measurement error and variation, our decision to dichotomise the dependent variables
basedn any improvement versus no improvement was made after careful

consideration of several factors.

Firstly, my choice to dichotomise improvement was influenced by the practical
implications of our research question. | aimed to evaluate the effectiveness of
cognitive rehabilitation in producing clinically meaningful changes in cognitive
function, which s often assessed using dichotomous outcomes in clinical practice. By
dichotomising the outcome, | aimed to capture whether participants experienced any
noticeable improvement in cognitive function following the intervention, regardless of

the magnitude othange.

Secondly, the decision to use a dichotomous classification was based on the
sensitivity of the outcome measures. Some of thergplirt cognitive measures and

neuropsychological tests used in our study may have limited sensitivity to detect
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subtle changes in cognitive function. Dichotomising the outcomes allowed me to
focus on identifying participants who demonstrated any degree of improvement,

which may still be clinically relevant even if it falls below a more stringent threshold.

Furthermore, it is worth noting that some outcome measures used in my study, such as
selfreport cognitive measures, may lack clear cutoffs for meaningful improvement.
Without established thresholds for clinically significant change, there was no obvious
way to classify improvement based on specifieaffipoints. Therefore, my approach

of dichotomising the outcomes provided a pragmatic solution for evaluating

improvement in the absence of clear criteria for meaningful change.

While | acknowledge that using a more stringent threshold for improvement could
potentially yield a more conservative estimate of treatment efficacy, | believe that this
approach strikes a balance between sensitivity and clinical relevance. By including
paticipants who showed any degree of improvement, | aimed to capture a broader
range of treatment effects and provide a comprehensive assessment of the impact of

cognitive rehabilitation on cognitive function.

Table3 Neuropsychological and subjective cognitive measures

Neuropsychological tests

BRBN Brief Repeatable Battery of A cognitive screening battery that
Neuropsychological tegl) + mainly assess memory and
attention and takes motor into
account
Symbol Digit Modalities Test Sustained and divided attention
and information processing.
Selective Reminding Test Verbal learning and memory

Total recall (672)

Delayed recall (A12)
10/36 Spatial Recall Visuospatial memory

Total correct (630)
Paced Auditory Serial Addition Auditory information processing
Test (PASAT) speed and working memory

Easy total correct
Hard total correct
Doors and peopleest Overall agescaled score + Visual and verbal recall and
Verbal total score + recognition
Non-verbal total score +
Total forgetting score +

Trail Making test Part Bi Part A (0620) + Visual attention and task switchin
Subjective cognitiveneasures
(questionnaires)
EMQ-p Everyday Memory Questionnaire Everyday memory
participant version ++ (012)
Everyday Memory Questionnaire
EMQ-r relative version ++ (112)
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MSIS-Psy Multiple Sclerosis Impact Scale  Psychological wellbeing
Psychological subscale +++

GHQ-30 30-item General Health General health over the past few
Questionnaire ++++ (90) weeks

+ Higher scores indicate better cognitive function.

++ Higher scores indicate more frequent memory problems.

+++ Higher scores indicate a greater negative impact of MS.

++++ Higher scores indicate higher levels of psychological distress.

The analyses were performed on the available data, i.e., if values were missing, no

imputation of missing data such as intemtreat was perfored.

3.5 Results
The exact number of participants included in each madeldf the 245 participants

who were randomiseth receivethe cognitive rehabilitatignvaried depending on

how many people completed thartbnth followup outcome measures. A substantial
number of participants improved in cognition and psychological wellbeing outcomes
following cognitiverehabilitation Table4). For discussionsegarding whether the

belowresultswere what | expected, please seetion 3.6

Table4 Frequency of improvement after cognitive rehabilitation for people with MS.

Frequency % N total
EMQ-p 214
Improved 152 71.02
Not improved 62 28.98
MSIS-Psy 215
Improved 172 79.78
Not improved 43 20.22
SDMT 220
Improved 168 76.33
Not improved 52 23.67
PASAT3 217
Improved 150 68.98
Not improved 67 31.02
PASAT2 217
Improved 165 75.92
Notimproved 52 24.08
S10/36 217
Improved 138 63.67
Not improved 79 36.33

EMQ-p: Everyday Memory QuestionnaiRarticipant; MSISPsy: Multiple Sclerosis Impact Scale
Psychological; SDMT: Symbol Digit Modalities Test; PASAT3: Paced Audi8ssial Addition TesB
second; PASAT?2: Paced Auditory Serial Addition T2stecond; S10/36: 10/36 Spatial Recall Test.

3.5.1 Everyday memory
The final 1{®) & £6B.665pm@0d) ¢hht predicted improvement in

Subjective Memory following cognitive rehabilitation included predictors from all
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categoriesTable5) . A N a gpseldo Raf /689 ndicates a moderate

explanatory power of the model. The final model correctly classified 79.8% of
participants. The odds of 1 mprovement wer
ot hersdé compared to t hose atisticallysiggficamtt one, h
(p=.098). The odds of improvement increased as age decreased (p=.606) and

education increased (p=.210), however, this was not significant.

The odds of i mprovement decreased as part
Memory Questionnaire (EMQ) increased (p801), suggesting that those who

scored in the mild to moderate range of the questionnaire are more likely to benefit

from cognitive rehabilitation than those who score severe. When mild, moderate, and
severe groups were added into the model separatelynlot and moderate groups

predicted improvement when compared to the severe group, confirming these results.

However, this postdt analysis was not significant.

The odds of i mprovement decreased as part
People test increased (p<.001). During post hoc analysis, we found that participants

that scored migange (58) in their total forgetting scores were more likely to

improve compared to those scoring highl(® and low (64). This supports the

finding that those with mild to moderate cognitive problems are most likely to benefit

from cognitive rehabilitation.

3.5.2 Psychological wellbeing
The final model ( px.60d ) eortedicangnipdyementinl 0 8 . 52 3,

Psychological Wellbeing following cognitive rehabilitation included type of MS

(p=.042), relapses experienced in the six months prior to receiving the cognitive
rehabilitation p=.086) and baseline Multiple Sclerosis Impact Scale (M3$)

scores [f=.005). The odds of improvement were 1.016 times greater for people with

RRMS (p=.972) and .158 times lower for people with PPNMS.Q21), when

compared to those with SoP.bMSindicstesdagel ker ke
moderate explanatory powertbie model. The final model correctly classified 86.6%

of participants. The odds of improvement in psychological wellbeing were 2.139

times higher for those who had experienced relapses in the six months prior to

receiving cognitive rehabilitatiorp£.086).
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3.5.3 Sustained and divided attention
The final H{2)=e70.322pm@0d) @redicting improvement in the

sustained and divided attention scores between baselinerandth followup

following cognitive rehabilitation included younger age.001), higher education

(p=.137), baseline MSIPsy scores (p=.011), type of MS (p=.011), baseline SDMT
scoresfi<x. 001) and baseline verbal recéadll sco
of .391 indicates a low to moderate explanatory power of the model. The final model
correctly classified 89% of participants.

For type of MS, the odds of improvement were 2.617 times higher for people with
RRMS (=.039) and 2.237 times higher for people with PPSZ78), compared to
people with SPMS. The odds of improvement over time increased by 1.094 times per
year of education. The odds of improvement decreased by .917 per year of age,
suggesting that younger participants were more likely to benefit from cggniti

rehabilitation.

3.5.4 Processing speed
The final H{b4)=e76.84 7 pm@0d) @redicting improvement in

processing speed following cognitive rehabilitation included youngeneg@9Q),

higher educationpE.815), baseline EM@ scoresf=0.321), baseline Doors and

People test scorep£003)and baseline PASA2 scoresg< . 001) . A Nagel ke
pseudo Rof .420 indicates a moderate explanatory power of the model. The final

model correctly classified 79.3% of participants.

For the Doors and People baseline scores, the odds of improvement decreased by .338
and .273 per point scored on the namnbal recall f=.008) and recognition subtests
(p=.003), respectively. The odds of improvement decreased by .990 per year of age
and increased by 1.014 per year of education, however, this was not significant. The
odds of improvement were .827 times lower for participants who has experienced one
or morerelapses six months prior to receiving the cognitive rehabilitation, however,
this was not significant

3.5.5 Verbal memory and recall

The final 1(9) & 871490 p<r00LY peedictieg improvement in verbal
memory and recall between baseline anddth follow-up following cognitive
rehabilitation included younger age=(048), higher educatiop£.409), baseline

SRT-s scoresf<.001), baseline SDMT scorgs=093), baseline s10/36 scores
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(p=.476), and baseline doors and peoplescgres (00 7) . A Nage’l ker kebd
of .305 suggests low to moderate explanatory power of the model. The model

correctly classified 71.2% of participants as.

The odds of improvement over time decreased by .972 per year of age, suggesting that
younger participants were more likely to improve their verbal memory following
cognitive rehabilitation. The odds of improvement decreased by .904 per point scores
on theSRT, suggesting that participants who scored lower were more likely to

improve. The odds of improvement increased by 1.203 per point scores on the

overallaged score subset of the Doors and People test.
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Table5 Logistic regression models.

95% ClI for
Exp(B)
Model e df p R%(Nagelkerke) Variables in the model B SE  Wald df Sig. Exp(B) lower upper
Improvement  168.665 9 <.001 .580 Age -.010 .018 267 1 .606 910 .974 1.047
in Subjective Education .071 .056 1573 1 .210 932 .834 1.041
memory Living w/ others 72 .466 2737 1 .098 2.163 .867 5.397
Time since diagnosis -.035 .023 2369 1 124 965 .923 1.010
Relapses .583 370 2484 1 115 1.791 .868 3.696
EMQ-p -.031 .009 11.009 1 <.001 969 .951 .987
MSIS-Psy .000 .033 .000 1 .995 1.000 .937 1.068
SDMT -.006 .015 159 1 .690 994 966 1.023
Doors and people test
tfs
Constant -.187 .052 13.021 1 <.001 .829 749 .918
24.814  4774.872 .000 1 996 5.977E+1
0
Improvement  108.523 6  <.001 513 Living w/ others .303 .460 433 1 511 1.354 .549 3.337
in Time since diagnosis -.031 .026 1395 1 .238 970 .922 1.020
Psychological Relapses .760 442 2957 1 .086 2.139 .899 5.089
wellbeing MS Type 6.359 2 .042
RRMS .016 454 .001 1 972 1.016 .418 2471
PPMS -1.842 .798 5331 1 .021 .158 .033 757
MSIS-Psy .096 .033 7901 1 .005 1.101 1.029 1.177
Constant -17.501  3270.966 .000 1 .996 .000
Improvement  70.322 12 <.001 391 Age -.087 .026 11535 1 <.001 917 872 .964
in Sustained Education .090 .061 2213 1 137 1.094 972 1.233
attention and Relapses -.022 A71 .002 1 .963 979 389 2.462
Information MS Type 4490 2 .106
processing RRMS .962 .465 4276 1 .039 2.617 1.052 6.515
PPMS .805 742 1177 1 278 2237 522 9.577
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Improvement
in Processing
speed

Improvement
in Verbal
Recall

76.847

97.490

14

9

<.001

<.001

420

.305

MSIS-Psy
Doors and people test
Oass
Vrecalls
Nvrcogs
Vts
nvts
SRT-s
SDMT
Constant
Age
Education
Relapses

Time since diagnosis
MS Type

RRMS
PPMS
MSIS-Psy
EMQ-p
Doors and people test
Oass
Nvrecall
Nvrcogs
Nvts
Pasat?
SRT-s
Constant
Age
Education
EMQ-p
SRT-s
SDMT
S10/36
Doors and people
Oass
Vrecalls

.093

79

.266

155
-.569
-.336
-.028
-.132
5.951

-.010
.014
-.190
-.016

-.590
.950
-.039
-.012

.096
-1.084
-1.297

1.775
-.113
-.012
9.469
-.028
.033
-.004
-.101
.021
.020

.185
.087

.036

425
115
.102
272
279
.016
.025
2.523

.024
.058
455
.028

.506
792
.043
.012

.016
409
434
.681
.025
.016
2.893
-0.28
.040
.006
.012
.012
.028

.068
.065

6.535

3.367
5.364
2.317
4.388
1.446
3.007
28.240
5.565

.183
.055
175
.303
1.966
1.358
1.438
.815
.985

.844
7.026
8.943
6.792

20.264
.557
10.713
3.909
.681
.386
65.833
2.823
.509

7.330
1.762
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.011

.067
.021
128
.036
229
.083
<.001
.018

.669
.815
.676
.582
374
244
.230
.367
321

.358
.008
.003
.009
<.001
456
.001
.048
409
.534
<.001
.093
476

.007
184

1.097

2.180
1.304
1.168
.566
715
973
.876
384.263

.990
1.014
.827
.985

.554
.387
.962
.988

1.101
.338
273

5.899
.893
.988

12954.01
972

1.033
.996
.904

1.021

1.020

1.203
1.091

1.022

.948
1.042
.956
.332
413
.942
.834

.943
.904
.339
.932

.205
.082
.885
.966

.897
152
117
1.553
.851
.957

.946
.956
.985
.882
.997
.965

1.052
.960

1.178

5.012
1.633
1.427
.964
1.236
1.004
.920

1.038
1.136
2.016
1.041

1.495
1.826
1.046
1.011

1.352
754
.640

22411
.938
1.020

1.000
1.116
1.008
.926
1.046
1.079

1.376
1.240
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vts -.083 .074 1244 1 .265 921 796 1.065
Constant 2.304 1.250 3394 1 .065 10.011

*Relapses refers to relapses that were experienced in the six months prior to receiving memory rehabilitation.

EMQ-p: Everyday Memory Questionnaifearticipant; MSISPsy: Multiple Sclerosis Impact ScaRsychological; PASAT2: Paced Auditory Serial Addition Tiest
2 second; SDMT: Symbol Digit Modalities Test; SRTSelective Reminding Tekbng Term Storage; S10/36: 10/3patial Recall Test; Oass: Overall Age Scaled

Score; Vrecalls: Verbal recall; Nvrecalls: Nderbal Recall Score; Nvrcogs: Nérerbal Recognition Score; Nvts: Ndrerbal Total Score; Vts: Verbal Total
Score; Nvts: NoxVerbal Total Score.
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3.6 Discussion
This study investigated the participant characteristics that predicted

neuropsychological improvement in people with MS six months after 10 weeks of
cognitive rehabilitation. Almost 80% of the intervention group improved in at least
one of the six neuropsitological tests domains measured by both subjective
measures of cognition amdbjectiveneuropsychological tests. Four categories of
predictors of improvement in neuropsychological test performance were examined at
the univariate level and, subsequenihythe context of a hierarchical logistical

regression model.

Of all of the variables examined, the most frequently occurring significant predictors
of neuropsychological improvement were (i) agel educationfrom the
sociodemographic category; (i) type of MS and relapses experienced in the six
months prior to receiving the cognitive rehabilitation, from the clinical category; (iii)
baseline everyday memory scores and psychological wellbeing scores, éreatfth
report cognitive symptoms category; and paselines scores on the Doors and
People Test, PASAT scores, and Selective Reminding Test scores, from the
neuropsychological test catego@ur findings were consistent with expectations
based on existing literature from other clinical populations such as stroke and
schizophrenia. In the following paragraphs, | compare our results with these studies
and provide potential explanations groundedognitive theories and clinical

evidence.

Participants with RRMS were more likely to report improvement of their
psychological wellbeing, processing speed and sustained attention over time when
compared to those with SPMS. Participants with PPMS were less likely to report
improvement in their psymlogical wellbeing but were more likely to report
improvement in processing speed and sustained attention when compared to those
with SPMS. Participants who had a relapse in the six months prior to receiving
cognitive rehabilitation were less likely togmatively improve, but perhaps as
anticipated, as the relapse symptoms presumably imprtheegarticipant noticed
some improvement of their psychological wellbeing. In outcome studies of patients
with acquired brain injuries (without interventions specifically aimed at treating
cognitive deficits), medical injury severity has been predictieractioning 819
Cognitively, relapses might have caused further damage to the areas of the brain
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responsible for cognitive processes tested. There is evidence that cognition is notably
more impaired during and immediately after an active relapse in people with MS
compared to stable patierfsso it is possible that patients immediately following a
relapse may be slower to improve. A recent review posited that cognition declines
acutely during a relapse and that cognitive impairment in people with MS may result
from incomplete recovery of theselapse<! However, there is a lot we still do not
undersand about the neuropathology driving cognitive relapse and recovery; thus,
these results need to be interpreted with caution.

We found that younger participants were more likely to improve compared to older
participants. This could be due to the nature of the cognitive rehabilitation

programme. A significant part of this programme is teaching and encouraging
participants to usexéernal aids to help manage their cognitive difficulties. While a

range of external aids are discussed, many focus on technology such as smartphones,
mobile apps, smart home devices (e.g., Alexa), and online shared calendars. Using
this technology may haw@me more naturally to those of a younger age, therefore,

this may have contributed to the improvement in subjective measures of memory.

It is possible that age may play a significant role in predicting cognitive resilience or
improvementinked to cognitive reserv&.Higher levels of cognitive reserve in

people with MS can protect against disessated cognitive decline and younger

adults tend to have higher cognitive reserves compared to olderZdd@ilisies have
suggested that age can not only influence initial cognitive abilities but may also play a
moderating role in the improvement of cognition during rehabilitgiéLangbaum

et al?* investigated how healthy adults responded to memory training and concluded
that higher edecation and higher baseline cognitive functioning were predictors of

cognitive improvement, with age providing a moderating effect.

Age at diagnosis may also predict cognitive improvement with recent evidence
suggesting cognitive impairment is more severe for people with MS who are

diagnosed earli¢?’ As a progressive disease, MS symptoms experienced gradually
accumulate and worsen over time. Disease duration has been found to have a negative

impact on both processing speed and working merfory.

Although education wapeatedly found to be a notable factor in predicting

improvement in several of the models, it did not contribute significantly. The
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literature suggests that higher education is predictive of improvement or faster
recovery of cognition in older healthy adults and could be protective against MS
associated cognitive deficité Furthermore, the cognitive rehabilitation programme
teaches the use of internal aids such as mnemonic strategies (e.g., visualisation,
categorisation, chunking, repetition, etc.), and the ability tegeziErate these
mnemonic strategies is associatethviiigher education, which could lead to

improved memory andetter performance on memory tagks’

Education may be a predictor of improvement in cognition mediated possibly through
employment. Highly educated people with MS being more likely to remain in work
compared to those with a lower educafibBeing employed may make people with

MS more motivated to engage in cognitive rehabilitation effectively, which could

influence performance on the cognitive tests performed after cognitive rehabilitation.

In terms of socialemographics, we found that people with MS living with others
were more likely to experience improvement in their memory than those living alone.
This could be explained as the partner or family might be able to provide emotional
support to the participamduring the intervention period as well as helping with some
of the technical aspects of using external memory aids.

Baseline neuropsychological tests, such as lower verbal recall and recognition test
scores, were a significant factor in predicting improvement. Although no participants
were performing at ceiling and therefore, all participants had room for improvement,
it is plausible that those who scored lower simply had more room for improvement.
Post hoc analysis provided some support for this explanation as, when we examined
the mean gain improvement scores in those that scored below the mean on tipe EMQ
at baselinggreater improvements were seen compared to those that score above the

mean.

Based on these findings, we created the f
People with MS who are aged 49 or younger, are educated to at least a high school

level or above, have not experienced any relapses in the six months prior to starting

the ognitive rehabilitation programme, are living with others such as a partner,

friends, or family members, and scored in mild to moderate range in all cognitive

screening and baseline assessmar@snost likely to benefit frogroupbased

cognitive rehabilitationFor the BRBN, scoring 1 SD below the norm is considered to
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be evidence of mild cognitive impairment, we considered 2 SD below the mean to be
moderate impairment and 3SDs below the mean to be severe impairment. For the
subjective measures of memory,-ciits are not currently established although groups
such as th&lEuRoMS project are making progress towards establishing mild,
moderate and severe impairment-offs for people with MS which will allow this
predictive model to beefined.Further investigations are needed to refine andhest
algorithmbefore it ca beused to targetognitive rehabilitation to those who may
benefit most.

3.7 Limitations
One of the strengths of this styawving to the large sample size of CRAMMS, is that

we were able to consider several predictor and outcome variables. Of course, the main
limitation of this post hoc analysis is that our findings are based on retrospective data.
Therefore, findings from teistudy should be confirmed using a prospective research

design, which we are currently undertaking.

3.8 Conclusions and implications
Improvement in some cognitive domains is more predictable than improvement in

others. For instance, predicting improvement in subjective measures of memory and
psychological wellbeing appear to be more accurate and accounts for greater variance
than prediting improvement in sustained attention and verbal memory. This could be
due to the mechanism driving improvement in cognition being more complex for
neuropsychological tests. We also must note that the models vary in the amount of
variance associated wittnprovement that they account for. However, the final

models were able to correctly predict between 71.2% and 86.6% whether participants
improved or did not improve following cognitive rehabilitation. This has significant
clinical implications as one ohé key reasons cognitive rehabilitation programmes

are not routinely offered is due to there not being the resources and staff to offer it to
everyone with MS. However, if we can identify those that are more likely to benefit,
and the results of this studyggest that we may be able to do just that, then we can
target the cognitive rehabilitation to those most likely to benefit and design (and offer)

other interventions for those who are less likely to benefit.

In this chapterwe demonstrated that we were able to develop an algorithm that could
predict what characteristics or groups of people with MS were more likely to show

significant improvement igognitive function and psychological wellbeifalowing
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groupbased cognitive rehabilitatiomhis algorithm will form the basis of a clinical
prediction tool thatould be used in clinical practice by clinicians to help them
determine if their patients are likely to benefit from grangsed cognitive
rehabilitation or notHowever, beforghis can be implemented into clinical practice, it
must be testedhis is the focus of Chapterid which linvestigate boththe

feasibility andacceptabilityof delivering his grougbased cognitive rehabilitation
remotelyandwhether there were eardygnals of efficacy of thalgorithmdeveloped

in this study.

115



Chapter 4. Who benefits most from cognitive rehabilitation
for multiple sclerosis: A feasibility randomised controlled
trial.

4.1 Chapter overview
Chapter 3 demonstrated thié algorithm developed could predict whether a person

with MS was likely to improve or not improve in their neuropsychological test scores

following groupbased cognitiveehabilitation with up to 86% accuracy.

This chapter presents a feasibility randomised controlledR{@l), which aimed to
determine the feasibility and acceptability of delivering grbaped cognitive
rehabilitation onlineThis could allow people with MS to access this treatment
regardless of their locatioRurthermore, this i@l aimed to determine whether there
were preliminary signals of efficacy for th&gorithm todeterminewvhether it could

be used as a clinical prediction tool to aid clinicians in deciding who best to target

groupbased cognitive rehabilitation to.

4.2 Rationale
Our Cochrane reviewdescribed in Chapter Rwestigated the effectiveness of

memory rehabilitation for people with M Results of this systematic review

provide evidence to support the effectiveness of memory rehabilitation in improving
memory performance and other outcomes including quality of life and mood at
various followup times such as immedigig to one month after the intervention)
andintermediatgup to six months after the interventioRurthermore, in subjective
memory and quality of lifethese improvements were found to be maintained at
longerterm follow-up (after six months). The number of RCTs investigating
cognitive rehabilitation has increased dramatically over the last five years and thus
allowed us to gain a clearer understandungainding the efficacy of cognitive
rehabilitation and the key areas of cognition in which significant improvement can be
found. This reviewtogethemwith our secondary data analysis of the CRAMMS trial
described in Chapter Bas given us insight into Wich factors/characteristics may

make an individual most likely to benefit from cognitive rehabilitation.

Clinical prediction tools have a role to play in helping make such decisions about
matching patients to treatments to yield the most optimum outcomes/héfiefits

However, there is currently no clinical prediction tool available to use in clinical
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practise to determine who benefits most from grbaped cognitive rehabilitation for

MS or any other neurological condition

4.3 Study design
This was amixed-methods feasibilityRCT to compare online grodpased cognitive

rehabilitation plus usual care for people with MS, compared to usual caréenly.
this study was conducted remotely, we were able to recruit participants from across
the United Kingdon{UK).

Theprimaryaim of this study was to assess the feasibility of conducting a Phase Il
RCTto investigate the clinicaffectivenes®f an online grougpbased cognitive
rehabilitation programmor people with MS

Objectives:

1. To assess the feasibility and acceptability of the online gbaspd cognitive
rehabilitation for people with MS

2. To identify the necessary parametersindertake a clinicaffectiveness
analysis in a definitive trial

3. To gather detailed qualitative feedback interviews on the intervention and the
study procedures

4. To prospectively test our developdgdorithm tounderstangbreliminary
signals of efficacyor predicting who is most likelyotbenefitfrom group
based cognitive rehabilitation

While feasibility studies are ngioweredo detectstatisticalsignificance otest
hypothegs,my preliminay hypothesisvas that it would be both feasible and

acceptable to people with MS to deliver gréagsed cognitive rehabilitation online.

This studywasgiven favourable opinion by Health Research Authority [East
Midlandsi Derby Research Ethics Committee] Research Ethics Committee
(Reference number: 22/EM00BEee AppendiE and AppendixF).

4.4 Participants

4.4.1Inclusion criteria
We recruited people with MS who:

1 Werel8 or over and under 70 years of age. The lower age limit is because MS

is usually diagnosed in adulthood and treatment strategies tendliftebent
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for children. People aged 70 and over may start to encounteelatgd
cognitive problems, which may confound the effects of cognitive problem due
to MS. Also, most tests are standardised on this adult age group.

1 Had MS, diagnosed at least 3 months prior to the baseline assessment contact
with the study team, to allow for adjustment to diagnosis. This diagnasis w
confirmed using the patientds medical

1 Had cognitive deficits, defined as performance below the 25th percentile on
the Brief Repeatable Battery of Neuropsychological Tests (BREN

1 Were able to speak English sufficiently to complete the cognitive assessments
and take part in group sessions.

Had access tomobile devicehat supports i¢rosoft Teams.
Gave informedtonsent.

4.4.2Exclusion criteria
Participants were excluded if they had:

1 Vision or hearing problems, such that they were unable to complete the
cognitive assessments

1 Had concurrent severe medical or psychiatric conditions which would prevent
participants from engaging in treatment, if allocated.

1 Were involved in other psychological intervention trials.

4.5Recruitment
Participants wereecruited through the neurology service at Nottingham University

Hospitals(NUH) NHS Trust, branches of the MS Society, and our Patient and Public
Involvement (PPI) grougRecruited grticipantswvererequested to nominate a friend
or relative whdknewthem well enough to complete a relative version of one of the

outcome measures.
1. Nottingham University Hospitals

Potential participants who attezairoutine MS clinic visits wreintroduced to the

study by a member of their MS clinical team (e.g., their neurologist or MS nurse). If
patients @ not wish to have further information, no contaegsmade by the
researchers. they were interestethe clinical teanprovidedthem with the

Participant Information Sheet (BI&ee AppendiXs) andrequestdverbal consent to

pass on their contact details to the research.tBanticipantcontact details were

118



thenpassed osecurely via email to a dedicated email address for this study (only
research team membdradaccess to this email addresdje therprovided these
potential participant&ith more information about the trial. The clinical team
recorcedthe date and time when verbal consent was obtained to pass on contact

details.
2. Public and Patient Involveme(RPI)

We identified potential participants within our Nottingham MS Research Group PPI
lists and invitation letters @esent out. This invitation lettencludedstudy

information and research team details. If interested, people wittepigd to this

email communication declaringeir interest in the study amee then send out the

PIS. If after reading the PIS, participants were still interested in taking partwhen

arranged a screening assessment with them at their earliest convenience.
3. Posters/seifeferral

Postersvere displayedt NUH in areacommonly visited byatients to advertise the
study(see Appendit). Advertisements were also placed wibcal MS Society
branches, local therapy centraad on the MS Society website in the form of a blog
post The studywasalso advertised usirgpcial mediahannelstwitteraccouns and
our PPInewsletters, thus people with M@&dthe opportunity to selfefer to the
study.Offering this seHlreferral route was only possible because we chose to deliver
the study remotely, so that we could reach a more varied population while also
assessing the feasibility of delivering a gréagsed cognitive rehabilitation remotely.
In these instances, peopleutd contactme for further information using the contact
details in the advertisementsent outhe PIS to anyone with MS who responded to
the advelisementexpressing their interest in participating by email afidred a
phone call during which any questions tiiney couldoe answered to ensure they
fully undersbodthe studyFollowing this,| then arranged screening appointments
with anyone who wanted to participate in the study.

Prior to booking the screening appointments, | sent out a list «fgpeener questions
to ensure that the participant was eligitdgarticipate These questionf®cusing on
ensuring that the person with Mi&t the inclusion criteria listed above

participants were found to be eligible at this poirsicheduled in their screening
assessmentPrior to the screening assessmesgnt out consent fornts be
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completedprior to the screeningssessmerfsee Appendix). | used econsent for

this study,in that participants were required to complete the consent form online and
email it back to me completelfl participantsstruggled with this, | gave them the

option to complete the consentromwith them at the beginning of the screening
assessment or to post it auth a stamped return envelope that they had a paper

copy to complete-or anyonewho did not meet the inclusion criteria or did not pass

the screening or baseline assessments, | gave them an overview of their test scores and
explained why they were not eligible to take part in this study, and therefore, they

would not be invited to contire to the next step.

For this studyrecruitment continwkuntil 36 people with MS passed thereening
assessmestWe opted for a sample size of 36 because it should be sufficient to
address the research questions, it is the average sample size of cognitive rehabilitation
trials in MS,andsamples between 24 and Wwére recommended for such
studies*®®48Furthermore, practical considerations such as recruitment feasibility and
resource availability were alsmnsideredGiven the specific population of interest

and the intensive nature of the cognitive rehabilitation program, recruiting a larger
sample might have been challenging and could have compromised the study's
feasibility.

4.6 Group allocation

Participants were randomly allocated to either the intervention plus usual care group
or the usual care only group on a 3:1 ratio in favour of the intervention group. This
ratio was chosen to gauge theerventionfeasibility of our target group and whilst a

1:1 ratio provides a greater power for tests of effectivemigds;, it is often preferable

to usean uneven ratio for intervention tridf&.

A member of the research team not directly involved with intervention delivedyause
remote, internebased randomisation system to obtain allocations for each participant.
This member of the team was blinded to the participants recruited and created the
randomisation schedule in REDC@pesearch Electronic Data Captul) study
datawerecollectedand managed using REDCap electronic data captaiehosted

at University of NottinghamREDCapis a secure, welbasedsoftwareplatform

designed to support data capture for research studies, providing, 1) an intuitive
interface for validated data capture; 2) audit trails for tracking data manipulating and

export procedures; utomated export procedures of seamless data downloads to
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common statistical packages; and 4) procedures for data integration and

interoperability with external sourcé¥.

Participants wrenot blinded to whether theyere participating in the cognitive
rehabilitation or usual care only, however, participants in the cognitive rehabilitation
sessions wreblindedwhetherthe algorithm predicted them to beost or least likely

to benefit.

4.7 Intervention
Online cognitiverehabilitation was offered remotely via Microsoft Teams to groups

of four to six people with MS who were experiencing cognitive difficulties for 10
sessions over 10 consecutive weeks. Each session was up to 1.5 hours long. The
intervention delivered was the manualised grbaped cognitive rehabilitation
programme developed for the CRAMMS trial, mentioned previously in Chapter 3.
For a detailed description of the CRAMMS trial please®ge

Theintervention manual wasriginally developedhs part of a programme of research
on cognitive rehabilitation for people with neurologidadabilities The initial version
of this manual was developed thie REMIND (rehabilitation of memory in people
with neurological disorder) tridP* This trial showedhat paticipantswho received
training inrestitution anccompensatory strategies used significantly more internal

memory aids than those the selfhelp control group.

The manual wakater revised combining restitution and compensatory strategiea into
single intervention which was more reflective of how cognitive rehabilitation was

being delivered in clinical practicEhe manual waadaptedo address the unique
cognitive challenges faced by individuals wis. It focuses on MSelated issues

such as memory, processing speed, and attention, incorporating strategies to manage
cognitive fatigue and providing additional support and education tailored to the MS
population An RCT comparing those who received this combined intervention to

those who received their usual clinical care REMIND-MS) found that those who
received the combined cognitive rehabilitation improved significantly in their mood

compared to the control groupn8onths postandomisatiorf!®

Following these studies, the REMINIAS cognitive rehabilitation programmeas
evaluated in a large scale multicentre RCT for people withwkiSh was named the
CRAMMS trial.?° The CRAMMS trial showed that people with MS who received
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this intervention improved in the everyday memory scaresmood compared to the
control group. Participants also stated during feedback interviews tlgdotivel the
intervention strategies helpful and valued working with other people with MS who
had similar memory problems to them.

In thisfeasibility RCT, we used the latest version of the manual as used in the
CRAMMS trial. This manual is freely available online and can be accessed at

https://www.nottingham.ac.uk/research/groups/longtermconditions/cognitive

impact/cramms/

This intervention includetkaching people with MS how to use a variety of
compensatorgtrategies and providing them with psychoeducaimthey could
understand how their MS was impacting their cognition as well as how various
cognitive processes workhe strategies taught during this intervention were
compensatory strategies, including mnemonics (such as first letter cues and rhymes),
other internal memory aids such as associations, visual imagery and categorisation,
external memory aids such as diar@martphonesand calendard he intervention

focused on a different topic each week:

Week 1: Introduction

Week 2: Memory and memory problems

Week 3: Attention |

Week 4: Attention Il

Week 5: Introducing internal memory aids

Week 6: Internal memory aids Il

Week 7: Internal memory aids Il

Week 8: Introduction to external memory aids and diaries

Week 9:External memory aids Il

=4 =2 =4 A4 A4 A4 A5 -4 A2 -

Week 10: Review of the programme and finaing

The emphasis was on identifyitige most appropriate strategies to help individuals
overcome their cognitive problems and in providing participants with a range of
techniques, which they can adapt and use according to their freeatal, | led five
groups a week for 10 weeks, under the supervision of a clinical psychoksyist.

much as possible, the programme was tailored to the individual needs of the group,
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and the participants were groupaztordingto similarlevels of cognitive functioning

as identified during screening and baseline assessments.

We chose taestthe intervention via an online platform instead of faeéace as it

was originally designed for the CRAMMS tri&f following the Covid19 pandemic.
Conducting the intervention online has several advantégesr resources are

required, which subsequently reduces costs, and the treatment can be delivered
regardless of geographical distances, creating more opportunities for patients to join

(especially those with mobility problems).

To adapt the cognitive rehabilitation manual for the online format of the intervention,
| converted the paper inserts into electronic versions that could be shared on screen
during sessions. This ensured that all materials were accessible and easilyevilgwab
participants in a virtual setting. Additionally, | incorporated interactive elements to
enhance engagement and made use of digital tools to facilitatemedeedback and
collaboration. These adaptations maintained the integrity of the origimalainahile

optimising it for an effective online delivery.

All sessions were recorded for fidelity but also to allow participants to catch up on

any missed sessions. If a participant missed a session, they were sent to recording to
review along with the notes from that wee
home activity, including where to find the relevant pages in their participant work

booklet.

4.8Usual care
This trial involved a usual care group. All participants, regardless of group

assignment, received their usual clinical célgual care may include the provision of
information on cognitive problems, but thegreunlikely to be offered cognitive
rehabilitation. Most people with MS with cognitive problems do not get any treatment
for these difficulties following diagnosis. Other clinical services may include referral
to employment rehabilitation services, se#flpgroups,or support from specialist
chariies, such as the MS Society.
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4.9 Howchart

Recruitment of people with MS who identify as having memory and/or
attention problems. People with MS will berecruited through MS clinics,

local centres, and our PPI list.

Consent not given <

Screening assessment

Those that do not
fit the inclusion
criteria are

excluded

(informed consent)

\ 4

Baseline assessment

Algorithm ranks all
participants.

Randomisation (3:1)

Intervention group Control group

Receive 10 weeks of cognitive Receive usual clinical services.
rehabilitation sessions as well a
usual clinical services.

3-month postrandomisation follow-up assessments

Postal or electroniquestionnaires and objective outcomes assessed by blin
assessor.

Feedback interviews
conducted with six
participants

6-month postrandomisation follow-up assessments

Postal or electronic questionnaires and objective outcomes assessed by bl
assessor.

Figure 34 Participant flow through the study.
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4.10 Assessments

4.10.1 Screening assessment
The screening assessment was carried out to determine partogigntdity to take

part in the studyl. made itclear to all potential participants that the purpose of
screening assessments was to check that each participant met the inclusion criteria and

to also obtain baseline data for those who were eligible.

Demographic information record@tcludedgender, date of birth, ethnicity, level of
education, living arrangements, relationship status, and current employment status.
Clinical characteristics were also recorded such as subtype of MS, date of diagnosis
and number of relapses in the past six rhsnif any.Following the collection of this
data, the Brief Repeatable Battery of Neuropsychological Tests (BRBN) was

performedwith all potential participants.

4.10.1.1 The Brief Repeatable Battery of Neuropsychological Tests
The BRBN is one of the mosensitive and commonly used batteries for detecting

cognitive impairment in M$2° This is a brief screening battery of tests to objectively
assess cognitive problems in people with MS. This battery assesses various cognitive
domains including sustained attention/concentration (the Paced Auditory Serial
Addition Test, the Symbol Digit MialitiesTest), verbal learning and delayed recall

(the Selective Reminding Test), visuospatial learning and delayed recall (10/36
Spatial Recall Test), and semantic retrieval (Word List Gener&fiofihe Word List
Generation test is an optional addition that we chose not to include in our screening
assessment to reduce the burden on participants.

The order of administration for this test is very specific and detailed BRIBN

manual® The order of the tests is as follows:

Selective Reminding Test (SRT)

10/36 Spatial Recall Test (10/36)

Symbol Digit Modalities Test (SDMT)

Paced Auditory Serial Addition Test (PASAT)
Delayed recall of the SRT

Delayed recall of the 10/36

2 L T o

The SRT is a verbal lidearning test that distinguishes between retrieval from

working memory and longerm memoryThe SRT also examines consistency of
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retrieval from longterm memoryThe SRT is a validated measure of verbal learning
and delayed recall in MS populatiot¥§*8Theversion of theSRTincluded in the

BRBN involvessix learning trialsthis wasshortenedhanthe original 12 learning

trials due tgpreviousresearch indicating thatx trials yield equivalent data to 3

491 During this testparticipants are read a list of 12 different words and are then asked
to recall the words back immediatelhe participants are then prompted on the

words they did not say and the trial res&tss is repeated until all six learning trials

arecompleted#°24%3

The scoing of the SRT igpresened inAppendixJ. As mentioned above, the SRT
measures recall from lortigrm memorywhich is defined as any word that is
spontaneously recalled without prompting or reminding and is identified as two
spontaneous recalls in a roliva word is spontaneously recalled on all subsequent
trials, then thigs consistent longerm retrieval Scores are provided for total number
of words recalled, Long Term Storage (LTS), Consistent Lbergn Retrieval

(CLTR) and total number of words recalled after the delay period

The 10/36spatial test was adapted from the 7/24 and is a more difficult version of this
test?92493The 10/36 spatial test measures visuospatial learning and delayed recall.
During this test, the participant is presented with a 6x6 checkerboard and given 10
checkers. The participant is then shown a picture of a 6x6 checkerboard with all the
10 checkerplaced in a specific pattern. The participant is given 10 seconds to look at
the checkerboard before it is taken away and then participant is asked to recreate the
pattern on the completed checkerbd@aoth their memoryusing their checkers and
checkerboat to the best of their abilityThis is then repeat twice more, for three trials

in total. Between each trighe participants are asked to move the checkers off the
board so that each trial is a genuine attedpthe end of theest participants are

asked again to recreate the pattern on the checkerboard that they were shown
previously, but the completed checkerboard is not shown again so that delayed recall
can beassessed he scoring for this test is the number of correct checkers added up
for eachof the three trials to give a total recall scarel then a separate number of
correct checkers is recorded for the delayed recall.

The SDMTis the most widely used assessment of cognitidvi$rand it is widely

accepted to be a measure of information processing $paddwever, the cognitive
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processes underlying the SDMT are likely multifarious with the SDMT manual
describing it as a measure of vispabcessing and learnirff? and the BRBN manual
describing it is a measure of sustained atterffloRecent research in MS populations
suggests that the SDMT measures multiple cognitive processes, with memory,
information processing speed and rapid automatised naming (lexical access speed)
contributing to SDMT performand®? This may explain the high degree of sensitivity
the SDMT has to cognitive changes in MS.

For the BRBN, the oral version of the SDMT is ugedr this test, the participant is
presented with a sheet of paper, on which there is a key at the top of the page which
has a row of symbols and a row of numbers. Each symbol has a number that
corresponds to it. Underneath this key, there are severalabsymbols, and it is the
participanés job to match each symbol with its corresponding number using the key.
First, a practise round is conducted to ensure the participant understands what is being
askedof them and then the participants are given 90 seconds to correctly identify as
many numbers as possibléhe total number of correctly identified numbers matching

to the symbols is recorded for the final score. The highest possible score on this test is
120.

The PASAT measures multiple cognitive domains, the details of which vary
depending on the research. The BRBN manuadsthat, like the SDMT, the PASAT
measures sustained attention/concentration while the National MS Society states that
the PASAT assesses auditory information processing speed and flexibility, as well as
calculation ability. However, more recent research suggests that the PASAT is a
measure of both attention and working memory due to the extensive load the PASAT
places on working memory capacify This has been supported by functional

magnetic resonance imaging (fMRI) studies which have found that when completing
the PASAT test, participants show activation in their prefrontal cé?texhich is the

region of the brain thought to play a critical role in working menidty.

The PASAT test involves playing a recording to the participant, on which a series of
numbers are spokefhe participant is tasked with adding the first two numbers
together and then telling the assessor the answer. The participant is then required to
add the next number they hear to the one they heard previously and so on. There are

two versions of this testhich involve the numbers being read out at two different
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speeds, one every two seconds or one eveegseconds. The test is scored by
calculating the number of correct answers with a maximum df@0the purposes of

this study, the three second version was e is the easiest.

To enable the remote administration of BRBN without compromising the validity

of the assessments, several adaptations were made. A screening materials packet was
created and mailed to participants, containing all necessary items for the tests.
adhered to the original BRBN manual including using the materials developed by Rao
et al.295 and ensured that all adaptations aligned with {pergon delivery. Similar
neuropsychological test batteries have been validated for remote delivery, finding
similar test scores in participants between f&eface and remote delivery.530

The SRT was the only test that required no adjustments for remote administration. It
was conducted online in the same manner as-penson test according to the BRBN
manual. On the other hand, for the s10/36 test, participants were tasked with arranging
checkers to match a specific pattern on a checkerboard. Normally, a physical
checkerboard and pieces would be provided. To adapt for remote administration, a
laminated version of the checkerboard was included in the screening materials pack.
Black circlesof the correct size, representing the checkers, were printed, laminated for
durability, and shared with participants. This replicated the environment of the face

to-face test.

During the test, a PowerPoint slide of the completed checkerboard was displayed for
10 seconds, then hidden for each trial. However, assessing the results remotely posed
a challenge as participants could not show their boards on camera due to image
flipping. To address this, participants were asked to take a photo of their arrangement
using their smartphone and send it for scoring. Alternatively, participants could
verbally communicate the placement of each cheé&lartheSDMT, the oral version

of this was used. A scoring sheet was printed and included in the screening pack

provided to participants.

Age and education matched normative data has been developed for all measures
included in the BRBN?®® To be eligible for this study, participants were required to
score at least one standard deviation below their age and education matched norm on
at least one of the teqffable6). Participants who did not meet this criterion were

thanked for their interest in the study and given the option of receiving a lay report of
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their test score®articipantsvho met this criterion were informed that they were

eligible for the study and invited to complete the baseline questionnaires.

Table6 BRBN cutoff scores stratified by age and education using the criteria of 1 SD below
the mean value HC in each test

Age
Education <35 years 35-49 years >49 years
08 years (low
SRT-S (LTS) 38 40 28
SRT-R (CLTR) 34 32 25
SRT-D 8 8 7
10/36 12 12 12
10/36D 4 4 4
SDMT 32 31 24
PASAT3 24 24 24
PASAT2 19 19 19
WLG 15 15 15
9-12 years (middldow level)
SRT-S (LTS) 40 41 33
SRT-R (CLTR) 34 32 25
SRT-D 8 8 7
10/36 15 15 15
10/36D 5 5 5
SDMT 33 36 33
PASAT3 35 35 35
PASAT2 26 26 26
WLG 21 21 21
13-16 years (middlnigh level)
SRT-S (LTS) 43 46 37
SRT-R (CLTR) 34 32 25
SRT-D 8 8 7
10/36 16 16 16
10/36D 5 5 5
SDMT 45 36 36
PASAT3 40 40 40
PASAT2 30 30 30
WLG 22 22 22

129



Age

Education <35 years 35-49 years >49 years
017 years (hig

SRT-S (LTS) 50 49 44

SRT-R (CLTR) 34 32 25

SRT-D 8 8 7

10/36 19 19 19
10/36D 7 7 7

SDMT 55 39 40

Notes. SRTS, Selective Reminding Test Loffgrm Storage; SRR, Selective Reminding Test Long
Term Retrieval; SRID, Selective Reminding Test Delayed Recall; 10/36, 10/36 Spatial Recall Test;
SDMT, Symbol Digit Modalities Test; PASAT B, Paced Auditory Serial Addition Test 2 and 3
seconds; WLG, World List Generatio8D, Standard Deviation.

4.10.2 Baseline assessment

The baseline assessments involved completing a series of questiotive@mesed to
understand the participantés memory diffi
on their daily life The questionnaire pack contadfour questionnairesEveryday

Memory Questionnaire participant version (ENXQ Multiple Sclerosis Impact Scale

(MSIS), Fatigue Severity Scale (FS8hdEuroQot5 item5 level (EQ5D-5L)

Questionnairgsee Appendix K)Completing these questionnaires took participants
approximately 1520 minutesThe questionnaires could either be sent out via emalil

using a REDCap link or via post according to participant preferétigearticipants

were also asked to nominate a relativdriend to completéhe Everyday Memory
Questionnairgelative version (EM@) on their behalfwhich allowed us to
understand the participantds cognitive di
perspectivealthough this was not mandatory.

4.103 Rationale for using the baseline questionnaires

4.10.3.1 Everyday memory questionnaire
The EMQis aselfeportr at i ng scale to assess particicr

difficulties in daily life2%® This questionnaire consists of 28 items, each describing a
different everyday activity that may involve memory difficulties. The questionnaire
asks participants to think about how often they experience each memory problem with
five possible answers: onoe less in the last month/never, more than once a month

but less than once a week, about once a week, more than once a week but less than
once a day, or once or more a day. These responses were scored on a stale of 0
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respectivelyScores on the EMQ range froml@Q2with higher scores indicating more

frequent memory problems.

The items included in this questionnaire cover a range of types of memory such as
episodic memory, procedural memory, and prospective memory. Examples of these
items include AForgetting where you have
houseo dainndg fitFhiant a word i s 6éon the tip of
but you c an n dhe relgtive version ofithgg Queestiannaive.includes the

same items but instead asks them to think about how often their relative/friend

experiences theggoblems.

The EMQ was created as a subjective assessment of memory impairment in everyday

life. The EMQ was created when Sunderland ét&degan questioning the validity of

lab-based memory tests to evaluate the outcomes associated with therapy

programmes. The list of 28 items in the questionnaire includes a wide range of
everydayscenarioghatcould be associated with memory difficultess c h as o6f i nd
a television story hard twasdewlbpedforo . I ni ti
people who had experienced traumatic brain injuries, but it was later refined and

validated to be used with MS populatidfs.

The EMQ has strong face validjtgssesses situations tbatur in everyday life and
is frequently used in clinical practié® Concurrent validity has been established
between the EMQ and the Subjective Memory Questionnair&y#ohsler Memory

Scale and the Rivermead Behavioural Memory T¥st.

4.103.2 Multiple Sclerosis Impact Scal29
The Multiple Sclerosis Impact Scale (MS29) is aself-report scale used to assess

the perceived physical and psychological impact of*#Shis questionnaire

comprisegwo scales: the physical impact scale (Phys) and the psychological impact

scale (Psy)The physical impact scale includes 20 itehet relate to physical

functionand includes twéeadingprompts The firstprompti® i n t he past t wc
how much has your MS | i miemmssdchgaowr abil ity
physically demimdi sgcomad kprrdmpt ws O6in th
much have you been botheredpbgbbemadwi hkn
bal ance?d and & pha gsyckological impasioale indludes hine

items that relate to psychological functiors i ng t he prompt o6in the
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how much have youameéemhdmtlhiestes ibty€éms suc
to your MS?6, O0feeling depr eParicppantare and of
given fourresponse categoriés these items: not at all, a little, moderately

extremely with these items being scored on-4 $calerespectivelyThese scales can

be split into two separate scoréhe MSISPhys scores range from-80 with higher

scores indicating greater physical impact of MS. The MP8$ scores range from 9

36 with higher scores indicating greater psychological impact of MS.

The MSIS29 has strong validitgndreliability to other measure¥he MSISPhys
correlatesvell with other measures of disability in MS such as the Expanded
Disability Status Scalandthe MSFunctionalComposite The MSISPhysis more
responsive than the EDS%,°% the 36item Short FornBurvey(SF36),°°° and the
Functional Assessment of MS Instrumetit®®®suggesting that the MSIBhys may
be a useful measure of physical function in clinical settihge.MSISPsy is highly
correlatel with the SF36 mental healtsubscalethe Functional Assessment of MS
(FAMS) emotional wellbeingubscaleandGeneral Health Questionnaif@HQ)

scales?’

4.103.3 Fatigue Severity Scale
The Fatigue Severity Scale (FSSha selfreport scale to assess severity of fatigue

with fatigue being defined as a lack of energy or total body-gité®® This scale is

frequently used in clinical trials of interventions for fatigue and other symptoms in
people with MS®Par ti ci pants are given the prompt
found thatéd and then five :6teas aasil Vst
fati,gudfdadt i gue i nterferes with my physica
problems for mé {fatigue interferes with me carrying out certain duties and
responsabdl| otaesgue interferes .with my wo
Participants are asked to rate how much they agreecatth fatiguestatement on a

scale of 17, with 1 indicating strongly disagree and 7 indicating strongly agree.

Scores ranges froB35, with higher scores indicating greater impact of fatigue.

The FSS has high reliability in the MS po
0.93°Cr onbachés alpha values are a measur e
0.7 considered to indicate high reliabilf}.The FSS and the Modified Fatigue

Impact Scale (MFIS) scale are highly correlated. The FSS is a shorter scale than the

MFIS however, and while the fouveek recall period of the MFIS may be more
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accurate than the omveeek recall period of the FS& for the purposes of this study,
understanding how fatigued people with MS felt at the time of baseline and-ighlow

assessments was adequate to address the research questions.

4.103.4 EQ5D-5L
The EuroQol fivedimension (EG@D-5L) scale is a generic healtblated quality of

life measure whichvasdeveloped by the Euroqggtoup. The scale is often used for

health economic and clinical evaluations. The Q5L consists of five dimensions:

mobility, selfcare usual activities, pain/discomfort, and anxiety/depression.

Participants are asked to score thasalikert scale of 15 and each option is

worded similarly. For example, for the anxiety/depression dimensiaespenses

are: o6l am not anxious or depressedod, o0l
moder ately anxious or depr esesdeddd,orél6lam s
extremel y anxiTboisiqguestonnaireg aelgncludesasvisudl@nalogue

scale which asks patrticipants to rate their overall health on a scale of 0 to 100, with
score of O indicating the &édworst health i

Obest health imaginabl ed.

The EQ5D-5L is recommended by the National Institute for Health and Care

Excellence (NICE), and it is validated in several patepgulations3

4.104 Follow-up assessments
All screening assessments and baseline assessment were rep@aaad &months

postrandomisatior{this included théRBN and the questionnaire padtk assess
immediate and mediwterm efficacy of the online grotipased cognitive

rehabilitation.

After theintervention was completetisent out thejuestionnairgackfor

participantgo complete via a REDCap lifkinique to each participanthich was
delivered to them via emall sent all participarsta separate emailith a request to
arrange the follovwup assessment at their earliest convenience. These assessments
consisted of the BRBN, they took approximately 20 minutes each and were carried
out via Microsoft Teams. If participants did not respond tordgsiest, thehsent a
follow-up emailafter three daysf no response, and then again after six days of no
responself the participant did not respond to either of these follgnemails,then

they were considered to be lost to folloy.
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4.11Feedbackinterviews
Qualitative feedback interviews were conducted with six participants from the

intervention groupThe semistructured interviews were conducted to capture
participantso6 perspectives and experience
online cognitive rehabilitation programme, and to inform further improvements to the
programme. This interview wased to gather information regarding any additional

benefits or improvements the participants may have experienced following the

cognitive rehabilitation andnderstand any parts of the programme that they either

did not like or did not find beneficial.

During each baseline assessméagked participants if they were willing to

participate in the feedback interview®xplained the purpose of the interviews and
the approximate time requiremeritsnade it clear that only six participants would be
selected for interview, but all participants were asked because we wanted to ensure
that as much as possible, the participants interviewed were representative of those
included in the trial antdwanted to ensure diversity in the samflee six

participants fom those who expressed their interest in taking part in the feedback
interviewswereselectedising maximum variation sampling considering age, type of

MS, gender, level of cognitive abilitiesd intervention group.

An assistant psychologiéfAP), who was not involved in any other aspect of this
study, conducted the interview$he interviews were scheduled for a time that was
convenient for the participantat the start of the interviews, the AP completed the
informed consent form with the participamigh a separate conseiorm (see
AppendixL). The participantstthe beginning of the interviewere reminded that

theywere free to withdraw from the interview at any time without giving a reason.

The questions included in the interview were epaded, with the aim of gathering as
much information from the participants as possible and ensuring they were free to talk
about their experiences in a way that was meaningful to them. Thessaotured

schedule igletailed inAppendixM.

All participant interviews were conducted using Microsoft Teams. All interviews
werevideo,and audio recordeasing the recording feature in Microsoft Teams. These
videos were then convertedarmp3 files and transcribed verbatim using the

University of Nottingham automated transcription servidetranscriptions were
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anonymised and checked for accurbgythe APbefore being sent back to the

research team for analysis.

4.12 Data analyses
| carried out the statistical analyses using IBM SPSS Statistics versiSta®s

version 17and NVivo version 14.

4.12.1 Baseline
The data weresplit into data from the intervention group and data from the usual care

group so that the demographic and clinical characteristics could be compared.
Categorical variables were reported using exact numbers and percentages while
continuous variables wereported using mean, standaeVviation,and rangeThe
distribution of baseline data was assessed for normality using the value of the
skewness statistic, where this value was greater than twice the value of its standard
error then nosparaméric procedures were applied. Parametric statistics uszdif

most variables included in the analyses weramally distributedParticipants were
randomly allocated to either the intervention group or the usual care group so any
differences between groups were due to chance, thereftidenotusea statistical

test to determine whether the differences were due to chance.

4.12.2Feasibility
As this is a feasibilityrtal, the feasibility measures weltee primary outcomesThe

number of referrals and recruitments from each recruitment pathway and the
percentage of referratonverted to participantsere reported. All known reasons for
exclusions, withdrawals and dropouts were described. The number and percentages of
completed outcome measures were calculated. The number of sessions attended by
intervention group participants was reported, as wel@seasons for missed

sessions.

We prespecified success criteria for these feasibility outcomes to guide our

evaluation:

1 Recruitment Success: Achieving a minimum recruitment rate of 70% of the
target sample size within the designated recruitment period.
1 Retention Success: Maintaining a retention rate of at least 80% from baseline

to follow-up.
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1 Adherence Success: Ensuring that at least 75% of participants adhered to the
intervention protocol (attended scheduled sessions and completed assigned
tasks).

1 Acceptability Success: Achieving a satisfaction rating of at least 80%

(participants reporting the intervention as acceptable or highly acceptable).

4.12.3Effectiveness of the intervention
The statistical analyses conducted in this study are exploratory in nature. Given that

this is a feasibility trial, the primary objective is not to establish the efficacy of the
cognitive rehabilitation intervention but to explore potential trends an@mgath
preliminary data that will inform the design of future, largeale studies.
Consequentlyall reportedp-valuesare uncorrected for multiple comparisons. This
approach is suitable for an underpowered feasibility study where the focus is on

assessing feasibility outcomes and generating hypotheses for further research.

The distribution of followup data was assessed for normality using the skew
statistics. Where the skew statistic was lower thace the standard error, means,
standard deviations and ranges were repofedlysis wasonductedaccording to
randomised group, regardlesstioé number of treatmesessions attended, and

without imputation for missing data (i.e., modified intention to treat).

| used paired-tests to compare the differences in scores from baselinrentgh
follow-up for all participantsl. chose to usetests as the primary statistical analysis
method for this study due to their relevance and appropriateness for examining the
research questions and the nature of the datiest¥ are widely recognised for their
utility in comparing meanbetween two groups or conditions, making them a suitable
choice for assessing the significance of differences in the context of this hedearc
this study, | was specifically interested in comparing the means of the intervention
group and the control group to evaluate whether there is a statistically significant

difference between them. This aligns with the fundamental purpogesibt

Furthermore,-tests are especially wedliited for relatively small sample sizes, which
charactese our dataset. This is crucial because it allows for a rigorous analysis of the
available data while avoiding the potential limitati@ssociated with more complex

statistical methods that might require larger samples. The applicatidgast$ in our

136



analysis ensures that we can draw meaningful conclusions from the data, considering

the sample size constraints.

A significant improvement from baseline to follayp on all outcome measures was
determined as p<0.05. Ef fect sizes were a
calculating the mean difference divided by the standard deviation of the difference.

Effect sizes wee classified small, moderate, and large for values equal to or greater

than 0.2, 0.5 and 0.8, respectively.

The statistical analyses conducted in this study are exploratory in nature. Given that
this is a feasibility trial, the primary objective is not to establish the efficacy of the
cognitive rehabilitation intervention but to explore potential trends an@igath
preliminary data that will inform the design of future, largeale studies.

Consequently, the-palues reported in Tables-12 are uncorrected for multiple
comparisons. This approach is suitable for an underpowered feasibility study where
the focus $ on assessing feasibility outcomes and generating hypotheses for further

research.

Furthermore| performeda subgroup analysis to examine betwgesup differences

within the intervention group of thogeedictedo bemost likely to benefit and those

predicted tdoeleast likely to benefit to assess {lpeeviously developedd | gor i t hms 6
effectivenessl divided thecognitive rehabilitation group into those who were

predicted to benost likely to benefit according to the algorithm and those predicted to

be less likely to benefit according to the algoritfima.put it simply, | put all the

participants who met all the criteria for being most likely to benefit outlined in chapter

3in one group, and all participants who did not nikese criterias the second

group.l conducted an independertest to compare the differences in scores at 3

months postandomisatiorbetween these two groups

4.12.4Feedback interviews
The qualitativedata obtained during the sestructured feedbaadkterviewswere

coded and analysed thematicallysedNVivo 14 for Windows to organise and store
the data.

For the qualitative data, we opted to use framework analysis because it is an
atheoretical form of thematic analysis, which has become an increasingly popular
approach in medical and health resedt¢Framework analysis is similar to thematic
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analysis in that ités focus is to identi

focuses on the relationship between difference parts of the data to create*fiémes.
framework analysis, the data from the transcripts are mapped onto a predefined
framework.l usedthe analytic framework developed from the CRAMMS study to
map the new data onto this framework and determine whether there are any

similarities and difference®?

| followed the structured and systematic approach outlined by Yardley*tddich

is designed to provide a robust and comprehensive method for qualitative data
analysis. This method involved a rigorous and iterative process, encompassing several
key steps1’>8Firstly, data familiarisation was achieved through the thorough review
and immersion in the collected qualitative data, enabling a deep understanding of the
context and content. Subsequently, a clear and systematic indexing system was
developed, ensurintpe data were effectively organized and categorized. The process
of charting was then carried out, involving the transformation of data into a clear and
coherent framework, emphasising patterns and themes that emerged during the

analysis.

This framework was based on the framework matrix developed for the CRAMMS
trial. The framework analysis method allowed for a systematic exploration of
gualitative data, ultimately facilitating a comprehensive and structured approach to
understanding andterpreting the findings of the researtifte used the framework
matrix developed for the CRAMMS trial and explored whether there were similarities

and differences.

| followed the procedure for framework analysis reported by Gale’&tialwhich
seven stages acaitlined: (1) transcriptiorof the interview recordingg2)
familiarisation with the transcripts, (3) coding, @®veloping an analytical
framework, (5) applying the analytical framework, ¢Barting data into the
framework matrix, and (7) interpreting the data. Howeldrd deviate from stage

four due to using a prexisting framework matrix as mentioned above.

Once the initial codingvascomplete] enteredhese data into the framework and
determind the fit to the matrix. Any new data thatdot fit the matrixwere
considered again to see whether a new thematic striweaisreeeded to include such

data.
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Themes were defined as a pattern that captures a significant aspect of the data that
related tathe research purpose and in this céisejnterview questiond? Deductive
coding wasusedas some codes were gitefined in line with the interview questions,
however, inductive coding wasedwhere appropriate to allow for unexpected
perspectived. coded the transcripts using the developed framework matrix and
themes from the CRAMMS trial, these were then checked by the AP who led the

interviews to ensure credibility and to also ensurettfetoding was unbiased.
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4 13 Results

4.13.1 Recruitment
Fifty-sevenpeople with MS were either referred to this study by neurologists at

Nottingham University Hospitals NHS Trust (NUH) or expressed interest in taking
part(seeTable7). Peoplewith MS had the option of selfeferring to this study as it

was conducted remotely which allowed people from across the UK to take part. We
advertised the study on Twitter and through the MS Society, both in their magazine

and on their website as a blog post.

Table7 Referral, expressions of interest and inclusion figures by recruitment method.

Recruitment Number of Number of  Percentage of
method referrals/expressions participants  referrals/expressions
of interest included in  of interest included
the study
Nottingham 14 10 71.4%
University

Hospitals NHS
Trust referrals

Patient and Public 7 6 85.7%
Involvement

Group

Selfreferrals (e.g., 36 20 55.6%

advertisements on

twitter or MS

Society

website/magazine

Total 57 36 63.2%

Most participants in this study came through the-safHrral route The Patient and
Public Involvement (PPI) Group had the highest conversionmaaninghat this
group had the most expressions of interest that converted into participefeisals
from neurologists allUH were the second largest group for this study.

4.132 Description of sample

Thirty-six people with MSwere recruitedetween August 2022 and March 2083
participate in a feasibility RCT to assess the feasibility and acceptability of

conducting an online grodpased cognitive rehabilitation.
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Assessed foeligibility

(n =40)
I
@ Excluded (n =)
é Declined to participate due to
o time commitmentgn=3)
c . . . . .
] Did not meet inclusion criteria
(n=1)
Randomsed (n =36)
Allocated tointervention Allocated tousual care
(n=27 only (n =9)
Received allocated Received allocatedsual
intervention (n =26) care(n =8)
c Did not receive allocated Did not receiveallocated
2 interventiondue tono interventiondue to
S response from participant withdrawal from trial
2 (n=1) (n=1)
<
Assessments completed Assessments completed
(n=22) (=)
Questionnaires completed Questionnaires completed
(n=21) (n=4)
=1 Lost to followup due to no
= response from participant Lost to follow updue to no
= (n=2) response from participant
s Other reasons: (n=1)
Did not wish to continue
with thetrial (n=2)
1% Analysed (n =22) Analysed (n =7)
2
o)
C
<

Figure 35 CONSORT diagram to show the flow of participants through the study.

The demographic and clinical characteristics of the sampldeasizibed inTable8.
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Table8 Baseline characteristics.

Characteristic Cognitive rehabilitation  Usual care
(n=27) (n=8)
Age (years)
Mean (SD) 50.89 (9.13) 55.130.19
Minimum, maximum 35, 69 40, 67
Gendern (%)
Men 5(18.5) 4 (50)
Women 21(77.8) 4 (50)
Non-binary 1(3.7)
Ethnicity, n (%)
White 26 (96.3) 7 (87.5)
Mixed 1(3.7) 1(12.5)
Marital statusn (%)
Single/divorced/widowed 8 (29.6) 1(12.5
Married/with partner 19(70.9 7(87.9
Living arrangementa (%)
Living with others 22 (81.5) 7(87.5)
Living alone 5(18.5 1(12.5)
Years of education
Mean (SD) 15.08 .43 16.13 8.39
Minimum, maximum 12,18 12, 22
Employment status) (%)
Not employed 9(33.3 3(37.5)
Retired 6(22.2 2 (25)
Employed fulttime 5(18.5) 1(12.5)
Employed partime 7(25.9) 2(12.5)
Time since diagnosis
Mean(SD) 13.07 (7.71) 14.38(9.94)
Minimum, maximum 1,29 3,32
Type of MS n (%)
Relapsingremitting 19(70.4) 4 (50)
Secondaryprogressive 7 (25.9) 337.5
Primary-progressive 1(3.7) 1(12.5)
No. of relapses in six months
previous, assessed at screenin
n (%)
0 22 (81.H 7(87.5
1 2(7.4) 0(0)
2 2(7.4) 0(0)
Not known 1(3.7) 1(12.H5

The intervention group and the usual care gnwapecomparable fomost ofthe

descriptiveand clinical characteristic¥he usual care group had a higher average age

a slightly higler number of years of educatiamdyears since diagnosighe sarple

is skewed towarslwomen although this igonsideredepresentive of the MS
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population asS is three times more common in wonwmpared to merit is stil

important toconsiderthis when drawing conclusions.

4.13.2Feasibility outcomes

4.13.21 Return of outcome measures
Error! Reference source not found.denpnstrate®utcome measure return as well as

the number of withdrawals and dropouts from the stlilg. cognitive rehabilitation
grouphada higher completion rate of all outcome measures overall twah

members of the control group not completing the follgpwjuestionnaires.

4.13.2.2 Cognitive rehabilitation session attendance
The mean number gkessionsittended by participants is presentedeeTable9.

Table9 Summary of attendance at cognitive rehabilitation sessions.

Sessions attended (n=27)
Mean 8.04
Median 8.5
Number of sessions attended (%)

0-4 3(11%)
5-7 9 (33%)
8-10 15 (56%)

The reasons that participants did not attend cognitive rehabilitation sessbosvis
in Table10. Two participantsvithdrew from the trial once it haaegunand missed a
total of 17 sessions. The most common reasons for missing a sesss@ither a
holiday (22%) or a hospital appointmel22%) One participant attended the first
session and then was unable to attend the next several sessions due to family
circumstancesThis participant requested to move to another group at a more
convenient time but did not atteady furthersessions despite several attempts to

contactthem

Table10 Reasons cognitive rehabilitation sessions were missed.

Reason scheduled Total number of sessions Total number of
session missed participants
Withdrawalfrom trial at 17 2

intervention stage

Unable to contact 9
Forgot to attend 3
Unwell 8
Hospital appointment 6
Holiday 1

oo~ WwWER

0
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Work commitment 5 4
Family commitment 4 3
Undisclosed 2 1

All participants were given access to the recordings o$éission to ensure they
could catch up in their own time. Participants were also sent a summary sheet each
week which summarised the contents of the discussions that took place during each

sessior(see Appendix N)

4.13.2.3 Attrition
After all participants had been randomly allocatatk participant withdrew from the

study due to a family bereavemefnhotherparticipant in the intervention group was
considered to have dropped out after | was unable to contact them to organise the

timing of thecognitive intervention sessions.

After the intervention started, one participant withdrew from the study as they missed
the first two intervention sessions due to other health related appointments. This
participant expressed concern that they wawlthe able to properly catch up and
dedicate the appropriate time to the study as they had upcoming appointments with
their mental health team which overlapped with the cognitive rehabilitation session
that they have been booked in foheseappointments were booked in after | asked

all participants allocated to the intervention group what their availability would be for
the cognitive rehabilitation sessions. This participant was offered the opportunity to
move to a different group, but thésit that they were already too far behind, and it

would cause them too much stress.

Another participant decided to withdraw after receiving four cognitive rehabilitation
sessions. The reasons they gave were that they felt that their diagnosis of secondary
progressive MS separated them from the group as they expressineitimatin

concern was linked to mobilitgsues

After the intervention period, three participants were lo8tneonthsfollow-up after
we were unable to contact them to complete the outcome meadkuigeattrition rate

wasin line with theattrition ratefrom the CRAMMS trial.
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4.13.3 Baseline characteristics
All baseline scores had normal distributiptierefore wausedparametric statistics.

Descriptive statistics afeuropsychological tests are reported balowable11 and
Tablel12

Tablel1 Scores on baseline neuropsychological tests prior to randomisation

Cognitive Usual care group, (n=9)
rehabilitation group,

Assessment (n=27)
Mean (SD) Range Mean (SD) Range

BRBN
Selective Reminding
Total recall 41.26 (8.02) 28,60 43.38(6.86) 32,52
Longterm storage  31.81 (13.17) 10,61 36.63(13.09) 8,50
Consistent londerm 19.74 (12.86) 2,59 21.5(10.41) 4,40

retrieval

Delayed recall 5.77 (2.14) 2,12 7.25(1.58) 6, 10
10/36 Spatial Recall

Total correct 18.78 (5.28) 8,30 21.63(4.69) 16,28

Delayed recall 6.04 (2.33) 1,10 7.63(2.39) 4,10

Symbol Digit Modalites ~ 44.48 (8.60) 21,61 49.50 (14.36) 26, 65

Notes. BRBN, Brief Repeatable BatteryMdéuropsychological TestSelective Reminding Test, Total

recall: minimum 0, maximum 72;loAiger m st or age: mi ni mum O-termmaXx i mum
retrieval: minimum 0, maximum 72; and delayed recall: minimum 0, maximum 12. 10/36 Spatial Test,

total correct: minimum 0, maxinma 30; delayed recall: minimum 0, maximum 10. Symbol Digit

Modalities Test: minimum 0, maximum 110.

Small differences were noted between randomly allocated groups, as anticipated.

Table12 Scores on baseline cognitive questionnaires prior to randomisation

Cognitive rehabilitation Usual care group, (n=7)
Questionnaire group, (n=27)
Mean (SD) Range Mean (SD) Range
MSIS-Phys 47.52 (13.22) 22,72  60.75(16.48) 46,76
MSIS-Psy 21.74 (6.47) 13,36  22.75(5.06) 17,27
EMQ 35.04 (21.72) 6,75 22 (16.55) 6,43
EMQ (Importance scores) 83.74 (11.65) 60,103 80.75(11.15) 69,93
EQ-5D 60.77 (15.95) 30,90 48.75(24.62) 25,70
Mobility 2.89 (1.25) 1,5 3.75 (1.50) 2,5
Selfcare 2 (1.13) 1,5 2.25(1.26) 1,4
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Usual activities 2.77 (1.14) 1,5 3.00 (1.41) 2,5

Pain/Discomfort 2.85 (.97) 1,4 2.75 (1.26) 1,4
Anxiety/Depression 2.31 (1.26) 1,5 2.25 (.96) 1,3
FSS 27.29 (8.06) 9,35 28.75 (6.50) 20, 35

Notes. MSISPhys, MultipleSclerosis Impact Scaléhysical subscale; MSIBsy, Multiple Sclerosis

Impact ScalePsychological subscale; EMQ, Everyday Memory Questionnaire; FSS, Fatigue Severity
Scale MSIS-Phys: scores range from 20 to 80, higher scores indicate greater physical imp&airof M
everyday life; MSISPsy: scores range from 9 to 36, higher scores indicate greater psychological
impact of MS on everyday life; EMQ: scores range from 0 to 112, higher scores indicate more frequent
memory problemd=Q-5D: scores range from 0 @nst health a participant can imagine) to 100 (best
health a participant can imagin®Q-5D subscales (mobility, selfcare, usual activities,

pain/discomfort, anxiety/depression): scores range from 1 to 5, with a higher score indicatager

impact of MS FSS: scores range from 5 to 35, with higher scores indicating greater impact of fatigue.

Both the intervention and usual care growjesecomparable across baseline
guestionnaires scores

4.13.4 Quantitative outcomes
We found significant differences between the intervention group and the usual care

group(Tablel13). Therewas a significant difference between groups for the SRT,
favouring the cognitive rehabilitation group. We found a large effecfeizbe SRT

for both the total recall and consistent lelegm recall sukscoregndicating that the
cognitive rehabilitation programme had a large effect on verbal learning and recall.
We also found moderate effect sizes for the SDMT, the MSi&hological scalehe
FSS,theEQ-5D VAS score and the mobilitgndpainscalesThis indicates early
trends thathe intervention majead to improvements in cognitiopsychological
wellbeing, fatigue and qualityf life.

Table13 Comparison of cognitive scores ah®nths postandomisation between the
cognitiverehabilitationgroup and the usual care group.

Mean SE t- daf p- Cohen

difference difference  value value
SRT-TR 7.89 3.25 2.428 28 .01* 1.048
LTS 5.05 4.69 1.076 28 .14 464
CLTR 11.5 5.34 2.154 28 .02* .930
SRTD 1.19 91 1.307 28 .10 .564
s10/36 -1.37 1.90 -720 28 .23 -311
S10/36d -.32 .76 -425 28 .33 -.183
SDMT 4.92 4.98 988 28 .16 426
MSIS-Phys -14.23 8.33 -1.708 23 .05 -.932
MSIS-Psy -2.48 3.05 -813 23 .21 -.443
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EMQ 5.39 9.35 575 23 .28 314
EMQ (IS) A1 6.97 .015 23 .49 .008
EQ-5D VAS score 8.63 10.70 806 23 .21 440
Mobility -1.04 .78 -1.328 23 .09 -724
Selfcare -.30 72 -415 23 .34 -.227
Usual activities -43 .69 -.618 23 .27 -.337
Pain/discomfort -.46 .57 -816 23 .21 -.445
Anxiety/depression  -.20 .66 -306 23 .38 -.167
FSS -3.09 412 -834 23 .21 -412
Note. *p<.05

We used our predictive algorithm to split the intervention groupdntustlikely to

benefibanddess likely tobenefith De<riptive stdisticsfor both groupsre shown

below inTable14.

Table14 Desciptives staistics for the 'most likely tbenefit' group and ‘lesgkkly tobenefit
as predcted by the predictive algorithm.

Characteristic Most likely to benefit Lesslik ely to benefit
(n=11) (n=16)
Age (years)
Mean (SD) 42.86(8.03 53.19 0.39)
Minimum, maximum 35,49 40, 69
Gendern (%)
Men 2 3
Women 8 13
Non-binary 1 0
Ethnicity, n (%)
White 10 16
Mixed 1 0
Marital statusn (%)
Single/divorced/widowed 3 5
Married/with partner 8 11
Living arrangementa (%)
Living with others 11 11
Living alone 0 5
Years of education
Mean (SD) 15.1 .56 14.94 @.59
Minimum, maximum 12,18 12, 18
Employment status) (%)
Not employed 1 3
Retired 2 6
Employed fulitime 4 4
Employed partime 4 3
Time since diagnosis
Mean(SD) 10.55 6.77) 13.8 (8.80
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Characteristic Most likely to benefit Lesslik ely to benefit

(n=11) (n=16)
Minimum, maximum 1,20 1,29
Type of MS n (%)
Relapsingremitting 11 8
Secondanprogressive 0 7
Primary-progressive 0 1
No. of relapses in six months
previous, assessed at screenin
n (%)
0 11 12
1 3
2 1
Not known

We foundpreliminarysignal of efficacybetween people with MS who were predicted

to be more likely to benefit compared to those predicted to be less likely to benefit on
the SRT, EMQ and EBD, favouring the most likely to benefitoup Tablel5). A

large effect size was found for all these teBkese results could indicate that the
cognitive rehabilitation programme has a greater effect for those predicted to be most
likely to benefit compared to those predicted to be less likely to benefit.

Table15 Sub-group analysis of cognitive rehabilitation group comparing cognition scores at

3-months postandomisation between participants predicted to be most likely to benefit and
participants predicted to be less likely to benefit.

Mean SE t- df p- Cohen

difference difference  value value
SRT-TR 6.53 3.08 2.118 21 .02* .891
LTS 8.53 4.69 1.820 21 .04* .765
CLTR 7.93 5.50 1.443 21 .08 .607
SRTD 1.45 .93 1570 21 .06 .660
s10/36 .62 1.86 332 21 .37 140
S10/36d .90 74 1.217 21 .12 512
SDMT 5.58 4.49 1.242 21 .11 522
MSIS-Phys -7.49 6.54 -1.146 21 .27 -.501
MSIS-Psy 15 2.52 .058 21 .48 .025
EMQ 17.41 6.61 2633 19 .008* 1.151
EMQ (IS) 4.47 5.74 J79 19 .22 .340
EQ-5D VAS score 19.89 7.06 2.817 19 .01* 1.231
Mobility -.79 .61 -1.297 19 .11 -.567
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Selfcare -.67 .57 -1.176 19 .13 -.514

Usual activities -.33 .55 -590 19 .28 -.258

Pain/discomfort 22 .45 .486 19 .32 212

Anxiety/depression  -.28 .55 -509 19 .30 -.222

FSS 4.05 3.19 1.267 19 .11 .533
Note*p<.05

We also found moderate effect sizes for the s10/36, SDMT, MSIS, FSS which could
indicate potential trends that those we predicted were most likely to benefit improved
in visual memory, processing speed, and fatigue following cognitive rehabilitation
compaed to those we predicted to be less likely to benefit.

Table16 Comparison of cognitive scores atfnths postandomisation between the
cognitive rehabilitation group and the usual care group.

Mean SE t-value df p-value Cohen¢
difference difference

SRT-TR 12.00 4.79 2501 15 .014* 1.337
LTS 12.57 6.89 1.823 15 .047* 974
CLTR 13.71 9.14 1.500 15 .080 .802
SRTD 2.00 1.06 1894 15 .311 1.012
s10/36 57 3.44 166 15 .435 .089
S10/36d 43 .85 505 15 311 .270
SDMT 4.57 6.56 708 15 .246 .378
MSIS-Phys -10.10 9.09 -1.111 20 .141 -.625
MSIS-Psy -4.05 3.83 -1.056 20 .153 -.594
EMQ -.83 12.06 -069 20 .473 -410
EQ-5D VAS score 18.60 12.43 1.496 20 .076 .884
Mobility -.83 .87 -1.017 20 .162 -572
Selfcare -.18 .82 -225 20 .412 -127
Usualactivities -.33 .78 -423 20 .339 -.238
Pain/discomfort -.48 .64 -761 20 .229 -.428
Anxiety/depression  -.25 73 -342 20 .368 -.192
FSS -. 71667 4.82 -148 20 .442 -.084
Note *p<.05

At 6-months post randomisation, the significant differences between the cognitive
rehabilitation group and the usual care group for the SRmanetained (Ve also
found moderate effect sizes for the s10/36, SDMT, MSIS, FSS which could indicate
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potential trends that those we predicted were most likely to benefit improved in visual
memory, processing speed, and fatigue following cognitive rehabilitation compared to
those we predicted to be less likely to benefit.

Table 16). Furthermore, we also found large effect sizes for delayed SRT score and
the EQ5D VAS score, indicating that the grobpsed cognitive rehabilitation

programme may have some effect on the quality of life of people with MS.

4.13.5 Qualitative outcomes
Feedback interviews were carried out with six participants from the intervention

group, and their demographic characteristicpaesented iTable17 below. All
participants consented to being recorded and to anonymised quotes being used in
research paperkaimed to get a sample of participaatsoss muiple cognitive
rehabilitation groups to ensure that did not only interview partipants from one
group.l askedall participants if they were willing to be interviewed and teelected
six participantsacross the groups from those tgateverbal consentit the

beginning of the interview, the AP carried ott@nsent with the participants,
completing the consent form with them.

Table17 Demographic characteristics of participants in feedback interviews.

Participant Age Gender Typeof Years Ethnicity No. of

MS since sessions
diagnosis attended

1 47 Woman RRMS 1 Mixed 7

2 61 Woman SPMS 9 White British 10

3 51 Man RRMS 14 White British 10

4 40 Woman RRMS 1 White British 9

5 45 Woman RRMS 7 White British 9

6 58 Woman RRMS 9 White British 8

Note RRMS, Relapsingemitting multiple sclerosis; SPMS, secondarggressive multiple sclerosis.
Five themes werderived (1) management of cognition before the trial, (2) online
format of the intervention, (3) perceived cognitive changegdreived mechanism
of change of cognitive function, and (5) possible improvententse interventionl
initially coded this datausing the framework matrix developed for the CRAMMS
trial as a guideand made adaptations to align with the studies aims (Appendix O).
Overall, a lot of thehemes were similar which is encouraging asiggestshat
delivering the groufbased cognitive rehabilitation onlidé not negatively impact

the overall effectiveness of the intervention.
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The main difference is that we have included an additional tientlee online

format of the intervention as one of ttmainaims of this RCT was to understand

whether delivering the intervention online was feasible and acceptable for people with

MS. Themes, subhemes and sutheme categories asemmarised iffTable18).

Table18 Theme summary.

Theme

Management of cognitior
before trial

Online format of
intervention

Perceived cognitive
changes

Perceived mechanism of
change of cognivie
function

Sub-theme
Cognitive difficulties

Advice received

Self-generated strategy
use

Positive impact of online
format

Negative impact of online
format

Improved

Impacted everyday life

Increased strategy use

Psychoeducation

Effect of group format

Positive appraisal of
psychologist skills
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Sub-theme categories
Memory

Brain fog

Concentration

Invisible symptoms
None

Information about MS on
websites/booklets
Information about this
trial from consultant

Effective andconvenient

Group dynamic
Understanding the
instructions given
Missedsessions

Comprehensioonf tasks

Increased awareness of
cognitiveproblems
Increased confidence
Effectiveness of strategie

Acceptance of cognitive
problems

Theoretical understandin
of cognition

Inspired to learrmore
Sharing experiences and
ideas

Being understood

Social aspect
Knowledgeable

Managed the group well



Theme Sub-theme Sub-theme categories
Communication skills
Workbook Useful
Not useful
Possiblamprovements  Update memory aids
Psychoeducation include
throughout the
intervention
Additional workbook
content

Themes are explored below with excepts from the transcripts, which highlight

participantsd experiences.

Theme: Management of cognition before trial

Sub-theme: Cognitive difficulties

Memory
One of the most commonly described cognitive difficulpagicipantdescribed
experiencing prior to starting in this trimasmemory problemsThis would often

lead to the participants forgetting to attend events or forgetting vital information.

A F I found at times I'd forget that | had meetings even though | had likeeamgs
calendarand stuff. Sé11 ' d end up being | at@O0Ro some

AMy ability to remember instructions and
Youknow, you couldn't say I'll see you in the pub Thursday night because unless it's

written down, unless | use a prompt or whatever, | wouldn't be th@i2.09)

These accounts underscore the profound impact of memory impairments on daily

functioning and the need for effective cognitive rehabilitation interventions.
Brain fog

Some participants also mentioned the concept of wgirSo, rather than noticing
they were forgetting a lot of information, the participants explained that they often felt
like theywere notascognitivelysharp as they used to be, or it took them longer to

process information or they felt a bit fuzzy.

Al t hink | asofarslapse;rl thihk. | thimkdandeoneloi the things that

came out of 1t is | just don't feel as sh
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AWell, generally speaking, um |I've notice
deterioration in the speed at which | can work. And the speed at which | can

understand things, and certainly my ability to remember things, places, names,
experiences, detailedstuf 6 (1 D 09)

Concentration

Some participants felt that they now struggled to concentrate either on one task or

many tasks at once.

AAnd also multitasking, which i s somet hin
and now | have to concentrate on the one thing in hand and have a simple set of

instructions to follow.o06 (I D 04)

One participant expressed that their main concern was with receiving emails for work,

especially if these were quite long and detailed:

Al think it's | usthinkmyst-everythirgjust goesizzyanslt goes

| just can't concentrateonon st uff | i ke that.o (1 D 19)
Invisible symptoms

Someparticipans mentioned specifically struggling with invisible symptoms both
with the symptoms themselves such as cognitive processing but also with people who

may not understand their symptoms becdheg aranvisible:

A A n tbokeéd, you know, that awful phrase that everyone always comes up with, the
way you look so well, you know, yioyou look normal. | am normal, but I like to

think I am and but um, you're struggling,
Sub-theme: Advice received

None

The majority of participants had neceivedany advice about managing their

cognitive difficulties from their clinical teams
Al don't think so.o0 (I D 04)
ANo. No.o (I D 19)

AiBut no, no, notrbm the MSurse or- or neurologist or anythinghougho (I D 2 7))
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Someparticipants mentioned that they felt when they brought up their cognitive

difficulties it was dismissed or brushed off as a normal part of the ageing process:

ANo, no it's and it, itoés still $tenet hing
teamreally, it's kind of dismissed but kiraf kind of like well you know you're on

treatment now andand you know, you should see improvements and there's been no
seriousness taken to it really. And yet | know that that it's affected my quality of life

and my ability to do things thatare pleasurab t o me. 0 (1 D 02)

ANo, not really. I '"ve mentioned it a few
MSnurse. Umm. And it was very broad brush, sort of advice and kind of. It was never

put in this way, but | came away with thi

Participants also felt that other symptoms were the focus of the appointment and
because they are short appointments and you only get one a year, cognitive difficulties

were not prioritised:

AfBecause you only see the consultant face
only got that tight time slot. And he's obviously doing a lot of tests in that time slot.

So,like walking and like whacking you on the knee with stuff. So yeah, he's doing all

that. And then he just sgyhave you noticed any changes?8ben | said yes about

what | just told you, yeah, he said, ohh, yeah, there's some studies coming up. And

that was kind of it really. And it's like, yeah, it's, | think it's quite a Iohfm to sort

of tinmM®1yx I ot . 0

Information about MS on websites/booklets

A few participans mentioned that while thelyad notreceived any advice from their

clinical team, they could recall reading something about memory on the MS Society

website:
ANo, no, I mean | t hi nk -the MsSypciety,domtke r ead s
probably read it, didn"t take it and forg

Information about this trial from their consultant

A few participants stated that when they expressed concerns of their cognitive
difficulties to their consultant, they advisthat there were some studies that may be
helpful (including this feasibility RCT)
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ASo, when | said yes about what | just told you, yeah, he said, ohh, yeah, there's some

studies coming up. And that was kind of i

AThe support that [the consultant] gave n
somebody and see what we can do for youésS
supportive in their way, straight away to something. Right. Let's see what | can do for

you. Andthei r om t here the study came. o (I D 19)

Sub-theme: Self-generatedstrategy use

When asked about any strategies that they were using before starting the trial, a few

participantanentioned usingxternal aids such aslendaranddiaries

fBut yeah, like my friends take the mick, I've got like a pbpsed diary on my desk.
| always have done, and they take the mick and ohh God, if she's not got it in that

[ redacted] diary, it's not gonna happen.
(ID 18)
Al'"m very heavily reliant on Outl ook and

emails. o (1D 09)

Theme: Online format of intervention

Sub-theme: Positive impact of online format
Effective and convenient

The majority of participants found tlomline format and delivery of the intervention

to be very effective and convenient.

Some participants expressed that they found participating online to be very convenient

for them as it took less time out of their day due to not having to travel:

Al'"m quite biased because | work online a
easy because, and I think for some of the otparticipantg it was easy too, because
you just log on like now at like 2 minutes to 10 and you log off, you're done, aren't

you? You can be in your kitchen making a

AFabul o uiswas forime to o anyway because | work from home which to me

it's just |Ii ke a godsend. o (I D 19)
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AANd all through COVID we did. We took to zoom for our committee meetings, for
our, uh, social gatherings and everything. So, you knownh totally comfortable
withito (I D 27)

A few participants also expressed that ids notonline, theydid notfeel that they

could have participated:

AAN it's not taken up a lot of your day, where I think realistically going into the
hospital for 10 weeks would be a fiitich And | don't think my boss would have gone
for that either.o (1D 18)

ABut at the same time, iIif | was asked to
the road in [redacted], my first initial thought iswill | be tired by the time | get

there? And then I've got to get through the meeting. Whereas if you asked me to join

the meeting at 3:00, click in. I've literally pulled over at the side of the road. I'm

sitting in a very nice place, so those [online] meetings amheoe near as

exhausting.o (I D 09)

~

Al know | ' m home. I don't need to be comn
Um. So, if these things had to happen outside, | don't think | would have been able to

participate. So, Il think this, this is fa

Some participants expressed that they felt the online format enabled them and others

to feel more comfortable during the sessions due to being in their home environment:

~

Al think it would have i mpacted not just
everybody else. | think everybody feels a little bit more relaxed online than being in

an [unfamiliar] environment where yéurireperson. | think when yéurireperson

you feel a bit more withdrawn tdo start a conversation or | don't know that maybe
that's just me now.o (I D 19)

A[ é | could put more energy into it, into the meeting. Yeah, | found some of the
sessions. | couldn't tell you which ones were sort of part way through. They were quite
tiring. | thought the end of it41 think | would have a lie down. Which if it had been a

face to face, | wouldn't have been able to. Yeah, it was good. That was niel D 0 9)
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Alt fitted in really easy. Everyone was lovely. It was. You can, like you say, you could
sit and eat and drink and have like a lot of the time. | had my breakfast while she was

doing it and[intervention providerjwas really friendlyaswe. (1 D 1 8)

One participant expressed that offering the intervention online may encourage people
who are typically more introverted to be encouraged to try new other online meetings
which could lead to improvements in quality of life:

A Bt it but it really did bringlnamé out oftheir shell, you know. | thinknamé felt
supported by it and everything. So I think, I think it might encourage people who are
not necessarily technically savvy and not normally into that sort of thing because
you're asking direct questions and they've done their homework and thiggyére

feeling an improvement that they may even then do more online and maybe even start
meeting people with MS ardnd maybe evegpin the MSsocieties local groups and

do stuff you kno& You know, because if you start using your brain more and you
startbeing social, yeah, it may even provéghave an]even wider impact than just

memoryd (I D 27)

Some participants expressed that the online format of the intervention meant that it

was easier to catch up on missed sessions due to each session being video recorded:

A Y e @nkervention providerjwould. She would send it to us witlith everything
on it and all the information and the recording and everything that we that we spoke
about. So yeah, everything was easy to find, and you egaldcould use it. So that

was fine because itfeltlikes i f | didn't miss anything. o

A S Hirgervention provider?jactually sent me the, the full thing [video recording].
So, | watched the whole thing.o (I D 27)

Group dynamics

Participants spoke positively about the group dynamics and expressed that they got on
well with other members of the group and felt they were able to share their
experiences even though they were not-tackace:

~

Al have to say, and the cameras;wehhd we v
wouldn't say chatty but well, you know what | mean. We did engage with each other,

especially as the course progressed. o (ID
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Al felt um engaged with it. | felt | coul
09)

AYou sayphmy God, yeah, that's happened to me. And that was really nice, | think.
And then obviously by the end of the sessions, like grtlgnk it was session 10,

everyone likeits-i t 6s just | i ke & a(llkD nlg8)t o fri ends

Ahéit was a | ovely group and | think we we
got on well and and | personally | like the group situatignike peoplel like

talking |I'"m happy online. o (1D 27)

Participants also expressed that they were able to get their point across and were all

given equal opportunities to speak:

Al t hliotervgritidn providerjwas very good at making sure that everybody was

equally heard, and she was very good at steering the group to make sure that nobody
went- nobody had too much dominance in the group, and nobody went too far off.

And when we did, and we when we all collectively inevitably did, she was very good

at sort of drawing us gently back onto to

AThe group members were so nice. They were really, really nice scaadd
[intervention provider]she was she was fab as well. | mean the way shlee

engaged with everybody shshe kept everybody in in engaged in the conversations
you know what | meanf? é | wadireally good[ € &nd the group participated

well. So, it was really nice. Yeah. (| D 19)

One participant expressed that they thought the online format allowed people to

connect with each other that may not necessarily get the chance otherwise:

AANd also, it connects people, you know, | mean. Particularly if itajietd out

nationally. | mean, yeah, | thinkit'sniced (1 D 27)

However, one participant expressed that they felt the group was mixed in terms of
cognitive ability, in that some participants had higher levels of education than others

which led to some negative feelings about the group dynamic:

AWewe had a very, very mixed group.o (I D
ARnSo, say | i ke most of wus are here [gestur
|l evel] and then we drop and then [they, t

158



maybe started from [gestures to above her head to indicate level]. So, it was a little
bit, sort of intimida, | don' t[another partitigart]yntinrdaing kut
[they] didn't mean to be. o (I D 27)

Understanding the instructions given

The majority of participants felt that the instructions given throughout the sessions

were easy to understand:

Al dhaderany problem at all with the explanation of what was required and
and the group tasks. We were very clearly

Al t hink sYeah, Iylanathink | c&neremember any incident whetien't
understand what i1t was, |l was supposed to

Sub theme:Negativeimpact of online format

Two of the participants also expressed some negative feelings about the online format
of the intervention, with some frustration around technology sometimes not working

for them:

~

Al t hidthelnlytthingthat it impacted me negatively and | don't know whether
others have experienced this it is just so frustrating when my links don't work. And

it is such an effective wayyj Il do believe, of doing all these things nowotingh

teams and zoom calls and whatever, but when your technology is just playing up, it's

even more frustrating than worrying. o (1D
fil wasn't keen on it being online if 'm honest. ( | D 0 2)

One participanexpressed that they would have preferred it to bettatace, but
they could see the value of it being online for those that would potentially struggle to

access the intervention otherwise:

~

Al think I '"m a person that -erdddngthimgar ns by
and moving around. So, | didn't necessarily kind of value that, but | could see that

there's a lot of benefit because some of the other participants that were-dghehe

coursei theywouldn't have been able to attend and physically | don't imagine and

and we're in different geographical areas as well so. | think | appreciate that, but |
think I could have got more value out of
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Missed sessions

A few participants expressed that they felt as though they missed out on key learning

if they missed a session due to not being able to actively participate in the discussions:

AYeah, i1t just 1 f you hadnyoukinddf misseddbdd t he
on key Il earning.o (I D 02)

AButyeah, no, | think that was, making sure that | made it every weekwassquite
important to me because | feared that | wouldn't catch up in the rest of the week.
Because life is, wee bit too busy for me atthe motnen{. | D 0 9)

Comprehension of tasks

One participant expressed they sometimes struggled to comprehend the tasks they
were asked to do, particularly in referena¢he take home activitieend would have

benefitted fronthe instructions from being shared on the screen

I: And what's the information thefor like the instructions of activities? Was that

shared on the screen to you or is it all, was it verbal?

P: No, I think it was verbal, | think, yeah. Yeah, | think it was verbal. So actually yes,
that having the a visual there of a slidmight- might have beenb e en h @D pf ul . 0
02)

Theme: Perceived cognitive changes
Sub-theme: Improved

The majority of participants felt that they had improved in their cognitive abilities

since they started the intervention:

~

Al don't f eel -eandidespoeder ¢ ineimeenkl eiaglague das d
changed from | can't do this there's no point in doing this to let's see what tools I've

got that | cant | can try and see if it makes a difference if that makes semse ( | D 0 2)

5t

| 'ceetainly got a | ot out of it. So yeah.
AThis has hel ped me i mprove and | have | e

A Bt -1 can now picture and remember nanoé$aces and | know how to keep them

in there. But that's, that's absolute vasprovement, youknow. (I D 2 7))
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Sub-theme: Impacted everyday life
Increased awareness of cognitive problems

Many participants, both during the sessiand during the interviews felt that they
now had an increased awareness of their cognitive problems, both in terms of what
they were experiencing but also in terms of how their behaviour or symptoms such as

fatigue was impacting their cognitive problems:

Al realised how | ittl e Bhjustsoppedipaying | was pa
attention. | was just like Il cantdothisl [ had] just given up. 0
AAnd | got to the potilmnhotibsmgitand!'mnadithickght ac

| think it's just um, think it's sometimes how you feel. If I'm feeling tiredulityeah.

Sojt-it put me a bit more ease.o0o (I D 19)

Al think part of it is that I'm gonna have good days and bad days that there is internal
cognitive tools [to help] andand also the externalonés. ( | D 0 2)

Increased confidence

When participants were asked by the AP whether they felt more confident now in
manging their cognitive difficulties, the majority agreed that they did feel more

confident:

Al'd |Ii ke to think so, yeah. Yeah, I do.
AYeah, yeah, yeah, yeah, totally, totally
AAbsolutely. Yeah, definitely. ( | D 2 7)

One participant expressed that they felt confidleat they could look back on the

work booklet and reminthemselves about the strategies:

fAé if 1 you knom want to view the&ontents agaiifor] learning strategies to
improve attention, well, | would certainly go back to that thing and then that would

remind me and that would trigger my, my braiiD 04)

Participants also expressed that they felt more positive now:

161



AAnd | 've come away | i ke | say, maybe | ik
placebo effect where you. I've done my course. | should be better now. Like it. Yeah.

So hopefully that might help me with my e
Theme: Perceived mechanism of change
Sub-theme: Increased strategy use

All participants in the intervention group reported that they wenegsignificantly
moreinternalstrategiedbecause oparticipating in the cognitive rehabilitation
programmeand that they were applying tips learned in the sessions to use their

external aids more effectively
Effectiveness of strategies

Many participants reported being surprised at how effectiventbenal memory aids

were for them

Al ve certainly taken some of the technigq
effective. The things like grouping the things like making up a little story to remember
things, categorising kind of knew about them already. But | hadn't realised how

powerful they were and why they worked so well. So yes, I've most definitely taken a

|l ot, but those are my key |l earning points
Many participants spoke about which strategies were most effective for them:

fié there's several tools thahat- that | use. | think one of the ones that that really
stick out is kind of the 5W's andnd the H, wherwhen you're getting a lot of
information. o (I D 02)

AP (1D 04): There are one or two exercise
like and- and actually things that | was already doing and now, that's embellished a
bit more. So, things like what? | think it's called clunking or chunking?

I: Chunking?
P: Yes! Now that's one that's certainly h

AThere was the grouping together of things so like if you've got like 20, I don't know.
Different names and numbers and bits. Group them together into categories. Yeah,
that'sdefinitely helped work aswell. ( I D 1 8)
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Some participants felbatall the strategies were important as theyenal| effective

in different situations:

AYou know what? | think they're all important They're all important really, because |
think uh, in my dayto-day | think | use all of them in in a certain way, Bihink to-

to me everything that we learnt is important to me and I'll use them nearly all the time
because even when | use therwatk, I'm like, ohh yeah, this is something that you

spoke aboutSo,l think all of them wereare importanttome. (| D 19)

Some participants also spoke about the strategies theytdielel were most effective
for them or theerydahey woul dndt wuse

AAnd of course, there was the story one w
so we could remember things. Would | wuse
(ID 04)

Sub-theme: Psychoeducation
Acceptance of cognitive problems

Acceptance was a recurring theme among participants. Many participants expressed

that priortot he programme they felt |ike they we
bit thickd o sincethepriogramme sorpe pdrticipant8 expressed that

they felt they had accepted themsellbesause they feel more at ease with who they

are anchow their MS is affecting their cognition

ALiI ke |17 aftex gl thes,fever people that dbmave MS probably the feel the

same as we do. Sodst ités like | say wé&e not on our own. So,& not just me. We

are, you know, | felt a little bit more um, at ease and not so under pressure and not so
you know upsetting myself so much | ike th
it. You know what | mean? So, | thinsijust yeah, | felt a bit better | felt more

relieved and a bit more confident in myself that that O@s.rbt just mand itts I6m T

I[Gm al | right. Yeah.o (I D 19)

AYeah, when you're struggling because you can go well, you knowHtsgsn't you

being crap or s*it or - or thick. The MS has done this to your brain. ( 1| D 0 2)

Theoretical understanding of cognition
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Many participants stated that they really enjoyed learning about the science and the
theories behind cognition and how the different processes work as well as how MS is

affecting their cognition:

AfThe more | under stand about an issue
recognised it, once someone said, yeah, th#lt'at's the issue that you've got. The
more | understand it, the more it relaxes me, calms me down. | realise it's not that

majord@a| and the more interested | get i

~

Al I i ke all of that and | sbketdetheeyc ause
behind things. So, to me that was | like that bit of it. And | thought that's actually

really interesting, and it makes sense.

AiHow the layers work, that you have to try and get things in deeper for them. Just
like, yeah, to remember that. | found that really interesting and | thought | didn't
expect hefintervention provider]to go into that level of, but that was quite

thought that was really interesting when she did that. Ohh, so the talking about like
shallow and deep processing and then bringing in the kind of the biology and the
aspects of cognition and how-ihow it functions. And from that was that useful to

then incoporate why the strategiesworked. ( | D 1 8)
Inspired to learn more

Some participants expressed that after the sessions or after the programme they had

done further reading into the topics discussed in the sessions:

fié it's been a very worthwhile exercise. | found it fascinating. I've started doing
some reading around the whole science and memory and all that and that. So that's
been brilliant.[intervention providerfs obvious enthusiasm in the subjdtkind of
enthused me to go off and read a wee bit more into it. Andtlssa fascinating

subject. | can see why people I[kgervention providerjwant to get BD's out of it

nowo (ID 09)

Sub-theme: Effect of group format
Sharing of experiences and ideas
All participants reported thahey found the group format of the cognitive

rehabilitation programme to be incredibly beneficial to them. Participants expressed
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that being able to share their experiences with other people with MS who could not
only empathiseavith them butcould alsounderstand and relate to their experiences
was very comfortingParticipants shared that they felt relieved that there were others
who were experiencing the same difficulties as themad everyone was happy to

share their experiences because they knew they would be understood.

Participants really valueloeing able to share their experiences with the group and to
hear the experiences from other people that were very similar to their own. As well as
sharing experiences, participants also shared advice with each other and tips to help

with cognition problems&nd with other aspects of MS:

A[l felt] Quite reassured that | wasn't alone. Loads of little stories that other people in
the groupabout thisandthe other like Blimey I'm thought | thought | was the only
person who didhat, or you know other people had come up with coping strategies.
Independent to this from a long time ago thowgghyeah, I've kind of done that as

well , which was reassuring to know that.o

A hings that | learned with it was, you know, the tips and stuff fflsom everybody
because it was quite interesting how people deal with different things in different

ways. It was quite interesting steps that people use, you know, littledricks.| D 1 9)

filt was like they shared what worked for them and that's what I tried to get from that
othergroup,but it wasn't that. But this group was, it was somebody sharing llike
really into like Alexa and I'd be saying abdlexa,and someone didn't like Alexa

and you know you can switch that feature off etc. Ohh, | didn't know thabe$o,
[another participant]had gone away and got an Alex&o,it was quite nice to sort of

like swap and change different bits that we alloise.( | D 1 8)

Being understood

A common theme through the intervention sessions was that participants felt very

understood by other members of the group:

AHearing the stories of three or four oth
You know, and and actually they'vethey've got similar things. It is quite

reassuring. And you know; I think, ohmy God, I just thought it was me that was

doing that and and oh God, that really is a thing. So, | think that there's some power

in in in the conversation of the groupwitwi t h t hat . 6 (1 D 02)
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ALIi ke the group overall was I|Iike really g
of like crazy on your own. And it was really good. Everyone's on the same wavelength
so they all kind of get it.o (I D 18)

Social aspect

Participants enjoyed the opportunity the group provided to connect with people who

had similar experiences as them:

Al think it was good to have the consistency of the same team, group members
attending the group and it was good thawds alwaygintervention provider]

because we kind of built up a rapport wittvith [intervention provider] 6 (I D 02)

AUm, | think we got to know each other. So, we were quite open about, yes, about,
you know, the deficits that we were coming across-amdl whatever. So yes, we

were quite open, | felt, with each otler. ( | D 04)

One participant talked about how they are still in touch with members of their group
and spoke about a time recently when another participant in that group thleared
success story of using one of the strategies they learned in the programme and then

every member of the group shared theirs also:

AWe still maintain contact. And thehey were giving they was speaking about stuff

and tips thathey learned,andthey was telling us thatheyusedit, and it was like,

that's really good news. You know what | mean? That you managed to use that
and- and it helped you. So yeah, we still maintain contact, which is really@ood. | D
19)

Another participant mentioned that thdigl notexpect the group to be as positive as it

was due to previous experiences in other groups:

AEver yone w&al-Irwasa'lplolyablynexpeating that. And yeah,
positive. Sort of like it was really positive. | wasn't really. | thought, oh God, there's
bound to be one that brings the whole gro

This same participant was also surprised that the ggotpn so well:

ASo yeah, I don't know what you did to ac
everyone | i ke got on.o0o (1D 18)
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Subtheme Positive appraisal of psychol ogi st

Participantommented on the skill with which the psychologist delivered the

interventionand the support they received throughout
Knowledgeable

Participants expressed that they felt the psychologist was very knowledge able the

topics they were discussing during the intervention:

AShe clearly knows an awful lot about her subject matter. Because she can get across
really complex issues but at the same time make them sound simple and
understandable for the likes of me, anyw&g,| was- | was very impressed with
that. o (I D 09)

AShe was, um, very good at explaining things. So, she justinsadeasy to be there.
Um, you wouldn't even feel like it was an hour in. And | think now in 15 minutes or
hour and a half or whatever it was, you wouldn't even think that she would be there
for so long. It she she was really good. She really helpful. Really. She made you

understand whatwas goingon. ( | D 19)

ABut no, | felt very supported ytervention provider] and | really did think she
was excellent and perfectly trained for this and you know she very, very ékillgd.] D
27)

Managed the group well

Many participants commented on how the psychologist managed the group
throughout the intervention, often noting that they were able to keep the group on

track with topics:

Al ve chaired in the past. I used to chai

other. but | struggle with them. They are hard work. | know they are hard work, but
she made it look easy. I'm sure she was exhausted after every session, but she did

maket hem | ook really easy. o (I D 09)

AANd[intervention provider] wavery good at that because we'd all go up, back up

like go off track and we'd all be talking about dogs or something. And she's very good
at then drawing you back on and going,
(ID 18)

167

co



Al J ust-shelmandekl everyore perfectly yet say like being one of the lads.
Probably ranibled on a little bit too much, but she allowed it within reason. The
beginning occasionally got off topic, but sh&he brought brought us back without
make us feel stupid.o (I D 27)

Communication skills

Some participants c¢omment emainpmfessibtnal psycho
throughout the intervention whilst also being friendly and ensuring everyone was

comfortable:

Al know she was | ov e likgatalll superdriendly.dnditc ann ot
was, it was fun in that way that it wasn't too formal. But no, she did it really well and

it was really sort of really she was really professional, but she was really friendly at
the same time. o (I D 18)

ATo be quite honest, | thiffkntervention providerjwas- was on it the whole time.

She was always supportive, even if it wasn't on the session, out the session, she was
always there. She would always respond straight away to ymaileSo,she was

really, really good. She was very easyin; | think she made the group atease. ( | D
19)

Al do think that she was very gopidtervention provider] shewas, she was brilliant
in the way in which she presented, and she spoke very clearly actually and clarified

what wagequireddo (| D 04)
Sub-theme: Workbook

Participants gave feedback on many elements of the intervention, including the work
booklet.This work booklet was used throughout the intervenadiowing the

participants to complete tasks both during the intervention and Réiicipants were
also free to keep their work booklets which means that they can beouséesh

their memories on everything learned during the intervention.
Useful

Participants seemed to have mixed feelings abouvtinkbook, some thought it was
very useflfor following along during the sessiarisr referringto after sessions and

useful as a reminder on some of the strategies in the future
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AThe book is reall y-jts,yoeknow byokemupcem i n t he

phases or stages or do you know what | mean? Chapters, you want to put it that way.
And it's just like, like | say, it's not like ammaall, it's like not like an essay written.
There were no, it's something that you can just look, comprehend asdwhat'you

need to do. Il think it was really good,

AANd like you said, it's easy to go back and just actually it's nice to have them sort of
l'i ke all in place, isn't i1t, That you
(ID 18)

Al'll definitely want to sort of read it. | don't know, every six months or every year just

to again to remind myself aboutwhyandtow.( | D 2 7))

One participant commented that they felt the work booklet would be useful to trigger

memories of the strategies if they could not quite remember how to use a specific one:

Al think it triggersitwouldi t woul d act as a trigger

One participant commented that they wesacernedvhen the work booklet arrived
in the post because it was big, but they were pleasantly surprised at how fast they

got through it:

AWhen it first arrived, I was a wee bit

wee bit intimidating. But | guess by the second or third or maybe the 4th session, you
could see how quickly you were getting through it. That kind of settled ttle hiti
more, but it did look enormous anb, it was going to be a lot of very dry reading to

us sort of thing. But it wasn't at all
Not useful

A few participants felt that the work booklet was not as useful agobteytially
hoped it would be. One participant commented on the work booklet and how they felt

it was too simple and as such undermined the enormity of MS:

A Y e a-hjust didn't really value thethe booklet itself. It felt a little bit simplistic in
terms of its, its layout and | think that kindumfim, devalued. | think devalifis] not
the word, but like thethe enormity of these cognitive issues that we're all
experiencing and then thiewhat- what's in in the book, it didn't necessarily kind of
reflect that | thinkYeah,and | think that again it's it's difficult because people have
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got different levels of cognition andnd it- it needs to be in plain English. | think |

just expected more fronfrom the booklet reallytet o hel p us al ong. 0 |
Theme: Possible improvements

Participants were given the opportunity to recommend about improvements that they

felt could make the intervention more effective.
Sub-theme: Update memory aids

Some participants commented that they felt the work booklet was a bit outdated in
terms of references to certain external memory aids such as Dictaphones and

Filofaxes ad was missing newer technology such as Alexa:

AOnly thing that | would criticise if 1 w
quite old, so it's got stuff like Dictaphones in it. We're like, yeah, mayfi8 §6ars

ago we did use Dictaphones and | can remember using those at work but now we

don't And there was no sort of mention of like and ikke iPhones or anything like

that in there. There was no mention of like Alexa or the artificial intelligence that you

use. There was no mention of just all those kinds of things. You could telbthe bo

was probably like 10 years, so out of date, say. So, there was a few pages that |

thought, well, actually you could do with getting rid of that page and just, yeah,

getting rid of say, the Dictaphone bit and calling it maybe like a voice note or using

the |l anguage t(Dd8 we use now. 0

Al mean | think the, | think we all said théhe book needs updating because it's not
you know it's it's got things like Dictaphones and Filofax and stuff like that and then
sort of her calendar and mobile phone and sort of they're integrated and so you need

to yeah it needs updating with to the to tltee modernworld (I D 2 7))

This booklet wapublished in 208 and whilethat is only six years agepme
participantdelt it needed updatg. We have taken these comments on board and are
now in the process of updating this booktbis included adding commerits help

with remote delivery such as suggesting that the inserts are scanned so they can be

shared on screen during the groups.

Sub-theme: Psychoeducation included throughouthe intervention
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A few participants mentioned that they would have liked for the psychoeducation and
the scientific theories to be included throughout the intervention rather than primarily

focused at the beginning:

A[the science behi ndtwhsacaverdd 8 the first and secondc o g n i

sessionsh u t I would have I|liked it to be more
Sub-theme: Additional work booklet content

Some participants gave some examples of improventiesdelt could be made to
the intervention of work booklet, often surrounding additional information that they

would have liked to have received:

fil think it would have been helpful just to have more focus on kiwdriébased
skills and like they they were quite lifestyle tools really fofor kind of living your
life. But | think some of thesehe tools weren't relevant to or applicable to the

workplace in the in the way that | needed

Participants suggested that the intervention and manual would be more beneficial if
they incorporated more wotkased skills. This feedback highlights the practical

needs of individuals with MS, who often face cognitive challenges in their
professional lies. By integrating strategies and exercises tailored to-vetaited

tasks, the intervention could become more relevant and effective in improving
participants' daily functioning and job performance. This suggestion underscores the
importance of aligningagnitive rehabilitation programs with the specific contexts in
which participants experience difficulties.

One participant commented about how they would have liked some specific strategies

focused on word finding as that was a main concern for them:

A1 f -wewlked very much about learning stuff new and then and then putting it in
and- and then and then remembering to retrieve it. But if it's already in there, you
know something I've learnt? Retrieving all that stuff, that's the only thing tloat'

think we covered...Bllintervention provider]did say if you start using your brain

more and practising using it more, it may be just that, you know, that might come a bit

better. o
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4.14 Discussion
The aim of this study was to assess the feasibility and acceptability of an online

groupbased cognitive rehabilitation. The study presented in this chapter has provided
promising results to support the feasibility and acceptability of providing the-group

based cognitive rehabilitation programme online.

We discuss our findings based on the study objectives and endpoints and guidance for
progression criteria to definitive trials and consider the traffic light system
recommendedy Avery et aP?° of green amber, and red indicating go, amend, stop,
respectively in determining whether this trial was feaqide Appendix P)Based on

this criterion we believe that this trial highlighted that online cognitive rehabilitation

is feasible and largely acceptable to people with MS to reduce cognitive decline and
improve overall quality of life and therefore a full trial is wareghto understand

whether this is effective. The suggestionsifimprovements to theork booklet that
participants made durirthe feedback interviews should be considered before a full

trial is conducted.

The recruitment target was met. Howe\asrjt took longer than expected to recruit
the required number of participants, | submitted asudsstantial amendment to the
Health Research Authority (HRA) to extend the recruitment ped@tend the
recruitment periodExtending the recruitment periatlowedthe recruitmentarget of
36 to be met.

Initially we had planned for a recruitment period of six months but needed eight
months to reach the target. This delay could have been due to the number of studies
that were being recruitdd at Nottingham University Hospitals NHS Trust. There

were three additional cognitive research studies for MS patients open for recruitment
during this studyoés recruitment period.
meant that not onlglid they have the opportunity to receive support with their

cognitive difficulties,but theyalso had the opportunity to choose which study best

suited them. However, it also meant that the recruitment process took longer.

During the study recruitment period, the Neuropsychological Evaluation and
Rehabilitation in MS (NEuRoMSyww.neuroms.org) project was also being carried
out at Nottingham University Hospitals NHS Trust. As part of this project, all MS

patients were sent a letter containing a link to an online cognitive screening
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assessment to complete prior to their clinic appointment. This screening assessment
measures both the subjective and objective cognitive abilities of the patient as well as
their fatigue and mood. This screening tool made identifying potential participants
easier because all patients that were experiencing cognitive difficulties (according to
pre-approved cubff scores) were followed up by the clinical team and offered
information about the cognitive research studies available to them. | feel this enabled
the recruitment process to be much more streamlined as the clinical team could
identify potential participants that were experiencing cognitive difficulties directly

and reach out to start these important conversations, rather than waiting for patients to

express their concerns of this during clinic appointments.

Due to delays caused by the Coi@l pandemic, recruitment began later than

intended in August 2022. August is typically a quieter month in the hospital with
fewer clinics which meant that there were fewer participants to recruit. This also
meant that theecruitment process overlapped with the Christmas period which is a
difficult time to recruit. Advertising for the study so that people with MS could self
refer was more difficult thanilnagined The MS Society for examplbasa specific

way in which thg support the recruitment process and while they were incredibly
supportive throughout, it took three months for the study to be advertised via the MS
Society magazine and six months for it to be advertised via the MS Society website.

Calculating the response rate was difficult as we do not know exactly how many
people saw the advertisement on twitter. Based on the number of expressions of
interest received, the conversion rate was between 55 and 85% depending on the
recruitment pathwawith the PPI group hang the highest conversion rateur PPI
group is well established in Nottingham and most people with MS in this group are
very engaged in MS research which could explain the high conversioBaatd on
these findings, we deduc#uhtthe recruitment strategy was effectittowever for a
definitive trial a longer recruitment period (or more sites) may be required which
would be a minor change to the current proto€bkrefore, we gave this criterion an

amber rating.

There was no indication from the findings that participants objected to being
randomised and no participants withdrew from the study due to being allocated to the

control group. Therefore, the randomisation method was given a green rating.
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However it is important to note that this is based on ar@ridomisatiomatio rather

than the typical:1ratio of large scale RCTs

Despite the commitment of being involved in aWt@ek cognitive rehabilitation
programme, 44% of participants in the intervention group were employed either full

or part time whereas in previous studitss washigherthan in the CRAMMS trial
(34%)2%° Furthermore, no one dropped out of the intervention because they felt that it
was too time consuming. This could indicate that the remote format of the cognitive
rehabilitation programme made it more accessible to a wider group of people with MS
as this vas easier to fit around work and home life compared to similar in person
programmes that require travel to and from a clinical setting.

Findings from the feedback interviews indicated that the online format did not
negatively impact the effectiveness of the intervention and there was good
acceptability of the intervention being delivered remotely via Microsoft Teaimnsh
is in keeping with current literatur@ recent systematic review comparing online
cognitive behavioural therapy (CBT) with fateface CBT in 17 studies, found no
significant differences between the two groups for patient satisfaétiBarticipants
expressed that they enjoyed being able to participate in the intervention from the
comfort of their own home and they felt it was very convenient for them as they could
fit it around their work and home life. Some participants expressed that
intervention had been in person, they may not have been able to partiCise.
findings support the growing trend that online rehabilitation programmes or

60t el er e hraayhe bendfi@at to peoplé with M&d provide a suitable

alternative method to delivering service®

Two participants withdrew from the intervention after it had started. The first
participant expressed that they were struggling with their mental health and
subsequently had emergency appointments that were booked in with the mental health
team by their geeral practitioner (GP). These appointments were booked in after the
days and times for the intervention groups had already been decided based on when
participants stated that they were free.
the intervention goup that they had been allocated to and they therefore missed the

first two sessions. | offered for the participant to join a different group instead, but
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they felt that they had to prioritise their mental health first and expressed that they

would become too stressed trying to catch up on the sessions they had already missed.

This raises an important issue regarding participants being mentally fit to participate
in the cognitive rehabilitation programme and this is something that could be screened
for and included in the eligibility criteria in future studietowever as this was only

the case with one participant further studies should be conducted before any
conclusions can be draw@urrently, cognitive rehabilitation studietenscreen for
diagnosed psychiatric illness or medications affecting psychiatric Stafi#8but do

not typically include screening for undiagnosed mental health disorders.

The second participant withdrew from the intervention after attending four cognitive
rehabilitation sessions. This participant expressed via email that they felt their
diagnosis of SPMS separated them from the group as they expressed that their main
concen was linked to mobility issues. Due to this being a feasibility trial, the sample
size of this study was small. This meant that | was limited in terms of how | could
group the intervention participants whilst accommodating all schedules. The primary
focuswhen organising these groups was to ensure that, as much as possible, the
groups included people with MS who had similar levels of cognitive ability.

However, the feedback from this participant raised an important point that in the
future, similar trials and interventions should potentially ensure that people with MS
are grouped together with those who have similar levels of physical ability as well as
cognitive ability. EDSS scores were not measured for the purposes of this
intervention, but this could be used to help group participants together for future
studies in addition to few simple questions regarding physical al#lityough there

are no recet cognitive rehabilitation studies which have grouped participants with
MS according to physical ability, some studies have usedft@DSS scores in their
inclusion/exclusion criteria when recruiting participants. For instance, Shahpouri et
al>®used an EDSS cuiff of 5.5 andMattioli et al®?’ used an EDSS cuiff score of

4, however, no justification was given for this. Similarly, Migliore ePalised an

EDSS cuoff of 2.5 to ensure they were only recruiting participants with MS with

very mild levels ophysicaldisability.

Overall, all participants appeared to understand the study design and were all willing

to be randomised to either the intervention group or the usual care group. The
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retention rate was 92% for those who received the intervention and 89% for those
who were randomised to the intervention grddg@vens et af °4° systematic review
reported the pooled attrition rate for digital health interventions across 32 RCTs was
between 14.7% and 15.6%. The attrition ratthefcurrenstudy was 8% herefore,

attrition was given a green rating.

The outcome measures selected were based on those used and deemed acceptable for
people with MS in the CRAMMS trial. However, as this study was delivered

remotely, | investigated the feasibility and acceptability of using the outcome

measures remotely. Fecreening assessment, | carried out the Brief Repeatable

Battery of Neurological Tests (BRBN). The BRBN encompasses four tests which

have been described in detail earlier in this chapter. This battery of tests was

originally designed to be conducted inrgmn with patients therefore, adaptatibiad

to be made to enable me to conduct them remotely including creating screening

materials packs that were sent out to every participant.

| had no difficulties delivering thmajarity of the BRBN, however, the Paced

Auditory Serial Addition Test (PASAT) posed significant challenges when conducted
remotely. Typically, this test involves playing tape recordings to participants during
in-person assessments. Attempting to do this remotely proved difasyparticipants
frequently reported difficulties in hearing the recordings despite various methods
being employed, such as playing them aloud from a phone or embedding them in a
PowerPoint slide. As a result of the inconsistent success in conductiRg3#eT

remotely, the scores from this test were not included in the final analysis.

The study suggests that future reseaaiid focus on finding more effective methods
to administer the PASAT remotely, given the challenges encountered in ensuring
consistent and accurate administration of the test under remote conditoveer,

due to the undue levels of anxiety and frustration reported by participants during the
PASAT in previous studies?the PASAT may not the most appropriate measure of
cognition and therefore, should not be included in a futuge scaletrial.

The cognitive rehabilitation group had a high completion rate of all outcome measures
overall, with several members of the control group not completing the folow
guestionnairedNo participants reporting any issues in completing the questionnaires

online. However, a common problem with outcome measures is that they often cannot
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capture the nuances of participant experiences or the unexpected benefits. The
feedback interviews provided valuable information about patient experiences during
the cognitive rehabilitation programme. The participants reported improved
confidence in managg their cognitive difficulties, increased awareness of their
cognitive difficulties, increased compensatory strategy use, an increased
understanding of how MS affected their cognition and an acceptance of their

cognitive difficulties.

Of the participants who completed the intervention, 96% completed the outcome
measures. This indicates that the outcome measures were feasible to deliver remotely
to people with MS, although further adaptations are needed for the PASAT and

therefore, appropriateness of outcome measures was given an amber rating.

The between group analyses showed some promising results for the use of online
cognitive rehabilitation programme for people with MS, with the cognitive
rehabilitation group showing more favourable results than the usual care Gineup.
analyses showddrge effect sizes for the SRilhich suggestpositivetrendsthat

may suggesgroupbased cognitive rehabilitation could lead to improvements in
cognitive function These findingsontrast with the CRAMMS trial that found no
evidence of improvement in objective test scores following gliaged cognitive
rehabilitation, however, this was measure@nths postandomisation rather than
3-months which could explain this differen¢#owever, these findings are supported
by Mani et al***who showed significant improvements in both subjective and
objective measures following grotlgased cognitive rehabilitation. Although the tests

used in this study were different, the cognitive domains measured were the same.

In interpreting the results of this feasibility study, it is essential to recognize the
exploratory nature of the statistical analyses conducted. -Ta&ips presented in
Tables 1214 are uncorrected, and therefore, any observed differences should be
interpreted with caution. This is particularly important given the feasibility study's
limited sample size and underpowered nature, which inherently reduces the study's

ability to definitively establish efficacy.

For example, while the analyses showed significant differences BRh&vith a
large effect size, these findings should be considered preliminary. The uncorrected p

values indicate that these results might be subject to Type | error (false positives), and

177



thus, they should be viewed as initial indications rather than conclusive evidence of
the intervention's effectiveness. Further research with larger, adequately powered
samples and correcteevplue analyses will be necessary to confirm these preliminary
findings.

In summary, the exploratory analyses provided valuable insights and potential trends
that will guide future research, but care must be taken not to overstate the significance
of these results. The primary aim of this feasibility study was to assess ¢hieghitg

of the intervention and gather data to refine future studies.

Interestingly, the sulgroup analysis showddrge effect sizes for tf8RT, EMQ and
EQ-5D VAS scores at-Bnonths postandomisatiorbetween those predicted to be
most likely to benefit and those predicted to be less likely to benefit according to the
algorithm developed in study 2. Shahpouri éf3found a similar improvement on

the EMQ following grougbased cognitive rehabilitatiohincoln et al®*! found
significant differences between the intervention and usual care group on thp EMQ

and MSISPsy at6-months postandomisation

In the initial analysis of the feasibility RCT, we foufedv large effect sizetor

cognitive function outcome measurgsis may have been due to heterogeneity of the
sample which is a common problem in RCTs in clinical resediub.is supported by
the subgroup analysis which indicated that once the cognitive rehabilitation group
was split into those most and less likely to benedfihg ourdevelopedalgorithm the
large effect sizes become more apparently with many diffesebeingstatistically
significant Furthermore, théarge effect sizefbound at 3months postandomisation
werealso foundat 6months postandomisationTherefore, we considered the signal
of efficacy to have a green rating.

These findings could be supportive of the evidence found in study 2 in which we
concluded that it was possible to predict which people with MS were most likely to
improve in their cognitive symptoms following the grelogised cognitive

rehabilitation plan. However, we must acknowledge that this was a small sample size
and larger RCTsra required before this algorithm could be used in clinical settings,

but it is a promising finding with the potential for strong clinical impact in the future.

Participants attributed the improvement in their cognitive difficulties to several factors

which were consistent with previous literature in f%5>34 One reason for this was
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due to an increase in strategy use, including both internal and exterraf Aicis.
increase in strategy use was due to participants feeling that the strategies were
effective and applicable to everyday life. Participants spoke positively about the group
format and reported that they enjoyed having the opportunity to speak with othe
people with MS that understood what they were experiencing as it made them feel
less alone. Participants felt that the groups offered them an opportuodtyrtect
socially, with some commenting that towards the end of the group it felt like talking
to friends.These findings could be explained by social support theory which
underscores thienportance of social relationships in promoting weing>3®
Participants' comments about the group feeling like talking to friends and the
intervention provider being friendly and easy to talk to point to the significance of
social support. Social connections and a positive therapeutic alliance with the
interventionprovider can enhance participants' emotional and psychological well

being>3®

Participants generally enjoyed the psychoeducation involved in the intervention,
expressing that they enjoyed learning about how their MS affects their cognition and
cognitive processes. They associated this learning with an acceptance of their
cognitive dfficulties, and it encouraged them to use the strategies as they understood
why and how they helped them. Participants spoke positively about the intervention
provider, commenting that they were highly skilled in facilitating the group, very
knowledgeableabout MS and very friendly and easy to talkTthis could be

explained by the selfetermination theory which is a psychological framework that
explores human motivation and the factors that drive individuals to engage in specific
behaviours3”53¥This theory proposes that there are three basic psychological needs
that, when satisfied, lead to greater intrinsic motivation and wellbeing: autonomy

(l earning about how MS affects the partic
participantsdy giving them more autonomy in managing their condition), competence
(participants associated their learning with an acceptance of their cognitive difficulties
and the use of cognitive strategies, which demonstrates that they felt competent in
using strateigs) and relatednesshe positive rapport with the intervention provider
likely created a sense of relatedness, making participant feel comfortable and

encouraged to engage in the interventighy*©
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While all participants felt that the intervention was effective, some had ideas and
suggestions about how to potentially improve the intervention. They felt that the
workbook was somewhat outdated in that it included some external aids that are not
typicaly used anymore and did not include some newer technologies such as smart
home devices. Participants enjoyed the psychoeducation during the intervention and
commented that they would have liked this to be more interwoven through the
programme rather thawdused on the beginning. While participants felt that the
strategies were very useful, some felt that they would have liked to see some
strategies that were specifically designed to be used in the workplac€rasefore,

we considered the patient work booklet to have an amber rating.

In this chapter we demonstratpbmising results supporting the feasibility and
acceptability of delivering cognitive rehabilitatiéor people with MSonline. The

study's objectives were evaluated using the traffic light system, which indicated that
this trial was feasible and largely acceptable to people with MS. The study highlighted
the accessibility and convenience of the remote format, with nosede#fects on the
effectiveness of the intervention. Participants showed strong retention and completi
rates for outcome measures, suggesting that the measures were feasible for remote
administration, although further adaptations may be needed for somé hestssults
indicated that the cognitive rehabilitation program had a positive impact on
participants' cognitive difficulties, which they attributed to increased strategy use and
social support within the grouVhile the study demonstrated promising outcomes,
some participants offered suggestions for improvement, such as updating the
workbook, incoporating workplacespecific strategies, and integrating
psychoeducation more throughout the progranchapter 5, we will gather insights
garnered from the previous chapters to gasnraprehensivenderstanding of the

implications, future directiongind the potential impact of thissearch project.
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Chapter 5: Discussion

5.1 Chapter overview
In this chapter, a comprehensive summary of the collective findings from the distinct

studies featured in this thesis is presented. Each study's findings have been thoroughly
examined in their respective chapters. The primary objective of this chater is t
consolidate all the findings into a succinct overview and explore their alignment with
the existing literature. The conclusion of this chapter encompasses implications for

both clinical practice and suggestions for future research endeavours.

5.2 Summary of aims
This thesis aimed testablistthe clinical effectiveness of cognitive rehabilitation for

people with MSand to understangthich groups of people with MS were most likely
to benefit fronthis interventionThefirst study was a systematic revi€eohapter 2)
which aimed to determine whether cognitive rehabilitation led to significant
improvementsn cognition, mood, and functional abilitnce we ha@stablished
there wastrongevidenceo supporthe clinical effectiveness of cognitive
rehabilitation,athough it is important teaonsiderthe quality of evidencevhen
drawing these conclusionse moved on to #nsecond studywhichwas a seondary
data analysig¢chapter 3) This studyaimed b understand which groups of people with
MS benefit most from cognitive rehabilitatiofhis was importanbecauseven
though cognitive rehabilitation was effective for people with MS, the degree to which
people benefit vargeconsiderablyThe final study wasa feasibility RCT(chapter 4)
which aimedo understand the feasibility and acceptability of an online gtmaged
cognitive rehabilitation. Théeasibility RCTalso aimed to test the efficacy of the
algorithm developeth chapter 3hat may predict who benefits most from cognitive
rehabilitation.

5.3Key findings

Thesystenatic review identified29 new RCTsvhich when added to the 15 RCTs
from thelast Cochrane@pdatetotalled 44 RCTs comprising 2714 participariteese
studieswereeithermemoryrehabilitationstudiesor cognitive rehabilitation trials
with a specific memory componehatincludeda memoryintervention.These
trialsweremostly of relatively moderate quality, with many still not adhering to
the Consolidated&tandardef ReportingTrials (CONSORT)guidelines*®®
Descriptions of the randomisation protocol, blindaugg contentof treatmentand

controlgroupswerepoorin approximately50% of studies.Studiesgenerallyhad
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modestsamplesizesandusedimpairmentlevel outcomeassessmentedetermine

theeffectivenessf theintervention.

Twenty-nineindividual studiesreportedpositiveresultson memoryoutcomes

from their memoryrehabiIitationgroup52.47'248'260'321’322'3‘2326'329'331'334'337'3'”0
345,347351,353355,359.363.368etween group differensdavouring the intervention group
werefound in the following outcomesobjectivemeasuresf verbalmemory,
bothimmediate(up to one month posihtervention)andintermediatdollow-ups
(one to six months po#titervention)objective measure®f visual memory at
immediatefollow-up; objective reports of working memory at immediate foHow
up; information processing anmediate and intermediate follewps;mood
measuresf depressiveaymptomsatimmediatefollow-up;quality of life measures
at immediate, intermediate and longem follow-ups. Little to no between group

differences were found activitiesof daily living measuresr measuresf anxiety.

Theresultsof thisreviewsuggesthereis evidencaosupportthe effectivenessf
memoryrehabilitationon subjectivanemorymeasuresit immediatefollow-up,
and this result is sustainediatermediateandlongertermfollow-upsof upto one

year.

Following on from the systematic revielinvestigated the participant characteristics
that predicted neuropsychological improvement in people with MS six months after

10 weeks ofjroupbasedcognitive rehabilitation. Almost 80% of the intervention

group improved in at least one of the six neuropsychological test domains measured
by both subjective measures of cognition and objective neuropsychological tests. Four
categories of predictors of provement in neuropsychological test performance were
examined at the univariate level and, subsequentiype context of a hierarchical

logistical regression model.

Of all of the variables examined, the most frequently occurring significant predictors

of neuropsychological improvement were (i) age, from the sociodemographic
category; (ii) type of MS and relapses experienced in the six months prior to receiving
the coqitive rehabilitation, from the clinical category; (iii) baseline everyday memory
scores and psychological wellbeing scores, from theapdirt cognitive symptoms
category; and (iv) baselines scores on the Doors and People Test, PASAT scores, and

Selecive Reminding Test scores, from the neuropsychological test catddase
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findings were used to develop algorithm that could predict whether people with
MS were more or less likely improve in cognition and psychological wellbeing

following cognitive rehabilitation.

This algorithm was then tested in fleasibility RCTwhich was conducted to
investigatethe feasibility and acceptability of delivering grebngsed cognitive
rehabilitation onlineOverall, deliveringthis intervention remotely was found to be
feasible and acceptable to people with,M&h suggested improvements/changes
required before proceeding to a definitive triahile the study demonstrated

promising outcomes, some participants offered suggestions for improvement, such as
updating the workbook, imeporating workplacepecific strategies, and integrating

psychoeducation more throughout the progrem

5.4 Discussion of findings

5.4.1 Systematic review
Theresultsof this reviewsuggesthereis evidencaosupportthe effectivenessf

memoryrehabilitationon subjectivememorymeasuresittimmediatefollow-up,

and this result is sustained at intermedatdlongertermfollow-upsof upto one
year.Thisis asignificantchange compared to the previous version of this
review2**which found no evidence to support that memory rehabilitation had a

positive effect on subjective memory measures.

Between group differences were found dowlity-of-life outcomesn favour of the
intervention group compared to the control gratipach followup point, suggesting
that memory rehabilitation cdead to positive change in the overall quality of life
of people with MS. It should be noted that this positive findiag not been
observed irpreviouscognitive rehabilitatiomeviews for people with M3'° or
reviewsinvestigating the effects @ognitive rehabilitationin other cohortssuch
aspoststroke patient$* This could be due tmorerecenttrials havingabroader
focuson6 i mpaohaogniiveproblems on MS, and therefore, likely to affect
quality of life, while older trials mainly focused solely on memory impairments. It
couldalsobethatmemoryproblemsaremoredetrimentato the quality of life of
people with MS compared to people with otheurologicakconditionsand
thereforethetoolsto copeandself manageheir problemgthattheyaretaught
duringmemoryandattentionrehabilitation) lead to a greater improvement in their

quality of life comparedo otherpatientgroups.This could also be due to
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methodological qualityvith more recent trials potentially adhering to higher
standards and employing more robust measures, thereby producing more reliable
results.Furthermore, the specific content and delivery methods of the cognitive
rehabilitation interventions may have evolved, incorporating more holistic
approaches that address a wider range of cognitive and emaotional challenges
faced by people with MS. Additiatly, advancements in the understanding of MS
and its impact on cognitive function could have led to more targeted and effective
intervention strategies in recent studies. Lastly, differences in the demographics
and baseline characteristics of study popoies might also account for variations

in outcomes, as certain subgroups of people with MS may respond differently to
cognitive rehabilitation based on factors such as age, disease duration, and
comorbid conditions.

Improvementsn outcomesvereonly maintained at followup for subjective memory
measures and quality of life, which suggests that repolastesessionof
cognitiverehabilitationmaybe necessaryo maintaintheimprovements made.

Age of diagnosis could have a notable impacsuipsequent disease progression
as people with MS diagnosed earlier, may experigneater negativampact of

their work and education whigh turn, could significantly impactheir quality of

life. Felix et al®*! investigated the longitudinal impact and effects of booster
sessions in cognitive training for 50 healthy older adults and found that
participants showed much improved performance compared to the control group
following the booster sessioff&.However, the effectiveness of booster session
may depend on a variety of factors such astgnitivedomains being targeted,
the severity of cognitive problems, and the stage of disease progressios

would need to be investigated in a definitive trial with people with MS before
conclusions can be drawwhile there is minimal research on the effectiveness of
booster sessions of cognitive rehabilitation for people with MS, studies have
investigated the effect of booster sessions of cognitive balravinerapy (CBT)

for mood disorders. A review b@earing et at**found that studiesiiwhich

booster sessions were included had larger effect sizes than those without booster
sessions. This suggests that booster sessiagdead to more effective
interventions and therefore, there is a need to explore this in cognitive
rehabilitation for MS.
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The size of the literaturbase examined in this review allowesito addresghe
researclguestionsn asmuchdepthaspossible. The variety of outcomes in the
trials enabledlomainrspecific memory to bevestigate such as visual, verbal
andworking, thus this review not only showed the positive effectdor general
memorybut alsoidentifiedwhich domainsvere beingimproved by the
rehabilitation intervention programmasnd which of these improvementgre
maintained. This revieully investigated all types of studies, participants,
interventionsand outcome measures as stated in the methods. The peestilts

in trials usingcomputerisednterventionshaveimportanimplications for clinical
practice ina postpandemic worldas more and more health services are being offered
virtually. This is especially important for people with MS who often struggle with
mobility issues, meaning that travelling to a hospital or other clinical setting may be
challenging. Furthermore, deliveg cognitive rehabilitation virtually would allow for
more people to access this intervention, even if their local health services did not offer
it. In previous qualitative studies, people with MS felt positively about completing
cognitive screening assasents online as travelling the hospital requires teffert,

and planning#*

However, computerised interventions may not be as effective as they first appear. The
CogEx trial is a large multicentre international clinical trial which aims to understand
whethercomputeriseaognitive rehabilitation, or aerobic exercise, or both, can

improve cognition in people with progressive M3Thefindings from this trial hee

shown thapeople with MXid not differbetween groups in SDMT scores at 12
weekspostrandomisatiowh i ch was t hi s t.fFurthefmbre, atd? | mar y
weeks postandomisationpeople with MS in the cognitive rehabilitation plus

exercise and the cognitive rehabilitation plus sham exefr@skworse scores on the
MSIS-Psy compared to people withSvh the sham cognitive rehabilitation plus

sham exercise grouplthough previous evidence hasggestedhat RehaComa

popular computerised cognitive rehabilitation programmeffective for improving
cognitive performanc#?>4"these studies often have small sample sizes and typically
recruit people with relapsing remitting MBessinis et aP?®investigated the

effectiveness of RehaCom for people with secondary progrdd§wvendfound
significantdifferences betweeB8DMT scores and other cognitive measures. However,

it is important to note that this study had a sample size of 36, comparedfdltime
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the CogEXx trial Furthermore, in the CogEx trial the control group was not inactive

while in Messinis et ab.°4®study, thecontrol group received their usual cardy.

Thecontrastingindings between studies and the complexity of factors such as sample
size MS type, and control group activities underscore the need for further research in
this arealLarger, wellcontrolled trials like CogEXx, are essential to draw more robust
conclusions about this effectiveness of interventions for cognitive improvement in
people with both relapsing remitting and progressive Mits would allow us to
understand wheth@omputerisednterventions are not effective withMS, orfor

people withspecific MStypes (e.g.progressive Mp

In the context of our small feasibility study, these contrasting findings highlight
several key considerations. The larger sample size and rigorous control conditions of
the CogEXx trial provide a more robust assessment of the intervention's effectiveness.
Our study's smaller scale and different design may have led to different outcomes due
to these limitationgHowever,the most crucial difference is the the CogEx
interventionsvasa computerised intervention that participasaspleted by

themselves whereas the intervention in our feasibility studydelvered by an

assistant psychologist in a grorgmotesetting Thedifferences in findings

underscore the need for further research with larger;awelirolled trials to clarify

the effectiveness dfifferentcognitive rehabilitation interventions across different

types of MS. Understanding whether the lack of effectiveness in computerised
interventions is specific to certain MS types, such as progressive MS, or a general
issue, is crucial for developing targdtand effective cognitive rehabilitation

strategies.

5.42 Secondary data analysis
This study demonstrated that the statistrnadels predicted whether a participant

improved or did not improve in neuropsychological function following cognitive
rehabilitation in up to 86% of participan®esults suggest that younger participants
with medium to high educatio.g., high school to degree levaljagnosed with
RRMS and PPMS who have not experienced any recent relapses, with mild to
moderate cognitive difficultieas assessed by the BRBKre most likely to benefit

from cognitive rehabilitation.
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Participants with RRM$n=159) were more likely to report improvement of their
psychological wellbeing, processing speed and sustained attention over time when
compared to those with SPMB=64). Our findings suggest that people with MS who
have had recent releases were less likely to show improvement in cognitive
performance following cognitive rehabilitatioBognitive rehabilitation may be more
effective when applied during remission phases, allowing individuals to capitalise on
the periods of relative stabilitWhile this has not been expressly investigated in the
existing literature, this theomay besupportedy research that suggestatearly

cognitive intervention is important for neding cognitive decline for people with
MS.548’549

Participants with PPM$=22) were less likely to report improvement in their
psychological wellbeing but were more likely to report improvement in processing
speed and sustained attention when compared to those with SR&8observed
enhancements in processing speed and sustained attention may suggest that cognitive
rehabilitation interventions can target specific cognitive functedfestively evenin

the absence of significant improvements in overalldvelhg.

In outcome studies of patients with acquired brain injuries (without interventions
specifically aimed at treating cognitive deficits)jury severity has been predictive of
functioning®°51In terms of cognitionrelapses might have caused further damage to
the areas of the brain responsible for cognitive processes tested. There is evidence that
cognition is notably more impaired during and immediately after an active relapse in
people with MS compared to stalplatients}®? so it is possible # cognitive deficits

of patients immediately following a relapse maytbe severdo improve. A recent

review posited that cognition declines acutely during a relapse and that cognitive
impairment in people with MS may result from incomplete recovery of these
relapses> However, there is a lot we still do not understand about the
neurghysiologydriving cognitive relapse and recovery; thus, these results need to be

interpreted with caution.

Younger participants wemaore likely to improve compared to older participants.
This could be due to the nature of the cognitive rehabilitation prograamae
significant part of this programme is teaching and encouraging participants to use

technologyas externainemoryaids,such as smartphones and online shared calendars
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which mayhave comamore naturally to those of a younger ag#nile in recent years
the number of older adults who are tech users has githwhere are still notable
differences in usage between younger and older adiiésefore, this may have

contributed to the improvement in subjective measures of memory.

Digital exclusion, the gap between those who have easy access to technology and
those who do not, could have played a significant role in this discrepancy. Older
adults are often less familiar and comfortable with digital tools, which can limit their
ability to benefit from technologpased interventions. This digital divide might

explain why younger participants, who are generally moregeaefty, showed greater
improvementSimilar findings have been shown in people with schizophrévy&kes

et al>*®investigated the effects of cognitive rehabilitation across age span and found
that younger participants performed better on cognitive tests following cognitive

remediation.

While the older participants did haless years in educatiam average, the groups

were otherwise matched on length and severity of illness. Konti$%€iralestigated

the effects of age and its relationship with cognitive reserve and found that the effects
of cognitive rehabilitation may be limited in older participants sgtbhizophrenia
population.This couldbe explained byesearch evidence that suggesje may play

a significant role in predicting cognitive resilience or improvement linked to cognitive
reserve’®’ Higher levels of cognitive reserve in people with MS can protect against
diseaseaelated cognitive decline and younger adults tend to have higher cognitive

reserves compared to older addts.

Age at diagnosis may also predict cognitive improvement with recent evidence
suggesting cognitive impairment is more severe for people with MS who are
diagnosed earlieP®>>°As a progressive disease, MS symptoms experienced

gradually accumulate and worsen over time. Disease duration has been found to have

a negative impact on both processing speed and working méffory.

People with MS living with others were more likely to experience improvement in
their memory than those living alone. This couldlbe tothe partner or family
providing emotional support to the participants during the intervention period as well
as helping with some of the technical aspects of using external memorR ecesat

research suggests that people with MS who are married have a better quality of life
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and higher emotional weleingcompared to people with MS who live alotié.

More generally, longitudinal studies have shown that married people with chronic
disease have less depression and higher life satisfaction, psychological wellbeing, and
quality of life *®2as well as significantly lower rate of functional deckf&in MS

there are no studies specifically investigating the role that partners/carers play during

cognitive rehabilitation interventions

Baseline neuropsychological tests, such as lower verbal recall and recognition test
scores, were a significant factor in predicting improvemEnis finding isin line

with the effects of cognitive rehabilitatiam other clinical populations. For example,
DeTore et af®* evaluated whether severity of cognitive impairment was a predictor of
response to cognitive rehabilitation in people with severe mental illness and found
that people with greater levels of cognitive impairment benefited significantly more
than those withess severe cognitive impairme8imilarly, Fiszdon et al® found

that performance in cognitive rehabilitation for peopith schizophrenia was

predicted by poorer baseline cognitive test scores, although the sample size for this
study was quite smalblthough no participants were performing at ceilingour

studyand therefore, all participants had room for improvement, it is plausible that
those who scored lower simply had more room for improverkgwever, in our

study, we found that if people with MS had severe cognitive impairment, then they
did not benetias much as those who had mild or moderate cognitive impairment. We
posited that this could be because those with severe cognitive impairment had deficits
that were too complex to be significantly improved by cognitive rehabilitation and
instead, needechandividualised more intensive interventioRost hoc analysis

provided some support for this explanatmm@tausevhen the mean gain improvement
scores in those that scored below the mean on the-glslipaselinevere examined
greater improvements were seen compared to those that score above the mean.
Lindenmayer et a®®found that psychiatric patients with lower baseline cognitive
functioning improved less than those with higher levels of neurocognitive
functioning which supports the findings of our feasibility RGIowever, it is

important to note that the patients included in this study had notably lower levels of

baseline cognitive functioning compared with the previous studies.

One of the strengths of this styayving to the large sample size of CRAMMS, is that

several predictor and outcome variabdese able to be considerddowever,the

189



main limitation of this post hoc analysis is tha findingswerebased on
retrospective data. Therefore, findings from this study should be confirmed using a

prospective research design, whichsmndertaken as part of this thesis

5.43 Feasibility RCT
Analysis of the feasibility RCT revealedme large effect sizes asigjnificant

differencesdhetween the groupd 3months postandomisationThese samkarge

effect sizewereapparent at-6nonths postandomisationbut no further significant
differences were found'his may be attributed to the heterogeneity of the sample, a
common challenge in clinical research RCIT$s important to note that this study
was not powered to identify significant effects. With this in mthd,subgroup
analysis, which divided the cognitive rehabilitation group into those predicted to
benefit the most and the least, exposed more appsgews of efficacyor the SRT,
EMQ-p and the EEBD VAS score We alsofound large effect sizes fdhese
outcomesin contrastthe CRAMMS trial did not findsignificant differencesn

objectivemeasuresf cognition

Differences in cognitiv@roblemseverity between the CRAMMS trial (with moderate
to severe impairments) and our feasibility trial (with mild to moderate impairments)
likely influenced intervention outcomeBbhe groy-based cognitive rehabilitation
programme was designed for taiggtmild to moderatémpairmentsand therefore,

may have been better suited for demonstrating significant improvements in cognition
in ourfeasibility study sampleompared to the CRAMMS trial. Factors such as
treatment responsiveness, intervention adaptation, sample characteristics, and
outcome measures likely contributed to these differeites CRAMMS trial had a
larger sample size, which can sometimes lead to smaller effect sizes being observed
due to a more heterogeneous population. In contrast, our feasibility study, while
smaller, may have included a more homogenous sample or thoseesmoagive to

the intervention, which could magnify the observed effects.

This studyprovides positiveearly signalssuggesng it may be possible foredict

which individuals with MS are more likely to experience improvements in their
cognitive symptoms through a grebpsed cognitive rehabilitation pldnarger RCTs
are necessary to validate the algorithm's clinical application potential. Despite this

limitation, these findings hold promise for future clinical impact.

190



The feedback interviews yielded valuable insights into patient experiences during the
cognitive rehabilitation program. Participants reported enhanced confidence in
managing cognitive difficulties, heightened awareness of these difficulties, increased
useof compensatory strategies, better understanding of how MS affects cognition,
and acceptance of cognitive challenges. These findings closely mirrored those of the
CRAMMS trial, upon which this study's framework was based. Notably, differences

emerged in fation to the online delivery format of the intervention.

Participants irour study attributed the improvement in their cognitive difficulties to
various factors, consistent with existing literature on MS. One key factor was the
increased use of strategies, encompassing both internal and external aids. Participants
found these stragies effective and applicable to their daily lives. They expressed
positive sentiments about the group format, highlighting the opportunity to connect
with others who have MS, which made them feel less isolated. Some participants even
likened the group eerience to conversing with friends. These findings align with

social support theory, emphasising the role of social relationships in promoting well
being®®’ The positive rapport with the intervention provider also played a significant
role, indicating the importance of a positive therapeutic alliance in enhancing

emotional and psychological weiking>®®

Participants found value in the psychoeducation provided during the intervention, as it
enhanced their understanding of how MS affects their cognition and cognitive
processes. This understanding, in turn, motivated them to utilise the strategies, as they
comprehended why and how these strategies were beneficial. The intervention
provider received praise for their skills in facilitating the group, their extensive
knowledge about MS, and their approachability. This aligns with the self
determination theory, psychological framework exploring human motivatféh>’
According to this theory, three fundamental psychological e@dsonomy,

competence, and relatedn@sdrive intrinsic motivation and welbeing. Participants'
autonomy was enhanced as they learned about managing their cognitive condition,
while their pereived competence and relatedness fostered a sense of comfort and

encouragement to engage in the intervention.

Some participants offered suggestions for improvement. They noted that the

workbook appeared somewhat outdated, including external aids that are no longer
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commonly used and overlooking newer technologies like smart home devices.
Participantsn our feasibility studyalso expressed a desire for psychoeducation

during the feedback interviews be more integrated throughout the program, rather
than concentrated at the beginning. Additionally, they wished to see strategies
designed specifically for workplace u3éese suggestions are different from those
given by participants in the CRAMMS study, although the suggestion for inclusion of
psychoeducatiors similar to the suggestion made by CRAMMS patrticipants to
include mindfulness to help with focuBhese insights provide valuable input for

refining and enhancing future iterations of the intervention.

5.4.40verall implications for research and clinical practice
| believethe work Ihave conducted as part of this PhD distussedhn this thesis,

has the potential to impact the lives of people with MS.

Providing conclusive evidence that cognitive rehabilitation is effective for people with
MS, both in the longerm and the shoterm, has led to the inclusion of cognitive
rehabilitation in the NICE guidelines for management of MS. Furthermore, two years
after publication, our Cochrane review is still the most comprehensive review of
cognitiverehabilitation for people with MS in the literature and sits in the top 5% of
all research outputseasured byltimetric However, the landscape of clinical

researh is changing, and there has beertableshift in recent yeargarticularly

with the rise of personalised medicine.

Personalised medicine refers to a medical model whereby-magéde prevention and
treatment strategies are created for a defined group of individuals, or a single
individual®'These strategies take a fione size f
drug therapy and turn it into an individualised, targeted apprd4ctnte et aP’2

argues that it will transform healthcare by 20B0MS, the heterogeneity of clinical
expression and the response to treatments, including cognitive rehabilitation, pose
major challenges to improving patient caf&>’*Providing personalised care for

people with MS can include improving diagnostic tools, better understanding the
impact of factors on disease progression, and understanding the potential benefits of
various therapeutic interventiod®:>’¢This involves the development of predictive
models in which the impact of both the disease and possible treatments on people with

MS can be understood, such as the one | developed as part of this PhD.
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The algorithm | developed as part of this PhD that can predict which people with MS
are most likely to benefit from cognitive rehabilitatiand could positively impact

MS clinical practicealthough further testing is required before firm conclusions can
be drawn (e.g., a definitive trialJ his algorithm will allow clinicians to understand
whether their patients are most likely to benefit from cognitive rehabilitation or not,
allowing them to target this intervention to those most likely to benefit, whils

offering other treatment types to those less likely to ber&fiilar algorithms are
already in us, for example PREDICT which is the most watown example and is
used in breast cancer to understandre cancer risR’” However, currently no such
prediction tools exist for MS clinical practice which means that the algorithm

developed in this PhD is the first.

Currently, cognitive rehabilitation is not routinely provided on the NH&vever,we

hope thathis evidence provides a strong case for the NHS commissioners to approve
funding of cognitive rehabilitation for MS, as this targeted approach will significantly
improve the optimisation of neuropsychological resources. This will allow people

with MS to have access to a treatment that was previously unavailable to them and
furthermore, they will have the added benefit of knowing that they are likely to
benefit from this treatmenélthough, we found preliminary signals of efficacy for

this algorithm duringhis PhD, further research will need to be conducted with larger
groups of people with MS, before drawing strong conclusions. However, these

findings are incredibly promising

These findings indicate that we may be able to move away from asking the question
Awhich treatment i s most effective for im
moving i nto aswichgrgupsofpeople with M$ areothre different

treatments for improving cognition most effective¥a¥ . Thus, is it | mp«
studies conducted in this PhD around understanding who benefits most from cognitive
rehabilitation for MS be replicated for different types of cognitive rehabilitation. By

doing this, we will be able to understand whetiheire is one group of people with

MS who benefit most from cognitive rehabilitation and therefore, one group in which

this intervention should be targeted Adternatively, it is possible that othgroups of

people with MS in fact benefit most froothertypes of cognitive rehabilitation,

indicating that for example, while grodgased cognitive rehabilitation should be

targeted to those outlined in chapter 3, individual or computerised cognitive
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rehabilitation should be targeted to other graugs older people with MS or people
with MS who have more severe cognitive problelnis important to ensure that we
do not exclude people with MS from receiving treatment for their cognitive problems
but instead, ensure we conduct research to denelamnterventionsspecifically
designed fothose who do not benefit from existing treatmelithe algorithm was
applied,peoplewith MS that thealgorithm does nagbredictwill benefit most from
groupbasel cognitive rehabilitatiomay be excludeduch as older peoplthose with
lower educationthose whdiave had recent relapses and thoilke severecognitive
impairment It may be that this population would benefit framindividual type of
cognitiverehabilitation that can be personalised towards the needs pbihidation
andis designed to support those with severe cognitive impaitrhettier research is
neededd expbreinterventionghat would most benefit this population

These findinghave significant implications, especially in a ppahdemic context
where virtual health services are increasingly prevaReoteinterventions
showcased positive results, offering accessible options for individuals with mobility
issues like those with MS. This virtual approach could expand access to cognitive

rehabilitation for a wider population.

5.4.5 Future research
While this thesis has made significant strides in unravelling the intricacies of

cognitive rehabilitation foMS, it also opens avenues for future research to further
enhance our understanding and refine interventions. Firstly, there is a need for
longitudinal studies that track the lotgyrm effects of cognitive rehabilitation on a
larger and more diverse cohoftindividuals with MS. Understanding the sustained
impact of such interventions over extended periods will contribute valuable insights
into thedurability of cognitive improvement# further robust, largscale, multi

centre RCT, using ecologically valid outcome assessments (including health
economic outcomes) assessed at loigen time points is heeded to be certain about
the effectivenessf the predictive algorithm and to conclusively establish the

effectiveness of online grotlpased cognitive rehabilitation for people with MS.

Moreover, investigating the optimal frequency audation of booster sessions is
imperative to design more effective and sustainable rehabilitation programs. The

thesis hghlightedthe potentiafor regression in the absence of regular boosters,
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prompting the question of how to tailor these sessions to individual needs and

characteristics.

Additionally, future research should explore the intersectionality of factors
influencing cognitive rehabilitation outcomes. While the thesis identifies predictors
such as age, MS subtype, and education levels, further investigation into the
interaction bawveen these variables and the impact of comorbidities or socioeconomic
factors could yield a more comprehensive understanding of individual responses to
rehabilitation.Furtherresearch is also needed to explore the effeatsgniitive

rehabilitation intervention in more ddvse populations.

Lastly, continuing todelve into the qualitative aspects of the rehabilitation experience
can provide deeper insights into the subjective perceptions and psychosocial
dimensions of cognitive improvement. This qualitative exploration can complement
guantitative findings, offering a one holistic understanding of the lived experiences

of individuals undergoing cognitive rehabilitation for MS.

In essence, future research should aim to build upon the foundation laid by this thesis,
addressing the gaps identified and embracing a multidimensippebach to advance

the field of cognitive rehabilitation for individuals wilS.

5.4.6 Final conclusions
The overall aim®f this thesis wer& establish the clinical effectiveness of cognitive

rehabilitation for people with MS and to understand which groups of people with MS

were most likely to benefit from this intervention.

This thesishighlights evidence supporting the effectiveness of memory rehabilitation,
particularly on subjective memoand quality of life measures as improvements made
in these domains were sustained in the {targy This positive outcome is distinct

from other cognitive rehabilitation reviews in MS and other cohorts, possibly due to a
broader focus on the impact of cognitive issues on MS, including quality of life.
Regular booster sessiomay benecessary to maintain improvements in subjective

memory and quality of life, asithout them, participants tend to regress.

Furthermore, this thesdeterminedhatyounger participants with medium to high
education (e.g., high school to degree level), diagnosed with RRMS and PPMS who
have not experienced any recent relapses, with mild to moderate cognitive difficulties

were most likely to benefit fromgroup-basedcognitive rehabilitationUnderstanding
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who will benefit most from groupased cognitive rehabilitation will allow clinicians
to target this intervention towards these groups of people with MS and offer

alternative therapies to those less likely to benefit from this intervention.

In navigating the intricate landscape of cognitive rehabilitation for MS, this thesis
sheds light not only on the effectiveness of memory rehabilitation but also on the
nuanced factors determining who benefits mbise targeted application of group

based cognitive rehabilitation to specific cohorts provides a valuable framework for
clinicians, enhancing the precision and efficacy of interventions while facilitating
alternative therapeutic approaches for individueds llikely to benefitThis thesis
highlights the profound impact that tailored interventions could have on the lives of
those with MSAs | delve deeper into exploring personalised rehabilitatiam

prompted to ponder broader questions: What does it truly mean to individualise care
amidst the diverse experiences of those with MS? What nagatsgthese

identified predictors conceal, and how can we go beyond statistics to understand the
uni queness of each Ewnlsthisithesis notonlyddvanses | our n
our understanding of cognitive rehabilitation in MS but also offers practical insights
that can guide personsdid teatment strategies, ultimately improving the lives of

those affected by this complex neurological condition.
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Appendices

AppendixA: Systematic review search terms
{attention*} OR {cognition} OR {cognition disorde¥} OR {cognitive} OR

{concentration} OR {distradt} OR {alert\*} AND {training} OR {retraining} OR
{therap*} OR {rehabilitation} OR {treatmenit*} OR {therapeutid*} OR {computer
assisted therafy OR {computen*} OR {neuropsychological test} OR
{neurorehabilitation} OR {neuropsychological rehabilitation} OR {rehabiladj
OR {cognition} OR {neurological system and disorders} OR {memory} OR

{cognitive retraining}
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Appendix B: Data extraction template used in systematic review.
Memory rehabilitation for people with multiple sclerosis

Using this form, or an adaptation of it, will help you to meet MECIR standards _ for
collecting and reporting information about studies for your review, and analysing
their results (see MECIR standards C43 to C55; R41 to R45).

Notes on using data extraction form;

1 Be consistent in the order and style you use to describe the information for
each report.

1 Record any missing information as unclear or not described, to make it
clear that the information was not found in the study report(s), not that
you forgot to extract it.

1 Include any instructions and decision rules on the data collection form, or
in an accompanying document. It is important to practice using the form
and give training to any other authors using the form.

Review title or ID

Study 1D (surname of first author and year first
full report of study was published e.g. Smith
2001)

Report ID

Report ID of other reports of this study
including errata or retractions

Notes

General Information

Date form completed (dd/mm/ypyy)

MName/ID of person extracting data

Reference citation

Study authors contact details

Publication type {e.g. full report, abstract, letter) Full paper
Country
Notes:
Study eligibility
Eligibility criteria Eligibility criteria met?
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http://www.editorial-unit.cochrane.org/mecir

Study
Characteristics

Yes

Mo

Unclear

Location in text or
source (pg &

intervention

Type of study Randomised controlled trial D D

Quasi-randomised controlled trial D D
Participants Adults with M5 O 0O
Types of Memory rehabilitation D D

that apply)

Types of Intervention vs placebo or usual care
comparison

Types of Subjective memory

outcome Objective memory

measures Mood

{please tick all Quality of life

Activities of daily living {(ADL)

OO0O000 O O 00O O

Motes:

DO NOT PROCEED IF STUDY EXCLUDED FROM REVIEW

Characteristics of included studies

Methods

Descriptions as stated in report/paper

Location in text

Aim of study (=.0.

efficocy, equivalence,

e

Design (e g parallel,
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Randomisation (.o

Unit of allocation (by

ividuals, clustery

Blinding (c.g. doubl

blind, observer blind,

ey

Start date

End date

Duration of
participation (7

recriiitment 1o Iast

£

|.|. i— il
follow-up)

Ethical approval D D D
needed/ obtained for

study Yes Mo Unclear
Motes:
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Participants

Description

Include comparative inforr for each

comparison group if avc

intervention or

Location in text or

Population description
ch study

ipants are drawn)

{from wi

Diagnostic criteria
(Poser criteria,
McDonald criteria, etc)

McDonald criteria D
Paty & Poser criteria I:I
Schumacher criteria D

Mot specified D

Type(s) of MS included

fineh ek " J A F
(inciude number of

ipants in each
group where

appropriate)

Primary progressive MSD MN:
Secondary progressive MS I:l MN:

Relapsing-remitting MS I:l M:

Setting (inclt

 pp—— i
rocation and

context)

Clinical I:l
Communit!,rD

Multicentre D

Inclusion criteria

Exclusion criteria

Method of recruitment
of participants (e.g.

phone, mail, cl

patients)

Informed consent
obtained

O

o O

Mo Unclear

-
I
A

Total no. randomised

Clusters (if applicable,

P

Ircter)
ciuster)

Baseline imbalances
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Withdrawals and

Age (Mean, 5D)

Sex (%)

Male:

Female:

Race/ethnicity

Severity of illness

Co-morbidities

Education {mean, 50 in

Veare
years)

Other relevant

sociodemographics

Subgroups measured

Subgroups reported

MNotes:
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Intervention groups

Memory intervention

Description as stated in report/paper

Location in text or
source (pg &

Group name

Mo. randomised to group

{specify whether no.

people or clusters)

Rational for intervention

lude key references)

Description (include

iorF il o
ient detall for

replication)

Duration of treatment
period (total intervention

time e.g. 10 weeks)

Timing (e.g. frequency,

J
duration of each episode)

Delivery (e.g. individual,

p based,

grou
computerised)

Comparisons (e.g. two

groups, three groups, etc)

Providers (e.g. no.,

Co-interventions

Economic information (i.e.

intervention cost, changes

in other costs as result of

intervention)

Integrity of delivery

Compliance

Motes:
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Control group

Description as stated in report/paper

Location in text or
source (pg &

T e
/tablefother)

Group name

No. randomised to group

vhether no.

Description (i

n¥ + il ¥
ent detail for

Duration of treatment
period [
time e.g. 10 weeks)

Delivery {e.g. individual,
group based,

computerised)

Co-interventions

Economic information (i.e.

intervention cost, changes
in other costs as resulf of

intervention)

Resource requirements
{e.g. staff numbers, cold

nain, equipment)

Integrity of delivery

Compliance
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MNotes:

Outcomes

[insert outcome measure]

Description as stated in report/paper

Location in text or

source (pg

Outcome name

Time points measured

{e.q. basel

intervention, & n

v up, etc)

Time points reported

Outcome definition (with

diagnostic crite

iF
rar iy

relevant)

Person measuring/
reporting

Outcome measure(s)

Scales: upper and lower
limits (indicate whether
high or low score is

good)

Is outcome/tool
validated?

O 0O

Mo

Unclear

Imputation of missing

Significant improvements

Mon-significant
improvements

Subgroup analysis
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Assumed risk estimate

{e.g. baseline or
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Risk of Bias assessment

{5ee Handbook Chapter &.)

Domain Risk of bias

Low High Unclear

Support for judgement

explanatory comments)

{include direct quotes where available with

Location in text

or source (pg &

s
/table/oth

er)

Random sequence

generation (selection D D

bias)

Allocation

concealment (selection D D

bias)

Blinding of participants

and personnel D D

(performance bias)

Outcome group: All/

{if separate judgement

by outcome(s) D D

required)

Qutcome group:

Blinding of outcome

assessment (detection D D

bias)

Outcome group: All/

{if separate judgement

by outcome(s) D D

required)

Outcome group:

Incomplete outcome D D

data {attrition bias)

Outcome group: All/

(if separate judgement

by outcome(s) I:' I:I

required)

Outcome group:

Selective outcome

reporting? {reporting D D

bias)

Other hias D D

Notes:
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Data and analysis

Capy and paste the appropriate table for each outcome, including additional tables for each time
point and subgroup as required.

[insert outcome measure]

Description as stated in report/paper

Location in text or
source (pg &

fi/fig/table/other)

Comparison

Outcome

Subgroup

Time point (specify

£ cFrrE A A nf
jrom start or ena of

intervention)

Within group comparison of pre and post scores D

Between group comparison of post intervention scores D

Other:
Results Intervention Comparison
Mean | SD (or No. Mean Mo.
participants participan
ts

Results at follow up

Intervention

Comparison

Any other results
reported (e

g. mean
difference, Cl, P value)

MNo. missing
participants

Reasons missing

MNo. participants
moved from other
group

Reasons moved

Unit of analysis
(individuals, clustery

groups or body parts)
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Statistical methods
used and
appropriateness of
these (e.g. adjustment

for correlation)

Reanalysis required?

O
O

O

fir)

Yes No Unclear
Reanalysis possible? D D D
Yes No Unclear

Reanalysed results

Motes:
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AppendixC: Summary of findingsystematic review

Table19 Summary of findings systematic review.

Memory rehabilitation for people with multiple sclerosis

Settings:cl i ni ¢ and

Comparison: active control or no treatment

Patient or population: people with multiplesclerosis
home
Intervention: memory rehabilitation

based

Outcomes lllustrative comparative risks* (95% CI) Relative | No of Quality of Comments
— effect Participants | the evidence
Assumed | Corresponding risk (95% CI) | (studies) (GRADE)
risk
Control Memory rehabilitation
Subjective me The mean subjective memory 568 §S8§8t SMD 0.32
immediate measures i mi (10 studies) | moderate (0.05 t0 0.58)
intervention groups was
EMQ, MSNQ, CFQ, MF® 0.32 standard deviations
Foll ow up: wi higher
(0.05 to 0.58 higher)
Subjective memory The mearsubjective memory 1045 §8§8§ Immediate
measur es I n measures i mp high foll ow

intervention groups was

266

(11 studies)




EMQ, MSNQ, CFQ, MF®

Foll ow up: 1

0.23 standard deviations
higher

(0.11 to 0.35 higher)

SMD 0.32
(0.05 to 0.58)

Longer
foll ow
SMD 0.16
(0.02 to 0.30)
Subjective me The mean subjective memory 775 §S§SS SMD 0.16
term measures | o1 (5 studies) high (0.02 t00.30)
intervention groups was
EMQ, MSNQ, CFQ, MF® 0.16 standard deviations
Foll ow up: 6 higher
(0.02 to 0.30 higher)
Ver bal me mor 'y The mean objective verbal 922 SStt SMD 0.40
memory measur ¢ (19 studies) lowes
CVLT, AVLT, HVLT, VLT, immediate in the intervention (0.22 10 0.58)
Follow up: wi 0.4 standard deviations
higher

(0.22 to 0.58 higher)
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Ver bal me mor y The mean objective verbal 753 S§Stt Immediate
intermediate memory measur ¢ lowee foll ow
intermediate in the interventio (6 studies)
CVLT, AVLT, HVLT, VLT, groups was SMD 0.40
SRT, MUSIG
Follow up: 1 0.25standard deviations (0.22 t0 0.58)
higher
(0.11 to 0.4 higher) Longer
foll ow
SMD 0. 1
0.03 to 0.29)
Ver bal me mor y The mean objective verbal 619 §8§8t SMD 0. 1]
term memory measur ¢ (4 studies) moderater 0.03 to 0.29)
term in the intervention groups
CVLT, AVLT, HVLT, VLT, was
SRT, MUSIG 0.13 standard deviations
Foll ow up: 6 higher
(0.03 lower to 0.29 higher)
Vi sual me mor y The mean objective visual 799 §SSt SMD 0.42
memory measur ¢ moderate
E(\)/CI\IQT R, SPART immediate in the intervention (16 studies) (0.25 to 0.60)

groups was

0.42 standard deviations
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Foll ow up: wi higher
(0.25 to 0.6 higher)
Vi sual me mor y The mean objective visual 751 §SS8t Immediate
intermediate memory measur ¢ _ moderate foll ow
intermediate in the interventio (6 studies)
BVMT R, SPART groups was SMD 0.42
ROCF 0.2 standard deviations
Follow up: 1 (0.11 lower to 0.5 higher)
Longer
foll ow
SMD 0.12
( 0.13
0.37)
Visual me mor y The mean objective visual 619 §$§S8S SMD 0.12
term memory measur g _ high
l onger term if (4 studies) ( 0.13
BVMT R, SPART groups was
ROCF 0.12 standard deviations
higher

Fol | ownonths+ 6

(0.13 lower to 0.37 higher)
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Wor ki ng memor The mean objective working 655 S§Stt SMD 0.45
immediate memory measur g _ lowr»
immediate in the intervention (12 studies) (0.18 10 0.72)
PASAT, WAIS groups was
. 0.45 standard deviations
Foll ow up: wi higher
(0.18 to 0.72 higher)
Working memory measures The mean objective working 821 S§SSt Immediate
i ntermedi at memory measur g . moderate foll ow
intermediate in the interventio (8 studies)
PASAT, WAIS groups was SMD 0.45
0.16 standard deviations (0.18t0 0.72)
Follow up: 1 higher
(0.09 lower to 0.40 higher)
Longer
foll ow
SMD 0.04
( 0.11
Wor ki ng memor The mean objective working 665 §SSS SMD 0.04
term memory measur ¢ _ high
l onger term i (5 studies) ( 0.11
PASAT, WAIS groups was
0.04 standard deviations
Foll ow up: 6
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higher
(0.11 lower to 0.2 higher)

I nformation p The mean information 808 S§Stt SMD 0.51
immediate processing me: lowir
immediate in the intervention (15 studies) (0.191t0 0.82)
SDMT groups was
. 0.51 standard deviations
Foll ow up: wi higher
(0.19 to 0.82 higher)
Informationpr oc e s s i The mean information 933 S§Stt Immediate
intermediate processing me: lowen foll ow
intermediate in the interventio (8 studies)
SDMT groups was SMD 0.51
0.27 standard deviations
Foll ow up: 1 higher (0.19 to0 0.82)

(0.00 to 0.54 higher)
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I nformation p The mean information 723 §S§S8t SMD 0.21
|l onger term processing me: moderate

l onger term if (5 studies) ( 0.03
SDMT groups was

0.21 standard deviations
Foll ow up: 6 higher

(0.03 lower to 0.4%igher)
Depression (m The mean depression measur 853 S$SSt SMD 0.34
immediate ( mo oithmediate in the moderater

intervention groups was (16 studies) (0.15t0 0.53)
GHQ, BDI, BDI 0.34 standard deviations
Multiscale Depression higher
I nventory, HA (0.15 to 0.53 higher)
D, MADRS:
Foll ow up: wi
Depression (m The mean depression measur 1003 (10 §8§8t SMD 0.20
intermediate ( mood) I nt e studies) moderater

intervention groups was ( 0.06
GHQ, BDI, BDI 0.20 standard deviations

Multiscale Depression
Inventory, HADSE A Q,
D, MADRS:

Foll ow up:

(

higher
(0.06 lower to 0.45 higher)
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Depression (m The mean depression measur 891 §8§88§ SMD 0. 1]
term ( mood) | on g ¢ (7 studies) high 0.04 to 0.34)
intervention groups was
GHQ, BDI, BDI 0.15 standard deviations
Multiscale Depression higher
I nventory, HA (0.04 lower to 0.34 higher)
D, MADRS
Follow up: 1
Anxi ety (mood The mean anxiety measures 178 §SSS SMD 0.29
( mood) I mme ( high
GHQ, EAQ, STAI, HADS intervention groups was (4 studies) ( 0.01
. 0.29standard deviations
Foll ow up: wi higher
(0.01 lower to 0.59 higher)
Anxi ety (mood The mean anxiety measures 502 (4 §SSS SMD 0.16
intermediate ( mood) i nt et studies) high
intervention groups was ( 0.15
GHQ, EAQ, STAI, HADS 0.16 standard deviations
higher
Follow up: 1 (0.15 lower to 0.46 higher)
Anxi ety (mood The mean anxiety measures 502 §$§S§8S SMD 0.27
term ( mooldgnger ter high
intervention groups was (4 studies) ( 0.12

GHQ, EAQ, STAI, HADS

0.27 standard deviations
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Foll ow up: 6

higher
(0.12 lower to 0.65 higher)

Quality of I The mean quality of life 371 §8§8§ SMD 0.42
measur es I mi _ high
MSI S, MSQOL, intervention groups was (8 studies) (0.15t0 0.68)
12, SWLS, - EQ 0.42 standard deviations
Foll ow up monthi higher
(0.15 to 0.68 higher)
Quality of I The mean quality of life 683 §S§SS Immediate
MSI S, MSQOL, measur es i nt _ high foll ow
12,SWLS, EQ 5D intervention groups was (6 studies)
Follow up: 1 0.30 standard deviations SMD 0.42
higher
(0.02 to 0.58 higher) (0.1510 0.68)
Longer
foll ow
SMD 0.17
(0.02t0 0.32)
Quality of 1| The mean quality of life 687 §8§8t SMD 0.17
measur es | o1 _ moderate
intervention groups was (5 studies) (0.02 to 0.32)
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MSI S, MSQOL, 0.17 standard deviations
12, SWLS, = EQ higher
Foll ow up: 6 (0.02 to 0.32 higher)
Activities of The mean activities of daily 265 §8§§85§ SMD 0. C
immediate livingmeasur es (4 studies) high 0.26 to 0.29)
the intervention groups was
EADL- 0.02 standard deviations
Foll ow up: wi higher
(0.26 lower to 0.29 higher)
Activities of Themean activities of daily 400 §8§88§ Immediate
intermediate ' i ving measur ¢ high foll ow
EADL:- in the intervention groups was (4 studies)
Follow up: 1 0.06 standard deviations SMD 0. ¢
lower 0.26 to 029)
(0.36 lower to 0.24 higher)
Longer
foll ow
SMD 0.
0.49 t0 0.27)
Activities of The mean activities of daily 369 §$§S§8S SMD 0.
| onger term l i ving measur ¢ (3 studies) high 0.49 to 0.27)
in the intervention groups was
EADL- 0.11 standard deviations
Foll ow up: 6 lower

(0.49lower to 0.27 higher)
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*The basis for thessumed risk(e.g. the median control group risk across studies) is provided in footnoterfdgponding risk (and its
95% confidence interval) isased on the assumed risk in the comparison group aneldhiee effectof the intervention (and its 95% ClI).
ClI: confidence interval; SMD: standardised mean difference

GRADE Working Group grades of evidence
High quality § § § § : further research igery unlikely to change our confidence in the estimate of effect.

Moderate quality § § § t : further research is likely to have an important impact on our confidence in the estimate of effect and meé
change the estimate.

Low quality § § t t : further research is very likely to have an important impact on our confidence in the estimate of effect and is |
change the estimate.

Very low quality $ t t t : we are very uncertain about the estimate.

«CMT : Contextual Memory TexEAQ: Emotional awarenesgiestionnaireEMQ: Everyday Memory QuestionnairdADS: Hospital
Anxiety and Depression Sca8TAl: State Trait Anxiety InventoryyISNQ: Multiple Sclerosis Neuropsychological Screening Questionne
MFQ: Memory Functioning Questionnair@BMT: Rivermead Behavioural Memory Te§lYLT: California Verbal Learning

Test;AVLT: Auditory Verbal Learning TestiVLT: Hopkins Verbal Learning TestLT: Ver b a | Learning Test;
Neuropsychological BatterfBRBNT: Brief Repeatable Battery of Neuropsychological TeStdQ: General Health Questionnai@Dl: Beck
Depression Inventon B DI B&c k Depr essi on |BEADLe BxterndedyActifAteesof Daify civingM3iS: Multiple Sclerosi
Impact ScaleFAMS: Functional Assessment of Multiple Sclerod#SQOL: Multiple Sclerosis Quality of LifePASAT: Paced auditory
serial additiontesS F 36: | tem Short FOR nl2Helatleam ShuoarvteyEorm Heal th Surv
» 1 of 10 studies had possible risk of bias related to random sequence generation, and in 2 of the 10 it was unclearcétioealinent was
possible in 1 study, and unclear in 3 of the 10 studies. Blinding was a potential source of bias in 2stugietear in 1 of the 10 studies.

Incomplete outcome data may have been biased in 1 study, an unclear in 3 of the 10 studies. Selective reporting mayi&see inekn
study.

Downgraded by 1 due to 95% confidence intervals including no effect, and the upper or lower confidence intervals Israincediesssize of
0.5 in either direction.

Al | or nearly al/l of the studies used a | ist | ear nnlvaldgy. t as k

276



2 of the 6 studies showed unclear risk of bias relating to random sequence generation. 1 study had unclear potealt@iatginof
concealment bias. 4 studies had potential risk of bias related to blinding. 3 studies had unclear risk of biasoduyg¢teioutcome data. 1
study had unclear risk of other bias.

2 of 6 studies showed unclear potential risk of bias related to random sequence generation. 1 study showed unclemkpaftbrasmlelated
to allocation concealment. 4 of 6 studies showed potential risk of bias related to blinding. 3 of 6 studkesusitlear risk of bias related to
incomplete outcome data.

5 of 12 studies showed unclear potential risk of bias related to random sequence generation. 6 of 12 studies shovigd affukearelated
to allocation concealment. 7 of 12 studies showed possible risk of bias related to blinding procedureshbwadgotential risk of bias
related to incomplete data, and 3 of 12 studies were unclear risk of bias. 1 study had potential risk of bias relatec teepeléing.

¢3 of 8 studies showed unclear risk of bias related to random sequence generation. 1 study showed potential riskexf e leation
concealment, 2 of 8 studies showed unclear risk of bias. 4 of 8 studies showed potential risk of bias rifated) torbcedures, 1 study
showed unclear risk of bias. 3 of 8 studies showed unclear risk of bias related to incomplete data.

rlnconsistency with results, statistical heterogeneity>50%

Incomplete outcome data may have been biased in 1 study, an unclear in 3 of the 10 studies. Selective reporting mayidsae ineken
study.

Downgraded by 1 due to 95% confidence intervals including no effect, and the upper or lower confidence intervals |Isratncediess size
0.5 in either direction.

<1 study had possible risk of bias related to random sequence generation, and in 5 of 19 studies this was unclearc@imeatioent was
potentially biased in 1 study, and unclear in 6 of 19 studies. Blinding was a potential source of bias in. Tnetoicipkete outcome data may
have biased 2 of 19 studies and was unclear in 6 of 19 studies. Selective reporting may have been bias in 1 studyeblapthavesbturces
in of bias in 1 study and unclear in 1 study.

Al | or nearly all of the studies used a | ist | ear nlvaldgy. t as k
5 of 16 studies showed unclear potential risk of bias related to random sequence generation. 6 of 16 studies showate nivadleak pf bia
related to allocation concealment. 7 of 16 studies showed potential risk of bias related to blindingsiostedypotential risk of bias relatet
to incomplete outcome data, 4 of the 16 studies showed unclear risk of bias. May have other source of bias in 1 study.
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5 of 12 studies showed unclgaotential risk of bias related to random sequence generation. 6 of 12 studies showed unclear risk of bie
to allocation concealment. 7 of 12 studies showed possible risk of bias related to blinding procedures. 1 study shoaletspotenits
related to incomplete data, and 3 of 12 studies were unclear risk of bias. 1 study had potential risk of bias relatae teepel&ing.

i5 of 15 studies showed unclear risk of bias related to random sequence generation. 6 of 15 studies showed unclesireisikeaf toia
allocation concealment. 8 of 15 studies showed potential risk of bias related to blinding procedures. 2 @fslshsiwdd potential risk of bii
related to blinding procedures, and 3 of 15 were unclear risk of bias. 1 study showed potential risk of bias relatguldteidedan 1 study
showed potential risk of bias related to other bias.

2 of 5 studies showed unclear risk of bias related to random sequence generation. 1 study showed potential riskexf byeaoelation
concealment, 1 study showed unclear risk of bias. 3 of 5 studies showed potential risk of bias related tpfoostinges, 1 study showed
unclear risk of bias. 1 study showed potential risk of bias related to incomplete data, 1 study showed unclear rislstfdyiahowed
potential risk of bias related to selective reporting.

n2 of 16 studies showed potential risk of bias related to random sequence generation, 3 of 16 studies showed undiedy sbkwied
potential risk of bias relating to allocation concealment, 6 of 16 studies showed unclear risk of bias. 5 of I€hstudtpotential risk of bie
relating to blinding procedures. 3 of 16 studies showed potential risk of bias relating to incomplete data, 3 of 18suetiamslear risk of
bias. 1 study showed potential risk of bias relating to selective reportitigdyl showed potential risk of bias relating to other bias.

1 study showed unclear risk of bias related to random sequence generation, blinding procedures, and incomplete owsawad dathigh
risk of bias relating to allocation concealment. 1 study showed high risk of bias relating to blinding procezhurgdete data, and selective
reporting.
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AppendixD: Sensitivityanalysis systematic review.
Table20 Sensitivity analysis systematic review.

Outcome No. of No. of Effect Heterogeneity | Test for

studies participants | size SMD | (1?) overall
(95% CI) effect

Subjective | 2 E=127 0. 03 |10% Z=0.22

me mo r Yy 0.24, (P =0.82)

immediate C =117 0.31]

Subjective | 6 E =396 0.25 0% Z=3.39

me mor Yy [0.11, P=

intermediate C =343 0.40] 0.0007)

Subjective | 4 E =325 0.19 0% Z=233

me mor Yy [0.03, (P =0.03)

l onger C=294 0.36]

Verbal 5 E =100 0.72 59% Z=2.96

me mor Yy [0.24, P=

immediate C=96 1.19] 0.003)

Verbal 2 E =254 0.22 0% Z2=232

me mor Yy [0.03, (P =0.02)

intermediate C =209 0.40]

Verbal N/A

me mor y

| onger

Visual 5 E =100 0.27] 0% Z=1.86

me mor Yy 0.01, (P =0.06)

immediate C=94 0.56]

Visual 2 E =251 0. 11 0% Z=114

me mo r Yy 0.29, (P =0.25)

intermediate C =209 0.08]

Visual N/A

me mor Yy

| onger

Working 2 E=49 0. 46 |84% Z=0.79

me mor Yy 0.68, (P =0.43)

immediate C=42 1.59]

Working 4 E =284 0. 06|11% Z=0.59

me mo r Yy 0.28, (P =0.56)

intermediate C =236 0.15]

Working 2 E =229 0. 02 0% Z=0.18

me mo r Yy 0.21, (P =0.86)

| onger C=193 0.17]

Information | 4 E=131 0.29 |40% =172

proces 0.04, (P =0.05)

immediate C =120 0.62]

Information | 4 E =294 0. 02 |0% Z=0.28

proces 0.14, (P=0.78)

intermediate C =245 0.19]
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Information | N/A
proces
| onger
Depression | 4 E =093 0.55 65% Z=2.07
i mmeg [0.03, (P =0.04)
c=87 1.07]
Depression | 6 E =392 0.29 |79% Z=1.45
0.10, (P =0.15)
intermediate C =350 0.67]
Depression | 4 E =328 0.14 |63% Z=0.80
| ong 0.20, (P=0.42)
term C=270 0.48]
Anxi et/ NA
immediate
Anxi etl3 E =257 0.29 0% Z=3.11
intermediate [0.11, P=
C=214 0.48] 0.002)
Anxi et3 E =255 0. 27 |43% Z=1.37
| onger 0.12, (P=0.17)
C=193 0.65]
Quality of | 4 E =101 0.49 54% =225
i fe [0.06, (P =0.02)
immediate C=96 0.91]
Quality of |5 E =340 0. 31 |64% Z=1.90
i fe 0.01, (P =0.06)
intermediate C =317 0.62]
Quality of | 3 E =295 0.12 |5% Z=1.37
i fe 0.05, (P=0.17)
|l onger C =259 0.30]
Activities of | N/A
daily living
i mmeg
Activities of | 2 E =100 0. 13/3™ Z=0.56
daily living 0.60, (P =0.57)
C=86 0.33]
intermediate
Activities of | 2 E =100 0. 33/ 0% Z=218
daily living 0. 63, (P =0.03)
| ong C=86 0.03]
term

E: ExperimentalC: Control; SMD: Standardised mean difference.

XX

280




Appendix E: Letter of approval Health Research Authority

Ymchwil lechyd

a Gofal Cymru m
Health and Care Health Research
Research Wales Authority

Professor Roshan das Nair

Institute of Mental Health Email: approvals@hra.nhs.uk
University of Nottingham

Nottingham

NG7 2TU

10 May 2022

Dear Professor das Nair

HRA and Health and Care
Research Wales (HCRW)

Approval Letter

Studly title: Determining Who Benefits Most from Cognitive
Rehabilitation for Attention and Memory in Multiple
Sclerosis: A Randomised Controlled Feasibility Trial

IRAS project ID: 293754

Protocol number: 21063

REC reference: 22/EM/0051

Sponsor University of Nottingham

| am pleased to confirm that HRA and Health and Care Research Wales (HCRW) Approval
has been given for the above referenced study, on the basis described in the application form,
protocol, supporting documentation and any clarifications received. You should not expect to
receive anything further relating to this application.

Please now work with participating NHS organisations to confirm capacity and capability, in
line with the instructions provided in the “Information to support study set up” section towards
the end of this letter.

How should | work with participating NHS/HSC organisations in Northern Ireland and
Scotland?

HRA and HCRW Approval does not apply to NHS/HSC organisations within Northern Ireland
and Scotland.

If you indicated in your IRAS form that you do have participating organisations in either of
these devolved administrations, the final document set and the study wide governance report
(including this letter) have been sent to the coordinating centre of each participating nation.
The relevant national coordinating function/s will contact you as appropriate.
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Please see IRAS Help for information on working with NHS/HSC organisations in Northern
Ireland and Scotland.

How should | work with participating non-NHS organisations?
HRA and HCRW Approval does not apply to non-NHS organisations. You should work with
your non-NHS organisations to obtain local agreement in accordance with their procedures.

What are my notification responsibilities during the study?

The standard conditions document “After Ethical Review — quidance for sponsors and
investigators”, issued with your REC favourable opinion, gives detailed guidance on reporting
expectations for studies, including:

e Registration of research

¢ Notifying amendments

¢ Notifying the end of the study
The HRA website also provides guidance on these topics, and is updated in the light of
changes in reporting expectations or procedures.

Who should | contact for further information?
Please do not hesitate to contact me for assistance with this application. My contact details
are below.

Your IRAS project ID is 293754. Please quote this on all correspondence.

Yours sincerely,
Michelle Ahmed

Approvals Specialist

Email: approvals@hra.nhs.uk

Copy to: Ms Angela Shone
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Appendix F: Derby REC favourable opinion letter

NHS

Health Research
Authority

East Midlands - Derby Research Ethics Committee
Equinox House

City Link

Nottingham

NG2 4LA

Please note: This is the
favourable opinion of the

REC only and does not allow
you to start your study at NHS
sites in England until you
receive HRA Approval

08 May 2022

Professor Roshan das Nair
Institute of Mental Health
University of Nottingham
Nottingham
NG7 2TU

Dear Professor das Nair
Study title: Determining Who Benefits Most from Cognitive

Rehabilitation for Attention and Memory in Multiple
Sclerosis: A Randomised Controlled Feasibility Trial

REC reference: 22/EM/0051
Protocol number: 21063
IRAS project ID: 293754

Thank you for your letter of 21 April 2022, responding to the Research Ethics Committee’s
(REC) request for further information on the above research and submitting revised
documentation.

The further information has been considered on behalf of the Committee by the Chair.
Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above

research on the basis described in the application form, protocol and supporting documentation
as revised, subject to the conditions specified below.
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Good practice principles and responsibilities

The UK Policy Framework for Health and Social Care Research sets out principles of good
practice in the management and conduct of health and social care research. It also outlines the
responsibilities of individuals and organisations, including those related to the four elements of
research transparency:

registering research studies
reporting results

informing participants
sharing study data and tissue

hal

Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.

Confirmation of Capacity and Capability (in England, Northern Ireland and Wales) or NHS
management permission (in Scotland) should be sought from all NHS organisations involved in
the study in accordance with NHS research govemance arrangements. Each NHS organisation
must confirm through the signing of agreements and/or other documents that it has given
permission for the research to proceed (except where explicitly specified otherwise).

Guidance on applying for HRA and HCRW Approval (England and Wales)/ NHS permission for
research is available in the Integrated Research Application System.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations

Registration of Clinical Trials

All research should be registered in a publicly accessible database and we expect all
researchers, research sponsors and others to meet this fundamental best practice standard.

It is a condition of the REC favourable opinion that all clinical trials are registered on a
publicly accessible database within six weeks of recruiting the first research participant. For this
purpose, ‘clinical trials’ are defined as:

« clinical trial of an investigational medicinal product

« clinical investigation or other study of a medical device

« combined trial of an investigational medicinal product and an investigational medical
device

« other clinical trial to study a novel intervention or randomised clinical trial to compare
interventions in clinical practice.
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Failure to register a clinical trial is a breach of these approval conditions, unless a deferral has
been agreed by the HRA (for more information on registration and requesting a deferral see:
Research registration and research project identifiers).

If you have not already included registration details in your IRAS application form you should
notify the REC of the registration details as soon as possible.

Publication of Your Research Summary

We will publish your research summary for the above study on the research summaries section
of our website, together with your contact details, no earlier than three months from the date of
this favourable opinion letter.

Should you wish to provide a substitute contact point, make a request to defer, or require further
information, please visit:
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-sum
maries/

N.B. If your study is related to COVID-19 we will aim to publish your research summary
within 3 days rather than three months.

During this public health emergency, it is vital that everyone can promptly identify all relevant
research related to COVID-19 that is taking place globally. If you haven't already done so,
please register your study on a public registry as soon as possible and provide the REC with the
registration detail, which will be posted alongside other information relating to your project. We
are also asking sponsors not to request deferral of publication of research summary for any
projects relating to COVID-19. In addition, to facilitate finding and extracting studies related to
COVID-19 from public databases, please enter the WHO official acronym for the coronavirus
disease (COVID-19) in the full title of your study. Approved COVID-19 studies can be found at:
https://www.hra.nhs.uk/covid-19-research/approved-covid-19-research/

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

After ethical review: Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

. Notifying substantial amendments

Adding new sites and investigators

Notification of serious breaches of the protocol

Progress and safety reports

Notifying the end of the study, including early termination of the study
Final report

. Reporting results

The latest guidance on these topics can be found at
https://www.hra.nhs.uk/approvals-amendments/managing-your-approval/.
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Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.

User Feedback

The Health Research Authority is continually striving to provide a high quality service to all
applicants and sponsors. You are invited to give your view of the service you have received and
the application procedure. If you wish to make your views known please use the feedback form
available on the HRA website:
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/

HRA Learning

We are pleased to welcome researchers and research staff to our HRA Learning Events and
online learning opportunities— see details at:
https://www.hra.nhs.uk/planning-and-improving-research/learning/

| IRAS project ID: 293754 Please quote this number on all correspondence

With the Committee’s best wishes for the success of this project.
Yours sincerely

{2k, (i

Mrs Janet Mallett
Chair

Email:derby.rec@hra.nhs.uk

Enclosures: “After ethical review — guidance for researchers” [SL-AR2]

Copy to: Ms Angela Shone
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Ethical review of research sites

NHS/HSC sites

The favourable opinion applies to all NHS/HSC sites taking part in the study, subject to
confirmation of Capacity and Capability (in England, Northern Ireland and Wales) or
management permission (in Scotland) being obtained from the NHS/HSC R&D office prior to the
start of the study (see "Conditions of the favourable opinion" below).

Non-NHS/HSC sites

| am pleased to confirm that the favourable opinion applies to any non-NHS/HSC sites listed in
the application, subject to site management permission being obtained prior to the start of the

study at the site.

Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Version Date

Copies of materials calling attention of potential participants to the |1.0 30 November 2021
research [Recruitment Poster]

Evidence of Sponsor insurance or indemnity (non NHS Sponsors 1.0 26 July 2021

only) [Insurance Letter]

GP/consultant information sheets or letters [Letter of Notification to |1.0 30 November 2021
GP/Neurologist]

Interview schedules or topic guides for participants [Interview 1.0 30 November 2021
Schedule]

IRAS Application Form [IRAS_Form_04022022] 04 February 2022
IRAS Application Form XML file [IRAS_Form_04022022] 04 February 2022
IRAS Checklist XML [Checklist_25042022] 25 April 2022
Letter from funder [Letter from funder] 1.0 19 October 2019
Letter from sponsor [Letter from sponsor] 1.0 09 December 2021
Letters of invitation to participant [Letter of Invitation] 2.0 31 March 2022
Other [Supervisor CV] 1.0 18 February 2022
Other [Ethical Review Further Information_Responses] 2.0 21 April 2022
Participant consent form [Consent Form] 3.0 21 April 2022
Participant consent form [Consent Form Interviews] 3.0 21 April 2022
Participant information sheet (PIS) [Participant Information Sheet] (3.0 21 April 2022
Participant information sheet (PIS) [Relative Participant Information [3.0 21 April 2022
Sheet

Rese;rch protocol or project proposal [Research Protocol] 2.0 31 March 2022
Summary CV for Chief Investigator (Cl) [CV Chief Investigator] 1.0 30 November 2021
Summary CV for student [CV Student] 1.0 30 November 2021
Summary CV for supervisor (student research) [CV Supervisor] 1.0 30 November 2021
Validated questionnaire [Participant Questionnaires] 2.0 31 March 2022
Validated questionnaire [Relative Questionnaires] 2.0 31 March 2022
Validated questionnaire [Participant Outcome Measures] 1.0 31 March 2022
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Appendix G: Participant information sheet

r University of
| S Nottingham
UK | CHINA - MALAYSIA Local Letterhead to be added

Participant Information Sheet
(Final version 3.0: 21 April 2022)
IRAS Project ID: 293754

Title of Study: Who benefits most from cognitive rehabilitation? A feasibility trial.

Name of Chief Investigator: Professor Roshan das Nair
Local Researcher(s): Lauren Taylor

We would like to invite you to take part in our research study. Before you decide we would
like you to understand why the research is being done and what it would involve for you.
One of our team will be available to answer any questions you have. Talk to others about
the study if you wish. Ask us if there is anything that is not clear.

What is the purpose of the study?

Many people with MS have trouble with attention, concentration, and memory. These
cognitive difficulties can have detrimental effects on quality of life. It can be frustrating
when your cognitive difficulties go unnoticed by those around you or when you are
struggling to find the right word during a conversation. It can also be challenging when
you are having difficulty focusing on something due to information overload such as when
multiple people are talking at once.

Cognitive rehabilitation is a structured approach to improving these problems, but
currently we do not know who benefits most from this intervention. The aim of this study
is to compare two groups: an online group-based cognitive rehabilitation programme with
people with MS (intervention group), and usual clinical care (control group). We have
developed a computer programme that may be able to predict which people are most likely
to benefit from cognitive rehabilitation, but at this point we do not know how effective it
is. If effective, this programme would allow cognitive rehabilitation to be offered on the
NHS, as clinicians will be able to see whether an individual is likely to benefit before it is
offered.

We will recruit participants with a range of characteristics that we think could make
someone more or less likely to benefit from cognitive rehabilitation. We will also evaluate
whether the online group-based cognitive rehabilitation is acceptable for people with MS
who have cognitive difficulties. We will also test the feasibility and consider if a bigger
study could be conducted to assess the effectiveness of this rehabilitation in reducing
memory and attention problems as well as improving overall mood and quality of life.

Why have I been invited?

You are being invited to take part because you have MS and have reported experiencing
problems with your cognition. We are asking people with MS who are aged between 18
and 70, who have experienced cognitive difficulties to take part in this study. We are
inviting 36 participants like you to take part.

Page 1 of 7

Who benefits most from cognitive rehabilitation? A feasibility trial Participant Information Sheet
Final Version 3.0 21 April 2022
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Do I have to take part?

No. It is up to you to decide whether to take part. If you do decide to take part, you will
be given this information sheet to keep and a consent form and be asked to confirm you
are happy for us to send out the required questionnaires to complete. You will then be
asked to give verbal consent for us to arrange an initial assessment. If you decide to take
part, you are still free to withdraw at any time and without giving a reason. This would not
affect your legal rights.

What will happen to me if I take part?
Before the trial

A member of the research team will contact you by telephone to go over the
information sheet, explain the procedures, and answer any questions that you may
have about the study. If you are still interested, the researcher will arrange an
appointment for an initial assessment and ask that you complete and return the
consent form to us via email before this assessment. You will need access to your
own laptop or mobile phone to take part in this study. These initial assessments are
needed to see whether you would be suitable to take part in the study. This will
include questions about you, your cognitive difficulties (e.g., memory, thinking,
attention, information processing) and how MS is affecting your daily life. This first
appointment will take approximately up to two hours and will take place online using
a video conferencing software, used for virtual meetings (MS Teams). Do not worry if
you have never used this before as detailed instructions will be provided. Your
medical records will be accessed to confirm your MS diagnosis, including the type of
MS and date of diagnosis. Your medical notes will only be accessed if they are needed
to confirm your diagnosis.

v A

If it is determined that you are not If it is determined that you are suitable
suitable to take part in the study, we to part in the study, we will let you know
will let you know via letter or email, via email or phone and a second visit will
and we will also provide a brief report be arranged at a time convenient for

of your assessment results if you you.

would like one.

A4

Before the second visit you will be given questionnaires to assess your memory
problems, level of fatigue, general health and the impact MS has on your daily life to
complete at home. They will take approximately 30 minutes to complete and will be
emailed or posted to you depending on your preferences. You will need to complete
these online or post them back to us before your second visit. We will also send a
copy for a relative/friend to complete on your behalf. During this assessment, you
will be given some tasks to complete with the researcher. These are designed to
assess the current level of your cognitive functioning and you will be asked some
questions which aim to assess your quality of life.

Page 2 of 7
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These assessments are important as they allow us to understand the current level of
your cognitive difficulties so that we can see whether these improve later in the

study. This second visit is called a baseline visit and will take approximately one
and a half hours.

4

There may be a short waiting period while we recruit other participants, but the
researcher will remain in contact with you during this time. When we have enough
participants, we will then randomly allocate you to the intervention group to receive
the cognitive rehabilitation or the control group to receive your usual care only
(purely by chance); this process is called randomisation. Neither you nor the
researcher will be able to choose what group you are allocated to.

Due to the Covid-19 pandemic, all assessment visits and rehabilitation sessions will be
conducted online via video conferencing (MS Teams).

During the trial

Allocated to usual care group? Allocated to the intervention group?
You will not have to do anything You will be invited to attend 10 online
until the 3-month follow-up point. group-based cognitive rehabilitation

sessions lasting 1.5 hours each which
will take place over 10 weeks.

y

|:II the groups will be asked to repeat the assessments completed at baseline asking you

bout your memory problems, level of fatigue, general health and the impact MS has on
your daily life during follow-up visits at 3 and 6 months after your randomisation. These
visits will last approximately one and a half hours each and will be booked in by the
research team shortly after randomisation has occurred. A week or so before each
appointment we will send you an appointment reminder. This will also include
iquestionnaires to complete before your appointment (the same ones you completed for

the baseline assessment). The time required to complete the questionnaires is around
30 minutes.

Group sessions will take place via MS Teams. A link will be sent via email to enable
you to access the group, along with clear instructions. The sessions will be recorded
to check how the intervention is delivered and to help us better understand the
components of the cognitive rehabilitation that people may found to be more
beneficial. If you do not want to be recorded, you can indicate this in the initial
assessment. This decision will not affect your ability to take part in the study.
However, your first name whilst being spoken to is the only personal detail that will
be mentioned in the sessions. We may use these videos for training purposes in the
future.

l
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The cognitive rehabilitation sessions will include strategies to retrain attention and
memory functions (including those to improve memory encoding and retrieval);
strategies to teach you internal aids (such as sorting a list into categories or using
rhymes to help you remember), use external devices and other ways of coping with
memory and attention problems; and will teach the importance of ‘errorless learning”
(the importance of not making errors while learning new material). The emphasis will
be on finding the most appropriate strategies for you to overcome your cognitive
difficulties, and to provide you with a range of techniques which you can adapt to suit
you and your lifestyle. Homework assignments will be set at the end of each session
to help you practise your newly learnt techniques and these will be reviewed at the
start of the next session.

After the trial

t the follow-up appointments you will meet a different member of the research team,
who will complete the assessments. It is important that this researcher does not know
0 which group you were randomised, so you will be asked not to discuss your
experiences with them.

'Some participants will be invited to give feedback interviews to explore their experiences
of being in the study. This will give us information about your view of the intervention
land current care. The interviews will take place between the 3- and 6-month follow-up
visits and will be audio recorded. The interviews will take place over the phone. They
will last approximately 30 minutes to one hour. We may contact you to take part in these
interviews, unless you have indicated that you prefer that we do not. Interview
recordings will be sent to an external company for transcription (meaning they will type
out the interview word for word). The company will have a duty of confidentiality to you
as a research participant. An appropriate confidentiality agreement will be in place. We
will remove any names of people (including your own name) or services transcription so
that you cannot be identified in anything that is said.

Expenses and payments
Participants will not be paid an inconvenience allowance to participate in the study.

What are the possible disadvantages and risks of taking part?

It is not anticipated that your participation in this study will cause you any harm or risk.
However, talking about experiences and issues associated with cognitive problems can
occasionally be upsetting. If this happens, our researchers are trained to help make you
feel as comfortable as possible. You will also have their contact information in case you
may become upset after the sessions or interview for reasons associated with your
participation. As you will have a friend or relative completing a questionnaire about their
view of your cognitive difficulties, it is possible that there may be some differences in the
responses given by you and by them about your cognitive difficulties. This may cause
some potential distress to you that you will need to be prepared for. It is important to
understand that the interview, support sessions and any other aspect of your involvement
can stop at any time if you do not wish to continue.
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We appreciate that taking part will use your time, and that it may inconvenience you to
be available at a specific time during the day to join the intervention sessions, but we will
ensure the sessions take place at a time that works best for you.

What are the possible benefits of taking part?

We cannot promise the study will help you but the information we get from this study may
help people with MS in the future. The information we get from this study may help us
decide whether to develop the online group-based cognitive rehabilitation further in the
hope of providing a clinical prediction tool that can determine whether a person with MS
is likely to benefit from cognitive rehabilitation or not, therefore, allowing this intervention
to be offered on the NHS and targeted to those most likely to benefit.

What happens when the research study stops?

Once we collect all the information we need, the research study will stop, and you will
not be asked to do anything else for the study. We will then analyse the data obtained
from all our participants using appropriate methods to understand the given information
in a meaningful way. We will write a summary of our findings in our newsletter and will
send you a copy of this to you. We will, therefore, seek your consent to hold your
contact details to send a copy of this newsletter.

During and after the study, you will keep receiving your usual care.

What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak to the
researchers who will do their best to answer your questions. The researchers’ contact
details are given at the end of this information sheet. If you remain unhappy and wish to
complain formally, you can do this by contacting 0800 183 0204 or PALS@nuh.nhs.uk.

In the event that something does go wrong, and you are harmed during the research, and
this is due to someone's negligence then you may have grounds for a legal action for
compensation against the University of Nottingham, but you may have to pay your legal
costs. The normal National Health Service complaints mechanisms will still be available to
you.

Will my taking part in the study be kept confidential?

We will follow ethical and legal practice and all information about you will be handled in
confidence.

If you join the study, we will use information collected from you and your medical records
during the course of the research. This information will be kept strictly confidential,
stored in a secure and locked office, and on a password protected database at the
University of Nottingham. Under UK Data Protection laws the University is the Data
Controller (legally responsible for the data security), and the Chief Investigator of this
study (named above) is the Data Custodian (manages access to the data). This means we
are responsible for looking after your information and using it properly. Your rights to
access, change or move your information are limited as we need to manage your
information in specific ways to comply with certain laws and for the research to be reliable
and accurate. To safeguard your rights, we will use the minimum personally identifiable
information possible.
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You can find out more about how we use your information and to read our privacy notice
at:

https://www.nottingham.ac.uk/utilities/privacy.aspx.

The data collected for the study will be looked at and stored by authorised persons from
the University of Nottingham who are organising the research. They may also be looked
at by authorised people from regulatory organisations to check that the study is being
carried out correctly. All will have a duty of confidentiality to you as a research participant.

Where possible, information about you which leaves the hospital will have your name and
address removed and a unique code will be used so that you cannot be recognised from
it.

Your contact information will be kept by the University of Nottingham so that we are able
to contact you about the findings of the study and possible follow-up studies (unless you
advise us that you do not wish to be contacted). This information will be kept separately
from the research data collected and only those who need to will have access to it. All
other data (research data) will be kept securely for 7 years. After this time, your data will
be disposed of securely. During this time, all precautions will be taken by all those involved
to maintain your confidentiality, only members of the research team given permission by
the data custodian will have access to your personal data.

In accordance with the University of Nottingham's, the Government’s, and our funders’
policies we may share our research data with researchers in other Universities and
organisations, including those in other countries, for research in health and social care.
Sharing research data is important to allow peer scrutiny, re-use (and therefore avoiding
duplication of research) and to understand the bigger picture in particular areas of research.
Data sharing in this way is usually anonymised (so that you could not be identified) but if
we need to share identifiable information, we will seek your consent for this and ensure it
is secure. You will be made aware then if the data is to be shared with countries whose
data protection laws differ to those of the UK and how we will protect your confidentiality.

Although what you say to us is confidential, should you disclose anything to us which we
feel puts you or anyone else at any risk, we may feel it necessary to report this to the
appropriate persons e.g., your GP.

What will happen if I don’t want to carry on with the study?

Your participation is voluntary, and you are free to withdraw at any time, without giving
any reason, and without your legal rights being affected. If you withdraw, we will no longer
collect any information about you or from you, but we will keep the information about you
that we have already obtained as this information may have already been used in some
analyses and may still be used in the final study analyses. To safeguard your rights, we
will use the minimum personally identifiable information possible.

Involvement of the General Practitioner/Family doctor (GP)

We will inform your GP/Neurologist that you are participating in this study as this is
standard practice, unless you specifically request that we not do this. Your involvement in
this study will be noted in your MS clinic case notes.
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What will happen to the results of the research study?

The information from this study may help us to understand whether a larger version of
this study will be feasible which would then enable us to understand who may benefit most
from cognitive rehabilitation. This would allow us to offer this treatment to those most
likely to benefit, as currently it is not provided on the NHS due to lack of resources. The
findings may be published in scientific journals, and presented to scientific audiences,
people with MS (e.g., MS Life Conference), policy makers, healthcare networks, relevant
organisations, and stakeholders. We will also publish a summary of the results in our
newsletter when the study is finished. If you ask the researcher, we would be happy to
send you a copy of the results when they are available. The results of this study will also
be used by Lauren Taylor as part of her PhD thesis.

Who is organising and funding the research?

This research is being organised by the University of Nottingham and is being funded by
the MS Society UK.

Who has reviewed the study?

All research in healthcare is looked at by independent group of people, called a Research
Ethics Committee, to protect your interests. This study has been reviewed and given
favourable opinion by Health Research Authority [East Midlands - Derby Research Ethics
Committee] Research Ethics Committee (Reference number: 22/EM0051) and the
University of Nottingham Research Ethics Committee.

Further information and contact details
If you require any additional information or have any concerns, please contact:

Lauren Taylor Professor Roshan das Nair

PhD Researcher Professor of Clinical Psychology &

Mental Health & Clinical Neuropsychology

Neurosciences Unit Mental Health & Clinical Neurosciences Unit
School of Medicine, University of School of Medicine, University of
Nottingham Nottingham

A floor, Institute of Mental Health B19, Institute of Mental Health
Innovation Park, Triumph Road Innovation Park, Triumph Road
Nottingham NG7 2TU Nottingham NG7 2TU

Email: Phone: 0115 8230589
Lauren.Taylor@nottingham.ac.uk Email: Roshan.dasnair@nottingham.ac.uk

Patient advice and liaison services (PALS): Nottingham University Hospitals
NHS Trust:
Phone: 0800 1830204
Address: Derby Road, Nottingham, Nottinghamshire, NG7 2UH (The PALS centre
at QMC can be found on B Floor near the Main Entrance)
Email: pals@nuh.nhs.uk

Thank you for taking the time to read this information sheet and to consider this
study.
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Appendix H: Recruitment poster

MS
We

Need You.

Who benefits most from cognitive rehabilitation?

Do you have multiple
sclerosis?

Are you experiencing
problems with your /\
memory, attention,

language or how you
process information?

T—— If you are interested or would like
further details please contact:

Lauren Taylor, PhD Researcher
Lauren.Taylor@nottingham.ac.uk

We are looking for volunteers to help with
research aimed at helping people with MS who
have difficulty paying attention, remembering
things, learning and planning ahead.

University of

Nottingham

UK | CHINA | MALAYSIA v1.030.11.2021
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Appendix I: Consent form for feasibility RCT.

University of

Mottingham

UK | DHIRA, | RAALAYSLY

CONSENT FORM
(Final version 3.0; date 21/04/2022)

Title of Study: Who benefits most from cognitive rehabilitation? A feasibility
trial

IRAS Project ID: 293754

Name of Chief Investigator: Prof Roshan das Nair
Name of Researcher: Lauren Taylor

Name of Participant: Please initial box
1. I confirm that | have read and understand the information sheet version number 3.0
dated 21/04/2022 for the above study and have had the opporfunity fo ask guestions. D

2. | understand that my participation is voluntary and that | am free to withdraw at any
time, without giving any reason, and without my medical care or legal rights being
gifected. | understand that should | withdraw then the information collected so far will l:'
not be erased and that this information may still be used in the project analysis.

3. | understand that relevant sections of my medical notes and data collected in the D
study may be locked at by authorised individuals from the University of Nottingham,
the research group and regulatory authorities where it is relevant to my taking part in
this study. | give pemmission for these individuals to have access to these records and
to collect, store, analyse and publish information obtained from my participation in
this study. | understand that my personal details will be kept confidential.

4. Congent for storage and use in pessible future research (Oplicnal)
| agree that the information gathered about me can be stored by the
University of Mottingham, for possible uze in future studies. | understand
that some of these studies may be camied out by researchers other than
the cument team who ran the first study, including researchers working for
commercial companies. Any data used will be anonymised, and | will not
be identified in anyway.

[ ]#
HE

5. | consent to the online cognitive rehabilitation being video and audio
recorded. | understand that these recordings may be reviewed by members of the
research team and usad for training purposes in the future. | understand that no
person identifiable data will be used during these sessions apart from first names
when being spoken to.

(g []#
[] [ 1z [ ]z

6. (i no to above) | consent to the online cognitive rehabilitation being audio recorded.
| understand that these recordings may be reviewed by member of the research
team and used for training purposes in the future. | understand that no person
identifiable data will be used during these sessions apart from first names when
being spoken to.

7. 1 consent for my contact details to be retained for up to 12 months for the
purposes of sending me a summary of the results of this study.
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University of

Mottingham

U | CHIRA, | RARLAYS LY

Y Ni
8. | consent for my GP/Neurclogist to be contacted and informed of my participation I:E| Ij

in this study.

9. | understand that anything | say during the assessments and intervention sessions
will remain confidential. However, | also understand that if | disclose something that I:'
the researcher feels puts myself or others at risk, this may be reported to the

appropriate persons, e.g., my GP.

10. | agree o take part in the above study. I:I

Name of Person taking consent Date Signature

3 copies: 1 for participant, 1 for the project notes and 1 for the medical notes (a=s apporporiate)
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Appendix J: Brief Repeatable Battery ofNeuropsychological Tests scorinfprms.
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APPENDIX A

TEST FORMS
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SELECTIVE REMINDING TEST

FORM 1
Name: Date:
i 2 3 4 5 6 D
1. direction
2. memory
3. owner
4. mountain
5. victim
6. city
7. victory
8. dream
9. hotel
10. wife
11. virtue
12. slave
i | 2 3 4 5 6 Total
Long Term Storage
Cons. Long Term Retrieval
Number of Intrusions

Total Delay [::]
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10/36 Spatial Recall Test

Form 1

Name: Date:
Subject

Examiner

Trial 1 Trial 2
Number Correct Number Correct
Number Intrusions _____ Number Intrusions

Trial 3 Delayed Recall
Number Correct Number Correct
Number Intrusions Number Intrusions
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- Form A

PASAT

Date

Name

12

16

10

13

B i

16

i Kl

16

10

i i

12

13

13

14

10

12

14

11

15

12

10

12

11

13

9+1
10

1+4

13

10

12

PRACTICE

RATE #1

(3*)

(raw) = Percent Correct =

Total Correct

13

10

11

12

15

12

14

10

13

13

10

14

10

10

15

16

14

10

13

11

10

13

14

16

10

3+8
11

4+3

16

12

14

13,

PRACTICE

RATE #2

(2")

Percent Correct

(raw)

Total Correct
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Appendix K: Questionnaire pack
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